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ABSTRACT 

I evaluated the effects of simulated noise from low-

flying jet aircraft on the behavior and physiology of 6 

captive desert mule deer (Odocoileus hemionus crooki) and 

5 captive mountain sheep (Ovis canadensis mexicana). I 

related heart rate, body temperature, ambient tempera

ture, and behavior to the number of overflights/day, and 

decibel levels (dB) to which animals were exposed (range 

= 92-112). I recorded animals' heart rate and body 

temperatures with transmitters implanted into the body 

cavity of animals. Ambient temperature was recorded in 

the pens and behavior of animals was described from 

visual observations. I compared heart rates of sheep and 

deer during simulated overflights by jet aircraft 

(N = 112/season) to those collected prior to and follow

ing treatments. I documented differences between heart 

rates, species, dB levels, and number of overflights/day 

within and between seasons. All animals became habituat

ed to aircraft noise. Although heart rates increased 

during overflights, they returned to resting levels in 

< 2 minutes. 
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INTRODUCTION 

Human encroachment and development has altered 

wildlife habitat on private and federal lands throughout 

the United States. Recently, wildlife managers have 

become concerned about the influence of aircraft noise on 

ungulate populations. The Wilderness Society determined 

that 10 of 445 national wildlife refuges (NWR) in the 

United States are endangered (Wilderness Society 1988). 

For instance, the report stated that military overflights 

are a major threat to refuge wildlife on the Stillwater 

NWR, Nevada. In addition, Kofa NWR, Arizona, does not 

permit military flyovers below 457.2 m (M. Haderlie, 

U. S. Fish and Wildl. Serv., pers. commun.). A survey by 

the U. S. Fish and Wildlife Service (Gladwin et al. 1988) 

reported that avian species at 39 NWR and mammalian 

species at 8 refuges were adversely affected by aircraft 

(e.g., startle, flush, or fight and flight behavior). 

Behavioral and physiological effects of sonic booms 

on domestic animals have been studied by Casady and 

Lehmann (1967), Bell (1971), Bond et al. (1974), Espmark 

et al. (1974), and Ewbank (1977). A sonic boom occurs 

when an aircraft flies faster than the speed of sound 
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(Manci et al. 1988). Shock waves produced from pressure 

on the body of the aircraft travel away from the plane at 

the speed of sound. These shock waves form a cone-shape 

behind the plane but are refracted due to atmospheric 

variations (e.g., wind) (Ewbank 1977, Manci et al. 1988). 

The reactions of reindeer (Rangjfer tarandus) (Espmark 

1971, Calef et al. 1976), seals (Jehl and Cooper 1980), 

and mountain sheep (Krausman and Hervert 1983, Bleich et 

al. 1990, Stockwell et al. 1990) to aircraft noise have 

been examined. Fixed-wing (Krausman and Hervert 1983) 

and helicopter (Stockwell et al. 1990) overflight studies 

demonstrated that mountain sheep were not disturbed when 

overflights were > 100 m above ground. However, Bleich 

et al. (1990) reported that mountain sheep moved 2-5 X 

further the day following a helicopter survey than on the 

previous day, and changed home-range polygons by 8-83 km 

following sampling from a helicopter. Studies with 

domestic animals and wildlife concluded that animals 

initially respond to aircraft noise with a startle reac

tion. Sporadic jumping, galloping, bellowing, and 

haphazard movement were a few responses to aircraft noise 

of large farm animals (Cottereau 1978). These behavioral 

responses to noise have caused secondary injuries 
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(e.g., broken leg) (Cottereau 1978), and death 

(P. R. Krausman, Univ. Arizona, pers. commun). 

Non-auditory responses to sound may rely on the 

significance of the stimuli. Animals react differently 

to sound level, intensity, duration (Ames and Arehart 

1972) and direction (Tyler 1991). A few studies have 

investigated the effects from intermittent bursts of 

sound ranging from 75 to 100 dB (Ames and Arehart 1972, 

Arehart and Ames 1972, Borg 1979). Habituation to inter

mittent sounds was gradual and minimal in each of these 

experiments. 

Fluctuations in heart rate are a sensitive indicator 

of stress-related responses (MacArthur et al. 1979, 1982; 

Nilssen et al. 1984; Fancy and White 1986) in ungulates. 

Similar to non-auditory responses, heart rate alters 

according to sound level, intensity, and duration (Ames 

1978) of stimuli. Experiments with heart rate telemetry 

have determined what forms of stress stimuli intensify 

cardiac response, and their relationship to behavioral 

activities (MacArthur et al. 1979, 1982; Ames 1978). 

Habituation to intermittent sound >75 dB is a 

gradual process; cattle and sheep initially respond with 
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a startle, and subsequently become habituated to the 

noise (Arehart and Ames 1972, Espmark et al. 1974, Ewbank 

1977) . Experiments with rodents have also demonstrated 

that domestic rats become habituated to noise (Borg 1979, 

1981). The effects of noise on animals from low-flying 

subsonic aircraft has not been studied extensively. 

Espmark et al. (1974) reported that cattle and sheep 

respond more intensely to low-flying aircraft noise than 

to sonic booms. Desert mule deer in south-central 

Arizona did change habitat in response to low-flying 

aircraft (Krausman et al. 1986). Bleich et al. (1990) 

reported that helicopters caused additional movements of 

mountain sheep when they were surveyed. 

Military overflights are a concern to land managers 

(e.g., U.S. Fish and Wildl. Serv., Nev. Dep. Wildl.) 

because they may pose a threat to wildlife. How animals 

respond to aircraft noise may be important in managing 

U. S. Air Force use of airspace. 

In response to the need for more information about 

the effects of overflights on wildlife, I describe how 

mountain sheep and desert mule deer respond to noise 

created by low-flying aircraft. I document changes in 

heart rate and behavioral responses to answer 2 



13 

questions: does low-flying aircraft noise alter the 

behavior of desert ungulates, and does low-flying air

craft noise create a chronic increase in heart rate? 
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STUDY AREA 

This study was conducted on the University of 

Arizona agricultural research facility, Tucson, Arizona. 

The animals were enclosed in out-door chain link 

6.0- X 15.0- m pens (2 animals/pen) (Fig. 1). All 

animals were fed alfalfa hay, mixed grain, supplemental 

mineralized sodium chloride, and water ad libitum. 

Sheets of 6.3 5 mm water-proof treated plywood and gypsum 

boards were attached to the entire east-facing side of 

the experimental pens to decrease all background and 

uncontrolled noise to an average of 45 dB. 

The animals were free to move about in the pens 

during the entire study. They always were visible from 

a 2.4- X 6.0- m observation unit located 10.0 m west of 

the experimental pens (Fig. 1). I placed reflective film 

on all windows to allow free movement by observers in the 

observation unit without distracting the animals. All 

measurement equipment (e.g., telemetry and simulation 

equipment) was housed in the observation unit. The 

speaker used to simulate aircraft overflight noise was 

secured at a 41.5° angle directed toward the pens on the 

top of a 6.0 m scaffold 1.0 m south of the pens (Fig. 1). 
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Figure 1. Design of study enclosure in Tucson, Arizona. Shaded areas 
are ramadas for the animals. 
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METHODS 

Five captive-born mountain sheep (3 M, 2 F) and 6 

captive-born desert mule deer (6 M) were used in my 

study. At the time of the experiment, the sheep and 

deer were 1-3 and 2-6 years old, respectively. I meas

ured physiological parameters in experimental animals 

with implanted (Bunch et al. 1989) heart rate and body 

temperature monitors (J. Stuart Enterprises, Oceanside, 

Calif.). Surgery was performed at the University of 

Arizona Medical Center by Dr. D. DeYoung, a board 

certified surgeon. The heart rate and body temperature 

monitors, encapsulated in paraffin, were designed for 

long life (> 1 yr) and range (< 1 km). 

The accuracy of the heart rate monitor was deter

mined during surgery by comparing the electrocardiogram 

(ECG) with a Hewlett-Packard (model 7830A) ECG monitor to 

make certain the monitor leads were placed securely 

(Cassirer et al. 1988). Body temperature monitors were 

calibrated prior to surgery by water bath immersion 

(Lonsdale et al. 1979). The entire surgical procedure 

lasted 1.0-1.5 hours. Following surgery, animals were 

immediately transported to the experimental pens where 

yohimbine hydrochloride (HCl), doxapram HC1, and naloxone 
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HCl were administered to reduce effects of capture drugs 

and halothane anesthetic (Franzmann and Lance 1986). I 

remained with all animals for several hours after 

reversal to assist them if complications developed. 

The heart rate and body temperature monitors 

measured approximately 40.0 mm in diameter and 65.0 mm in 

•length, and weighed 17 0.0 g. A radio frequency pulse 

transmits for each depolarization of the ventricles 

(Kreeger et al. 1989), and produces a signal similar to a 

tracking signal (Pauley et al. 1979). Heart rates, 

detected with a Telonics (Mesa, Ariz.) TR-2 receiver, 

were expressed as beats/minute (bpm) and calculated from 

15-second counts taken while the animals were engaged in 

each of 5 activities: walking, bedding, standing, 

running, and foraging. An activity had to persist for 15 

seconds before heart rate for that activity was sampled 

for pre-treatment data. Heart rates for all specified 

behaviors, regardless of duration, were recorded for 

treatment data. 

The experiment was conducted in 3 periods that 

corresponded to biological seasons the animals experience 

in the southwest deserts: summer (season 1: 21 May - 11 

Aug 1990), fall (season 2: 13 Aug - 12 Oct 1990), and 
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spring (season 3: 4 Feb - 5 Apr 1991). Each season 

lasted for 63-88 days. I conducted a 30 day and 7-30 day 

control period prior to (pre-treatment) and after (post-

treatment) each treatment period of 28 days, respective

ly. Baseline data collected during the control periods 

were separated into 2 categories: pre-treatment and post-

treatment. Pre-treatment data included the 30 days of 

data collected prior to the treatment period for each 

season. Post-treatment data included the 7-3 0 days of 

data collected following the treatment period for each 

season. Baseline data were collected during the control 

periods following Altmann's (1974) all occurrences 

sampling. 

Low-flying aircraft noise was simulated using a 

system designed and installed on the site by Acentech 

Incorporated (Chavez et al. 1989). The system produced 7 

different signals simulating overflights from B-IB and 

F-4D aircraft (Table 1). The overflights had onsets from 

10.1 to 45.6 dB/second and maximum "A" weighted dB maxi

mum levels from 92.5 to 112.2 dB. "A" weighted sound is 

a standardized measure that assigns low weights to low-

frequency and low audibility (to humans) sounds, and 

higher weights to the more audible (for humans) high-
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Table l. Simulated low-level aircraft noise used at the 

University of Arizona, Tucson, 1990-1991. 

Aircraft descriptions Noise descriptions 

Aircraft 
type 

Altitude 
(m) 

Speed 
(knots) 

LEQa Max*3 

Bl-B 341 578 92.5 101.0 

Bl-B 339 578 96.3 108.1 

Bl-B 179 575 100. 0 112.2 

F-4D 35 534 83.8 92.5 

F-4D 501 561 94.9 107.2 

F-4D 256 586 99. 5 109.3 

F-4D 169 592 99.3 108.8 

a LEQ = equivalent sound level when the aircraft 

noise exceeds a level of 70 decibels (dB) and ends when 

the level falls below <70 db. 

k Max = maximum db achieved during flyover. 



20 

frequency sounds. A simulation event (treatment) is 

defined as each time a signal is played simulating 

low-level aircraft overflight noise. Mountain sheep and 

mule deer were exposed to 1 or 7 overflights/day during 

the treatment period. One overflight/day represented a 

minimum exposure to noise and 7 represented a maximum 

exposure (93 - 112 dB) (according to the U. S. Air 

Force). 

Four experimental pens housed 2 conspecifics/pen. 

These pens were constructed and calibrated so the over

flights exposed animals to < 5 different noise levels 

during each treatment (Fig. 2). Animals were exposed to 

1 treatment/day for days 1-7 and 22-28 of the treatment 

periods, and 7 simulation events/day for days 8-21. The 

interval between each treatment was set at > 1 hour for 

7 overflights/day to ensure a pre- and post-data 

collection period between overflights. All simulated 

overflights occurred diurnally. A computer program 

randomly determined the time that treatments occurred, 

and the individual animals that I observed. Focal animal 

sampling (Altmann 1974) was implemented during treatment 

periods. 
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Figure 2. Calibrated sound map of study area, Tucson, Arizona, 
1990-1991:1=88.5-112.2 decibels (dB), 2=84.5-108.2 dB, 
3=80.5-104.2 dB, 4=76.5-100.2 dB, 5=72.5-96.2 dB. 
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Behavioral responses of animals to simulation events 

were categorized based on overt behavior (modeled from 

Hicks and Elder 1979). I recorded no response when overt 

behavior did not indicate awareness of the stimuli. I 

classified a response as alerted when animals exhibited 

alert behavior, looked toward the sound origin with ears 

directed toward the sound, but did not alter their 

activity. For example, a bedded animal remained bedded 

after the treatment, but directed its attention toward 

the speaker for a varied length of time. Alarmed 

responses were recorded when animals exhibited startle or 

alarm behavior after the treatment, looked toward the 

sound origin with ears directed toward the sound, and 

altered their activity. For example, a bedded animal was 

startled, stood up, perhaps ran away from the speaker but 

directed its attention toward the speaker. 

Pen design and facilities allowed for continuous 

remote monitoring of the behavioral and physiological 

responses of these desert ungulates to low-level 

aircraft. In preparation for the study, the animals 

were kept in the experimental pens for > 4 weeks, prior 
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to any data collection to accustom them to the new pens. 

A final component of the experimental design was to 

replace 1 mountain sheep and 2 mule deer for the third 

season. These animals were replaced to test if the new 

animals followed the same patterns of habituation as 

animals that had already been exposed to the noise. The 

relationship between rises in cardiac response and 

behavioral patterns to aircraft noise were examined. The 

mean heart rate was determined for each pre-treatment and 

treatment period, and then compared between each season. 

Data were analyzed using repeated measures analysis 

of variance (ANOVA) to determine the relationship between 

low-level aircraft noise and the behavioral and physio

logical effects. I used Wilk's lambda to compare the 

curves between heart rate measurements taken for individ

ual animals during each treatment. Two statistical 

packages were used for these analyses: Statistical 

Package for the Social Sciences (SPSS) and Statistical 

Analysis System (SAS). The level of significance I used 

for data analysis was 0.05. 
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RESULTS 

There were no deaths or injuries to animals due to 

surgical procedures. During season 2 (13 Aug - 12 Oct) 6 

heart rate monitors failed, leads broke, and body fluid 

leaked into the monitors (M. C. Wallace et al., Univ. 

Arizona, unpub. data). However, behavioral observations 

were collected as in other seasons. 

Mountain Sheep 

I compared pre-treatment and post-treatment heart 

rate data for maintenance behaviors by species and season 

(Table 2). Mean heart rates (beats/min) for mountain 

sheep (Table 3) ranged from 32 to 136 bpm. Mountain 

sheep heart rates for all 3 seasons increased as activity 

changed from bedding to foraging, walking, or running. 

Mean heart rates were significantly higher (P < 0.05) 

during post-treatment for mountain sheep walking, bed

ding, standing, and foraging during season 1. There were 

not enough valid observations during season 2 to analyze 

pre-treatment and post-treatment mountain sheep be

haviors. The mean heart rates for mountain sheep bed

ding, standing, and foraging were significantly higher (P 

> 0.05) in the season 3 post-treatment data (Table 3). 



Table 2. Student's t-test (t) and Mann-Whitney P values (MW) for mean 

pre-treatment and post-treatment heart rates for maintenance behaviors 

of mountain sheep and desert mule deer by season, University of 

Arizona, Tucson, 1990-1991. 

Season and 

species Behavior 

Walk Bed Stand Run Foragage 

t MW t t MW MW t MW 

Season la 

SHEEP <0.001 

DEER 0.608 

Season 2 

DEER 

<0.001 <0.001 

0.066 <0.001 

<0.001 0.312 

0.212 0.003 

0.766 0.006 

0.245 



Table 2. Continued. 

Walk Bed Stand Run Foragage 

Season 3 
t MW t t MW MW t MW 

SHEEP 0.286 <0.001 <0. 001 0.611 <0.001 

DEER 0.015 <0.000 <0. 000 0.006 

a Season 1 = 12 May-9 Aug, Season 2 = 13 Aug-12 Oct, Season 3=4 

Feb-5 Apr. 



Table 3. Mean heart rates (beats/min) for mountain sheep for pre-treatment and post-

treatment maintenance behaviors by season, University of Arizona, Tucson, 1990-1991. 

Walk Bed Stand Run Forage 

Pre Post Pre Post Pre Post Pre Post Pre Post 

Season la 

X 66.41 72.80 50.36 57.87 60.01 63. 76 107.47 116. 00 60.50 63.82 

Range 44-116 52-116 32-76 40-112 40-88 48-112 60-132 76-•136 40-88 48-100 

SE 1.62 0.83 0.33 0.68 0.53 0. 63 5.01 4. 62 0.68 0.88 

No. sheep 4.00 4.00 4.00 4.00 4.00 4. 00 3.00 3. 00 4.00 4.00 

No. obs. 73.00 174.00 501.00 347.00 306.00 221. 00 15.00 12. 00 143.00 113.00 

Season 2 

X 84.40 68.55 71.41 72.62 

Range 56-104 40-100 52-112 60-92 

SE 5.92 1.04 1.23 1.85 

No. sheep 3.00 3.00 3.00 2.00 

No. obs. 10.00 160.00 81.00 26.00 

r-o 



Table 3. Continued. 

Walk Bed Stand Run Forage 

Pre Post Pre Post Pre Post Pre Post Pre Post 

Season 3. 

E 

Range 

SE 

No. sheep 

No. obs. 

68.72 84.00 48.93 61.98 56.77 69.63 88.67 88.00 55.49 71.20 

44-104 84.00 32-84 40-92 32-124 48-108 64-128 88.00 40-92 48-108 

1.91 0.00 0.49 1.34 0.67 2.33 12.67 0.00 0.72 2.25 

4.00 1.00 4.00 3.00 4.00 3.00 2.00 1.00 4.00 3.00 

61.00 1.00 380.00 113.00 368.00 54.00 6.00 1.00 140.00 24.00 

a Season 1 = 12 May-9 Aug, Season 2 = 13 Aug-12 Oct, Season 3=4 Feb-5 Apr. 

K> 
00 
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The percent of observations that mountain sheep 

engaged in various behaviors during pre-treatment and 

post-treatment periods for all seasons were significantly 

different (P < 0.05) (Table 4). There was no trend in 

active (walking, standing, running, foraging) or inactive 

(bedding) behaviors across seasons for post- treatment as 

•compared to pre-treatment data; mountain sheep were less 

active during post-treatment data for season 3 only. 

Desert Mule Deer 

Mean heart rates for desert mule deer (Table 5) 

ranged from 32 to 136 bpm. Desert mule deer heart rates 

for all 3 seasons increased as activity changed from 

bedding to foraging, walking, or running. Mean heart 

rates were significantly higher (P < 0.05) during the 

post-treatment for desert mule deer standing and foraging 

during season 1. The mean heart rates for desert mule 

deer bedding were significantly lower (P > 0.05) in 

season 2 post-treatment. The mean heart rates for desert 

mule deer walking, bedding, standing, and foraging were 

significantly higher (P > 0.05) in season 3 post-treat-

ment data (Table 2). 
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Table 4. Percent of observations for mountain sheep and 

desert mule deer maintenance behaviors during pre-

treatment and post-treatment periods, University of 

Arizona, Tucson, 1990-1991. 

Season Pre Post 

Animal Behavior % time % time X P 

1 Sheep Walk 8.0 

Bed 56.7 

Stand 3 3.7 

Run 1.6 

Forage 15.8 

1 Deer Walk 2.2 

Bed 66.9 

Stand 3 0.7 

Run 0.1 

Forage 17.1 

2 Sheep Walk 4.7 

Bed 62.9 

Stand 3 2.1 

Run 0.3 

Forage 10.3 

20.1 11.85 <0.05 

40.0 

25.5 

1.4 

13.0 

1.3 9.16 <0.05 

75.1 

15.2 

1.0 

7.5 

0.0 22.27 <0.05 

47.6 

35.4 

1.8 

15.1 
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Table 4. Continued. 

Season Pre Post 

Animal Behavior % time % time 

2 Deer Walk 2.8 

Bed 72.3 

Stand 2 4.8 

Run 0.1 

Forage 15.0 

3 Sheep Walk 7.4 

Bed 46.4 

Stand 44.9 

Run 1.2 

Forage 17.1 

3 Deer Walk 7.0 

Bed 45.6 

Stand 46.9 

Run 0.4 

Forage 21.8 

0.0 13.43 <0.05 

76.1 

15.4 

1.0 

7.6 

0.0 62.07 <0.05 

59.2 

28.3 

0 . 0  

12 . 6 

2.1 45.78 <0.05 

54.4 

27.1 

1.1 

15.3 



Table 5. Mean heart rates (beats/min) for desert mule deer for pre-treatment and post-

treatment maintenance behaviors by season. University of Arizona, Tucson, 1990-1991. 

Walk Bed Stand Run Forage 

Pre Post Pre Post Pre Post Pre Post Pre Post 

X 60.53 66.86 46.81 47.80 53.61 58.78 92.00 86.40 54.25 58.15 

Range 52-68 52-104 32-112 32-72 40-68 48-84 92.00 68-124 44-68 48-84 

SE 1.23 6.63 0.39 0.36 0.47 0.87 0.00 10.63 0.59 1.22 

No. deer 2.00 2.00 2.00 2.00 2.00 2.00 1.00 2.00 2.00 2.00 

No. obs. 15.00 7.00 300.00 391.00 137.00 79.00 1.00 5.00 80.00 39.00 

Season 2 

X 67.11 54.54 49.89 61.68 63.20 60.46 63.11 

Range 48-80 40-80 40-60 40-104 60-68 44-80 60-68 

SE 2.08 0.46 0.79 0.95 1.16 1.02 1.30 

No. deer 2.00 2.00 1.00 2.00 1.00 2.00 1.00 

No. Obs. 18.00 277.00 38.00 119.00 10.00 69.00 9.00 



Table 5. Continued. 

Season 3 

X 
Range 

SE 

No. deer 

No. obs. 

Walk Bed Stand Run Forage 

Pre Post Pre Post Pre Post Pre Post Pre Post 

62.18 73.09 46.43 52.52 55.94 62.99 92.00 

40-108 56-100 32-68 36-72 32-128 40-100 64-136 

2.47 4.52 0.39 0.76 0.95 1.23 22.27 

4.00 3.00 4.00 4.00 4.00 4.00 2.00 

55.00 11.00 352.00 115.00 362.00 95.00 3.00 

55.00 61.77 

36-116 44-100 

1.22 1.83 

4.00 4.00 

168.00 52.00 

a Season 1 = 12 May-9 Aug, Season 2 = 13 Aug-12 Oct, Season 3=4 Feb-5 Apr. 
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The percent of observations that desert mule deer 

engaged in various behaviors during pre-treatment and 

post-treatment periods for all seasons were not signifi

cantly different (P < 0.05) during season 1 (x2 = 9.16, 

1,892 df, P > 0.05) (Table 4). There was no trend in 

active or inactive behaviors across seasons for post-

treatment as compared to pre-treatment data; desert mule 

deer were less active during the post-baseline data for 

all 3 seasons. 

Response Times 

Mean response times for mountain sheep and desert 

mule deer were categorized into 2 types: time to return 

to original behavior, and time to return to maintenance 

behavior. Original behaviors were defined as the 

behavior(s) an animal was engaged in prior to the 

treatment. Maintenance behaviors were defined as an 

animal returning to a maintenance behavior (walking, 

bedding, standing, running, foraging) after a treatment, 

but not necessarily the behavior the animal was engaged 

in prior to the treatment. 

Five measurements of heart rates for each observed 

simulation event were used for analyses (repeated meas

ures [ANOVA]): 1 minute preceding overflight (hrl), 
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actual time of overflight (hr2), and first (hr3), second 

(hr4), and third (hr5) minutes following treatments. 

These heart rate measurements were analyzed in relation 

to individual animals, types of overflights, and noise 

level exposure based on the area of the pen in which 

animals were located during treatments. Examination of 

heart rate responses during the treatment periods showed 

that heart rates returned to the resting rates before the 

treatments in < 2.0 minutes. In season 1, data came from 

5 animals whose heart rate monitors worked through the 

season. Measures for hr2, hr4, and hr5 differed between 

animals (F = 2.82, 4.02, 3.70; 3,62 df; P = 0.0463, 

0.0112, and 0.0162, respectively). This means that the 

heart rate measurements for each animal differed signif

icantly for the same treatment. Season 2 problems with 

heart rate monitor failures precluded valid observations 

for all but 1 animal (mule deer 04). Therefore, differ

ences between animals could not be tested. In season 3, 

data were sufficient for 8 animals. Individual differ

ences were significant (F = 5.99, 3.10, 6.31; 6,12 df; P 

= 0.0043, 0.0445, 0.0034) for hr3, hr4, and hr5, respec

tively. Further analysis of the heart rate response was 

beyond the scope of my project. 
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Wilk's lambda (L); multivariate tests of interaction 

effects between time, animal, overflight, and area, helped 

isolate the sources of variation in heart rates. For 

season 1, time, time X overflight, and time X area 

effects were significant (L = 0.66; 4 df; 59; P < 0.0001; 

L = 0.52; 24 df, 207; P = 0.0199; and L = 0.71; 12 df, 

156; P = 0.0496, respectively). Interactions including 

animal effects were not significant (P > 0.05). In other 

words, the rate of change between heart rate measurements 

was the same for all animals. However, the type of 

treatment (overflight) and the area in the pen did affect 

animals' heart rates. Significant treatment effects (P < 

0.05) occurred only in hr2 measurements (e.g., actual 

time of overflight). Animals responded more to the 

higher dB's created by F-4D overflights (Table 1) than to 

other overflights. Area effects were significant (P < 

0.05) from hr2 through hr5 with consistently greater 

response from area 2 than from areas 4 and 5. 

Data for season 2, (1 deer and only in areas 4 and 

5), showed no significant responses (P > 0.05) to 

differences in times, overflights, or areas. 
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Wilk's lambda's for season 3 showed only the time X 

area and time X animal X overflight effects were respon

sible for the variations (L = 0.05; 8 df, 18; P = 0.0002, 

and L = 0.002; 60 df, 37; P = 0.005, respectively). 

Heart rate responses were greater from areas 2 and 3 than 

area 4. The 3-way interaction confounds animal and 

overflight effects. However, significant heart rate 

differences (P < 0.05) were most often greater with 

animals 04, 05, 12, and 14, and less for the noise 

created by the B-1B flying at 341 m (Table 1). The 

responses to this aircraft were consistently less than 

all responses to the F-4D, with the exception of F-4D 

overflights at 35 and 501 m. Animals 05 and 14 were 

young animals (< 2.0 years old) and added to the 

experiment for season 3. 

Mountain Sheep - Treatment Data 

Mean alerted response times for mountain sheep 

(Table 6) indicate a decreasing response time with 

repetition; each succeeding season produced a decrease in 

alerted response time. This trend suggested habituation 

to the treatments. Animal 14, added to the study after 

season 2 had not previously been exposed to treatments, 

and may have reacted more intensely to the treatments, 
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Table 6. Number of alerted responses3 and mean response 

times to simulated aircraft noise by mountain sheep and 

desert mule deer, University of Arizona, Tucson, 1990-

1991. 

J? alerted response time to return 

Season to original behavior*5 (sec) 

animal n X SE 

1 SHEEP 11 43.8 27.0 

DEER 34 32 . 9 5.7 

2 SHEEP 14 26.3 11.4 

DEER 42 20.7 3.2 

3 SHEEP 7 15.3 9.4 

DEER 12 33.2 9.3 

a Alerted response = animals exhibited alerted 

behavior, acknowledged location of stimuli, but did not 

alter their activity. 

b Original behavior = animal returned to behavior 

engaged in prior to treatment. 



39 

thus causing other animals to increase response times. 

For instance, animals that had been in the study the 

first 2 seasons may have responded more to a new 

animal's response, than to the actual treatment. 

Mean alarmed response times for mountain sheep and 

desert mule deer (Table 7) duplicated the trend found in 

deer alerted responses; mean response times decreased in 

season 2 from season 1, then increased in season 3. 

Again, new animals added to the study may have 

contributed to these increases. 

Desert Mule Deer - Treatment Data 

Mean alerted response times for 1 desert mule deer 

(04) (Table 6) decreased in season 2 from season 1, and 

then increased in season 3. Animals added to the study 

after season 2 (05, 06) were not exposed to treatments, 

and their responses may have stimulated greater responses 

in season 3. 

Mean alarmed response times for desert mule deer 

(Table 7) duplicated the trend found in deer alerted 

responses. New animals added to the study may have 

contributed to these increases. I examined the mean 

response times between seasons and animals for differ

ences between experienced deer (deer 02 and 04, that had 
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Table 7. Number of alarmed responses3 and mean response 

times to simulated aircraft by mountain sheep and desert 

mule deer, University of Arizona, Tucson, 1990-1991. 

X alarmed response J? alarmed response 
time to return to time to return to 
original behavior" maintenance behavior0 

Season (sec) (sec) 

Animal n X SE n X SE 

1 SHEEP 33 240.8 42 . 9 33 55.9 8.6 

DEER 10 114 . 5 55.2 10 51. 8 16.9 

2 SHEEP 8 238. 3 102.9 8 28.3 11.1 

DEER 6 21.6 9.3 6 21.6 9.3 

3 SHEEP 7 236.0 82.1 7 46.8 14.3 

DEER 6 252.3 131.1 6 78.2 28.1 

a Alarmed response = animals exhibited startle/alarm 

behavior, looked toward the speaker, ears directed toward 

the speaker, and altered their activity. 

k Original behavior = animal returned to behavior 

engaged in prior to treatment. 

c Maintenance behavior = animal returned to main

tenance behavior after treatment (walking, bedded, stand

ing, running, foraging). 
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been exposed to the overflights in seasons 1, 2, and 3) 

and replacement animals (deer 05 and 06, that had not 

been exposed to overflights until season 3). Because of 

the small sample size (n = 2 replacement deer) I was not 

able to examine differences between alerted and alarmed 

responses. I compared overall response times between 

deer in the same pen. Individual responses varied 

significantly. Deer 06 had significantly greater 

response times (P = 0.0286) than deer 02, but the 

response times for deer 05 were not different (P > 0.05) 

from deer 04. Other factors I did not measure may also 

be responsible for the increases in response time from 

season 2 to season 3. 

Mean ambient temperatures may have contributed to 

behavior patterns during season 1 (x = 32.01 + 0.18 (SE), 

range = 12-45), season 2 (x = 29.49 ± 0.15, range = 20-

40), and season 3 (x = 17.64 + 0.17, range = 3-28). 

Overall, the animals engaged in less active behaviors 

during season 2. Although the mean ambient temperature 

was lower in season 2 than 1, the range of temperatures 

was greater possibly influencing activity levels. 

There is a notable difference between individuals 

responses to treatments. However, with several animals, 
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a general trend could be demonstrated; animal's heart 

rates returned to the resting heart rates before the 

simulation events within 2.0 minutes. Monitoring heart 

rates while observing behavior assists in a better 

understanding and analysis of animals' responses to 

various stimuli. As expected, heart rates for all 3 

seasons tended to increase as activity changed from 

recumbency to foraging, walking, or running. 
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DISCUSSION 

Wildlife and domestic species can habituate to 

human-related disturbances (Dorrance et al. 1975, Heimer 

1988, Espmark and Langvatn 1985, Yarmoloy et al. 1988, 

Tyler 1991); however, few studies have investigated the 

effects of low-flying military aircraft on wildlife. 

Fletcher (1988) clearly identified physiological 

changes caused by exposure to aircraft noise, which may 

cause stress to animals. To examine responses of 

wildlife to aircraft noise the stimulus has to be 

controlled (Brown 1990). The stimulus in this study was 

carefully regulated. 

My experiment confirmed that simulation events can 

render a means by which wildlife species can be exposed to 

accurate and replicable aircraft noise without the 

logistic and financial complications associated with 

actual overflights. My data illustrate that short term 

habituation does occur over time. This habituation rate 

is consistent with data from Espmark and Langvatn (1985). 

However, MacArthur et al. (1982) found that the heart 

rate in adult mountain sheep was not reduced with repeat

ed disturbance trials. Although repetition of stimuli 

commonly leads to habituation (Harris 1943), it should be 
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pointed out that vulnerable animals may acclimate slowly 

to stimuli that would indicate a possible threat (e.g., 

predators) (Espmark and Langvatn 1985) . 

Behavioral responses of mountain sheep and desert 

mule deer to simulation events are subtle and differ with 

experience, age, and season (Jacobson and Stuart 1978, 

Moen 1978, Kreeger et al. 1989). It is clear that 

several factors influence heart rates, and the relation

ship is complex. An overall trend toward habituation was 

seen in mountain sheep and desert mule deer. However, 

when younger animals replaced older animals after season 

2, the mean heart rates and response times increased. 

Seasonal variation in heart rates was pronounced in 

this study as has been documented by Holter et al. 

(1976), Moen (1978), Geist et al. (1985), and Nilssen et 

al. (1984). I monitored animals by season; daily heart 

rate fluctuations were not calculated. In addition, 

physiological measurements are affected by previous 

activity (Geist et al. 1985). I did not include previous 

activity in my analyses. 

The data from this study supported Jacobsen et al. 

(1981) so that, when excited or alarmed, animals had 

higher heart rates for the same behaviors when not 
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excited. MacArthur et al. (1979) described the resting 

heart rate as 43 and 93 bpm for animals that are bedding 

and walking, respectively. These levels are consistent 

with Harlow et al. (1987), Coates et al. (1990), and my 

study. 

We have no information on the long term effects 

(e.g., reproduction, recruitment) of low-flying aircraft 

noise on mountain sheep and desert mule deer. Jorgenson 

(1988) documented range abandonment of mountain sheep (O. 

c. canadensis) in Canada as a result of disturbance 

(e.g., human activities, helicopter flights) from the 

1988 winter Olympics. Dorrance et al. (1975) noted that 

white-tailed deer (Odocoileus virginianus) altered their 

winter ranges in response to human activities. Low-level 

military overflights could cause detrimental changes in 

the energy budget. The data from my study can be used to 

understand how animals respond, both physiologically and 

behaviorally, to this disturbance. 

Animals strive to live in predictable, secure 

environments at the lowest maintenance costs (Geist et 

al. 1985). Free-ranging mountain sheep will habituate to 

repeated disturbances and most cardiac responses are 
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short-lived (MacArthur et al. 1982, Geist et al. 1985, 

Heimer 1988). Elk (Cervus elephus) (Morgantini and 

Hudson 1979, Ward and Cupal 1979, Kuck et al. 1985), 

mountain sheep (Geist et al. 1985), mule deer (Freddy et 

al. 1980), and white-tailed deer (Dorrance et al. 1975) 

respond more severely to direct, unpredicted human 

harassment than chronic disturbances such as mining and 

helicopter overflights. There are also species specific 

differences in response to disturbances. Geist (1978) 

noted that, although mountain sheep can be easily 

habituated to human contact over time provided there is 

no hunting, mountain goats (Oreamnos americanus^ tend to 

remain timid even after extensive human contact. 

Exposure to prolonged, frequent, and unpredictable human 

disturbance could severely affect behavior, with implica

tions to physiology, population dynamics, and ecology 

(Geist 1971). 

The same effects may be attributed to aircraft 

noise. Furthermore, there may be additional, or interac

tive effects from the visual stimulus of aircraft (Brown 

1990). Upon perceiving a new or painful signal an 

animal's first response is to turn its attention to the 

source of the signal (Brown 1990), such as the speaker in 
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this study. This process is known as the orienting 

response (OR) or orienting reflex (Archer 1979, Brown 

1990). Generally the OR is elicited by high intensity, 

novel, or unpredictable stimuli. It entails the sense 

organs being oriented and physiological changes indicat

ing increased readiness to respond (e.g., increased heart 

rate). The OR becomes progressively less severe with 

repetition of stimuli (Archer 1979). For instance, the 

alerted response by mountain sheep or mule deer in this 

study entailed the animal looking toward the speaker, or 

directing its ears toward the speaker during a given 

simulation event, but not altering its activity. 

If an unexpected stimulus is of a particularly high 

intensity, the initial OR may be replaced by a defense 

mechanism (e.g., blinking and crouching) to aid in 

protection from possible noxious stimuli (Archer 1979). 

During the time between the stimuli and the response, 

there is little time for the animal's nervous system to 

analyze the situation; it only reacts to a potential 

threat has occurred. 

A simple and successful way of observing the 

environment for potential threats involves the animal 

focusing on any unusual stimuli (Archer 1979). For 
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instance, the mean increase in response times and heart 

rates during season 3 may indicate that the animals 

responded more to a startle response of new animals than 

to the actual simulation event. Following the initial 

response, the stimulus can be analyzed further and 1 of 

several other defense mechanisms initiated. 

In conclusion, the animals in my study reacted to 

overflight noise with an acute increase in heart rate and 

behavioral response. Although individual variation 

occurred, and I had a small sample size, all animals' 

heart rates returned to a resting rate in < 2 minutes. 

However, the long term effects of low-flying aircraft 

noise on productivity and recruitment is information that 

is critical in determining how these disturbances 

influence population dynamics. 
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