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A study of orientation and homing in brush rabbits, Sylvilagus

bachmani ubericolor (Miller), was conducted on the E. E. Wilson

Game Management Area 7 miles north of Corvallis, Oregon, between

July 1967 and April 1969. Sixty-seven individual rabbits were fitted

with radio-transmitters and returned to the field. Home ranges were

determined for 59 of these rabbits. Brush rabbits rarely left brushy

cover. The home ranges of males were larger than those of females

and the home ranges of juvenile males were larger than those of

adult males.

Nineteen of the 59 brush rabbits whose home ranges were de-

termined were displaced in 29 homing experiments. No rabbit was

displaced more than twice. Brush rabbits homed successfully in 15

of the 29 experiments. Brush rabbits did not "home" over distances

as great as those reported for other members of the genus or other

small mammals. Homing success was not inversely related to
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distance displaced as has been reported for other small mammals.

Rather, there was a distinct limit at about 600 feet beyond which no

rabbit homed. Random movements could not have accounted for the

high percentage of rabbits that homed. Therefore, it was concluded

that brush rabbit homing ability was characteristic of oriented move-

ments. Rabbits required as long as 36 days to complete a successful

homing experiment. A direct correlation was found between homing

time and distance displaced. This correlation was even higher when

the size of the rabbit's standard range was considered. It was con-

cluded that brush rabbit homing ability was related to the size of the

home range.

With one exception brush rabbits chose clear nights to "home"

indicating that sight was a primary mechanism involved in homing.

There was no correlation between season of the year and homing

ability, or between homing ability and sex or age. There was no

relationship between initial movements and compass direction or di-

rection of the home range. However, a significant number of rabbits

left the release box in the direction of the nearest cover. Brush

rabbits also restricted their routes of travel to brushy cover while

attempting to "home." Four factors were found which interfered

with homing: (1) inter-specific aggressive behavior, (2) roads, (3)

human and vehicular activity, and (4) predators. Brush rabbit home

ranges after first displacements were significantly smaller than



original home ranges. However, home ranges after second displace-

ments were not smaller. The unusual movements of two rabbits are

discussed.
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ORIENTATION AND HOMING OF THE BRUSH RABBIT

INTRODUCTION

Certain terrestrial mammals exhibit a remarkable ability to

return to their home areas. White-footed deermice (Peromyscus

maniculatus) have been reported to "home" distances of two miles

(Murie and Murie 1931); voles (Microtus pennsylvanicus) 750 feet

(Hamilton 1937); gray squirrels (Sciurus carolinensis) 14,800 feet

(Hungerford and Wilder 1941); red squirrels (Tamiasciurus hudsonicus)

2,300 feet (Layne 1954); eastern cottontail rabbits (Sylvilagus

floridanus) three miles (Bowers 1954); cotton mice (Peromyscus

gossypinus) 2,100 feet (Griffo 1961); and harvest mice (Reithrodontomys

megalotis) 1,000 feet (Fisler 1966).

Homing ability varies greatly among individuals (Murie and

Murie 1931) and in some individuals it is lacking altogether (Janes

1959). This variability is attributed to such factors as sex, age,

reproductive status, population density and displacement distance

(Stickel 1949, Seidel 1961, Griffo 1961, Fisler 1962, and Murie 1963).

Although the homing ability is well documented, little is known

of the mechanisms which enable these animals to orient themselves

and return home. The development of bio-telemetry as a method of

tracking provides an improved technique for conducting behavioral

studies on animals in the wild with a minimum of distur:rance.
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Utilizing this improved technique, a study of the mechanisms of

orientation and homing in terrestrial mammals was initiated.

The objectives of this research were as follows:

1. To determine if movements of relocated mammals

are at random to the directions of their home areas,

or if they are characteristic of some type of orienta-

tion.

Z. To determine if celestial navigation, familiarity with

routes to the original home areas, visible landmarks,

noises, habitat types, intra-specific social behavior,

and other environmental conditions, are possible

mechanisms involved in mammal orientation and

homing.

To determine what factors interfere with homing

among those relocated individuals which fail to return

to their original home areas, and to determine the

ultimate fate of these individuals.

To determine if differences in sex and changes in age

and reproductive status of the selected experimental

mammal influence their ability to orient and home.

The native brush rabbit, Sylvilagus bachmani ubericolor

(Miller), was chosen as the test animal primarily because it has a

small home range (Connell 1954, Shields 1960). In addition it is



easily handled, and its morphology, behavior and habits are com-

patible with available bio-telemetry equipment and techniques.

3



METHODS

Two study areas, each about 250 x 800 yards, were established

on the Oregon State Game Commission's E. E. Wilson Game Manage-

ment Area in Benton County, Oregon. The site was a former U. S.

Army installation. Each area consisted of four 10-acre blocks sur-

rounded by macadam streets. Lines on which to align the mobile

radio tracking units (Verts 1963) were painted at 100 foot intervals

on the macadam streets (Figure 1). Vertical aerial photographs

were taken of the primary study area. The photographs were used to

make outline maps on which the radio positions were recorded. Ae-

rial photographs were not made of the secondary study area, but ac-

curate maps of the tracking stations were made with surveying in-

struments.

Each of the 10-acre blocks contained concrete foundations of

22 razed buildings. Brambles (Rubus sp. and Rosa rubiginosa) sur-

rounded and nearly covered most of the foundations (Figure 2). In a

few cases, clumps of brambles surrounding adjacent foundations were

connected. Brambles occupied about 15 percent of the study areas.

The remainder of the study areas was covered with forbs and grasses,

mostly Daucus carota, Dipsacus sylvestris, Poa sp. , Festuca sp.

and Phalaris arundinacea.

Brush rabbits were captured in 8 x 8 x 24-inch wooden live

4
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Figure 1. A mobile tracking unit aligned on one of the permanent
tracking stations on the E. E. Wilson Game Management
area near Corvallis, Oregon (Photo by A. L. Miller).
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traps. Some wood and wire traps were also used. The traps were

set beneath overhanging brambles. Trapping was continued until cap-

tures per unit effort declined or until individual rabbits were recap-

tured so frequently that trapping interfered with radio-tracking.

Rabbits weighing in excess of 450 grams were returned to the

laboratory (a distance of about seven miles) and their sex, age, repro-

ductive status, and general physical condition determined by gross

examination.

The sex and age of rabbits were determined by characteristics

described by Petrides (1951). Rabbits trapped in the fall, after the

winter pelage and adult weight were attained, were classed as adults

except ear-tagged young-of-the-year. All rabbits trapped between

1 January and the time young-of-the-year began to appear in the catch

were classed arbitrarily as adults.

Rabbits were equipped with pulsing-signal transmitters (Tester

et al. 1964) and numbered aluminum ear tags. The animals were

then returned to the study areas and released at their respective

points of capture. Transmitters used on the same study area oscil-

lated at five kilocycle intervals and animals were identified by the

frequency of the signal. Because the study areas were approximately

two miles apart and the maximum range of the transmitters was about

1,000 feet, the same frequencies were used on each study area. Be-

fore becoming inoperative or being removed from the rabbit the
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transmitters operated an average of 48 days (range 8 - 137 days).

Positions of radio-tagged rabbits were obtained by triangulation

from the permanent tracking stations at irregular intervals throughout

the 24-hour day. To improve the accuracy of the radio positions an at-

tempt was made to take bearings at distances less than 200 feet between

the tracking station and the rabbit. After a minimum of six days (and

usually after about 20 to 30 radio positions had been obtained) attempts

were made to recapture radio-tagged rabbits. The recaptured rabbits

were reexamined for gross changes in physical condition and were re-

leased at various distances from their home ranges. Releases were

made from a box on which all four sides opened simultaneously (Figure

3). The box was operated electrically from a distance of 100 feet. This

box prevented the investigator from influencing the movements of the

displaced animals. Rabbits were transported from the vehicle to the

release box in a wooden box or a cloth bag. Movements of displaced

animals were determined at short intervals (usually less than one

minute) by use of one or two mobile tracking units. Tracking was

continued until the animals returned to their home ranges, failed to

move for a period of two hours, or were killed by predators.

Release sites were chosen on the basis of distance from home

ranges, habitat types, and the characteristics of the habitat between

points of release and home ranges. Releases were made under different

conditions of weather and sky cover, and at various hours of the day.



Figure 3. A brush rabbit being placed into the release box prior to
a homing experiment on the E. E. Wilson Game
Management Area near Corvallis, Oregon.

9
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When rabbits were displaced more than once, successive points of

release were separated by at least 90 degrees.

Home range data were analyzed by the center of activity method

(Hayne 1949, White 1964), and diameters of standard ranges (Harrison

1958) were calculated for each displaced individual. Rabbits were

considered to have homed successfully when they entered an area

they were known to have occupied previously or when they arrived

within one standard diameter of their previous center of activity.

Probabilities that rabbits could find their home ranges by random

movements were calculated by dividing by 360 the angle subtended

by two standard diameters at the point of release. The resulting

probabilities are maximal because they represent the probability that

the rabbit will be found within the area of the cone which passes from

the release point to infinity. The probability that the point of release

was within the home range was calculated as follows:

Calculate a quantity z = -D/R

Where D is the distance from home
Where R is the home range in the same units as the distance
z is the "standardized normal deviate"

From tables of the normal probability distribution, find the area
of the normal curve from an infinitely negative value up to the
point z. This area is the decimal fraction giving the probability
that the point of release is within the home range.

The appropriate statistical tests used in the analysis of the data were

taken from Steel and Torrie (1960) and Dixon and Massey (1969).
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Some sections of this paper are necessarily descriptive in nature

(particularly those sections dealing with routes taken, cover and hab-

itat types, and factors interfering with homing).



RESULTS

Between 13 July 1967 and 8 April 1969, 67 individual brush

rabbits were equipped with radio transmitters and returned to the

field. Fifty-nine of these rabbits provided data suitable for analysis.

Nineteen of the 59 rabbits were recaptured and displaced one or two

times.

Home Ranges Prior to Displacement

Home ranges prior to displacement were calculated for 59 brush

rabbits for which 1,668 radio-positions were obtained. Diameters of

standard ranges for rabbits grouped by sex and age are presented in

Table 1.

The brush rabbits which inhabited the two study areas were

found to have small home ranges. These findings were in agreement

with those of Orr (1940), Connell (1954), and Shields (1960). Brush

rabbits restricted their activities to dense brushy cover and rarely

ventured more than a few feet into adjoining grassy habitats. There-

fore, home ranges of brush rabbits usually conformed to the size and

shape of brushy habitat available. Radio-tracking indicated that

clumps of brambles smaller than about 5,000 square feet usually were

not permanently occupied by brush rabbits, and were used by brush

rabbits only if in close proximity to larger clumps of brambles.

12



Table 1. Means and ranges of one standard diameter, number of animals, and number of radio positions for each sex and age group of brush

rabbits prior to displacement on the E. E. Wilson Game Management Area near Corvallis, Oregon.

Number of Radio-positions
Standard Diameter (feet) Number of Number of per Rabbit

Age Sex Mean Range Rabbits Radio-positions Minimum Maximum

Adult Male 122.4 63.5 to 237.2 12 345 12 47

Juvenile Male 151.0 35.7 to 306.4 9 305 13 51

Mean Male 136.5 35.7 to 306.4 21 650 12 51

Adult Female 108.5 30.4 to 233.6 24 662 8 78

Juvenile Female 99.0 41.3 to 158.3 14 356 7 43

Mean Female 105.3 30.4 to 233.6 38 1,018 7 78

Total 118.4 30. 4 to 306.4 59 1,668 7 78
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Diameters of standard ranges of males were larger than those

of females (F = 1.68, d.f. = 650, 1018, P < 0. 01), a common

phenomenon among small mammals (Stickel 1946, Dice 1941, White

1964). Diameters of standard ranges of juvenile males were larger

than those of adult males (F = 1.52, d. f. = 305, 345, P< 0.01).

Homing

Nineteen brush rabbits were displaced a total of 29 times

(Tables 2 and 3). Eight of these rabbits succeeded in returning to

their home range once and four rabbits succeeded twice. Three rab-

bits failed in one trial, two rabbits failed in one of two trials each,

and three rabbits failed in both of two trials each.

Homing in Relation to Distance Displaced

In 29 homing trials, rabbits were displaced distances of 52 to

1,156 feet from the geographic centers of their home ranges (centers

of activity, Hayne 1949).

On 15 of 24 occasions, rabbits succeeded in returning home dis-

tances of up to 540 feet. On one occasion, a rabbit passed through

its original home range and established a new home range 200 feet be-

yond the old. This rabbit was later found to have been injured by the

radio-collar. However, the rabbit was considered successful because

it reentered its original home range. Of five rabbits displaced



Table 2. Summaries of homing performances of five male rabbits displaced in eight experiments on the E. E. Wilson Game Management Area
near Corvallis, Oregon.

Rabbit Date Date Date Time Standard Distance Successful

number Age captured recaptured displaced released diameter displaced in homing
(PST) (ft) (ft)

a Rabbit passed through its home range and was later determined to be injured from the radio-collar.

11 Juv. July 24, '67 Aug. 9, '67 , Aug. 9, '67 19:25 87.9 638 No

11 Juv. Nov. 8, '67 Nov. 8, '67 21:14 71.3 416 Yes

19 Ad. Sept. 6, '67 Oct. 20, '67 Oct. 20, '67 00:30 106.5 540 Yes

19 Ad. Nov. 15, '67 Nov. 15, '67 20:42 61.5 248 Yes

33 Ad. Oct. 13, '67 Nov. 16, '67 Nov. 17, '67 20:54 63.5 250 No

35 Ad. Oct. 16, '67 Oct. 20, '67 Oct. 20, '67 21:10 77. 2 514 No

35 Ad. Nov. 17, '67 Nov. 17, '67 22:04 157.3 396 Yes

45 Ad. Dec. 19, '67 March 30, '68 Apr. 2, '68 16:46 104.6 376 Yesa



Table 3. Summaries of homing performances of fourteen female brush rabbits displaced in twenty-one experiments on the E. E. Wilson Game
Management Area near Corvallis, Oregon.

a .Killed by predator one hour after release.

Rabbit
number Age

Date
captured

Date
recaptured

Date
displaced

Time
released

(PST)

Standard
diameter

(ft)

Distance
displaced

(ft)

Successful
in homing

8 Juv. July 20, '67 Sept. 28, '67 Sept. 28, '67 22:03 48.1 190 Yes

8 Juv. -- Nov. 7, '67 Nov. 8, '67 19:25 56.5 328 Yes

15 Ad. Aug. 9, '67 Oct. 20, '67 Oct. 20, '67 21:06 92.1 280 No

16 Juv. Aug. 18, '67 Oct. 20, '67 Oct. 20, '67 18:00 89.0 480 No

16 Juv. -- Nov. 15, '67 Nov. 15, '67 22:02 37.2 174 No

31 Juv. Oct. 10, '67 Oct. 24, '67 Oct. 25, '67 07:59 41.3 180 Yes

32 Ad. Oct. 12, '67 Dec. 8, '67 Dec. 8, '67 22:25 67. 2 510 Yes

44 Ad. Dec. 19, '67 Feb. 8, '68 Feb. 9, '68 18:15 40.2 954 No

44 Ad. -- Mar. 29, '68 Apr. 2, '68 20:00 90.9 350 No

47 Ad. Dec. 27, '67 Feb. 7, '68 Feb. 12, '68 09:29 39.8 1,156 No

47 Ad. -- Apr. 25, '68 Apr. 25, '68 23:17 142.5 866 No

50 Ad. Jan. 3, '68 Feb. 14, '68 Feb. 27, '68 20:13 45.6 358 No

50 Ad. -- Mar. 29, '68 Apr. 2, '68 20:08 55.4 414 Noa

51 Ad. Jan. 4, '68 Mar. 29, '68 Apr. 2, '68 23:27 59.1 466 Yes

64 Ad. May 14, '68 Aug. 1, '68 Aug. 2, '68 01:05 30.7 676 No

75 Juv. Aug. 14, '68 Aug. 30, '68 Aug. 30, '68 13:48 145.0 52 Yes

76 Ad. Aug. 26, '68 Sept. 14, '68 Sept. 14, '68 20:03 181.1 204 Yes

76 Ad. -- Sept. 17, '68 Sept. 17, '68 20:46 181.1 352 Yes

78 Ad. Oct. 9, '68 Feb. 24, '69 Feb. 26, '69 16:38 85.8 154 Yes

81 Juv. Dec. 3, '68 Dec. 12, '68 Dec. 12, '68 21:35 124.7 352 Yes

81 Juv. -- Jan. 19, '69 Jan. 21, '69 1619 79.5 120 Yes
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distances from 638 to 1,156 feet none returned home (Tables 2 and 3).

To further evaluate the data, rabbit homing trials were divided

into two categories: (1) distances less than 600 feet and (2) distances

greater than 600 feet. The distance of 600 feet was chosen because

rabbits displaced 540 feet or less were significantly more successful

in homing than those displaced 638 feet or more. In the first category,

the percentage of successes was 68.1. In the second category the

percentage was zero. The lower confidence interval for distances

less than 600 feet was 44.6 percent which exceeds zero (P < 0.01).

However, the reader should not infer that there was no chance for

success when a rabbit was displaced more than 600 feet.

To ascertain whether increasing distance of displacement was ac-

companied by a decreasing percentage of success, distances less than

600 feet were divided into four categories: 100-200 feet, 201-300 feet,

301-400 feet, and 401-600 feet. These distances were selected arbi-

trarily to provide sufficient sample size in each category for making a

valid statistical comparison. Subsequent statistical analysis showed

that there were no significant differences among the four categories in

homing performance (chi-square =0.97, d. f. > 3, P > 0.5).

Probability That the Home Range Included the Release Site. It

was important to establish whether displaced animals were uninten-

tionally released in areas with which they were familiar.
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Harrison (1958) calculated the amount of time spent by rats at

various distances from the center of their home ranges. He believed

that rats in uniform habitats spent 99 percent of their time within

2.58 standard diameters, 99.9 percent within 3.29 standard diameters,

99.99 percent within 3.89 standard diameters, and 99.999 percent

within 4.42 standard diameters. Thus, an animal which was one year

old would be expected to spend not more than 5.26 minutes outside

4,42 standard diameters, less than an hour outside 3.89 standard

diameters, less than nine hours outside 3.29 standard diameters,

and less than four days outside 2.58 standard diameters.

Because the two study areas contained dissimilar habitats, the

ranges of the brush rabbits were smaller than might be expected.

Observations made by radio-tracking showed that brush rabbits on

the two study areas generally confined their activities to one clump

of brambles, rarely venturing more than one standard diameter from

the center of their home range. The size and shape of the home range

was determined by the size and shape of the bramble clump.

To decide whether rabbits displaced at distances of less than

540 feet were actually displaced from their areas of familiarity, the

displacement distances were converted to standard diameters to fa-

cilitate comparison. Rabbits displaced 540 feet or less were moved

from 0.36 to 8.30 standard diameters from their respective centers

of activity. Rabbits displaced 638 feet or more were moved from
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6.32 to 29.5 standard diameters. No rabbit returned home when dis-

placed farther than 7.88 standard diameters. All seven rabbits dis-

placed less than 2.82 standard diameters were successful in homing,

while 9 of 18 rabbits displaced between 3.04 and 7.88 standard diam-

eters were successful (Tables 4 and 5). Rabbits displaced more than

3.00 standard diameters had very low probabilities of being released

in their home ranges (Tables 4 and 5).

Probability of Homing by Random Movements. The expected

overall homing success determined by averaging the calculated ran-

dom movement probabilities in Tables 4 and 5 was 7.3 percent. How-

ever, 55.2 percent of the rabbits were successful in their attempts to

home. The lower confidence limit was 28.2 percent, which is greater

than the 7.3 percent predicted on the basis of random movements

(P< 0.01).

Time Required For Homing

Brush rabbits required as long as 36 days to home (Tables 6

and 7). Time required for homing could not be correlated with the

length of time the rabbit was held in captivity prior to release (up to

13 days) or with age and sex. Rabbits released during daylight hours

generally waited until dark before homing. One exception was a female

released in a grassy field 154 feet from its home range, equidistant



Table 4. Number of standard diameters displaced, probability that release point was included in the
home range, and probability of homing by random movements of five male brush rabbits
displaced in eight experiments on the E. E. Wilson Game Management Area near Corvallis,
Oregon.

a Rabbit passed through its home range and was later determined to be injured by the radio-collar.

Rabbit
number

Number of
standard diameters

displaced

Probability
release point

was in home range

Probability
of homing by

random movements

Successful
in homing
attempt

11 7.26 <0.00001 0.042 No

11 5.38 <0.00001 0.053 Yes

19 5.07 <0.00001 0.061 Yes

19 4,03 <0.0001 0.078 Yes

33 3.93 <0.0001 0.081 No

35 6.66 <0.00001 0.047 No

35 2.52 <0.02 0.122 Yes

45 3.59 e0.0001 0.086 Yesa



Table 5. Number of standard diameters displaced, probability release point was included in the home
range, and probability of homing by random movements of fourteen female brush rabbits
displaced in twenty-one experiments on the E. E. Wilson Game Management Area near
Corvallis, Oregon.

Rabbit
number

Number of
standard diameters

displaced was

Probability
release point
in home range

Probability
of homing by

random movements

Successful
in homing
attempt

8 3.95 <0.0001 0.081 Yes
8 5.81 <0.00001 0.056 Yes

15 3.04 <0.001 0.103 No
16 5,39 <0.00001 0.053 No
16 3.04 <0.001 0.100 No
31 4.36 <0.0001 0.072 Yes
32 7.59 <0.00001 0.042 Yes
44 23.73 <0.00001 0.014 No
44 3.85 <0.001 0.081 No
47 29.05 <0.00001 0.011 No
47 6.32 <0.00001 0.053 No
50 7.85 <0.00001 0.042 No
50 8.30 <0.00001 0.042 No
51 7.88 <0.00001 0.042 Yes
64 22.02 <0.0001 0.008 No
75 0.36 >0.3 0.297 Yes
76 1.13 <0.3 0.133 Yes
76 1.94 <0.3 0.081 Yes
78 1.79 <0.3 0.086 Yes
81 2.82 <0.3 0.054 Yes
81 1.51 <0.3 0.086 Yes



Table 6. Homing success in relation to sky cover for five male brush rabbits displaced in seven
homing experiments from distances less than 540 feet on the E. E. Wilson Game Manage-
ment Area near Corvallis, Oregon.

a Rabbit passed through its home range and was later determined to be injured by the radio-collar.

11 Juvenile Clear Cloudy 5 days Yes

19 Adult Cloudy Clear 6 - 9 days Yes

19 Adult Clear Clear 9 hours Yes

33 Adult Cloudy -- No

35 Adult Cloudy -- No

35 Adult Clear Clear 2 hours Yes

45 Adult Clear Clear - Yesa

Sky cover Sky cover Time from Successful
Rabbit at time at time release in homing
number Age of release of homing to homing attempt



Table 7. Homing success in relation to sky cover for twelve brush rabbits displaced in sixteen homing
experiments from distances less than 540 feet on the E. E. Wilson Game Management Area
near Corvallis, Oregon.

Rabbit
number Age

Sky cover
at time

of release

Sky cover
at time

of homing

Time from
release

to homing

Successful
in homing

attempt

8 Juvenile Clear Clear 3 hours Yes
8 Juvenile Clear Clear 2 days Yes

15 Adult Cloudy No
16 Juvenile Cloudy No
16 Juvenile Clear No
31 Juvenile Clear Clear 1 day Yes
32 Adult Cloudy Clear 9 days Yes
44 Adult Clear No
50 Adult Clear No
51 Adult Clear Clear 31 - 36 days Yes
75 Juvenile Clear Clear 8 hours Yes
76 Adult Clear Clear 50 minutes Yes
76 Adult Cloudy Clear 23 hours Yes
78 Adult Clear Clear 30 minutes Yes
81 Juvenile Clear Clear 13 hrs. 40 min. Yes
81 Juvenile Clear Clear 3 hrs. 23 min. Yes
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from its home range and the nearest cover. Those rabbits which

waited several days before homing did not exhibit any evidence of ran-

dom wanderings prior to locating their home ranges. Instead homing

was preceded by varying periods of occupancy in suitable habitats.

A strong correlation was found between homing time and distance

displaced (Figure 4). A regression analysis indicated that, although

there was considerable variation among individuals, time to homing

was logarithmically related to distance displaced (r2 = 0.527, P < 0.05).

There was little chance of a brush rabbit homing at distances over

600 feet because of the time required.

To determine whether the variation among individual rabbits

was related to the sizes of the home ranges, a regression analysis

was used to compare homing time and the number of standard diam-

eters each rabbit was displaced (Figure 5). The result was a higher

correlation (r2 = 0.684, P < 0.005). Therefore, it was concluded

that the homing time was directly related to the size of the home

range prior to displacement and that the ability to home decreased

rapidly when the rabbit was displaced farther than about seven stan-

dard diameters.

Relation Between Homing Success and Sky Cover

Fifteen of the 16 successful rabbits homed on clear nights

(Tables 6 and 7). Rabbits released on cloudy nights waited until clear
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nights to home or failed to home altogether. A night was considered

clear when some stars and/or the moon were clearly visible to the

observer at anytime. The lower confidence limit for the percentage

of successes on clear nights was 0.782. The upper confidence limit

for cloudy nights was not included in the lower confidence limit for

clear nights (P < 0.001). Whether these rabbits utilized celestial

cues or familiar land marks, or preferred clear nights when visibility

permitted avoidance of predators was not known. The only rabbit

taken by a predator during an actual homing experiment was taken on

a clear night.

Relation Between Homing Success and Season

Homing experiments were conducted during the nine month pe-

riod from August to April (Tables 2 and 3). No experiments were

conducted during May, June and July because of the extreme difficulty

of capturing rabbits on the study areas in these months.

There appeared to be no correlation between homing success

and season of the year. Rabbits displaced during the breeding season

(February to April) did not perform differently from those released at

other times (Tables 2 and 3).

The data were too few to permit statistical analysis of homing

ability in relation to season.



Relation Between Homing Success and Sex and Age.

In 29 homing experiments, 62 percent of the male and 52 per-

cent of the female brush rabbits homed successfully, irrespective of

distance displaced. When experiments conducted at distances greater

than 540 feet were excluded, 71 percent males and 65 percent females

were successful. The difference in these percentages was not sta-

tistically significant (Z = 0.133, P > 0.5).

In regard to age, homing experiments at distances less than

540 feet showed that 75 percent of the juvenile females and 55 percent

of the adult females homed successfully. An accurate comparison

between juvenile and adult males was not possible because only one

juvenile male was displaced. However, 67 percent of the adult males

homed successfully. Overall, 64.2 percent of the adults and 78.8

percent of the juveniles homed successfully (Tables 2 and 3). The

difference in these percentages was not statistically significant

(Z = -0.780, P > 0.5).

Relation Between Homing Success and Compass Direction

Rabbits were released at different bearings with respect to their

home ranges. Results of the experiments showed no correlation be-

tween homing success and the direction of the home range (Figure 6).

When rabbits were released from the same positions relative to their

home ranges, nearly equal numbers of successes and failures resulted.

28



Successful

Unsuccessful

Figure 6. Direction to the home range from the release point for 19
brush rabbits displaced in 29 homing experiments on the
E. E. Wilson Game Management Area near Corvallis,
Oregon, August 1967 - February 196,9.
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Initial movements of rabbits (i.e. the straight line direction

between the release box and the first radio-position) were not oriented

with respect to the direction of the home range. Figure 7 illustrates

the random character of initial movements: of 13 rabbits which failed

to home, nine left the release box in the general direction of their

home range.

Significantly more rabbits left the release box in a southerly

direction (72.5 percent) than in a northerly direction (27.5 percent)

(Z = 2.41, P < 0.002) (Figure 8). Ten (34.5 percent) moved in a

southeasterly direction and 11 (38.0 percent) moved in a southwesterly

direction. Four rabbits (13.8 percent) moved in both the northeasterly

and northwesterly directions. However, after further investigation

it was found that the release box had inadvertantly been set more often

north of the nearest cover. Thus, it was concluded that most of the

rabbits leaving the release box in a southerly direction were utilizing

the nearest available cover.

Influence of the Nearest Cover on Initial Movements

Direction of nearest cover was the primary influence on initial

movements. The direction of the center of the nearest cover could

only be determined for the primary study area because aerial photo-

graphs were not made of the secondary study area. However, in the 20

experiments conducted on the primary study area a significant number
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Point

Successful

Unsuccessful

Figure 7. Direction of initial movements in relation to direction of
the home range for 19 brush rabbits displaced in 29 homing
experiments on the E. E. Wilson Game Management Area
near Corvallis, Oregon, August 1967 - February 1969..

Home
Direction
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North

Figure 8. Direction of initial movements of 19 brush rabbits dis-
placed in 29 homing experiments on the E. E. Wilson
Game Management Area near Corvallis, Oregon, August
1967 - February 1969.
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of rabbits (13) moved immediately to cover (Z = 8.95, P < 0.002)

(Figure 9). In other experiments, rabbits frequently left the release

box in a direction away from the nearest cover, only to reverse course

and return quickly to the cover.

Observations made in three daylight experiments further veri-

fied the influence of cover on initial movements. Two of the rabbits

remained facing northward when the release box was opened. After

a few minutes, each turned south (toward the nearest cover) and then

left the box. The third rabbit faced eastward when the release box

opened. It then turned to the south (toward the nearest cover) and

left the box.

Influence of Cover on Routes Traveled

Brush rabbits restricted their routes of travel to brushy cover

regardless of direction or distance when attempting to home. During

homing experiments brush rabbits were reluctant to leave clumps of

brushy cover, even enroute between the release point and their home

range. Most rabbits which homed successfully initially moved to the

nearest cover, then after varying periods of time moved directly to

their home ranges, using the available cover (Figure 10). Rabbits

which failed to home generally moved to a nearby bramble clump,

and after a period of exploratory movements, established a home

range in the area of the release site (Figure 11). Rabbits were rarely



Center of
nearest cover

13 rabbits
(65 percent)

Release
Point

7 rabbits
(35 percent)

Figure 9. Direction of initial movements of 20
relation to the center of the nearest
experiments conducted on the E. E.
ment Area near Corvallis, Oregon,
February 1969.
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o- Release point

A _ Route taken during first homing experiment

fl_ Route taken during second homing experiment

- Plots taken while rabbit was in original home range

Figure 10. Routes traveled by an adult female brush rabbit (number
76) during her first successful homing experiment,
14 September 1969, and second successful homing
experiment, 17 September 1968, on the E. E. Wilson
Game Management Area near Corvallis, Oregon.
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- Release point
- Movements following release
- Perimeter points of home range (6 Plots taken between 23 October and

2 November 1967)
100 feet

Road

Figure 11. Movements of an adult female brush rabbit (number 15) during an unsuccessful homing
experiment on the E. E. Wilson Game Management Area near Corvallis, Oregon, 20
October 1967.
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observed to cross large expanses of open fields while homing. Rab-

bits crossing between clumps invariably chose the shortest routes.

Factors Interfering With Homing

During this study four factors were isolated which interfered

with homing: (1) inter-specific aggressive behavior, (2) roads, (3)

human and vehicular activity, and (4) predators.

Interspecific Aggressive Behavior. Chapman and Verts (1969)

believed that eastern cottontails (S. floridanus) interfered with the

movements of brush rabbits which had been displaced from preferred

habitats and/or familiar areas. Their conclusions were based on

observations made during pen and field studies.

Influence of Roads. Some rabbits were reluctant to cross roads.

The movements of a juvenile female rabbit (number 8) exemplify this

characteristic (Figure 12). Fifteen minutes after release, the rabbit

arrived within 40 feet of its home range, having only to cross a road

to reenter its home range. The rabbit then halted and changed direc-

tion, moving westward until once more contacting a road. Again the

rabbit halted and changed course. It then made a series of timorous

movements back and forth near the edge of the road. After an hour

the rabbit finally crossed the road and entered its home range.
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0 - Release point
- Movements following release
- Perimeter points of home range (38 plots

taken between 30 August and 28 September
1967)

Figure 12. Route traveled by a juvenile female brush rabbit (number
8) during her first homing experiment conducted the night
of 28 September 1967 on the E. E. Wilson Game Manage-
ment Area near Corvallis, Oregon.
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Interference by Human and Vehicular Activity. In several in-

stances, sudden changes in rabbit movements were correlated with

human (the experimenters) and vehicular activity. This interference

could not be avoided since the direction of rabbit movements could

not be predicted. Nevertheless, I believe that the interference did not

appreciably affect the ultimate success of the homing rabbits.

Predators. The E. E. Wilson Game Management Area contained

many potential predators of the brush rabbit. Mammalian predators

included the red fox (Vulpes fulva), the racoon (Procyon lotor), and the

house cat (Felis domesticus). Avian predators included the great horned

owl (Bubo virginianus), the barn owl (Tyto alba), and the red-tailed

hawk (Buteo jamaicensis). The red fox and the great horned owl were

seen more often than the other predators.

An example of a predator altering the homing performance of a

brush rabbit was observed during one experiment. A mammalian

predator, believed to have been a fox, killed and ate a brush rabbit

while it was being radio-tracked. To what extent other predators al-

tered the homing performance of brush rabbits was not determined.

Size of Home Ranges After Displacement

In nearly every case, brush rabbit home ranges were smaller

after displacement than before (Tables 1 and 8). Individual variation

was due undoubtedly to the small sample sizes in some categories.



Table 8. Means and ranges of one standard diameter, number of animals, and number of radio-positions for each sex and age group of brush rabbits following first and second displacements in twenty-seven
different homing experiments conducted an the E. E. Wilson Game Management Area near Corvallis, Oregon.

First Displacement Second Displacement

Overall Mean

Age Sex
Standard diameter (feet) Number of

rabbits

Number of
radio-

positions

Number of radio-
positions/rabbit Standard diameter (feet)

Mean Range

Number
of

rabbits

Number of
radio-

positions

Number of radio-
positions/rabbit

Mean Range Minimum Maximum Minimum Maximum

Adult Male 116.5 55. 2-157.3 3 32 6 15 85.5 49.6-112.9 2 38 16 22

Juvenile Male 86.4 71.3-113.8 2 66 20 46 186.3 1 14 14 14

Mean Male 96.9 55.2-157.3 5 98 6 46 120.2 49. 6-186. 3 3 52 14 22

Adult Female 92.3 32.6-136.6 8 137 6 38 115.4 76.4-151_2 3 60 13 28

Juvenile Female 90.7 56.5-131.7 5 76 6 26 109.3 88. 1 -123. 5 3 63 16 30

Mean Female 91.7 32. 6-136. 6 13 213 6 38 112.3 76.4-151.2 6 123 13 30

Total 93.4 32.6-157.3 18 311 6 46 114.7 49. 6-186. 3 9 175 13 30

Standard diameter (feet) Number of
rabbits

Number of
radio-

positions

Number of radio-
positions/rabbit

Mean Range Minimum Maximum

99.5 49. 6-157. 3 5 70 6 22

110.6 71. 3-186. 3 3 80 14 46

105.6 49. 6-186. 3 8 150 6 46

99.9 32. 6-151. 2 11 197 6 38

99.6 56.5-131.7 8 139 6 30

99.8 32. 6-151. 2 19 336 6 38

101.5 32. 6-186. 3 27 486 6 46
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Two rabbits were omitted from the analysis of home range size

after displacement. One was killed by a predator shortly after leaving

the release box. The other rabbit was recaptured immediately upon

reentering its home range.

Only home ranges after first displacement were significantly

smaller than original home ranges (Table 9). Therefore, it appeared

that following the first displacement home ranges were altered signif-

icantly, while home ranges following second displacements more

closely resembled predisplacement home ranges in size (Tables 1, 8,

and 9).

Unusual Movements

Unusual movements were observed in two rabbits following hom-

ing experiments. Following release both rabbits traveled to (or very

near to) their home ranges. After varying periods of time they left

only to return again. The animals repeated this routine several times.

The rabbits were radio-tracked intermittently since the observation

of such activity did not fall within the scope of the study program as

originally planned.

Figure 13 traces the movements of the first of the two rabbits.

On the night of 17 November 1967, the adult male was displaced in its

second homing experiment. Ninety minutes later it reached home

(site A, Figure 13). By 20 November it had occupied a clump of



Table 9. Statistical comparisons of original home ranges with home ranges following first and second displacements of brush rabbits displaced in
twenty-seven different homing experiments on the E. E. Wilson Game Management Area near Corvallis, Oregon.

* The test determines whether the largest standard diameter is significantly greater.

Comparison
Standard

Diameter 1
Standard

Diameter 2
Degrees

Freedom 1
Degrees

Freedom 2
Calculated

F Value*
Probability

Level

Original vs. First Displacement

Male 136.5 96.9 650 98 1.98 P >99.95

Female 105.3 91.7 1018 213 1.32 P > 99. 00

Juvenile 125.7 88.7 661 142 2.01 P > 99. 95

Adult 113.5 97.3 1007 169 1.36 P > 99. 00

Overall mean 118.4 93.4 1668 311 1.61 P > 99. 95

Original vs. Second Displacement

Male 136.5 120.2 650 52 1.29 P < 90. 00

Female 105.3 112.3 1018 123 1.14 P < 90. 00

Juvenile 125.7 126.8 661 77 1.02 P < 75. 00

Adult 113.5 104.8 1007 98 1.17 P < 75. 00

Overall mean 118.4 114.7 1668 175 1.07 P <80.00

Original vs. Mean of Both Displacements

Male 136.5 105.6 650 150 1.67 P >99.95

Female 105.3 99.8 1018 336 1.11 P >90.00

Juvenile 125.7 103.8 661 219 1.47 P >99.50

Adult 113.5 99.8 1007 267 1.29 P =99.00

Overall mean 118.4 101 . 5 1668 486 1.36 P > 99. 95
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LEGEND

0 - Release point

- Plots taken during homing experiment (continuous monitoring)

Plots taken during homing experiment (uncontinuous monitoring 20 November
to 8 December 1967)

Plots taken during homing experiment (uncontinuous monitoring 13 to 14
December 1967)

- Plots taken during homing experiment (uncontinuous monitoring 26 to 27
December 1967)

Plots taken prior to second displacement (23 October to 16 November 1967)

Solid line continuous monitoring

Broken lines uncontinuous monitoring

Figure 13. Movements of an adult male brush rabbit (number 35) during his
second homing experiment 17 November to 27 December 1967 on
the E. E. Wilson Game Management Area near Corvallis, Oregon.
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brambles 500 feet away and was apparently establishing a new home

range (site B, Figure 13). The rabbit remained there for about 18

days but on 13 December it was again back in the original home range

(site A, Figure 13). On 14 December it once again moved to the new

home range (site B, Figure 13) but on 26 December was back at the

original home site (site A, Figure 13). On the following day the rab-

bit's radio transmitter ceased to operate. The animal was never

encountered again.

The movements of the adult female are shown in Figure 14,

This rabbit was displaced in its first homing experiment on the night

of 8 December 1967 and did not enter its home range until 17 December

1967. Although the homing trial required nine days for completion,

actually the animal was in residence close by its home range on sev-

eral occasions during the interval.

In the first hours after release, the rabbit moved into a clump

of brambles (site A, Figure 14) just 60 feet from its home range. It

remained here for 15 minutes before moving into a grassy field where

it spent 90 minutes. The rabbit then moved into a large clump of

brambles (site B, Figure 14). On the following afternoon the rabbit

was located in a small clump of brambles near a building foundation

(site C, Figure 14) where it remained until 12 December. On 13 and

14 December the rabbit was at site A and on 15 December was at site

C. By 17 December the rabbit had returned to its original home



LEGEND

- Release point

- Plots taken during homing experiment (continuous monitoring)

A_ Plots taken during homing experiment (uncontinuous moni-
toring)

- Plots taken during homing experiment (uncontinuous moni-
toring)

_ Perimeter points of home range prior to displacement (28
plots taken between 13 October and 7 December 1967)

- Continuous monitoring

- - Uncontinuous monitoring

Site A - Occupied 9 December and 13-14 December 1967

Site B - Occupied 9 December 1967

Site C - Occupied 9-12 December and 15 December 1967

Figure 14. Movements of an adult female brush rabbit (number 32)
during her first homing experiment 8 to 17 December
1967 on the E. E. Wilson Game Management Area near
Corvallis, Oregon.
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range where it remained until the radio transmitter ceased operating

on 31 January 1968.

The movements of these rabbits with respect to site B (Figure

13) and site A (Figure 14) correspond. Although these two rabbits

utilized the same clump of brambles while relocating their home

ranges they were never in the clump simultaneously.



DISCUSSION

Brush rabbits possess the ability to home. However, contrary

to homing studies in other small mammals (Griffo 1961, Harrison

1958, Gentry 1964, and Burt 1940) the present study indicates that

their homing ability was not inversely related to the distance displaced.

Rather, there was a distinct limit at about 600 feet beyond which no

rabbits homed. Rabbits released at distances in excess of 600 feet

seemingly made no attempt to relocate their home ranges, but in-

stead moved to the nearest suitable habitat and established new home

ranges. Robinson and Falls (1965) also found that meadow mice re-

leased at distances beyond their homing capability behaved in a simi-

lar manner.

Harrison (1958) believed that the homing ability of rats (Rattus

spp.) could be explained on the basis of random movements. He found

that as rats were released at increasing distances from their home

ranges their homing ability decreased at a rate proportional to that

expected on the basis of random movements. However, my data do not

support his conclusions. Brush rabbits showed no such behavior.

Approximately 50 percent of the rabbits homed up to a distance of 540

feet. Beyond that distance no rabbits homed.

The distance at which brush rabbits failed to home was shorter

than that reported for other members of the genus (Bowers 1954,

47
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Janes 1959) and for numerous other small mammals (Murie and

Murie 1931, Hungerford and Wilder 1941, and Layne 1954). The

shorter distances over which brush rabbits home may be related to their

extremely small home ranges. Further, brush rabbits on my study

area apparently did not move great distances from their place of

birth. On several occasions very young brush rabbits (some weighing

less than 100 grams) were trapped repeatedly at the same trap sites

and were eventually fitted with radio-transmitters. Subsequent radio-

tracking indicated that these rabbits never left the environs of the

clump in which they had first been trapped. Some rabbits were trap-

ped in the same bramble clump a year later.

Radio-tracking of adult sized rabbits indicated that they also

rarely left the proximity of the bramble clumps in which they were

trapped. Griffo (1961), while working on homing in mice stated:

It seems likely that during dispersal from
the birthplace immature mice would undergo
a period of stressful experiences. Those
animals dispersing the greater distances
would not only learn more terrain but also
would be better conditioned to a stress such
as might be encountered in homing displace-
ments."

Brush rabbits appeared to be familiar with an area considerably

larger than the calculated home range or, at least, were familiar

with prominent landmarks beyond their home range. This is supported
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by the movements of rabbits number 32 and 35. During their homing

experiments both rabbits traveled considerable distances and were

able to locate specific areas. These movements, termed examples

of natural homing by Griffo (1961), may be exploratory sallies or

(in the case of number 35) an actual shifting of the home range. Such

movements have been well documented in other mammals by Blair

(1940, 1943), Storer et. al. (1944), and Flyger (1960). Actual shifts

in home ranges have been documented in other small mammals (Burt

1940).

I observed several occurrences of aggressive behavior between

rabbits. During pen studies eastern cottontails were observed to

attack brush rabbits (Chapman and Verts, 1969). I believe this ag-

gressive behavior may have interfered with the homing ability of

brush rabbits and may have been one of the reasons brush rabbits

were reluctant to cross open fields which were inhabited by the cot-

tontails. Bovet (1968) reached a similar conclusion regarding deer

mice in that he believed other animals interfered with the homing

ability of mice. This may account for the unusual movements of

some rabbits. Further, it may also account for the alteration of

home ranges following displacement experiments.

A further indication of the effect of displacement experiments

on homing ability was demonstrated by two rabbits which were unsuc-

cessful in their first homing experiments. These rabbits were
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recaptured after their first displacements and displaced a second

time. Both animals returned to their most recently established home

ranges rather than to their original ones (Tables 2 and 3). None of

four rabbits successful in their first homing attempts were unsuccess-

ful in their second attempts. Four rabbits were unsuccessful in

both of two homing experiments (Tables 2 and 3). Therefore, it ap-

peared that homing ability improved with subsequent trials. Harrison

(1958) and Griffo (1961) also found that homing ability improved with

subsequent trials. However, Griffo (1961) found, "That the cotton

mouse is able to recognize its former home range and retains a

strong motivation to return to it even after a rather prolonged absence.

The mice also appear capable of remembering for an equally long

period of time terrain infrequently traversed and outside the normal

limits of the home range." Brush rabbits on the other hand either

did not always recognize their original home ranges or preferred

home ranges established during subsequent homing experiments.

This was demonstrated by rabbit number 11 who passed within 100

feet of its original home range while returning to its new home range

300 feet beyond.

The strong correlation between distance displaced and time to

homing in brush rabbits is in direct contrast to the results obtained

by Murie (1963) and Robinson and Falls (1965). Robinson and Falls

(1965) found that the proportion of homing mice decreased with



51

distance, but that the time required to complete a successful homing

trial was not related to the distance displaced. In brush rabbits the

correlation between the distance of displacement and time required

for homing was statistically significant. When the actual distance

(feet) was converted to diameters of standard ranges, the correlation

was higher. Therefore, it appears that the time required for homing

was actually related to the number of standard diameters away from

the center of activity that an individual brush rabbit was displaced.

Further, at a distance somewhere between seven and eight standard

diameters brush rabbits apparently lose either the ability or the de-

sire to home. Robinson and Falls (1965) also found that the meadow

mice homing from the greatest distances were those with the largest

home ranges. If homing ability were not related to the size of the

home range, then the degree of correlation between homing success

and diameters of standard range would not have been as great.

The fact that brush rabbits, with one exception, chose clear

nights to home (although not always the first clear night) tends to

suggest sight was a primary factor involved. Rabbits leaving the

release box and moving directly to cover indicates the use of sight

to immediately locate suitable habitat. No correlation was found

between initial movements of brush rabbits and homing success.

Fisler (1967) also found no correlation between direction of initial

movements and homing success.
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My data are in agreement with Fisler (1962, 1966, and 1967)

in that no relationship was found between homing ability and sex or

age. However, Hungerford and Wilder (1941), Stickel (1949), Griffo

(1961), and Robinson and Falls (1965) found that more males homed

than females. However, Seidel (1961) found more females homed than

males.

No relationship was found between season of the year and homing

ability or between physiological state and homing ability. A similar

result was obtained by Murie (1963).

Following release, brush rabbits sought cover. Similar results

were obtained by Fisler (1967) who found that the reactions of two

species of mice were consistent with their 'manner of life." Gentry

(1964) also found that mice immediately sought cover after their re-

lease. Although this may have lengthened homing time, it did not

prevent success.
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