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ABSTRACT

The relative importance of vision and olfaction to 
white-footed mice while returning after displacement 
to a trap where previously caught was Investigated. Mice
were removal from a IP a* ere wooded area for six days and 
then released at two different release points at opposite 
corners of the study area. Homing was measured by live- 
trapplug during six days after release. Ten trapping 
periods were conducted over a nine month period. Mice 
were blinded by bisection of the optic nerve and were 
made anosmic by nasal Injections of zinc sulfate. Both 
zinc sulfate-injected mice and saline-injected controls 
were tested In an olfactometer.

The percentage of intact, blind, anosmic and saline- 
injected mice which homed did not differ significantly 
from each other. Experience (previous release) at a 
release site increased the percentage homing. Homing 
success was distance dependant and the homing percentage 
w s greater from one release site than the other. Blind 
mice had a signif1oantly poorer (P< 0.05) survival during 
the six days subsequent to release than mice of the other 
treatments, while the latter did not differ significantly 
among themselves.

x



THE INFLUENCE OF VISION AND OLFACTION 
ON THE HOMING ABILITY OF THE WHITE­
FOOTED MOUSE (PEROMYSCUS LEUCOPUS 

NOVEBORACENSIS)



INTRODUCTION

Homing may be defined as the ability of an animal 
to return to its home range or nest site after being 
displaced. For small mammals the following possible 
methods ol homing have been 'suggested; complete random 
wandering (hurie 1963); random wandering until encounter­
ing familiar territory, within which directed movements 
occur (Griffo 1961); directed movements within familiar 
territory or the life range of the animal (Robinson and 
Falls 1965» Fisler 19&7); or by navigation ability, 
allowing directed movements through unfamiliar territory 
(Burt 19^0, Bovet 1972). One or several senses must be 
utilized in returning to a home area, and then recogni­
zing the home area when it has been reached.

Sheppe (1965) showed that Perom.ysc •• leucopus would 
not leave islands to which they had been displaced unless 
they had v 1su *J goals toward which to orient. Cooke and 
Terman (1975) found that bl bi ed lu. leucopus did not home 
as well as intact mice from distances of 336 meters, but 
dla home as well from distances of approximately 50 
meters. Other than these studies, very little work has 
been done investigating the senses utilized by small 
mammals in the homing process; however, closely related 
studies have been done with birds, fish and amphibians.
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Peipi et al. (1972) and Benvenutl e_t al. (1973) 
found that olfaction was necessary for homing in homing 
pigeons. Papi et al. (1972, 1973) postulated that during 
the first months of life, homing pigeons gather infor­
mation on smell prevailing in surrounding regions through 
the winds, Baldacini e_t al. (197*0 found that orientation 
at release was correct when nostrils were free and exposed 
to the wind, and they noted (1975) that If wind was de­
flected while the bird was being held in the home cage, 
later homing was decreased. Baldacini e_t al. (197*0 
found ,hat pigeons could home when either olfactory cues 
or visual cues were known of the home cage.

Olfaction and vision are also important in the 
homing of fish. Dodson and Leggett (197^a* 197*+b) found 
that American shad (Alosa sapldlsslma) located their 
home river (the Connecticutt River) from Long Island 
Sound by a nonrand cm search, and that anosmic fish homed 
less well than intact fish. In addition, shad that 
were both blind and anosmic did not home. Khoo (197*+) 
found that both vision and olfaction are important com­
ponents of home site fidelity for the intertidal fish, 
Qllgoco ti is maculosus G.i ird, but these fish when blind 
homed better than when anosmic. All streams apparently 
have their own characteristic odor which migratory hime 
salmon (Qncorhynchus nerka), rainbow trout (Salmo 
gai rderll irldeus) and carp (Cyprlnus carplo) could 
distinguish (Ueda et al. 1971). Doving et al. (197*+). 
working withchar (Salmo alplnus L.), suggested that it



is perhaps fish odors that act as pheromones to help 
guide homing and that the skin mucous of the fish may be 
the source of the odorants guiding the fish.

Some of the same results have been obtained in studie 
of the homing behavior of amphibians. Grubb (1973* 197*+. 
1975) showed that Bufo woodhousel fowlerl, Bufo valllceps, 
Pseudacrls clarki, PsendacrIs streckerl, and Rana utrl- 
r,ulai-la in breeding condition could, In an olfactometer, 
discriminate between the odor of their home pond and the 
odors of foreign ponds even though the ponds were separa­
ted by only a few meters. After two months in the lab, 
Rana utrlcularia were retested and were still able to 
discriminate the home pond odor.

Dole (1972a) found that the Bufo amerlcanus could 
horn :* under both cloudy and clear skies and Grubb (1970) 
showed that intact Bufo valllceps moved more on rainy 
nights than on clear nhghts, which led him (Grubb 1973) 
to suggest that there was no evidence of either a noctur­
nal or diurnal celestial compass for navigation.

Both Barthalamus and Beilis (1972) working with 
Desmognathus fuscus , a salamander, and Grant et al.
(1968) working with the newt Tarlcha rlvularls found 
that blind animals did not home differently than normal 
animals*, however, anosmic newts were disoriented.

In Bufo amerlcanus and Bufo valllceps, neither 
blinding nor anosmia alone appreciably altered the ability 
to home (Dole 1972a, Grubb 1970). Dole (1972b) further 
showed that anosmic leopard frogs (Rana plplens) orient



and home even on nights with heavy fog and decreased 
visibility. However, when Grubb (1970) removed both the 
senses of smell and vision in Bufo valllceps, he found 
that they were disoriented and could not home. Dole (1972 
and Grubb (1970) concluded that both visual and olfactory 
cues were used In homing, and when deprived of one of 
these senses, the other was utilized.

The purpose of the present study was to continue to 
study the effect of blindness on homing and also to 
extend the investlgation to the effect anosmia has on 
the homing ability of Peromyscus leucopus noveboracensls.



THE STUDY AREA

The experiments were conducted on a ^.^8 hectare 
wooded area which has been undisturbed for many years, 
and Is m ! jac('nt to the laboratory of Endocrinology and 
Population Ecology at the College of william and Mary 
in Williamsburg, Virginia.

The common trees found on the area were tree of 
heaven (Allanthus altlsslma (Miller) Swingle), beech 
(Tagus grand!flora Ehrh.), tulip (Llrlodendron tullpl- 
fera L.), southern red oak (Quercus rubra L.), sycamore 
(Platanus o colder tali s L.), white oak (Quercus alba L.), 
wild black cherry (Prunes serotlna Ehrh.) and red cedar 
(Juni p .. rus Virginians L.)* wax myrtle (Myrlca cerlfera 
L .), privet hedge (Ligustrum sp.) and multiflora rose 
(Rosa mui tlflora Thunb.) were common shrubs. Poison 
ivy (Rhus radleans L.) and honeysuckle (Lonlcera japo- 
n 1ca Thunberg) form a dense ground cover in open areas. 
Christmas fern (Polystlchum acrost1choldes Michx.),
English ivy (Kedera helix L.), Indian strawberry (Duches- 
nea In 11ca Andr.), vetch (Vetch spp.) and many grasses were 
also present .

Topographical features of the area are given in 
Figure 1.
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Figure 1. Topographical features of the study area. 
Key;

RP: Release Point





ARRANGEMENT OF THE GRID

In April and May, 197^, a grid was established on 
the study area. In each of 12 lines, A— L, there were 
12 stations at 20 me tor intervals, with the exception of 
line A with six stations and line B with nine stations 
(Figure 2). Two mouse live-traps were placed at each 
station within 2 meters of the station marker.

The aluminum mouse traps were 6.0 cm by 3*6 cm by 
cm and had a wooden floor and treadle. One end of 

the trap was enclosed by a gravity fall aluminum door 
and lock, and the other end was covered with J inch 
hardware cloth.

Traps were kept baited with two to four pellets of 
D & G Laboratory Diet which w.u.> Inspected approximately 
every three days and was replaced when missing or moldy. 
In the late fall and winter when temperatures fell to 
freezing and below, cotton was placed In the traps. 
During the entire study, traps were covered with a piece 
of asphalt roofing about 25 cm by 35 cm to protect them 
from wind, rain and temperature extremes.
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TRAPPING PROCEDURE

Trapping was conducted from June through December 
197^ and from July through September 1975# encompassing 
ten IJ-day trapping periods (Table 1). Dally inspection 
f the traps began between 05^5 and 0730 hours and lasted 

from 2.5 to 9 hours. All animals were numbered by s p e d -  
lie toe removal when first caught, and the number, sex, 
age, place of capture and reproductive condition (males: 
testes scrotal or nonscroial; and females: vaginas
perforate r imperforate, notation of pregnancy by pal­
pation, and la< bation, if applicable) were recorded 
daily lor each mouse. From July through September 1975# 
the weight of each animal was measured in the field with 
a Pesola scale, while previously the weights had been 
taken in the laboratory when animals were collected.
Only Peromys ~us leucopus noveboracensls was collected, 
although field records were kept on other small mammals 
captured .

During each trappirg period, the traps were opened 
on day one. From day two through day seven, mice which 
had been captured at least onoe previously (not necessar­
ily in the same trapping period) were taken to the labora­
tory where they were housed singly in standard plastic 
mouse cages with a 3/^ inch layer of wood shavings on

12



-le 1. Dates of each trapping period

Number of the 
Trapping Period

Dates Experimental 
Treatments Tested

1 (Preliminary) 7/2/74 to 7/1V ? ^ Intact
2 7/2 3/74 to 8A-/7U Intact
3 8/8/74 to 8/20/7[i Intact

8/23/74 to 9 A / 7 ^ Blinded
T 9/11/74 to 9/2 3/7^ Blinded
6 11/12/74 to ll/2k/7U- Blinded

Saline-
0
1 12/4/7'i- to 12/16/7** S aline-
8 7/2,/75 to '/10/75 Intact 

Saline- 
Anosmlc

9 8/10/75 to 8/22/75 Intact
Saline-
Anosmic

10 9/12/75 + 0 9/2V75 Intact
Saline-
Anosmic
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the cage floor. Mice were fed D & G Laboratory Diet and 
wate ad llbt tu- , and a window in The room provided a 
nr ‘ ral light cycle.

On day seven mice were released on the study area 
approximately 2.5 hours before sur et at one of two re­
lease points, B-2 or K-ll. The location o release was 
determined h, dividing the study area Into two sub-areas 
by an imaginary diagonal line from C-ll to L-l (Figure 2).
Each mouse was released in the area opposite to the loca­
tion of r.s calculated center of a- tivity (Hayne 19^9 )* 
dele se at 3-2 occure t immediately prior to release at 
ft—11.

Five pregnant females which had litters during 
thtir stay in the laboratory were not released on the 
release day, but were kept with the litter. The y ung 
were weaned at approximately 21 lays and were kept in 
the laboratory, while the nother was released on the 
study area at the cite of last capture.

The recapture phase of each trapping period was 
from ay eight through day thirteen, and the procedures, 
which varied with each experiment, will be explained in 
detail later. Recapture in a trap where previously 
caught or in an adjacent one was regarded as successful 
homing.

Because oredators disu ‘bed the traps and killed 
the entrapped mice, it was necessary to place steel 
traps on the study area. this kept predator disturbance 
of mouse traps below 10% during most of the year.



TROCEDU1ES FOR THE EXPERIMENTAL TREATMENT OF MICE

Treatment of Intact Mice

Th jh in/; of In ' nice wan tinted during trapping 
per, ads two, throe, eight, nine and ten (T,ble 1). These 
mice were ollected, maintained in the laboratory between 
eight hours and five days (depending upon the day of cap­
ture), and thei released intact either at release point 
B-2 or* K-li. During the recapture phase, the mice that 
were caught daily were released immediately at the site 
of cap ure.

Treatment of Blinded Mice

.,e ability of blinded mice to home was tested in
trapping periods four, five and six (Table 1). The mice
were removed to the laboratory In the same manner as the 
Intact treatment, but on day three through six of the 
trapping period „hey we^e surgically blinded.

' ne blinding procedure involved anesthetizing each 
mouse with other, separating the o tl '■ sole ; with micro- 
forceps, locating and severing the optic nerve with micro­
scissors. and bathing the area with '>e bar in. This sur­
gical procedure was used previously by Cooke and Terman 
(1975) and found to be successful. The recovery time

15



after surgery and before release varied from one to four 
days depending upon the day of surgery. The eyes of all 
blinded mice developed a glazed, opaque or shriveled 
appearance, and this was used as the criterion for release. 
Blinded mice were released In the same manner as Intact mice, 
and during the subsequent recapture phase they were released 
immediately where captured.

Treatment of A r. smic and Sailne-Injected Mice

The experiment described below dealt with the Influ­
ence of olfaction o:. homing . During trapsing periods 
eight, nine and t n vTable 1 ), mice wore collected and 
removed to the labor&ror in the same nanner as the 
previous treatments On day three through day six of 
the trapp .i t  peri j<? each ouse was auesthe tized with 
Metht vflurene, placed on its back, and with the aid of 
a Steiuos uic scope, a 21 gau, hypodermic needle with a 
blunted and curved "80° tip (Figure 3) was placed in the 
month and insr-’tei dorsal to the soft palate through the 
ziasopnacyngeal opening. I mediately the mouse was turned 
to a he^d dc Am ward po.„ it A. cn and in 'ectmd with either 
0. 2cc of 5*f .'inc su ..fe o in 0. 'j% so Line (anosmlc) or 
0.2cc of 0.5, saline (control). Once the solution was 
visi It at th, exc :na i ares, aspiration of the nasal 
cavity was begun and. was continued for the remainder of 
che injection. The mouse was maintained in a head down­
ward position until consciousness and/or a regular breath­
ing pattern w;regained, at which time the mouse was
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Figure 3. Illustration of the hypodermic needle used 
for the zinc sulfate and saline injections.

4 M M
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f 3  I'-*
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returned to its original cage. This technique was modi­
fied from Alberts and Galef (1971)*

Mice were released in the field on day seven of the 
trapping period which varied from one to four days after 
the zinc sulfate or saline injection.



PROCEDURE FOR TESTING THE ANOSMIC AND SALINE-INJECTED MICE

Schedule of Testing

All zinc sulfate-lnJected and saLIne-lnjected mice 
(except a  ght saline-injected mice injected prior to 
the development of the olfactometer) were tested In both 
the olfactometer and the activity cage one day after 
collection and ore day after the injection. Mice which 
honr after their release on the study area were recol­
lected, maintained in the laboratory for one day and 
again given t e same set of tests. These animals were 
ther released the next morning at the site of capture.

Description of the Olfactometer

The olfactometer, modified from that of Vandenbergh 
(19°f) (Figure T) , consisted of a central plexiglass 
chamber 15*3 cm by 20.8 cm by 17*0 cm with a sliding 
plexiglass top and bottom, and two black opaque tunnels 
at opposite ends of the central chamber. Each of these 
tunnels was 5*2 cm in diameter and 10.0 cm in length, 
and the distal end was fitted with screening and a re­
movable odor container. Each tunnel also contained two 
photoe3_ectrlc cells at distances of 1.5 cm and 6.5 cm 
from the central chamber wall. Each photoelectric cell

19
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Figure 4. Olfactometer 
Key:

0C: Odor Container Attachment
PC: Photoelectric Cell
All measurements are in centimeters.
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was connected to a timer which recorded the number of 
seconds the mouse spent in each tunnel. The whole olfac 
tometer was placed in a sound insulated environmental 
cubicle (Lehigh Valley Electronics) measuring 45 cm by 
51 cm by 102 cm and equipped with a 16 by 18 cm one­
way observation window and an air Intake and e cnaust 
blower.

The Olfactometer Test

During hi- developmental stages of the olfactometer 
the responses of Pb „ HL novebc racensls to several
odor sources, such as conspeclfic and interspecific male 
and female urine, Sprecto (an insecticide), cigar butts, 
food, fo .maldehyde. and paradicrtlorobenzene were tested. 
Since the most consistent avoidance responses were ob- 
tt'ined in tests with 0.4 to 0.8 gm of paradichloroben- 
zene at the end of one tunnel and nothing at the end of 
the other tunnel, paradichlorobenzene was chosen for the 
-dor sti u. us and its location was determined for each 
test by flipping a coin.

A mouse was placed in the central chamber of the 
olfactometer and the doors of the cubicle were fastened. 
A four mintbe acclimation period uas followed by a five 
minute test, curing which the number of entrances into 
each tunnel was observed and the time spent in each 
recorded. Extension of at least the head and ears of 
a mouse in .0 th ̂ f ..nne, w/as recorded as an entrance.



After each mouse was tested, the floor of the central 
chamber was wiped clean, with a 5% solution of Wescodyne, 
and the floor and tunnels were wiped with dry paper towel­
ing.

The Activity Cage Test

The activity ca e (Lehigh Valley Electronics) con­
sisted of a covered cylinder 70 cm in diameter and 38 cm 
high. The cylinder had six infra-red photobeams (three 
on both horizontal, coordinate axes) placed 2*5 cm above 
the expanded metal floor. Activity along the horizontal 
axes was me .s re i .  by ■' he total r of photobeam inter­
ruptions .

When the mouse was removed from the olactometer, 
it was placed directly in the activity ..age, given 
approximately live minuter of acclimation, and its acti­
vity recorded during the subsequent five minute test. 
Following the tests, the mouse was removed and the alumi­
num tray beneath tne cylinder floor was washed with a 
5% soluticn of Wescodyne.



STATISTICAL ANALYSES

Where appropriate, all data were tested for hetero­
geneity (iri x C Chi Square), and those which lacked 
heterogeneity were then compared where suitable by 
chi square and Fisher exact probability tests. The 
olfactometer, activity cage and distance results were 
compared by the above tests or by student's t distri­
bution and Mann-Whitney U tests. Probability levels 
of .05 or less were regarded as significant, but values 
of .1 or less are Indicated.
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RESULTS

Homing Related to the Treatment of Mice

Since e.sch irrn 1 non > « ■ x l.nnH od ovr r neve rnl trapping:
periods, the data were tested for heterogeneity prior to 
pooling- Mo significant heterogeneity was found. Subse­
quent to pooling, comparisons were made by chi square or 
by iisher exact probability tests, if appropriate.

To test the influence of vision on homing, the 
percentage of mice that homed was compared between intact 
and blinded tre .tn^ 'ts. Seventy-six intact mice were 
released, of vh. h 3$ homed (50.0$; Table 2), and of 
kO blinded mi- released, 21 homed (52,5$; Table 2).
Thus the homing performance did not differ significantly 
between intoot and blind mice.

To see if homing was ir.oaired with loss of olfac- 
t i . comparisons were made between zinc sulfate-lnjected 
and line-injected mice. The following results showed 
no oi.gn_ficant homim1 differences between the two treat­
ments: 1 Inc sulfs fe-injected mice homed out of 30
released {5 0 . 0 Table 2), and 17 saline-injected mice 
homed out of 28 released (60.7$; Table 2).

None of the treatments, when compared with each 
other, showed a significant difference in the proportion

25



Table 2.Percenta>:- of mice of each treatment that
home!.

Trapping Number Number Number not Percentage
Perl id : l e i g rt s e 1 Homer? fleeaptured Homed

Intact
2 2U 12 5 50.0
3 TP- 20 3 66.6
8 oy 2 2 22.2
9 7 oZ 3 28.6

10 t 2 3 33*3
Total 76 lr 16 50.0

Blinded

k 20 1 r 2 60.0
1 9 j 5

6 1 0 1 0.0
Total ^0 21 3 52.5

Zinc Sulfat'e-In ected
R 5 0 3 0.0
9 11 7 0 63* 6

10 1 > 0 i 57.1
Total 30 13 •t 50.0

Saline-Inje cted
6 6 9 0 33-3? 2 0 1 0.0
8 6 3 1 50.0
9 11 9 0 81.8

10 3 3 0 100.0
Total 28 17 2 60.7



of mice hornin'/;. In fact, In all treatments the percentage 
of mice that homed was very similar.

01factometer Hesuits

Comparisons of the responses of zinc sulfate-injec­
ted and saline-injected mice in the olfactometer were 
made to detect any differences in olfactory capabilities 
during the sequence of tests. The number of seconds in 
each of the two tunnels with their corresponding odors 
was measured.

Prior to Injection with either zinc sulfate or 
saline, over three-fourths of all mice spent more time 
in the neutral tunnel compared to that with the para- 
ilchlorobenzere odor. However, one day after injection 
only about half of the mice of each treatment spent a 
greater amount of time In the neutral tunnel (55* 2$ for 
zinc sulfate-injected; & rj«Q% for saline-injected mice; 
Table 3'- After having homed, significantly more saline- 
injected than zinc sulfate-injected mice preferred the 
neutral tunnel {P~0• 02; exact test; Table y) .

When the mean number of seconds spent in each tunnel 
was compared before injection, mice of both groups spent 
significantly mure time in the neutral tunnel (P <0.025 
or less; student1s t test; Table A). On the day after 
injection the time spent in each tunnel did not differ 
significantly for mice of either treatment. When the 
treatments were compared, they did not differ in the 
time spent in either tunnel before the injection and on
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Table 3. Number of mice spa 
two tunnels of ti

 ̂ trig more time in 
o_„f actome ter.

either of the

Treatment Neutral
Tun no .1

Tunnel with 
Ta rad l eft Loro- 

benzene
Nelther 
Tunnel

Prior to In eation:
ZnSO^-Injected * 16 5 1
Saline-Injected 1^ k 2

One Day After Injectlon:
ZnSO^-Injected 16 13 1
Saline-Injected 9 11 0

One Day After Homing:
ZnSO^-xnjected 7 7 0
Saline-Injected .2 1 0
* Zinc sulfate-injected mice zuen used In several replications 

were not retest•1 prior 1- > in j«. ction after the first 
replication'.



Table Mean number of seconds spent in each tunnel by
zinc sulfate-injected and saline-injected mice.

Treatment
ire — in joctI • 

MeantSE
.3 “1

Time of Tost: 
Tos t-Injec tion 

MeanlSE
Post-Homing
MeanlSE

Time Spent in the Neutral Tunnel:
ZnSOw 168.95*27.66 1 9-0^*25.50 11^.25*30.89

(N= 22' (N— 30) (N*1*0
Saline "57.17*2?.06 '21.25^30.46 209-31-25.28

Û -2... ..--20) (N=13)
Tim-. Scent in the Paradichlorobenzene Tunnel:

ZnSO. ?2.d0l2'+.02 111.181:25.20 107.5513^.80
(N=2?) (N=30) (N=l4)

Saline 53-8ll2'„. 02 1 30. kk±29 . 55 16.63! 8.59
(N«20) ( i=20) (N=13)
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the day after.
When tested after homing, saline-injected mice 

spent significantly more time in the neutral tunnel 
(P< 0.002; Mann-Whitney U test; Table k ); whereas for the 
zinc sulfate-injected mice, ,e time spent in one tunnel 
did not differ significantly from the time spent in the 
other. Comparisons between the two treatments after 
homing s h o ’ d th« t z i n c r?u * fat. - -injected mice spent sig­
nificantly more time in the paradichlorobenzene tunnel 
(P<C0.05; Mann-whitney U test; Table *0 and less time in 
the neutral tunnel (P<^Q.05i student* s t test; Table 4-) 
than did the sallne-injected mice.

For both treatments and during all tests, the number 
of entrances into the neutral tunnel was not significantly 
different from the number of entrances into the tunnel 
with paradlchlorobenzene (Table 5)-

Actlvity Cage Results

Because of a heterogeneity of variance among the 
activity results (P<0.01; Bartlett* s test), all data 
were compared with a non-parametrie, Friedman two-way 
analysis of variance by ranks and showed an overall 
significant difference in the activity (P<0.001; Table 
6).

Specific Mann-Whltney U tests showed the following 
results. The activity levels of zinc sulfate-injected 
mice did not differ significantly from saline-injected 
mice at any test. One day after injection, activity was
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Table 5* Number of entrances into each tunnel•

Treatment and 
Time of Test

Entrances into
I'Joutr'il Tunnel

Entrances into 
Pa r hl d i c h 1 o r o b e n z e u \ 

Tunne1

Zinc Sulfate-Injected
Pre-injection 33 32
Post-injection ,q 9
Post-homing 15 12

Saline-Ir jected
Pre-injection 35 36
Post-injecti on 12 8
Post-homing 22 13



Table 6. Mean activity levels of zinc sulfate-injected, 
and saline-injected mice.

Treatment
P r e -1Vi j e c L1 o n 

MeanlSE
Time of Test: 
Po st-1n J e c 11on 

I'-eantSE
Post-Homing
MeanlSE

ZnSO^ 67-31110.66
(N=22)

21.76* 5.91
(N-’*0)

39-071 7-5^ 
(N=14)

Saline 69.151"2.20
{N=20)

29-951 6.01 
(K=20) 55.6lll0.35

(N.13)
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significantly less than before Injection (P 0.02 for 
saline-injected and P/C 0.001 for zinc sulfate-injected 
mice; Table 6) and significantly less than after homing 
(P<0 05 for saline-injected and P=0.0029 for zinc 
sulfate-injected mice; Table 6). The activity levels 
before Injection and after homing did not differ signi­
ficantly for saline-injected mice, but zino sulfate- 
injected mice showed a significantly greater activity 
prior to injection than after homing (P=*0.048; Table 
6).

Duration of Anosmia

Five anosmic mice were used in two consecutive 
trapping oeriods and, therefore, activity and olfacto­
meter results after injection in one trapping period 
were compared to pre-injection results of the next. The 
tests were conducted 25 to 28 days apart.

Activity of anosmic mice prior to injection at the 
second trapping period did not differ significantly 
from their activity level after homing at the previous 
trapping period (Table 10).

Olfactometer results of the zinc sulfate-injected 
mice when tested 25 to 28 days after having homed showed 
that mice spent more time in the neutral than in the 
paradichlorobenzene tunnel (0.05 ^ P ^ 0.1 ; student's t 
test; Table 10). When tested at the time they homed, 
mice showed no significant difference in the amount of 
time spent in each tunnel. The amount of time spent



Table 7* Comparison of activity cage and olfactometer
results for zinc sulfate-injected mice in 
two consecutive trapping periods.

Test Results AT tor 
Having homed in 

Trapping Period 9
Mean + to

Actlvlty Cage

36.00 t 11.11 17.20 t 5.96

Time Spent in Ne-utral Tunnel (seconds)
167.1^ i 69.09 193*96 t ^7*32

Time Spent in tha Paradic.hlorobenzene Tunnel (seconds)
113.26 t 71.26- 55-52 t 66.20

Test Results Before 
Injection in 

Trapping Period 10
Mean t SE
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in the neutral tunnel was not significantly different 
between the two times of testing, and the same was true 
of the amount of time spent in the paradichlorobenzene 
tunnel.

There were also three saline-injected mice released 
in two consecutive trapping periods; however, the times 
between the trapping periods varied for the three mice 
(4, 5 and 26 days). Therefore, accurate comparisons 
between these and anosmic mice could not be made.



Effects of Variables

Experience

In order to evaluate the Influence of previous 
experience on homing success, mice ere compared relative 
to the following categories of experience: 1 ) no pre­
vious release on the study area, ? ) a previous release 
at the same release point, 3) & previous release at the 
opposite release point and b) a pi\ u s  release at both 
release points.

A significantly greater percentage of all mice 
(combined irrespective of treatment) that had been re- 
■' eased previously at the same release point homed than 
mice that had never b r n  released previously on the study 
area (P< 0.001; chi square test; Table 8 ). The other 
categories of experience showed no significant homing 
differences', however, due to small sample sizes, signifi­
cance may not have been detected.

The experience effect at then tested separately 
for each treatment. Among lrtact mice only, a previous 
release at the same release point significantly increased the 
percentage homing when compared to intact mice with no 
previous release on the study area (P < 0.01; chi square 

test; Table 8 ). No other comparisons of experience in

36



Table 8 . Experience and treatment related to the percent­
age of mice that homed.

Experience ant 
Treatment

Mumber 
Released

N urn be r 
Homed

Percentage
Homing

Never Released Previously on the Study Area:
Intact 59 2b bo. ?
Blinded 15 5 33-3
ZnSO 4 lb 5 35-7
Saline 19 10 52.6
Total 10? bb bl.l

Released Previously at the Same Release Point:

Intact lb 12 85-7
Blinded 18 12 66.7
ZnSO^ 10 6 60.0
Saline 5 b 80.0
Total 7 3b 72.3

Released Previously at the Opposite Release Point:

Intact 2 66.7
Blinded 1 33. 3,.nSOu k 3 75.0
Saline 1 50.0
Total 12 7 58.3

Released Previously at Both Release Points:
Intact 
Blinded 
ZnSQ^
Saline

Total

c
b 3 78.0
2 1 50.0
r> 2 100.0
ft 6 75.0



Intact mice vie re significant, although some could not be 
made because of a lack of mice with experience at both 
release points. No significant homing differences with 
respect to experience were found among the other treat­
ments (Table 8 ).

Blinded and anosmic mice combined (P<0.05* chi 
square test; Table 8 ) and Intact and anosmic mice com­
bined (P < 0.005; chi square test; Table 8 ) showed the 
same experience effects on homing as noted above. All 
other experience comparisons with these two groups showed 
no significant homing differences.

Si te _of Release

Since the two different release points were at 
opposite end; of the study area, and mice released at 
each of them would be required to orient along different 
compass bearings, I examined the homing success from 
both points. Blinded- anosmic and saline-injected mice 
did not differ slgnlficantly in homing performances re­
lated to location of release. However, the Intact mice 
released at B-2 homed significantly better than those 
released at K-ll (P < 0,025; chi square test; Table 9;
Figure 2). More specifically, a greater proportion of 
Intact mice that had never been released previously on 
the study area homed from B-2 than from K-ll (0.05 <P<0.1; 
chi square tert; Appendix A). The remaining Intact mice 
when comoared relative to their previous release experience



Table 0. Homing Differences from the two release points 
(ail mice Irregardless of experience).

Release at B-2 Release at K-ll

Treat­ Number Number % Treat­ Number Number %
ment Released Homed Homed ment Released Homed Home<

Intact 35 23 65-7 Intact 15 36.6
Blinded 25 15 60.0 Blinded 15 6 38.7
ZnSO^ 11 4 3*1.8 BnSO^ 19 11 57.9
Saline 13 9 69.2 Saline 15 8 51.8



showed no significant h'.-ming differences between the two 
release points•

Homing Comparisons Thro ugh Day Three of the Recapture Phase

Since by day six the homing performances among 
treatments did not differ significantly and since homing 
was essentially completed by day three, for each treat­
ment the homing percentages were compared on each of the 
first three days of the recapture phase.

The homing performance of saline-injected mice was 
better than intact mice by days two and three (0.05 < P  < 0.1 
chi square test; Appendix B), but no other significant 
treatment differences were found (Figure 5)•

When the experience effect on homing was compared 
among treatments, a hip her proportion of saline-injected 
mice with no release experience on the study area homed 
than blinded mice of the same experience by days two 
(P=0 .1 ; exact test) and three (P=0.055» exact test;
Appendix B; Figure 6 ).

CO

For each mouse the distance from its center of 
otiv: py to .t release point was measured and ranged 

fro.: 91 to °?A meters. Trie relationship between distance
and homing success was determined by noting the per­
centage of mice which homed at 20 meter intervals of 
distance (Table 10; Appendices C, D, E, F). To eliminate



trie



1 2 3 4 5 6

Days

•  Intact ( N : 76)
■ Blind c N = 40' 
a Zinc- Sulfate (N = 30 
o Saline (N = 28)



Figure 6

^3

Dally homing percentages of mice never released 
previously on the study area for the six day 
recapture period.



Days

•  Intact (N = 59)
■ Blind(N : 15) 
a Zinc-Sulfate (M= 14) 
o Saline (N = 19)
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Table 10. Percentage of mice that homed at each 20 meter 
interval of homing distance (all mice never 
released previously).

Distance 
(meters)

Number
Released

Number
Homed

Percentage
Homing

15-34 TJL n 0.0
35-54 1 0 0.0
95-114 1 1 100.0
115-134 1 25.0
135-154 2 2 100.0
155-174 12 k 33-3
175-194 28 lk 50.0
195-214 22 10 k5-5

215-234 Xd *4- 28.6
235-25^ 15 k 26.7
255-274 7 k 57.1



the experience factor, only mice never released previously 
on the study area were compared.

For comparison purposes, mice were divided into two 
groups: with theoretical homing distances less than 19^
meters (the median homing distance) and greater than 19^ 
meters. When data from the inexperience 1 mice were com­
bined (irrespective of treatment) there was a higher 
homing frequency at distances less than 19^ meters(0.05 <
P <0.1; chi square test; Table 11), but when each treat­
ment was tested separately, the homing frequencies did 
not differ significantly between the two distance cate­
gories .

After' release some mice re-established their home 
range instead of homing. With two mice, this resulted in 
theoretical homing distances of 15 to 5^ meters (Table 10; 
Appendix C) in a subsequent trapping period.

Su rviyal

Survival, was measured, by urn. number mice recap­
tured on or after day six of the recapture period. When 
the treatments of mice were compared 'or survival ability 
over the six day recapture period, survival was signifi­
cantly higher among intact mice than blinded mice (P<0.05 
chi square test; Table 12), but no s1gnificant differences 
among other treatments were found.

Experience at the release point had no signfleant 
effect on survival when animals of the same treatment, but



Table 11* For each treatment, the percentage that homed
lens than 194 meters and greater than 194 meters
(all mice never .released previously).

Less Than 194 Heters

Treat- Number Number Percent 
ment Released domed age

Homing

Intact 22 12 59-. 5
Blinded 8 S 37-5
ZnSO^ z 50*0
Saline 13 7 Ui CD t CD

Total 59 25 42 * 4

Greater Than 19*+ Meters

Treat- Number Number Percent- 
ment Released Homed age

Homing

Intact 37 12 32.2
Blinded 7 2 28.6
ZnSG^ 8 2 25.0
Saline 6 3 50.0
Total 58 19 32.8
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Table 12, Survival of intact, blinded, zinc sulfate-injec 
ted and saline-lnjected mice for the six day 
recapture period (irregardless of experience).

Trapping
Period

Nnmhe r 
Released

N urn ho r 
Survived

Pe rcen tage 
Survived

Intact
2 24 17 70.8
3 30 26 86.78 9 nI 77.8
9 r.( 3 42.9

10 6 2 33.3
Total 76 55 72.4

Blinded
4 20 12 60.0
5 20 8 40.0
6 1 0 0.0

Total 41 20 00•
00■d-

Zinc Sulfate-Ini ected
8 5 1 20.0
9 11 10 90.910 14 10 71.4

Total 30 21 O * o

Saline-In jecled
6 6 2 33-3
7 2 1 50.0
8 6 4 66.7
9 11 9 81.8
10 3 2 66.7

Total 28 18 64.3
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different experiences, were compared (Table 13)* Sample 

sizes were small in some experience categories, and although 

differences may have existed, they were not evident when 
tested.

Age

Mice were categorized as adults, subadults or juveniles 
according to pelage coloration. A juvenile had a pre­
dominantly gray pelage*, a subadult had a gray, dorsal band 
with brown lateral bands and an adult had a predominantly 
brown pelage. Most of the mice involved in the experi­
ments were adults; therefore, few comparisons could be 
made > th other age classes. Where comparisons were 
possible (adults of all treatments, and intact and blind 
subadults', no significant homing differences between age 
classes or between treatments within the same age class 
were noted (Table 1^).

Sex

When the homing performance of all males was compared 
to that of all females, no significant differences were 
noted for any treatment (Tablel5)*
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Table 13. Treatment and experience related to survival
(A=never released previously on the study area,
B=released previously at the same release point,
C=released previously at the opposite release 
point, Ii=released previously at both release points).

Treatment and Number Number Percentage
Experience Released Survived Survived

Intact
A 09 09 66.1
B 1A Id 92.9
C 3 100.0
D 0 — --- —

Blinded
A 16 6 37-5B 18 9 50.0
C 2 66.7
D k 100.0

Zinc Sulfate-Injected
A 1 ̂ 9 6^. 3
B ( ■ t 60.0
C 100.0
D ✓ 2 100.0

Sailne-In j e cted
A  ̂Q-■w y 0 1*7. I*
B T 80.0
n 2 2 100.0
D 2 it 100.0



51

Table 14. Age of mice related to the percentage that homed.

Treatment Age Number Number Percentage
he leased Honied Homing

Intact
Adults 66 34 51-5
Sub&dults 10 4 40.0

Blinded
Adults 33 17 51.5
Su.babults 6 3 50.0
Juveniles - 1 100.0

Zinc Sulfate-Infected
Adults no 15 50.0

Sal i ne - In .1 e c ted
Adults 28 17 60.7
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Table 15. Homing performance of males compared to females
(irregardless of experience).

M a 1 e r,
Trapping Number Number Percent- 
Period Released Homed age

Homed

Feraal0s
Trapping Number Number Percent- 
I Period Released Homed age

Homed

Intret | Intact
2 1 G 10 22. 6 2 5 2 bo.O
j 2 2 17 73*9 i 7' ,y 7 3 b2.9
8 6 1 16.7 ! 8 b 1 25.0
9 2 50.0 ! Q\ y 2 0 0.0

10 4- 1 25.O 1 10 2 1 50.0
Total 56 31 55° b ! Total 20 7 35.0

Blinded i Blinded
4 0 10 <3.8

i' u 3 2 66.7
5 T Q _s. J 8 53*9 ! 5 6 1 16.7
6 f\ — 6 1 0 0.0

Total 30 18 6 0.0 1 Total ! 10 3 30.0
Zinc Sulfate -Inj r-. e p 0 H Zinc Sulfate-:In.lected

8 b 0 0. C j 3 1 0 0.0Q/ 6 : p 7 ! 0 5 7 60.0
10 10 6 v 7 - 0 1 ] :j 4 2 50.0
Total 20 T P, c;n 0 | Total 10 5 50.0

g. O •’ _ Th. 3 e ctec. | Saline- Injected
6 2 0 0.0 1 6 b 2 50.0
7 0 — .— | 7 2 0 0.0
8 5 2 TO - 0 8 1 1 100.0
9 8 6 7 T * c ! 9 3 3 100.0

10 3 3 1C0.0 I 10 0 — ----
Total 18 11 b X . L ( Total

i
10 6 60.0



DISCUSSION

The results of this study showed that neither loss 
of vision nor loss of olfaction In Peromyscus. leucopus 
novebor-j cons i r had significant effects on the frequency 
of homing cos,>arel to intact and saline-injected controls. 
Comparable studies wish small mammals are almost non­
existent, except for the studies by Cooke and Terman 
(1975) and She ope (1965) discussed in the introduction.

I 3th v'sion -and olfaction have been shown to have 
important roles in normal growth In adult male rats 
(Sorrertiuo al. 19?l), in mating behavior in male 
rats (Larsson 1972}, and in the arousal of intermale 
aggression in mice (Kaug 1971* Edwards et al. 1972,
Jones and Nowell 1973)* They also are important in recog­
nition of territorial boundaries by Mus muscuius (Mackin­
tosh 1973) uid gerbils, Meriones anguiculatus (Thiessen 
and Dawber 3.972), as well as in territorial marking in 
gerbils, M_*_ anu?.' cula tus (Wallen and Glickman 1975.
Thiessen e_t al. 1971 )•

Since both vision and olfaction are important 
senses, but since neither blinding alone nor anosmia alone 
disrupts homing, perhaps there is a compensation factor 
Involved In the homing of small mammals, as Dole (1972a) 
and Grubb (1970) have suggested for amphibians. Deprivation

*3
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of sight may be compensated for by utilization of olfac­

tion and vice versa. The next step in the study with 
Peromyscus, then, is to eliminate both vision and olfaction 
to determine v:hether homing still occurs.

It is possible tbe.c In this study the mice were 
released In an a.:, ea with which ..hey had become familiar or 
impr'nteb ounl ng u v«;ni 1 e ■Lmi.rsfd and/or by spontaneous 
movements out of 1 r'r ho e range, as Layne (1957) and 
Debusk and KsnmrXy {..975) have suggested from other 
S t ud I 3 3 -

Tne size of the home rang 3 of Pu_ 1^ noveboracensis
is approximare]: C. 2 5 to 0.80 a u s  (Blair 1940, Burt 1940,
Ruff er 19- I ; t ha av a rage cruising distance is 53 yards 
(48.4 meuers) (our 1 1940) and the approximate distance 

of juvenile ] .r ;e^ d  i from 165 to 300 meters (Nichol­

son 194-1) . Spontaneous movements outside the home range 

have bt:en sb ̂w-- to occur by Murle and Murle (1931) * Blair 

(190) , louard (19b ) and Stickel (1968). Thus while 
homing, °nvir.m aenlal cues could have been perceived, 

remembered and followed (Griffo 1961, Murle 1963* Furrer 
1 ° 7 g ).

If familiarity of a life range Is Involved In success­
ful homing, t.ien memory of the necessary cues and the 
permanence of cues is very important. Griffo (1961) 
showed that Jb gc. is,7 pin us after having successfully homed 
and being he]d in captivity for 12 weeks showed no decline 
in homing ■ uccesr, but how long memory lasts in P. 1.



noveboracen£ 1 s i v.oknowr...
The itportanue of area familiarity to homing has 

been recently shown by Purrer (^.973)* who found that P. 
man!cula.tus when release^ outside of the life range were 
disoriented. Further, hebusk and Kennerly (1975) con­
cluded from their homing studies of the cotton rat (Slgmo- 
ri or h 1. s v V h u r. ) tha horn;ng in unf'ami liar territory may be 
by navigation or simple wandering, but neither means was 
adequately demonstrated in tne1 r study, nor in the
p  >^0 0 yp /P -y m

E. perience at a release point Increased the per­
centage of mice t oat h<. sed., probabl y due to improved 
orientation by greater familiarity with the area. However, 
previous releases at the opposite release point or both 
rele.--.se points did ot significantly improve homing, 
but tne sample ize was p-rhaps ’ oo small to detect 
significance. Improved homing with experience was found 
in reromysc us 'Murle 1953. Former 1973) and in Microtus 
(Robinson end Fulls 1965)•

The exp or.-* en.ce effect was more evident in the homing 
of intact aru ss.l4 ne~ in j ted mice when their combined 
data were compared to that from bit .d and anosmic ani­
mals combined. Blind and anosmic mice were unable to use 
either visual or olfactory cues, respectively, for homing; 
and this hindrance may have deleted the advantage of 
previous expedience, since certain previously learned cues 
could not be utilized. When all of trie separate treat­
ments were; compared, only the intact, experienced mice



U r-.J

showed a significantly greater homing frequency with exper­
ience. However, saline-infected controls, having both visual 
and olfactory senses, ais should have shown significantly 
better homing with experience; although, because of small' 
sample sizes, significance may not have been detected.

The pere-•••!}. ’"-age of inexpert eneed, Intact mice that 
homed was less than that for inexperienced, anosmic mice 
until day four e ' ter- release, so despite the lower acti­
vity level of ano iu alee in the activity cage, homing 
did not seem to be hind.red.

A sigr.if 1 cantly lower percentage of inexperienced, 
blinded mice .r ed :v--mpared to inexperienced, saline- 
lnject. mice by cays two and taree of the recapture period.
In addition, the percentage of inexperienced, blinded mice 
that homed during tne first three days of the recapture 
phase was also lower than the other treatments, although 
not significantly. Perhaps this Is explained by the limi­
ting effec of blindness, even though the ultimate percent­
age of how; a was not ..fferent for any treatment.

The ... lease point K -11 In the present study lies 
S 66° v, of release . oint B-2 (Figure 2). Results showed 
that iv tact mice with no experience on the study area 
homed signifIcantly better from east to west than from 
west to east. Blind and saline-inJeeted mice also showed 
better homing from east to west, but anosmic mice showed 
better homing from west to east; In these treatments, 
though, t> c r iffsrenccs were not significant. further,



there were no differences between the two release points 
regarding the distances mice were required to home.

The prevailing wind direction for approximately seven 
hours after release cn r.,x of the nine release days was 
from the northwest, wes t or southwest (Table 16) (excep­
tions were trapping periods two, six and ten). Thus, 
all treatne^rr: except m.ormic may have oriented by odors 
transferred by tne winas. There may be a limited amount 
of wind several centimeters from the ground In the under­
growth. bu^ perhaps the sen -arboreal existence of Ft_ 1 .
rove coracersis (Baker 1968 ) facilitated determination of 
long distance olfactory cues, if such a phenomenon 
exists.

Homing success related to direction was investigated 
for trapping periods two and ten in which the wind direc­
tion s from the northeast and the southeast. From the 
previous -agger tion of wind borne odor orientation, it 
would b ' expected that homing success during these trap­
ping Dcrijds would be greater from a west to east direc­
tion; hoc ever, she frequency of Inexperienced saline- 
injected, Ir tact and blinded mice that homed was still 
greater from the east to west (Table 17, Table 18).

As a turther test of the Influence of wind direction, 
the frequency of homing against the wind was compared to 
that In the same direction as the wind. For Intact, 
blinded- and saline-injected mice combined, wind direction 
had no significant effects on homing. Their frequency



Table 16. Prevailing wind direction for seven hours after 
the release of mice on the release day (from 
the Ft. tustls Meteorologlcal Station).

Trapping- Date of Wind
Period Release Direction

2 July 2p, 19?4 SE (150°)
3 August 14, l y >4 sw (210°)
i August 29 » 1974 sw (220°)
5 September 17» 1974 NW (280°)
6 iljvem'oer Id, 1974 Calm
i December 9# 1974 NW (330°)
8 August 4, 1975 SW (200°)
9 August 16, 1975 SW (230°)

10 September 18, 1975 NE <80°)



Table 17- Homing success from release points B-2 and K-ll 
related to wind direction (inexperienced mice).

I t e 1 f-* f*?ed «t b-2 Released at K-ll
Number
Released

Number Percentage 
Homed Homing

Number Number Percentage 
Released Homed Homing

Wind Direction From the Northwest. West and Southwest: 
Intact. Blinded and Saline-Infee ted

26 14 53.8 31 9 29.0
Zinc Sulfate-Injected

5 0 0.0 8 4 50.0
Wind Direction From the Northeast and Southeast;
Intact, Blinded and Saline-Infected

15 10 66.7 16 5 31.3
Zinc Sulfate Injection

0 —    1 1 100.0



Table 18. Homing success of inexperienced mice homing 
with the wind and against the wind.

Number Number Percentage
Released Homed Homing

Homing With the Wind:
Intact, Blinded and Saline-Infeeted:

46 19 41.3
Zinc Sulfate-Infected:

8 4 50.0
Homing A( ins t the id:
Intact, Blinded and Sal.i ne-Infected:

42 19 45.2
Zinc Sulfate-Infected:

6 1 16.7



of returns was higher from east to west irregardless of 
wind direction (Table 18). Anosmic mice, however, had 
higher homing frequencies, although not significantly, 
when traveling with the wind. Homing in an east to 
west direction and with the wind could not be tested in 
inexperienced, anosmic mice because none were released 
at B-2. From this study, then, there is no evidence 
to show orientation by wind borne odors.

Saint-Girons and Durup (1974) suggested that bank 
voles (Glethrlonomys glarePlus) and field mice (Apodemus 
sylvaticns) were aided in homing a distance of 100 to 130 
meters by ol.factory cues coming from the center of acti­
vity, since the wind direction was constant during the 
entire homing study. Saint-Girons and Durup (1974) also 
found that bank voles (C^ glareplus) homed better from 
a north to south and from a south to north direction than 
either east to west or west to east. Therefore, because 
homing directions were different in Saint-Girons and 
Durup*s study and the present study, homing was not related 
to the compass bearing. In Cooke and Terman's study (1975) 
homing directions were north to south and south to north, 
and noveboracensls showed no significant homing diffe
ances due to direction, but wind direction was not examined

Other means of orientation have been suggested, such 
as by acoustical cues, which was possible In this study 
since a highway lies to the east of release point B-2 
(Figure 1, Figure 2). Saint-Girons and Durup (1974)
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suggested the possibility of homing by acoustical cues 
because of the existence of a highway near their study 
area. Dole (1972b), however, found that deaf leopard 
frogs (Rana plplens) were still able to orient homeward.

Topographical features have been known to act as 
barriers to homing-, such as a small stream (3 to 4 meters 
wide) (Savldge 1973) and a canal (Furrer 1973) in P . 
leucopus and Fh_ manlculatus, respectively. These studies 
suggest that a highway to the east of release point B-2 
(Figure 1) might have acted to channel the mice in a 
westerly direction or might have been an auditory cue to 
the mice homing from either direction. However, the 
homing of anosmic mice only was reduced suggesting that 
the variables of topography and sound were not differential­
ly effective. Further investigation needs to be done to 
discover the reasons for the directional differences in 
homing.

In this study, mice homed better from distances of
19^ meters or less (the median homing distance) than from
distances greater than 19̂ + meters. Results previously 
obtained by other workers such as Bovet (1972), Furrer 
(1973) and Debusk and Kennerly (197 5) also showed that
over distances of approximately 70 to 1970 meters a
decreased frequency of returns occured with increasing 
distance.

Previous studies have shown a rapid rate of homing 
in intact small mammals. The exact rate of homing in



this study is not known to the exact hour, although some 
mice of each treatment horned over 200 meters (some over 
275 meters) between the time of release and the time of 
the inspection the next morning (approximately 1*+ hours). 
Among Peromyscus the following rates have previously 
been shown: 3200 meters in 48 hours (Murie and Murle
1931). 7 30 meters in eight hours (Murle 1963) and 300 
meters in two hours (Griffo 1961).

The results of tne present study showed that survival 
was significantly higher in Intact mice than blinded mice, 
while anosmia did not adversely affect survival. Webster 
and w'ebster (1971) found that both vision and audition 
played significant roles in the survival of the kangaroo 
rat (Dlpodomys merriaml); however, Cooke and Terman (1975) 
working with fh_ 1^ noveboracens1s showed no significant 
survival difference between intact and blinded animals 
for the seven days studied.

Adults and subadults showed no significant differences 
in homing, although since mostly adults were tested, 
comparisons were limited. Other studies have shown that 
older mice homed better than younger ones (Griffo 19&1, 
Murie 1963 and Robinson and Palls 1965)-

No differences in homing were found between males 
and females in the present study. Purrer (1973) found 
that females tended to home better than males over distance 
greater than in the present study, but at shorter distances 
no clearcut difference between the sexes was found. Murie



(1963) found that males tended to be more frequent homers 
than females, while Robinson and Palls (1965) working with 
Microtus showed no differences between the homing of males 
and females.

The procedure and proof of anosmia in 1^ novebora- 
censls were important aspects of this study. Olfacto­
meter results showed that intact mice before injection 
and saline-injected mice after homing discriminated between 
the negative and neutral odors, but mice Injected with 
zinc sulfate did not discriminate after having homed.

The peripheral anosmia procedure seems to have a 
very traumatic effect on the mice. Besides a high mor­
tality ( . 0 to 20%) at the time of injection, the olfacto­
meter results of both anosmic and saline-lnjected mice one 
day after injection did not demonstrate odor discrimi­
nation. Their activity levels were also significantly 
lower than before injection, which also occured in male 
hooded rats after an injection with zinc sulfate (Sieck 
and Baumach 1974).

Despite the decreased activity of saline-injected 
mice, their frequency of homing was higher than that of 
Intact mice, so the injection per se did not hinder 
homing compared to other treatments. Further, 57% of the 
saline-injected mice and 76.7$ the anosmic mice had at 
least two days to recover from the injection prior to 
release on the field.

When tested after homing, the sallne-injected mice



had regained their previous activity level, but anosmic 
mice still had maintained the lower activity. Since homing 
of anosmic mice was not significantly different from either 
saline-injected or intact mice, this decreased activity 
appeared not to hinder their homing.

It is bewildering that the homing percentages of 
saline-injected mice were higher than those of Intact mice, 
not only the first few days, but throughout the whole 
recapture period. Since the visual acuity of both Intact 
and saline-injectea mice should be the same, perhaps the 
saline-injection increased the sensitivity of the olfactory 
cells.

An alternate explanation may be that Intact mice 
from trapping periods eight, nine and ten had less know­
ledge of the study area than the saline-injected mice. 
Intact mice in these periods tended not to be captured a 
second time before collection until the last two days of 
the collection period and, therefore, perhaps had not 
become established on the area yet. Saline-injected mice 
may have been in residence longer. Strong evidence for 
this possibility is the fact that the proportion of saline- 
injected mice which homed was almost identical to that of 
the intact mice during trapping periods two and three 
(Table 2).

In this experiment the activity levels of blinded 
mice were not tested; however, O'Hara and Dyer (197^) 
found that blind guinea pigs in a closed field were more



active than normal guinea pigs. Like the other treatments 
78% of the blinded mice had at least two days to recover 
from surgery before they were released in the field.

Olfactometer results showed that anosmia lasted for 
at least nine days after treatment; however, the exact 
duration cannot be determined from the present data.
Using a 5# solution of zinc sulfate, anosmia has been 
shown to last from two to at least days in hooded rats 
(Alberts and Galef 1971). four to five days in female 
rats (Mayer e_t al. 1975) and at least seven weeks in 
albino mice (Vandenbergh 1973)* Edwards et al. (1972) 
using a k-% solution found that anosmia lasted four to six 
days In hamsters.

Five anosmic mice that were used in more than one 
replication in this study showed that the activity levels 
after homing were not different than when tested 25 to 28 
days later at the beginning of the next consecutive trap­
ping period. Ey this time, however, the sense of smell 
may have returned because mice spent less time in the 
paradlchlorobenzene tunnel of the olfactometer. Two 
zinc sulfate-injected mice when tested 32 days after 
inject ion, however, did not discriminate between the odors. 
More studies need to be conducted and better tests need 
to be devised to accurately Indicate the actual duration 
of anosmia in .Peromyscu ,

Histological studies have given additional evidence 
for the duration and the effectiveness of the peripheral 
anosmia procedure. The normal olfactory epithelium is a



pseudostratified arrangement of three cell types: olfactory
or sensory cells, supporting or sustentacular cells and 
basal cells (Matulionis 1975. Schultz 1941, I960 and Smith 
1938). Irrigation with physiological saline (Smith 1938) 
and distilled water (Matulionis 1975. Schultz i960) had 
no histological effect on the epithelium; however, different 
degrees of destruction of the olfactory epithelium occurred 
following irrigation with zinc >ulfate, ranging from;
1 ) a surface alteration affecting the apical parts of the 
olfactory cells and supporting cells, 2) necrosis and 
sloughing of only the olfactory cells or 3) extreme 
degeneration leading to sloughing of the entire epithelium 
(Matulionis 1975. Smith 1938. Schultz i960). The rate of 
regeneration and degree of necrosis of the cells varied 
with different strains of mice, so the surface alteration 
of the epithelium lasted for four days in one strain and 
12 to 14 days in the other. However, it took 42 days in 
the former and 72 days In the latter strain for completely 
normal epithelium to be restored.

Matulionis (1975) found that when zinc sulfate did 
not make contact with areas of the nasal cavity, the 
olfactory epithelium remained relatively undamaged in 
isolated areas, or If contact time was too short then 
little or no effect was produced. However, his method of 
producing anosmia could explain the variation in effective­
ness he obtained. On three consecutive days he applied a 
drop of 1% zinc sulfate solution at the orifice of both



external nares, which was inhaled by the mouse.
I suggest that with the more Intense procedure and 

the greater concentration of zinc sulfate used in the 
present study that the effect of anosmia would be more 
reliable than that which Matulionis (1975) found.

tullonis suggested (1975) that the reasons for 
variability In re, one ration time and differences In the 
react i.vity to the zinc sulfate between different strains 
of mice was due to genetic determination. This possi­
bility, as well as the different methods of peripheral 
anosmia used by different workers might explain the 
differences in the duration of anosmia seen in the liter­
ature. More extensive work must be done to determine the 
actual duration of anosmia, to improve the anosmic tech­
nique and to improve the test for the proof of anosmia. 
These improvements then could be applied to further studi 
on the role of both vision and olfaction in the homing 
behavior of small mammals.
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APPENDIX A
Experience related to homing differences of mice from 
release point B-2 and K-ll (A-never released previously 
on the study area, B=a previous release at the same 
release point, C=a previous release from the opposite 
release point a n d  D=a previous release at both release 
points).

Release at B-2 Release at K-11
Treat Number Number• % Treat - Number Number %ment Released Homed Homed ment Released Homed Homed

Intac 4- * V «
A 25 14 56.0 A 34 10 29*4
B 8 7 37-5 B 6 5 83.3
C 2 2 100.0 C 1 0 0

•
0

D 0 — ---- D 0 -- ----
Blind •

A 10 5 o•o'A A 5 0 0•0

3 11 7 60 • 8 B 7 5 71.4
C 2 1 o•o C 1 0 0.0
D 2 2 100.0 D 2 1 50.0

Dine Sulfate-Injected:
A 5 0 o•o

A 9 5 55.6
B 2 1 50.0 B 8 5 62. 5
C 3 3 100.0 C 1 0 0•0

D 1 0 o
•o D 1 l 100.0



Release at B-2 Release at K-ll
Treat- Number Number % Treat- Number Number %
ment Released Homed Homed ment Released Homed Homed

Saline-In.lec ted;
A 9 6 66.7 A 10 4 0

•
0-d-

B 2 1 50.0 B 3 3 100.0
C 1 l 100.0 C 1 0 0.0
D 1 1 100.0 D 1 1 100.0
L 2X Intact, Blind and. Saline -Inje cted:
A A4 25 56.8 A 49 14 28.6
B 21 15 71. A B 16 13 81.3
G 5 4 80.0 C 3 0 0.0
D 3 3 100.0 D 3 2 66.7



APPENDIX B

Daily homirpercentages for the six day recapture period.

Treatment and Days
Experience 1 2 3 4 5 6

Total Mice (Irrespective of Experience):
Intact N=?6

# Homed 16 10 4 3 3 2
Cumul. # 16 26 30 33 36 38
Percent 21.1 34.2 39.5 43.4 47.4 50.0

Blind ISi0
ff Homed 12 4 1 1 0 3Cumul. # 12 16 17 18 18 21
Percent 30.0 40.0 42.5 45.0 45.0 52.5Zinc Sulfate 
# Homed

-Injected N=30 
8 4 3 0 0 0

Cumul. # 8 12 15 15 15 15Percent 26.7 40.0 50.0 50.0 50.0 50.0
Saline-Injected N=28 

Homed 10 6 1 0 0 0
Cumul. # 10 1- 17 17 17 17Pe rcent 3 5-7 57 * i 60.7 60.7 60.7 60.7

Never Released Previ. sly on the Study Area ••

Intact N=59
# Homed 8 8 3 2 2 1
Cumul. $ 8 16 19 21 23 24
Percent 13.6 27.1 32.2 35-6 39-0 40.7

Blind N=15
# Homed 3 0 0 1 0 1
Cumul. # 3 3 3 4 4 5Percent 20.0 20.0 20.0 2 6.7 26.7 33.3Zinc Sulfate 
$ Homed

-Inlected N=l4 
3 1 1 0 0 0

Cumul. # 3 4 5 5 5 5Percent 23.1 30.8 35.7 35.7 35.7 35.7
Saline-Injected N=19

# Homed 5 4 1 0 0 0
Cumul. # 5 9 10 10 10 10
Pe rcent 26.3 47.4 52.6 52.6 52.6 52.6



Treatment and Days
Experience 1 2 3 4 5 6

Previous Release at the Same Release Point:
Intact N=l4 

// Horned 7 2 1 1 1 0
Cumul . // V y 10 LI 12 12
Percent 50.0 64. 3 71.4 78. 6 85.7 85-7Blind N=l8 
# Homed 8 1 1

•
0 0 2

Cumul.# 8 9 10 10 10 12
Per cen t. HU. 50.0 55,6 55*6 55* 6 66.7

Zinc Sulfate 
$ Homed

-Injected N=10
0 2 0 0 0

Cumul. # 4 4 6 6 6 6
Percent 40.0 0•0-d 60.0 60.0 60.0 60.0

Saline-In lec 
y Homed

ted N=5 
3 1

JL. 0 0 0 0
Cumul. # 3 4 4 4 4 4
Percent 60.0 80.0 80.0 80.0 80.0 80.0

Prevlous Release at the Opposite Release Point:
Intact N=3

# Homed 1 0 0 0 0 0
Cumul.# 1 1 1 1 1 1
Percent 33.3 33-3 33-3 33.3 33.3 33.3Blind N=3
# Homed 0 1 0 0 0 0
Cumul. M 0 1 1 1 1 1
Percent 0.0 33-3 33.3 33-3 33.3 33.3Zinc Sulfate
y" Homed

-Injected
1

. N=4
2 0 0 0 0

Cumul. # 1 3 3 3 3 3
Percent 25.0 75.0 75.0 75.0 75.0 75.0

Saline-Injected N=2 
§ Homed 1 0 0 0 0 0
Cumul.# 1 1 1 1 1 1
Percent 50.0 50.0 50.0 50.0 50.0 50.0



Treatment and Days
Experience 1 2  3 ^ 3 6

Previous Release at Both Release Points:
Intact N=0
Blind N=4 

# Homed 1 2
Cumul, # 1 3Percent 25-0 73.0

Zinc Sulfate -Injected N=2
$ Homed 0 1
Cumul.# 0 1
Percent 0.0 50.0

Saline-Injected N=2
# Homed 1 1
Cumul• # 1 2
Percent 50.0 100.0

0 0 0 0
3 3 3 375.0 75.0 73.0 73.0
0 0 0 0
1 1 l 1
50.0 50.0 50.0 30.0
0 0 0 0
2 2 2 2

100.0 100.0 100.0 100.0
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APPENDIX C

Homing percentage for each distance class of intact mice
never released previously.

Dis tance 
(meters)

Number
Released

Number
Homed

Percentage
Homed

15-3^ 1 0 0.0
3 5-5^ 1 0 0.0
9 5 - H ^ 1 1 100.0
115“13^ 4 1 25.0
135-15** 2 2 100.0
155-174 4 3 75.0
175-19^ 9 5 55.6
195-214 13 4 30.8
215-234 10 3 30.0
235-254 9 3 33.3
255-274 5 2 0•

0-d
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APPENDIX D

Homing percentage for each distance class of blinded 
mice never released previously

Dis tance 
(meters)

Number
Released

Number
Homed

Percentage
Homed

155-174 4 1 25.0
175-194 4 2 50.0
195-214 2 1 50.0
215-234 1 0 0.0
233-254 3 0 0.0
255-2?^ 1 1 100.0



APPENDIX E

Homing percentage for each distance class of zinc sulfate 
injected mice never released previously.

Distance 
(meters)

Number
Released

Number
Homed

Percentage
Homed

155-174 2 0 0•0

175-194 4 3 75-0
195-214 4 1 25.0
215-234 3 1 3 3 0
235-254 1 0 0•0



APPENDIX F

Homing percentage for each distance class of saline-
Injected mice never released previously.

Distance Number Number Percentage
(meters) Released Homed Homed

155-17** 2 0 0.0
175-194 11 7 63.3
195-21** 3 2 66.7
215-234 0 - ----

235-254 2 0 0•0

255-274 1 1 100.0
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