THE INFLUENCE OF VISION AND OLFACTION ON THE
HOMING ABILITY OF THE WHITE-FOOTED MOUSE

(PEROMYSCUS LEUCOPUS NOVEBORACENSIS)

A Thesis
Presented to the
Faculty of the Department of Bilology

The College of Willlam and Mary in Virginla

In Partial Fulfillment of
The Requirements for the Degree of

Master of Arts

By
Lynn Mabelle Parsons

1976



APPROVAL SHEET
This thesis 1s submitted in partial fulfillment of

the requirements for the degree of

Master of Arts

Lynn Mabelle Parsons

Approved, May 1976

- Bz D

C. R. Terman, Ph. D.

/N/ %‘aghing, Ph/b.
,X@UMTLT U)@u

S. A. Ware, Ph. D.




TABLE OF CONTENTS

ACKNOWLEDGMENTS +v ¢ ¢ ¢ o ¢ ¢« & o o o o o o o o o
DEDICATION e e e e s e e e e e e e e e e e e e
LIST OF TABLES . ¢ ¢ ¢ o ¢ o o o s o o o s o o =
LIST OF FIGURES « & o ¢ ¢ ¢ ¢ 4 4 & o« o o = o o
ABSTRBACT ¢ ¢ & & ¢« ¢ o ¢ ¢ o o o o o o o o o o
INTRODUCTION & & ¢ &+ ¢ &« o o o o o o o o o o o =
THE STUDY AREA . . ¢ ¢ ¢ ¢ ¢ o @ ¢ o o o o o o »
ARRANGEMENT OF THE GRID ¢ ¢ @« o o o o o o o o o &
TRAPPING PROCEDURE . ¢ & ¢ ¢ ¢ ¢ ¢ o« o o o o o &
PROCEDURES FOR THE EXPERIMENTAL TREATMENT OF MICE

Treatment of Intact Mice . . « ¢ o+ ¢ o o o &

Treatment of Blinded Mice . . ¢« ¢ ¢ ¢ ¢ o« o &

Treatment of Anosmic and Saline-injected mice

PROCEDURE FOR TESTING THE ANOSMIC AND SALINE
INJECTED MICE o o o ¢ o o o o o o o o o o o @

Schedule of Testing + « ¢ &« ¢ ¢ o« ¢ o o o o« »
Description of the Olfactometer . . . . . . .
The Olfactometer Test . . . « . « .« ¢ o o .+
The Activity Cage lest . « ¢« ¢ ¢ ¢ o o o o =«
STATISTICAL ANALYSES . ¢ ¢ ¢ ¢ o ¢ o o o o o o &
RESULTS 4 ¢ & & o o o o o o o o o o o o o o o o =

Homing RBelated to the Treatment of Mice . . .

111

Page

vi

Vil

.

ix

b

N O D

12
15
15
15
16



Olfactometer Results . . .
Activity Cage Results . .
Duration of Anosmia . . .
Effects of Varlables . . . . .
Experience . . « « ¢« « .+ .
Site of Belease . . . . .

Homing Comparisons Through
Recapture Phase. . . .

Distance . « « ¢« ¢« . « .« .
Survival « ¢« ¢ ¢ ¢ ¢ o o .
Age o ¢ o o ¢ 4 o s e e
SEX + o e o o o o o e o .
DISCUSSION &« + @« o o o o o o o o =
LIST OF APPENDICES . « « ¢« « o «
REFERENCES CITED . « « « « « « «

VITA . . . [ . L] L] . [ . . . . - .

iv

L] -
Day
L ] L]
* L]

- . .
. [ .
L] . L]
L] . L]
L) L] L]

Three

o« o
o o
o o
o o
. o
of

.« .
. e
o o
. e
o .
. .
o

Page

. 27
. 30
- 33
. 36
. 36
. 38
. 40
. Lo
. 46
. 49
. 49
. 53
. 70
. 80
. 85



ACKNOWLEDGMENTS

I am very grateful to Dr. C. Richard Terman for his
guldance, encouragement and unselfish help throughout
thin ntudy. 1 also wish to Lthank Dr. Norman Fashilng
and Dr. Stewart Ware for serving on the committee and
for reviewing the manuscript. 1 am also thankful to
Mr. Glenn Bean for constructing the olfactometer and
to both Ms. Jewel Thomas and Mr. Glenn Bean for tech-

rnical assistance.



DEDICATION

This manuscript 1s dedicated to my family and
friends in appreclilation for their love, thelr encourage-
ment and their prayers.

l am especlally thankful to my parents for instruct-
ing me by the example of their lives, and for instilling
in me the desire to accept new challenges and then carry

them through to completion.

vi



Table

10.

11.

12.

LIST OF TABLES

Dates of each trapplng periocd . . « « . .
Perconbage:s of mlce of ecach Lreatment
Lhat hOmed . - . L - . - . [ 3 L] L] - - L] L] L]

Nusiber of mice spending more time in
elther of the two tunnels of the olfacto-
meter e & e e e 2 & o & 6 e s e e o s ® o

Mean number of seconds spent 1n each
tunnel by zinc sulfate-injected and
saline~injected mice « ¢ « o ¢ ¢ ¢ o o o .

Number of entrances into cach tunnel . . .

Mean activity levels of zinc sulfate-
injected and saline-inj)ected mice . . . &

Comparlison of activity cage and olfacto-
meter results for zinc sulfate-injected
mice in two consecutive trapving periods .

X1-:1 .en.ce and treatment related to the
prercentage of mice that homed . « ¢« & o« &

Homing differences from the two release
points (all mice irregardless of experi-
ence ) L ] L] Ld L] - Ld - L3 o L] L] Ll . L] L] . - L]

Percentage of mice that homed at each
20 meter interval of homing dlstance
(all mice never released previously) . . .

For each treatment, the percentage that
homed less than 194 meters and greater
than 194 meters (all mice never released
PTEVIOUSLY) « o o o o o o o o o o o o o & .

Survival of intact, blinded, zinc sulfate-
injected and saline-injected mice for the
six day recapture period (irregardless of
experience) . . . ¢ ¢ 4 4 4 o o e o o o .

vii

Page
« 13
. 26
. 28
. 29
. 31
. 32
° BL"
. 37
L] 39
. 45
. W7

48



Table

13.

14.

1.

16.

17.

18.

Treatment and experience related to
survival

Age of mice related to the percentage
that homed

Homlng performance of males compared

.

- .

-

L]

L d

3

-

.

to females (irregardless of experience).

Prevalling wind direction for seven hours
after the releacse of mice on the release

day

Homing success from release polnts b-2 and
K-11 related to wind direction (inex-
perienced mice)

Homing success of inexperienced mice
homing with the wind and against the

wind

-

*

-

- -

viil

-

>

L]

pPage



Figure

1.

LIST OF FIGURES

Page
Topographical features of the study area . « . 7
Arrangzement of the grid on the study area . .10

Illustration of the hypodermic needle used
for the zinc sulfate and saline injections . .17

OQlfactometer &« ¢ ¢ o ¢ ¢ o o o o o o o o o o 20

Dally homing percentages of all mice for the
six day recapture period . . . . . . . ¢« ¢ o 41

Dally homing percentages of mice never

released previously on the study area for the
slx day recapture perlod . . . . . « ¢« ¢« <« . .43

1x



ABSTRACT

The relative iumportance of vision and c!faction to
white-footed mice while returning after displacement
to a trap where previously caught was investigated. Mice
were removed from a 12 snere wooded arcea for six days and
Lhen released al two dlifferent release polnts at opposite
corner~ of the study area. Homing was measured by live-
trappl:g durlng six days after release. Ten trapping
perlods 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 1n 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
gsniscess was distance dependant and the homing percentage
w 3 greater from one release site than the other. Blind
mice had a significant’y poorer (P< 0.05) survival during
the six days subsecquent 10 rclease than mice of the other
treatments, whil: the latter dil not differ significantly
among themselves.



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

NOVEBORACENSIS)




INTHRODUCTION

Homing may he defined as the ablility of an animal
L7 return to its home range or nest site after beinsg
displaced. For small mammals the following possible
methods of homing have been suggested: complete random
wandering (kurie 1963); rarndom wandering until encounter-
ing familiar territory, within which directed movements
occur (Griffo 1961); directed movements within familiar
territory or the 1life range of the animal (Robinson and
Falls 1965, Fisler 1967); or Ly navigation ability,
allowing directed movements through unfamiliar territory
(Burt 1940, Bovet 1972). One or severz:l senses must be
utilized in returning to a home area, and then recogni-
zing the home area when 1t has bheen reached.

Sheppe (1955) showed that Peromysc = leucopus would

not leave 1slands to which they had been displaced unless
they had visu.! woals toward which to orient. Cooke and
Terman (1975) found that bl.:. ed f. leucopus 4i1d not home
as well as intact mice from distances of 336 meters, but
dic houe as well from distances of approximately 50
meters. Other than these studles, very little work has
heen done investigcating the senses utillzed by small
mamipals in the homing prosrcess; however, closely related

studies have been done with birds, fish and amphiblans.



Papl et al. (1972) and Benvenuti et al. (1973)
found that olfaction was necessary for houing in homing
pigeons. Papl et al. (1972, 1973) postulated that during
the first months of life, homing pigecns gather infor-
mation on smell prevalling in surrounding reglilons through
the winds. Baldacini et al. (1974) 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 beling held 1n the home cage,
later homing was decreascd. Baldacini et al. (1974)
found Lhat pigeons could home when elther 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 (1974a, 1974b) found

that American shad (Alosa sapidissima) located their

home river (the Connecticutt River) from Long Island
Sound by & nonrand m search, and that anosmic fish homed
less well than intact fish. In addition, shad that

were both blind and anosmic did not home. Khoo (1974)
found that both vision and olfactlon are important com-
pcnents of home site fidellty for the intertidal fish,
Oligocott s maculosus G! ird, but these fish when blind
homed better than when anosmic. All streams apparently

have thelr own characteristic odor which migratory hime

salmon (Oncorhynchus nerka), rainbow trout (Salmo

gairderil irideus) and carp (Cyprinus carpio) could

dlectinguish (Ueda et al. 1971). Doving et al. (1974).

working with char (Salmo alpinus L.), suggested that it




is perhapc fish odors that act as pheromones to help
gulde homing and that the skin mucous of the fish may be
the source of the odorants gulding the fish.

Some of the same results have been obtained in studies
of the homing behavior of amphibilans. Grubb (1973, 1974,

1975) showed that Bufo woodhousel fowleri, Bufo valliceps,

rseudacris clarkl, Fseudacris streckerl, and Rana utri-

cularia in breedling condition could, in an olfactometer,
dlscrimrinate between the odor of thelr home pond and the
odors of foreign pords even though the ponds were separa-
ted by only a few meters. After two months in the 1lab,

Rana utricularia were retested und were still able to

discriminate the home poad odor.

Dole (1972a) found that the Bufo americanus could

hom= under both cloudy and clear skies and Grubb (1970)

showed that intact Bufo valliceps moved more on rainy

nights than on clear n!zhts, which led him (Grubb 1973)
to suggest that there was no evidence of eilther a noctur-
nal or diurnal celestlal compass for navigation.

Both Barthalamus and Bellis (1972) working with

Desmaognathus fuscus, a salamauder, and Grant et al.

(1968) workin< with the nest Taricha rivularis found

that blind animals did not home differently than normal
snimals; however, anosmic newts were disoriented.

In Bufo americanus and Bufo valliceps, neither

»1lindi~2 nor anosmia alone appreciably altered the ability
to home (Lole 1972a, Grubb 1970). Dole (1972b) further

showed that anosmic leopard frogs (Rana piplens) 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 valliceps, he found

that they were diso.iented and could not home. Dole (1972a)
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.

1he purpose of Lhe present study was to continue to
study the effect of blindness on homing and also to
extend the investigation to the effect ancosmia has on

the homing abllity of Peromyscus leucopus noveboracensis.




THE 3TUDY AREA

The experiments were conducted on a 4.48 hectare
wooded esrea which has been undisturbed for many years,
nand 17 aljncent to the Laboratory of Endocrinolopy and
Population Ecology at the College of william and Mary
in Williamsburg, Virginila.

The common trees found on the area were tree of

heaven (Ailanthus altissima {(Miller) Swingle), beech

(Fagus grandiflora Ehrh.), tulip (Liriodendron tulipi-

fera L.), southern r2d oskx (Quercus rubra L.), sycamore

(Platanus o:cidertalis L.), white o=k (Quercus alba L.),

wild tlack cherry (Prun.is serotina Ehirh.) and red cedar

(Juni: ruvs virginians L.). wax myrtle (Myrica cerifera

Pets At

L.}, privet hedze (Ligustrum sp.) and multiflora rose

(Bose multiflora Thunb.) were common shrubs. Poison

ivy (RBhus radicans L.) and honeysuckle (Lonlcera Jjapo-
nica Thunberg) forn a dense ground cover in open areas.

Christmas fern (Polystichum acrosticholdes Michx.),

English ivy (Hedera helix L.), Indian strawberry (Duches-

nea inlica Andr.), vetch (Vetch spp.) and many grasses were

also pre=sent.
Tovographical features of the area are given in

Figure 1.



Figure 1.

Topographical features of the study area.
Key:

RP: Helease Point
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ARBRANCEMENT OF THE GRID

In April and May, 1974, a grid was established on
the study area. In each of 12 lines, A--1L, there were
12 ugtations at 20 meter intervals, wlth the exception of
line A with slx statlons and line B wlth nine stations
(Flgure 2). Two mouse live-traps were placed at each
s>tation within 2 meters of the station narker.

The aluninum mouse traps were 6.0 cm by 3.6 cm by
25.4 cm and had a wocden floor and treadle. One end of
the travw was enclosz2d by a gravity fall aluminum door
and lock, and the other end was covered with % inch
hardware cloth.

Traps were kept balted with two to four pellets of
D & G Laboratory uvlet whirsh ww.. inspected approximately
every three days and was renlaced when mlssing or moldy.
In the late fall and winter when temperatures fell to
freez ng and below, cotton was placed in the traps.
During the entire study, traps were covered wlth a plece
of asphalt roofing about 25 cm by 35 cm to protect them

from wind, rain and temperature extremes.
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TRAPPING PR0CEDURE

Trapping was conducted from June through December
1974 and from July through Septemtsr 1975, encompassing
Lten 13-duy Lraupling periovds (lable 1). Dally inspection
- f the trans bogarn between 0545 and 0730 hours and lasted
from 2.5 to 4 hours. All animals were numbered by speci-
ilc toe removal when filrst caught, and the number, sex,
age, place ol capture and reproductive condition (males:
testes scrotal or nonscrouial; and females: vaglnas
perforate :'r imperforate, notation of pregnancy by pal-
pation, ard lar "aticn, 1f applicable) were recorded
dally for each mouse. From July through September 1975,
the welght of each anlimal was measured in the fleld with
a Pesola scale, while previously the welghts had been
taken in the laiboratory wh=n animals were collected.

Only Peromys-us leucopus noveboracensls was collected,

a” thwough field records were kept on other small mammals
captureqd.

Juring eacn trapplr ., perliod, the traps were opened
on day one. I'rom day two Lhrough day seven, mlce which
had been captured at least once previously (not necessar-
1ly in the same trapping period) were taken to the labora-
tory where they were housed singly in standard plastic

mouse cages with a 3/4 inch layer of wood shavings on

12



Dates of eech trapplng period

Number of Lhe Dates Experimental
Trapping Period Treatments Tested
1 (Preliminary) ?2/2/74% to ?7/14/74 Intact
2 ?7/23/74 to 8/4/74 Intact
3 8/8/74 to 8/20/7¢ Intact
a 8/2 /74 to 9/4/74 Blinded
5 9/11/74 to 9/23/74 Blinded
& 11/12/74 to 11/24/74 Blinded
Saline-Injected
7 12/4/7 to 12/16/74 Sailine-Injected
5 7/24/75 to  /10/75 Intact
Saline-Injected
Anosmic
9 8/10/75 to 8/22/75 Intact
Saline-~Injected
Anosmic
10 9/12/75 *o 9/24/75 Intact
Saline-Injected

Anosmic




the cage :'loor. Mice were fed D & G Laboratury Diet and
wate~ ad libitu-, and a window 'n 'ha room provided a
n- " ral light cycla.

On day <even mice were released on the study area
arproximately 2.5 hours before swuw et at one of two re-
lease polnts, B-2 or K-11l. The locactiorn o release was
determined b dividline the study area into two sub-areas
by an imeginary diagonal line from C-11 to L-1 (Figure 2).
Fach mous«e wes releasel in the area opposite to the loca-
tion of 'us calculated center of a tivity (Hayne 1949).
lele se at 3-2 ocecurel i1umaciately prior to release at
K-11.

Five pregnant females wiich had litters during
the.r stay in the laboratory were not released cn the
release day, bHuat were Xept witn the litter. The y .ung
were weared ~t appraoximately 21 days and were kept in
the laboratory, while the nother was released on the

e

stud, area a®% the =-lte of last capture.

The recapture phase of each trapping perlod was
from Jay eight Lhrough day thirteen, and the procedures,
which varieu with each experliment, will be explained in
deta.l later. Hecapture in a trap where previously
caught or in an ad‘'acent one was regarded as successful
homing.

Because vredators distu "bed the traps and killled
the entrapred mlce, 1t was necessary to place steel

traps on the study area. Lhls kept predator disturbtance

of mouse traps below 10% during most of the year.

14



+A0CEZDURES FOR THE EXPERIMENTAL TREATMENT OF MICE
Treatm>nt of Intact Hice

ThH oty of Inbac' nilce was tested during trappling
per. ods two, thr:e, elcht, nine and ten (1 .ble 1). These
mice were ollected, maintalned in the laboratory between
elght hours und five days (depending upon the day of cap-
ture). end ther released intact either at release point
B~ o K-1i. During the recapture phase, the mice that
were caught dally were released immedlately at the site

~f cap ure.
Treatment of Blinded Mice

'L.e ahility of blirded mice to home was tasted in
trapring periods four, five and six (lable 1). The mice
were removed to the laboratory in the same manner as the
intact trestment, but on day three through six of the
“rap~ing perliod ithey were surgically blinded.

"he biirding procedure involved anesthetiziug each
mouse with :ther, separating the c:.tie scle @ with micro-
force.us, locating a::d severlng the opilc nerve wit» micro-
scissors. and bhathing the area with e _harin. This sur-
gical orocwdure was used previously by Cooke and Terman

(1975, and fourd to be successful. The recovery time

15



after surg:ry and before release varied from one to four
days depexnding upon the day of surgery. The eyes of all
blinded uw!->e developed a glazed, opaque or shriveled
appearance, anc 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.
Treatmenc of A simlc and Saline-injected Mice

The experviment described nelcw dealt with the influ-
ence of olfactlion o:. homing. Durlng trap»ninz periods
elght, niné and L (lable 1), mice wcre collected and
removed to *he labore-or in the sam=2 aiarner as tne
previous treatments Cn day three thronghn day six of
the trapn 1 v perlisé ecch ouse was snesthetlrved with
Methi *yflureme, placed on .ts back, ani with the axd of
a Stevz2cs H-ic scope. & 2+ gaw : nypodermic needle with a
blun%t=4d and curved "80° tip (Figure 3) was placed in the
moath and ins+ ted dorsal to the :oft palate through the
ragopheryne-a’. opening. Im~diately the mouse was turned
to a herd Ao wmward pooiticn and in’ect>d with either
0.2cc of 5.0 .inc sv . fe - in 0.,% scllne (anosmic) or
O.2cc of 0.5, =aine {(contrnl). Once the solution was
vist le ac¢ the ext: iaa trares, aspiration of the nasal
~avity was btegun end was concinued for the remainder of
the irjection. The mou=¢ was malntained in a head down-

ward pcsitiom until conscilousness and/or a regular breath-

ing watt rm w35 regalned, at which time the mouse was



Figure 3. Illustration of the hypodermic needle used
for the zinc sulfate and saline injections.
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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 1injection.

18



PROCELJURE FOL LE23TING THE ANOSMIC AND SALINE-INJECTED MICE
Schedule of Testing

All zinc sulfate-injected and sallne-injected mice
(except <ight saline-injected mice injected prior to
the Asvelopmant Lf the >l factoreter) were tested in both
Lthe oltfactomeiszr and tne activity cage one day after
collzctlion and ore dav after the injeciion. Mice which
hom- . afte. thelr release on the study area were recol-
lected, maintained in the laboratory for one day and
again slven T e same set of tests. These animals were

ther re.e=ased the next morning at the slite of capture.
Decscription of the Olfactometer

The olfactometer, modified from that of Vandenbergh
(1957) (Fizure 4), corcisted of a central plexiglass
chamber 15.3 cm by 20.8 cm by 17.0 cm with a sliding
plexigle~s top and bhottom, and two black opague tunnels
at onposite ends of the central chamber. FEach of these
tunnels was 5.2 cm 1n diameter and 10.0 cm in length,
and Lhe dlistel end was fitted with screening and a re-
mevable odor contalner. Each tunnel also contalned two
photoelectric cells at distences of 1.5 cm and 6.5 cm

from the central chamber wall. Each photoelectric cell

19



Figure 4. Olfactometer
Key:
O0C: Odor Container Attachment
PC: Photoelec*ric Cell

All measurements are in centimeters.

20
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was connected to a timer which recorded the number of
seconds the mousse spent in each tunnel. The whole olfac-
tometer was pilaced 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 ecm one-

way observation window and an alr intake and ¢ inaust

hlower.

The Clfactuneter ‘est

v 3 -

Puring “n. ‘evelopmental steges of the olfactometer,

the responeszs of P. _2uro as .:ovebcracensls to several

——— o —

ndor sovrces, such an conspecifis and interspecific male
and female urine, Sprecto (an insecticide), cigar butts,
foed, fo.maldehyde. and peredicnlorobenzene were tested.
Since the most ccmisistent avecldance responses were ob-
teined in tests with 0.4 to 0.8 gm of paradichloroben-
zene at tne end or one tunnel and nothing at the end of
the other tunnel, paradichlorobenze:i= was chosen for the
»dor sti aus and 1its location was determined for each
test by f.loping a coln.

A mouse was placed 1n the central chamber of the
olfxctometer and the doors of the cublicle were fastened.
A four minuv'e acclimation perlod 1as followed by a five
mirute test, curing which the niumber of entrances into
eacn tunnel was observed and the time spent in each
recorded.  Extension of at least the head and =2zrs of

a mouce in.o th: 'Y.nne. was recorded as an entrance.

AN

N



After each mouse was tested, the floor of the central
chamber was wined clean with a 5% solution of Wescodyne,
and the flonr and tunnels were wliped with dry paper towel-

ing.

The Activity Cage Test

The activity ca = (l.ehigh Valley Flectronics) con-
sisted of a covered cylinder 70 cm in diameter and 38 cm
high. ‘1he cylinder had six inira-red photobeams (three
on both norizontal, coordinate axes) placed 2.5 cm above
the expancded metal floor. Act.viiy along the horizontal
axes w=s e .s re: My ‘he total mia r of photobeam inter-
ruptions.

When the mouse was removed from the ol actometer,
it was vlsced directly in the activity _cage, glven

1

approx . m: .ely {ive minute: of acclimation, and its acti-
vity recorded during the subsequent five minute test.
Follouwing the tests, the mouse was removed and the alumi-
nwi tray beneath tne cy” inder floor was washed with a

5% solutio-n of Wescodyne.



STATISTICAL ANALYSES

Where approprlate, all data were tested for hetero-
geneity (#H x C Chi Square), and those which lacked
heterogenclly were Lhen compared where sultable by
chi square and Fisher exact probabllity 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. Probablility levels
of .05 or less were regarded as slgnificant, but values

of .1 or less are indicated.

24



RESULYS
Hoawndlng Related to the Treatment of Mice

3ince anch treas aont o xlendad over ageveral Lrapping
periods, the data were test2c¢ for h-terogenelty prior to
pooling. No silgnificant Fzterogenelty was found. Subse-
guent to poclirs, comparisons were made by chl square or
by irisher exect probarility tests, if appropriate.

o test the Influence of vision on homing, the
percentagze of ricc that homed was compared between intact
and blinded tvre .tnme~ts. Severty-six intact mice were
released, of vii. h 28 homed (50.0%: Table 2), and of
LG bBlinded mil- . released, 21 homed (52.5%; Table 2).

Thué the homing performance did rot differ significantly
betezen intaez2t and Dlind mice.

To see 1if henming was irnelred with loss of olfac-
tic comparisons were made between z.iuc sulfate-injected
ard s=Tine-"nlecte? mice., The followlinsg results showed
no s.in.ficant howine cifferences between the two treat-
ments: 1 rinc sulfete-injected mice homed out of 30
r-leased [50.0%; 'latle 2), end 17 saline-injected mice
homed out of 28 released (60.7%; Table 2).

None of the trestments, when compared with each

other, showed a sigrificant difference in the proportion

25



Table ZPercenta; of mice of euch treatment that

homei,
Trapping Number Number Number not Percentage
Perind neleased Homed Recaptured Homed
Intact
2 2h 12 5 50.0
3 20 290 3 66.6
8 o 2 2 22.2
9 7 2 3 28.6
10 & 2 3 33.3
Total 76 Bis 16 50.0
Blinled
4 20 1o 2 60.0
5 19 7 5 L7.4
6 1 O 1 0.0
Total 40 21 3 2.5
Zinc Sulfete-In +cted
8 5 0 3 0.0
Y 11 7 0 63.6
10 1 3 1 57.1
Total 30 15 50.0
Salinc-Injtected
6 6 7 0 33.3
7 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 homin-. In fact, in 21l trewuiments the percentage

of mice that homed wag very similar.

Qlfactopeter Hesults

Comparlsons of the responses of zlinc sulfate-injec-
ted and salline-injected mice in the olfactometer were
made to AdAetect any differences in ¢lfactory capabilitles
during the seguence of tests. The number of seconds in
each of the two tunnels wlth thelr corresponding odors
was measured.

Prior to injectlon with either zinc sulfate or
saline, over lLhree-~“ourths of all mlce spent more time
in the reutral tunnel compared to that with the para-
ilenlorohenzene odor. However, cne day after injectlion
only about half of the mice of each treatment spent a
greater amount of time 1:: the neutral tunnel (55.2% for
zinc sulfate-injiected; 445.0% for saline-injected mice;
Table 2'. After havig homed, significantly more saline-
injectedl Zhan zinc sulfate-injected mice preferred the
neuiral tunrel P=C 2. exact test; Table 3).

Wnen the mean number «f seconds spent in each tunnel
was commazred before injection, mice of both groups spent
significantly more time in the neutral tunnel (P <0.025
or less; student's t test; Table 4. On the day after
injection the time spent in each tunnel did not differ
significantly for mice of eithor treatment. When the
treatments were compared, they did not differ in the

time spent in elthner tunnel before the injectlion and on



Table 3., Number of mice spre- ing more time in either of the
wo tunnels of ti o_factometer.

Treatment Neutral Tunnel with Nelther
Tanned l'arandichloro- Tunnel
benzene

Prior to In‘'ertlon:

ZnSOu—Injected * 16 5 1l
Saline-Injected 14 L 2

One [Day After Injection:

2n30,~Injected 16 13 1
Saline-Injected 9 i1 C

One Loy After Homing:

LnSOa-;n§eczed 7 7 0

Saline-Injected L2 1 0
#* Zinc sulfate-injected mice wien used in several replications

were not retese:? prior Lt injoctior after the first
replicatio:r.




Table 4. Mean number of seconds spent in each tunnel by
zinc sulfate-injected and saline-injected mice.

T"reatment Time nf Tent:
Pro-—Llnlect i rost-lniuctlon Post-Homing
Meontse MeaniSE Mean*SE

Time Spent in the Neutral lunnel:

4nS0y, 168.45527,65 1 7.04%25.50 114.25%30.89
{(N=P22" (N=130) (N=14)

Saliae T 47.17%27.06 "2 .25T 30,06  209.31%125.28
(N= 2., W=20) (N=13)

Tim. Swent ir the Paradichlorobenzene Tunnel:

4nS0,, 72.50%24.02 111.18%25.20  107.55%34.80
(N=22) (N=30) (N=14)
Saline 53.81%27 ¢ 130.44%29.55 16.63% 8.59

(V=20 (1=20) (N=13)




the day after.

When tested after homing, saline-injected mice
spent significantly more time in the neutral tunnel
(PL 0.002; Mann-whitney U test; Table 4); whereas for the
zinc su” Tate-injected micc. .e time spent in one tunnel
did not differ significantly from the time spent in the
other. Comparisons between the two treatments after
homing shor 4 that sine au: "at. -injected mice gspent slig-
nificantly more time in the paradichlorobenzene tunnel
(P 0.05; JMann-wWhitney U test; Table 4) and less time in
the neutral tunnel (£<0.05, student's t test; Table i)
than did the salilne-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 paradichlorobenzene (Table 5).

Activity Cage Results

Because of a heterogenelty of variance among the
activity results (P<0.01; Bartlett's test), all data
were compared with a non-parametric, Friedman two-way
analysis of variance by ranks and showed an overall

siwnificant difference in the activity (P <0.001; ‘Table

N\

';\\

)

¥

C

Speciflc Mann-Whitney 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 Entrances into Entrances into
Time of Test Neubyral Tqannel Paradichlorobenzeny
Tunnel

Zinc Sulfate-Injiacted

Pre-ianjectlion

W
(W)

32

Post-injection

0
O

Post-homing 15 12

Saline-1r‘eched

Pre-ir.jection 35 36
Post-injection 12 8

Post-herxing 22 13




Table 6. Mean activity levels of zinc sulfate-injected
ard saline-injected mlce.

Treatment Time of Test:
Pre-T»jeccilon Joui-Inlectlion Post-Homing
deantse MeantSE Mean*sE
4nS0), 67.21210. 66 21.76*% 5.91 39.07F 7.54
(N=22) (N="0) (N=14)
Saline 69.15% 2.20 29.95% 6,01 55.61%10.35
(N=202) (N=20) (N=13)
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slgniticaently less than before injection (P 0.02 for
saline-injected and P4 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 seline-injected mice, but zinc sulfate-
injected mice showed a significantly greater activity
prior to injection than after homing (P=0.048; Table
6).

Duration of Anosmia

ive anosmlic mice were used in two consecutive
trapping neriods and, therefore, activity and olfacto-
meter results after injection in one trapping perliod
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 4did not differ significantly
from thelr activity level after homing at the previous
trapping period (Table 10).

Clfactometer 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 0.1l; 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.

Compariscor »f actlivity rcage and olfactometer

cezults for zinc suifate-injected mice in
two consecutive trappling periods.

34

Test Resuitg
Having iLomed
Trapping Pe~icd

Aiter

in

+ o .

~~~~~

Mean

l'est Results Before
Injection in
Trapping Period 10

Mean t SE

Activity Cagxe

36.00 T 11.11

Time Zpent in lMeufral

167.14 F

60.09

Time Spent

17.20 * 5.96

193.96 * u47.32

in th2 Parcdichlorobenzene Tunnel (seconds)

118.26 ¥ 71.24

55.52 ¥ 44,20




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.
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gffeccs of Variables

Experience

In order Lo evaluate the influence of previous
experience on "omlng success, mice ‘ere compared relative
te the followlng categori:s of experience: 1) no pre-
vious release on the study ar-a, 2) a j.evVious release
at the same release point, 3) a previous release at the

opposite release point and L) a pr » '8 reiease at both

-

zlease polints.
A significantly ures —r rercentage of all mice

Y

(combinad irrespective o Lreatment) that had been re-
Teagsed previously at ithe same release point homed than
mice that had never bu:n released previously on the study
area (P<0.00%1; chi square test; Table 8). The other
categories of experlier~e showed no significant homing
AifTferences; however, due .5 small sample sizes, signifi-
cance may not have been dotected.

The exwverience eifeci 'av then tested separately
for each treatment. Among lrnect mice only, & previous
release at the came release voint significantly increased tne
percentaze homing wh.n comvared to intact mlce with no
previous relenase or the siudy area (P<0.01l; chl square

test: fable 8). Mo other comparisons of exnerience in
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Table 8. Experience and treatment related to

the percent-

age 0of mice that homed.

Experience an/ Number Number Percentage
Treatment Heleased Homed Homing
Never Relecased Previously on the Study Area:

Intact £9 24 40.7
Blinded 15 5 33.3
4nS0y 14 5 35.7
Saline 19 10 52.6
Total 107 Ly 41.1
Releesed Previously at the Same Helease Polnt:

Intac* 14 12 85.7
Blinded 18 12 66.7
ZnS0y, .0 6 €0.0
Saline 5 L 80.0
Total 47 34 72.3
Released Provicusiy at Lhe Opnosite Release Polnt:
Intact 3 2 66.7
Blinded 3 1 33.3
L;I’ISO 1“’ 3 75'0
Saline 2 1 50.0
Total 12 7 58.3
Heleased Previously gt Soth Releace Polints:

Intact ¢ - _———
Blinded L 3 75.0
zSnSO4 2 1 5G.0
Saline 2 2 100.0
Total 2 5 75.0




intact mice were slgnificant, although some could not be
made because of a lack of mice with experlence 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
sgquare test:; Table 8) and intact and anosmic mlice com=-
bined (P<(C.005; chi square test; ‘l'able 8) showed the
same experience effects on homing as noted above. All
other experience comparlisons with these two groups showed

no significent homing differences.

Site of Release

Since the two different relesase 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 homiig success from
both points. Blinded. ans:nlco &ud sallne-~-injected mice
d1d not differ significantly in homing performances re-
lated to lecation of relesse. However, the intact mice
released gt B-2 homed signiflicantly better than those
released at K-11 (P< 0.025; chi scuare test; Table 9;
Figure 2). More specifically, o greater proportion of
intact mice that had never been released previously on
the study azea homel from B-2 than from K-11 (0.05<P<O0.1:
chi scuar: itect; Appencix A). The remaining intact mice

when comnarsd relative to their previcus release experience



Table 9. Homing Differences from the two release points
(a1l mice irregardless of experilence).

Release at B-2 Release at K-11

Treat- Number Number % Treat- Number Number %
ment Released Homed Homed ment Released Homed Homed

Intact 35 23 65.7 Intact 41 15 36.6
Blinded 25 15 6£0.0 Blinded 15 6 38.7
4nS0y, 11 4 34.8 Zns0y, 19 11 57.9

Saline 13 9 65.2 Salilne 15 8 51.8




showed no sigrnificant h ming dl erences between the two

release polrts.

Homing Comparisons Thrcugh Day shree 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 percerntages 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;
chl square test; Apvendix B), but no other significant
treatment differences were found (Figure 5).

When the experience effect on homing was compared
among treatments, a hisher proportion of salline-injected
mice with nc release exuerience on the study area homed
than bl inded mice of the same expesrience by days two
(P=0.1; exact test) ard three {(P=0.055; exact test;

Appendix B: Figure 6},

Pickarce

For eaca rouge the distance from 1ts center of
ctivI oy Lo bt release polnt was measured and ranged
tro. 95 Lo 2?7?20 meters. 'f'he relationshlip between distance
and homiug succese was determlined by noting the per-
centace of m'ce which nhomed at 20 meter intervais of

distence {(Tab e 10, Appendices C, D, E, F). 1o e’iminate
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Figure 6. Dally homing percentages of mice never released
previously on the study area for the six day
recapture period.
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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 Number Number Percentage
(meters) Reliesased Homed Homing
15-34 1 e 0.0
35-54 1 0 0.0
95-114 1 1 100.0
115-134 4 1 25.0
135-154 2 2 100.0
155=-174 1z 4 33.3
175-194 28 14 50.0
195-214 22 10 45,5
215-234 i u 23.6
235-254 18 26.7
255-274 7 4 57.1




e

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

)

For ccmpari

9]

on

Y

urposes, mice were divided into two
groups: with theoretical hceming distances less than 194
meters (the median homing distance) and greater than 194
meters. When data from the inexperlence ! mice were com-
birned (irrespecitive of trontmant) there was a higher
homing frequency at distances less than 194 meters(0.05<
P<0.1l; chi saguare test; Table 11}, but when each treat-
ment was tested separately, the homing frequenciles did

¢

not differ significantly between the two distance cate-
gories.
After release come mice re-established their home

range instead of homing. #With two mice, this resulted in

<t

heoreticel homing distances of 15 %o 54 meters (Table 10;

=8

Apperdix C) in a subseguent trapping period.

Svurvival

s ————— P A

Survival wes measured by .h+ namber ¢’ mice recap-
tured on or after day six »f the recapture period. When
the treatmen.s of mice were compare’ “or survival abllity
over the six dey recaptare period, survival was signifi-
cantly hiszher among intact mfcz *han blinded mice (P<0.05;
chi sguare test; Table 1.2), but no s'gnificant differences
among other treatments were found.

Zxperience at tha release polnt had no signficant

effect on survival when animnals of the same treatment, but



Table 11. For each treatment, the percentage that homed
less *than 194 meters and greater than 194 meters
{all mlice never released previously).

Less Than 1924 Msters Greater Than 194 Meters
Treat- Number Nurnber Percent-|Treat- Number Number Percent-
ment Released zZomed age ment Released Homed age

Homing Homing
Intact 22 12 5.5 Intact 37 12 32.2
Blinded 8 3 37.5 Blinded 7 2 28.6
4nS0), 6 3 50.0 énSOu 8 2 25.0
Saline 13 7 532.8 Saline 6 3 50.0
Total 59 25 Lz.L ‘Total 58 19 32.8




Table 12. Survival of intact, blinded., zinc sulfate-injec-
ted and saline-injected mice for the six day
recapture period (irregardless of experience).

Trapping Numher Numher Percentage
Period Released Jurvived Survived
Intact
2 2k 17 70.8
3 30 26 86.7
8 G 7 77.8
9 7 3 42.9
10 6 2 33.3
Total 76 55 72.4
Blinded
L 20 12 60.0
5 20 3! 40.0
6 1 C 0.0
Total L1 20 48.8

Zinc Sulfeate-~-Injected

8 5 1 20.0
9 i1 10 50.9
10 1a 12 71.4
Total 30 21 70.0

Saline-Injectied

6 6 2 33.3
7 2 1 50.0
& 6 L 66.7
¢ 11 S 81.8
10 3 2 66.7
Total 28 18 64.3




Li%;

different experiences, were compared (lable 13). Sample
sizes were zmall in some experience categories, and although

differences may have existed, they were not evident when

tested.
Age
Mice were categorirzed as adu tas, subadults or juvenlles

according to pelage coleoration. A juvenlle had a pre-
deominartly gray pelage; = subadult had a gray, dorsal band
with brown Zateral bands and an adult had a predominantly
brown pelage. Most of the mice 1nvolved in the experi-
ments were acdults; therefore, few comparisons could be
made w th other age classes. Where comparisons were
possible (adults of all “reatments, and intact and blind
subaiutits. . rno significant homing differences between age

classes or between treatments within the same age class

2]

were noted (Table 14).

Sex

S

When the homing performence of all males was compared
to that of all females, no significant differences were

noted for any treatment (Tablels).



Teble 13. Treatment and experlence related to survival
(A=never released previously on the study area,
Bzrelessed previcusly at the same release point,
C=releaszsed previously at the opposlte release
point, L=released previously at both release points).

Treatment and Number Number Percentage
Experiencs Re leazed Survived Survived

Intact

A 59 39 66.1

B BRE 13 92.9

c b 3 100.0

D 0 _ ————
Blinded

A 16 & 37.5

B &6 G 50.0

C 3 2 66.7

D L L 100.0

Zine Sulfate~Iniected

A 1 9 64.73
B B € 650.0
C 100.0
D 2 pa 100.0
Seline~Injectad
A 1S o 4.4
B 5 ;*L 80.0
C z 2 100.¢C
D % v 100.0




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

Treatment Age Number Number Percentage
Heleased Homed Homing
Intact
Adults 66 34 51.5
Subedults 10 L 40.0
Blinded
Adnlits 33 17 51.5
Subadults 6 3 50.0
Juveniles L 1 100.0

Zinc Sulfate-Intucted

Adutts 20 15 50.0
Saline-Inieciec
Adults 28 17 60.7

college



Table 15. Homing performance of meles compared to females
(1rregardless of evperience).

Males

Trapping Number

Numvper Percent-

Females

Trapring Number

Number Percent-

Period Released Homed age Period Released Homed age
Homed Homed
Irioct | Intact
2 10 2.6 2 5 2 40.0
3 23 7o 73.9 L3 7 3 b2.9
8 A 1 16.7 ! 2 L 1 25.0
10 4 1 5.9 | 10 2 1 50.0
Total g6 31 55.4 | Total 20 7 35.0
3linded § Blinded
L 17 10 £2.8 i s 3 2 66.7
5 13 8 550 .5 6 1 16.7
6 o - e L6 1 0 0.0
Totsl 30 18 60.0 | Totsl 10 3 30.0
Zine Sulfate~-niccted Zine Sulfate-Injected
3] I 0 0.¢ S! 1 0 0.0
9 L 6 ¢ 5 R 60.0
10 10 £ Dl 10 4 2 50.0
Total 20 10 2.0 Totel 10 5 50.0
Sallre-Intachec Saline-Injected
A 2 0 0.0 6 L 2 50.0
7 0 - ———— 7 2 0 0.0
8 5 2 LC.n 8 1 1 100.0
9 t‘ 6 '[.}5-9 (9% 9 3 3 100 . 0
10 3 3 2.0 10 0 - ————
Yotal 18 11 6.1 Total 10 6 60.0




DISCUSSION

The results of this study showed that neither loss

of vision nor loss of olfaction in Peromyscus.léucopus

noverorecengts nhad signlflcant effects on the frequency
of hoaing comares to intact and saline-injected controls.
Cecuparable stucles with small mammals are almost non-
existe :t, exccot for the studies by Cooke and Terman
{1975} an’ Snevpe (1965) discussel in the introduction.
Toth visicn and olfactlion have been shown to have
lmnertant roles in rnormal growth in adult male rats
(Sorrertiro ¢t 21. 1971), in ratinz behavior in male
rats {Larssorn 1572, and in the aroucsal of intermale
aggressicn in mice (Haug 1971, Edwards et al. 1972,
Jones and Nowell 1973). They alsc are important in recog-

nition 2f tasrritosrial boundaries »y Mus musculus (Mackin-

tosh 19772, nd gerblls, Meriones anpuilculatus (Thlessen

\

and Lawber 1972), as well as in territorial marking in
gerbils, ¥. zn.vioculatus (wWallen and Glickman 1975,

Thiessen et s1. 1971).

0!

in

(@)
G

both vision and olfaction are important

senses, bHut since nelther blindirg s@lone nor anosmia alone
dlsrupts honing, perhaps there 1s a compensation factor
involved in the homing of small mammals, as Dole (1972a)

and Grubd [(1977) have suggesied for amphibilans. Luprivation

<2



of sight mav bLe compensated for by utilization of clfac-

tion ancd vice versa. The next step in the study with

Percrmyscus, then, 4s to eliminate both vision and olfaction

It 1s possible t:is. 1n this stady the mice were
reléased in an .28 wii» whick _ney ha.l become familiar or
impr' nted caringe wventle Slopaersal and/or by spontaneous
movements ou%t of - :"» no a2 range, as Layne (1957) and
Debusk end “anrerly (._975; have suggested from other

studlie

Ui

Thne slze ot the nome rang: of P. 1. noveboracensis

is approxiwarel; (.25 to 0.8% a -—:¢ (Blalr 1940, Burt 1940,
Ruffer 1945 ., Thae w2rex2 cr Lsiyg distunce is 53 yards
(bB.& re~evs) {curt 1940) ard the approximate distance

of juvenile “:-e. &l i frem 167 to 300 meters (Nichol-
gson 19%41). Sgontan-:ous zmovements out-ide the home range

have buen sh.ow: to oo22r by Murle and Murie (1931), Blair

oY, Luoard o9l Y el Stickel (1968). Thus while

(1

\C

homirngs, =~nvir.raental cues could have been percelived,
rementeres and followed (Griffo 1961, Murie 1963, Furrer
13720 .

If familiarity of a 1life range 1i1s involved 1n success-

-n remcry cof the necessary cues and the

H
o
b
o
H
]
o
m

per.anence <f cues 1s very important. Griffo (1961)
shoxed tha*t P. goisypinus after having successfully homed

and heling he’d In captivity for 12 weeks showed no decline

in hom’ins uccese, but how long memory lasts in P. 1.



Ihe i~voriar..e of area Frullliarity to homing has

been recently shown by Furrer (.972), who found that P.
manicilatus when releaser c¢utclde of the 1life range were
disoriented. Further, le2usk and kennerly (1975) con-
cluded from their moning studlies of the cotton rat (Sigmo-
dor hispiduc) tha. homing Ir unfumiliar territory may be

by navigabticr. or sgizpie wandering, but nelther means was

gdegr tely demonsiraied Ly TZhe'r study, nor in the

precen. <tudy.
T ~zrience at a rele =e point increased the per-

centage of mice t=nat 4o -ed, probably due to improved
orientati »n by greater fomliliarity with the area. However,
rrevious relie¢is2s at the cppusite release polnt or both
Ints 414 ot sluaificartly improve homing,

bu*t tre sample .ize wss p rhaps ‘oo small to detect
Ticance. Tmnroved howing with experience was found

in reropvsc- s ‘Murie 1963, Fuirer 1973) and in Microtus

ine exrorferce effect wasg more evident in the homing
of intact ar. seltne-'n% -ted mice when thelr combined
data wepe coupared Lo that from bl! .4 and anosmic ani-
mals comvived., Blind and anosmic mice were unable to use
ther viszval or olfuctory cues, respectively, for homing;

and this hindraence may have de’ z2ted the advantage of

O

pirevious experlience, since certalin previously learned cues
conuld not be utllized. When all of tne separate treat-

ments were compared, only the Intact, experlenced milce
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i

showed a significanily srezxter homing frequency with exper-

[

ience. However, saline-injlected controls, having both visual

s}

and olfactory senses, aligc shoula have shown significantly

I

better homing with exrerience; although, because of small’
sample sizes, s’ gnificance may not have been detected.

The et

o)
( )

mge of 1nexperienced, intact mic:2 that
hcomed was lass trnan Tthat T inexperienced anosmic mice
uritll day four e " Ler releass, so desplte the lower actl-

ity level of anc ic =mlce in the zctivity cage, homing

e}

T
[
)
}.—b
Y

3
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o
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did not seem .
A 3 gnif cantly lower osercentsge of lnexperienced,
blinded mice + ed :rmoared to inexperienced, saline-
injec:® mize »; ceys Two and tauree of the recapture period.
vercentaze of inexperienced, blinded mice
that homed durinzy the first three days of itne recapture
phase was wlso lower than the other treatments, although
not z. . grnificartly. Ferhaps this 1s explained by the 1limi-

tirg el 7Tec  of Ylindness, even thouzh the ultimate percent-
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fferent for any treatment.

The . leagse polint K-11 in the present study lies

)

o , .
S 667 w of releamse . uint B2 (Firsare 2). Results showed
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homed signlficantly Tetter fron east to west than from
west to cunt, Blind and saline-injected mlce also showed
better henming from east to west, but anosmic mice showed
beitter homing from west to east; in these treatments,

tholgh, %2 7Liflfserences were not significant. Ffurther,



there were ne differences LUetween the two release polints
resarding Lre Jdlstances mice were required to home.

The prevelling vind direction for approximately seven
hours after 1elease cn c.x of the nine release days was
from tne nortrwest, wes: or southwest (Table 16) (excep-
ticrs were troopping roriods two, six and ten). Thus,
all treabtrerin ayxcept aronmic may have oriented by odors
transferred by Tile Winuas. ihere may be a limited amount
of wind =severzl Ccontimefers from the ground in the under-
growtlr. Lt vernhans trhe seo. -=rooreal exlstence of P. 1.

novesorscereie {Baker 1968) facilitated detzrmination of

long cdilstance ¢l actory cues, if such a phenomenon

exist

m

Soming suctess related to alrection was 1lnvestigated
for Trapping periods two and ten in which the wind direc-

tion » from the northeast and the southeast. From the

£i

previous - ugzmcetion of wind borne odor orientation, it

would v~ exvected that homing success during taiese trap-
pirg perlods woold e greater from a west to east direc-
tion: no.zver, the freguency of inexperlenced saline-
injected, irftact ard blinded mice that homed was still
greater~ from Lt 2 east to west (Table :7, Table 18).
As & further test of the influence of wind direction,

the freguency of homring against the wind was compared to
that in the cagme direction as the wind. For intact,

brinded and salline-injected mice combined, wind direction

had no significant effects on homing. Thelr frequency



Table 16. Prevailing wind é.rection for seven hours after
the release of mice on the release day (from
the Ft. Bustls Meleorcloglcal Station).

LYrappling Disle of Wind

Period selease Direction
2 July 2¢, 1974 SE (150°)
3 August 14, 1y 4 SWw  (210°)
L August 29, 1974 sW  (220°)
5 Sepienber 17, 1974 Nw  (280°)
6 November 13, 974 Calm
7 December §, 1974 NWw  (330°)
8 August 4, 1975 SW  (200°)
9 Auzust 16, 1975 SW (230°)

10 September 18, 1975 NE (80°)




Table 17. Homing success from release points B-2 and K-11
related to wind directicn (inexperienced mice).

leleased at 3-2 leleased at K-11
Number Number Fercentage Number Nu.aber Percentage
helzased Homed Homing Helweased Homed Homing

— s

wind Direction From the Northwest, West and Southwest:

Intact, B2linded and Saline-Injected

26 14 53.8 31 9 29.0
Zinc Sulfate-Injected

5 C 0.0 8 b 50.0

Wind Direction From the Northeast and Southeast:

Intact, Rlirled and Saline-Injected
15 10 6€.7 16 5 31.3
Zinc Sulfate Inlection

0 - - 1 1 100.0
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Table 18. Homing success of inexperienced mice homing
with the wind and against the wind.

Number Number Percentage
heleased Homed Homing

Homing With the Wind:

Intact, Biinded and Saline-Injected:

46 19 41.3
Zinc Sulfate-Injected:

8 b 50.0

Homing A. inst the wl d:

Intact, Blindel and Saline-Injected:
L2 19 4s.2
Zinc Sulfate-Injected:

1 16.7
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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 1= no evidence

to show orientation by wind borne odors.

Saint-Girons and Durup (1974) suggested that bank

~
(@]
]

<t

voles lethrionomys glarecius) and ield mice (Apodemus

sylvatic.s) were alded 1n homing a distance of 100 to 130

meters by olfactory cues coming from the center of acti-
vity, since the wind direction was constant during the
entire homing study. Salnt-Girons and Durup (1974) also
found that bank voles (C. glareolus) homed better from

e north to south and from a south to ncrth direction than
elther east to west or west to east. Therefore, because
homing directions were different in Salint-Glrons snd
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 P. 1. noveboracensis showed no significant homing differ-

2nces due to directilon, but wind dirzsction was not examined.

Uther means of orientation have been suggested, such
as by acoustical cues, which was possible in this study
cince a highway lies to the east of release point B-2

(Figurel, Figure 2). Saint-Glrons and Durup (1974)



suggested the possibilicy of homing by acoustical cues
because of the existernce of a highway near their study
area. Dole (1972b), nowever, found trnat deaf leopard

frogs (Rana piviens) were still able to orient homeward.

Topographlcal featur:s have been known to act as
barriers to homin., such as a small stream (3 to 4 meters
wide) (Savidre 1973) and a canal (Furrer 1973) in P.

leucopus and P. manicuia'us, respectively. These studles

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 elitner direction. However, the
homing of anosmic mice on".y was reduced suggesting that
the variatles of topography and sound were not differential-
Ty effective. rurther investigatior needs to be done to
discover the reasons for the directional differences in
homing.

In this study, mice homed better from distances of
194 meters or less (tire medlan homling distance) than from
distances greater than 194 meters. Results previously
obtained by other workers such as Bovet (1972), Furrer
(1973) and Debusk and Kennerly (197S) also showed that
over distances of approximately 70 to 1970 meters a
decreased freguency of returns occured with increasing
distance.

Previous studles have shown a rapid rate of homing

in intact small mammals. ‘Yhe exact rate of homing in



this study 1s not known to the exact hour, although some
mice of each treatment hoxcd over 200 meters (some over
275 meters) between the time of release and the time of
the inspection the next morning (approximately 14 hours).

Among Peromyscus the following rates have previously

been shown: 3200 meters in 48 hours (Murie and Murie
1931), 30 meters ‘o elpght hours (Murle 1963) and 300
meters in two hours (Grifio 1961).

The results of the present study showed that survival
was significantly higher in intact mice than blinded mice,
while anosmia did not adversely affect survival. Webster
and webster (1971) found that both vision and audition
played significant roles in the survival of the kangaroo

rat (Dipodomys merriaml); however, Cooke and Terman (1975)

working with P. 1. noveboracensis showed no significant

survival difference between intact and blinded animals
for the seven days studied.

Adults and subadults showed no significant differences
in homing, althousrh since mostly adults were tested,
comparisons were limited. Other studies have shown that
older mice homed bYetter than younger ones (Griffo 1961,
Murie 1963 and Hobinson and Falls 1965).

No differences 1n homing were found between males
and females in the present study. Furrer (1973) found
that females tended to home better than males over distances
greater than in the present study, but at shorter distances

no clearcut difference betwesen the sexes was found. Murie



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

The procedure and proof of anosmia 1n P. 1. novebora-
censls were ilmportant aspects of this study. Olfacto-
meter results showed that iIntact mice before injectlon
and saline-injected mice after homing discriminated between
the negative and neutral odors, but mice injected with
zinc sulfate 4id not discriminate after having homed.

The peripheral anosmia procedure seems to have a
very treumatl - effect on the mice. Besldes a high mor-
tality (.0 to 20%) at the time of injection, the olfacto-~
meter results of both anosmic and sallne-injected mice one
day after injection did not demonstrate odor discrimi-
nation. Thelr 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).

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

When tested after homing, the saline-injected mice



had regalned thelr previous activity level, but anosmic
mice still had malntained the lower activity. Since homing
of anosmic mice was not significantly different from either
saline-injected or intact wmice, tnis decreased activity
appeared not to hinder thelir homing.

It is bewlildering that the homing percentages of
sAaline~-injected mice were nischer 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-injected mice shculd be the same, perhaps the
saline-injection increased the sensitivity of the olfactory
cells.

An alternate explaration may be that intact mice
from trapping periods eight, nine and ten had less know-
ledge of the study area trnan 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. Sallne-injected mice
may have been 1In residence longer. Strong evidence for
this possibility is the fact that the proportion of salline- °
injected mice which homed was almost identlical to that of
the intact mice during trapplinz periods two and three
(Table 2).

In this experiment the activity levels of blinded
mice were not tested; however, C'Hara and Dyer (1974)

found that blind gulnea pigs 1n a closed fleld were more



active than normail guinea pigs. Lliike 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 anosmla lasted for
at least nine days after treatment; however, the exact
duration cannot be determined from the present data.
Using a 5% =soclution of zinc sulfate, anosmia has been
shown to last from two to at lea=t 14 days in hooded rats
(Alberts and Galef 1971), four to five days in female
rats (Mayer et al. 1975) and at least seven weeks in
albino mice (Vandenbergh 1973). Edwards et al. (1972)
using & 4% solution found that anusmia lasted four to six
days In hamsters.

Five znosmic 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 beglinnling of the next consecutive trap-
ping period. By this time, however, the sense of smell
may have returned because mice spent less time in the
paradichlorobenzene tunnel of the clfactometer. Two
zinc sualfaie-injected mice when tested 32 days after
injection, however, did not discrimlnate between the odors.
More studies need to be conducted and better tests need
to be devised Lo accurately indicate the actual duration

of anosmia in Peromyscu:.

Histoioglcal studles have given additiona. evidence
for the duration and the effectiveness of the peripheral

anosmia procedure. The normal oclfactory epithelium 1s a



pseudostratified arrangement of three cell types: olfactory
Or sensory cells, supporting or sustentacular cells and
basal cells (Matulionis 1975, Schultz 1941, 1960 and Smith
1938). Irrigation with physiological saline (Smith 1938)
and distilled water (Matullonis 1975, Schultz 1960) had

no histological effect on the epithelium; however, different
degrees of destruction of the olfactory eplithelium occurred
followlng lirrigation with zinc .ulfate, rangling from:

1) a surface alteration affecting the aplcal parts of the

a1 &£

olfactory cells and supporting cells, 2) necrosis and

g\

sloughing of only the clfactory cells or 3) extreme
daegenerution leading to sloughing of the entlire epithelium
(Matulionis 1975, Smith 1933, Schultz 1960). 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, 1t took 42 days in
the former and 72 days in the latter strain for completely
normal eplithelium to be restored.

Matulionis (1975) found that when zinc sulfate did
not make contact wlth areas of the nasal cavity, the
olfactory epith: lium remalned relatively undamaged 1in
isolated areas, or 1f contact time was too short then
lJittle or no etfect was produced. However, his method of
producing anosmia cculd explaln 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 thar that which Matulionis (1975) found.

M:-tullonis suggested (1975) that the reasons for
varinoility In re.ceneration time and differences 1n the
reactivity to tnhe zinc sulfate between different strains
of mice was due to genetic determination. Thls possi-
bility, as well as the different methods of peripheral
anosmia used by differ~nt workers might explaln 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 studies
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-11 (A=never released previously
on the study area, B=za previous release at the same
release polnt, C=a previous release from the opposite
release point and D=a previous release at both release
points).

Release ot B-2 Release at K-11
Treat- Number Number % Treat- Number Number %
ment Yeleased Homed Homed ment Released Homed Homed
Intact:
A 25 14 56.0 A 34 10 29.4
B 8 7 87.5 B 6 5 83.3
o) 2 2 100.0 C 1 0] 0.0
D 0 -~ -—— D 0 - -_———
Blind
A 10 5 50.0 A 5 0 0.0
B 11 7 60.8 B 7 5 71.4
C 2 1 50.0 C 1 0] 0.0
D 2 2 100.0 D 2 1 50.0
Zinc Sulfate-Injected:
A 5 0 0.0 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 0.0 D 1 1 100.0



Release at B-2 Release at K-11

Treat- Number Number % Treat- Number Number %
ment Heleased Homed Homed ment Heleased Homed Homed

Saline-Injected:

A 9 6 66.7 A 10 L L0.0
B 2 1 50.0 B 3 3 100.0
C 1 1 100.0 C 1 0 0.0
D 1 1 100.0 D 1 1 100.0
Sum of Intact, Blind and Saline-Injected:
A Ly 25 56.8 A L9 14 28.6
B 21 15 71.4 B 16 13 81.3
C 5 L 80.0 C 3 0 0.0
D 3 3 100.0 D 3 2 66.7




A

APPENDIX B

Daily homir; percentages for the six day recapture period.

Treatment and Days
Experience 1 2 3 L 5 6

Total Mice (Irrespective of Experience):

Intact N=76

# Homed 1€ 10 b 3 3 2
Cumul. # 16 26 30 33 36 38
Percent 21.1 34.2 39.5 L3.4 L7.4 50.0
Blind N=40
" # Homed 12 I 1 1 0 3
Cumul. # 12 16 17 18 18 21
Percent 30.0 40.0 L2.5 45.0 45.0 52.5
Zinc Sulfate-Injected N=30
# Homed 8 L 3 0 0 0
Cumul. # 8 12 15 15 15 15
Percent 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 17
Percent 35.7 LY 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 13.0 27.1 32.2 35.6 39.0 40.7
21ind N=15
# Homed 3 0 0 1 0 1
Cumul. # 3 3 3 L L 5
Percent 20.0 20.0 20.0 26.7 26.7 33.3
Zinc Sulfate-lnjected N=1U4
# Homed 3 1 1 0 0 0
Cumul. # 3 L 5 5 5 5
Percent 23.1 30.8 35.7 35.7 35.7 35.7
Saline-Injected N=19
# Hdomed 5 4 1 0 0 0
Cumul. # 5 9 10 10 10 10
Percent 26.3 Lo.4 52.6 52.6 52.6 52.6



Treatment and Days
Experience 1 2 3 4 5 6

Previous Helease at the Same Helease Point:

Intact N=14

33 Homed 7 2 1 1 1 0

Cumul . # / 9 10 11 12 12

rercent 50.0 o4.3 71.4 78.6 85.7 85.7
Blind N=18 s

Homed 8 1 1 0 0 2

Cumul . # 8 9 10 10 10 12

Percent Ly.y 50.0 55.6 55.6 55.6 66.7
Zinc Sulfate-Injected N=10

# Homed 4 0 2 0 0 0

Cumul. # L L 6 6 6 6

Percent Lo.0 4o.0 60.0 60.0 60.0 60.0
Saline-Injiected N=5

# Homed 3 1 0 0 0 0

Cumul. # 3 l b 4 L 4

Percent 60.0 80.0 80.0 80.0 80.0 80.0

Previous Release at the Oppesite Release Polint:
al PP 417

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 33.3
Blind N=3

# Homed 0 1 0 0 0 0

Cumul. # 0 1 1 1 1 1

Percent 0.0 33.3 33.3 33.3 33.3 33.3
Zinc Sulfate-Injected N=4

Homed 1 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
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Treatment and Days
Experience 1 2 3 4 5 6
Previous Helease at Both Helease Points:
Intact N=O0
Blind N=4
Homed 1 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
zinc Sulfate-Injected N=2
# Homed 0 1 0 0 0 0
Cumul . # 0 1 1 1 1 1
Percent 0.0 50.0 50.0 50.0 50.0 50.0
Saline~-Injected N=2
# Homed 1 1 0 0 0 0
Cumul. # 1 2 2 2 2 2
Percent 50.0 100.0 100.0 100.0 100.0 100.0
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APPENDIX C

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

Distance Number Number Percentage
(meters) Released Homed Homed
15-34 1 0 0.0
35-54 1 0 0.0
95-114 1 1 100.0
115-124 L 1 25.0
135-154 2 2 100.0
155-174 b 3 75.0
175-194 9 5 55.6
195-214 13 L 30.8
215-234 10 3 30.0
235-254 9 3 33.3
255-274 5 2 40.0




APPENDIX D

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

Distance Number Number Percentage
(meters) Released Homed Homed
155-174 L 1 25.0
175-194 L 2 50.0
195=-214 2 1 50.0
215-234 1 0 0.0
235-254 3 0 0.0
255-274 1 1 100.0




APPENDIX E

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

Distance Number Number Percentage
(meters) Released Homed Homed
155-174 2 0 0.0
175-194 4 3 75.0
195-214 L 1 25.0
215-234 3 1 33.3
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
155-174 2 | 0 0.0
175-194 11 7 63.3
195-214 3 2 66.7
215-234 0 - ————
235-254 2 0 0.0

255-274 1 1 100.0
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