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ABSTRACT

-

. » - ﬁ . o
Columbian pround squirrelsa‘L{'rmuznzlu“ 007umazauu R 11ve in .
social groups in which blfaution scems Lo play an 1mportant role 1n

maintaining group and- territorial 1ntegr1ty In this study | 1nvest1gated

‘sedsonal varlatlons in svtretury nctlvitv of integumontdry tlands and S

2

- scent mnrking hchayinr, emphasizinu-adult males. J

Histolotital examlnatlon of suspocted 1ntegumentary gland sltes
r<vealod apocrino-tvpe secrotory glands in the oral angle, the anal

‘reg1on, and a dorsal gland field composed of approxlmately 60 lndividual

\
glands. Sebaceous glands were absociated wlth hair follicles on the

entire body_but those near duets frOm‘the underlying apocrine glands—in

‘the oral and dorSal reglons were larger. Anal glands consisted of a
combination of apocrine and sebaceous glands not: associated with hair'
i, : . .

jfollicles, located in rctractable papillae 1ateral and ventral to the

. anuS. . L ' : e
T i 5 , A : . e N
becretory act1V1tv of apocrlne glandq 1n the oral and dorsal '

¢

.reylons peaked dur1ng the b;eedlng season in adult males and durlnp the

N prognancy—IACtathn perlod 1n‘adult females.‘ Frequency of Scent marklng

'1n males” ‘was max1ma] dur1np the breeding season when territorial

behav1or4wa5'most.V1gorou5.’ Durlng thls tlme aduft males excluded other'

. . . . ’{'al :

: I ‘

! umdles from a Lerritory that usually encompassed two or three adult
. K v N “ "

o females. Mprklng by adulL femdles was obberved 1nfrequently although

£

: 1ncreasos were noL(d durlﬂk thc pregnancv lnctatxon porlod whon a slnkle o (:i
4 . . . . . e . . . e " . o

hurrow in whlch th(lr young are. reared is thended*

R



\ o | .
! Secretory-activity of oral and dorsal glands increased
. . : ? . : .

2
3

sipnificantly in adult males after teStosterone—propionnte was

. ! , T : - o - o A
- administered. " In a controlled dxperiment, scent markinp and aggression

e

“pland activity.

were higher after iniectioné of this hormone. A sirnificant positive

.

correlation found hotwoen tostos weipht andggarkinp frequency indicateq

that testosterone may influence behavior patterns as well as integumentary
- T . =

~

The dominant animal of pairs of maleq in cuptiv1ty marked more

freqnentlv than’ qubordinates. When-a.reversal in.dominance occurred

.

after the sdhordinate received~testoéterone injections; the former

_ co S L : 3 N
dominant malefs marking decreased‘and the former subordindte's marking

_ increased both qtpnificantly

~

Sharp increasas in marking and aggression in adult males, based

on field observations, coincided w1th cmergence from hibernation of

adu]t females. In a controlled experlment designed to investigate these

poss1hle correlationq the presence of a reproductively active female

was accompanied hy siynlflcantly hiyher levelq of aggreSQion between two
V4

4 j 7 o
rival males Al»o, qignlficant Jncreaseq in marking were reco ded for v

. 1du1t maleq in both the preqoncc (scparate]y) of another adult male and

’a,(cmale.

¥

.',.'

o~

L v Theae dnta suggeat that 5oent marking 1s cloqely aqsociated with

. \\

. . . ‘ - , o L
terrltorlal hehav1or and accompanying aggr9551on. In males, the presence

[y

1*of adult females (reproductively activez/ﬁay elicit marking and ? :,'h‘

N

Lerritorial béhavior, posqibly beCauqe a male ‘s reproductive fitness is

e RN

_:cnhanced by a fema]e s preqence within hlS terrilory Marking and idi }3

l.. e

' »fterritoriality seem to have a maternal component of motivatlon in females.:~-'“

VA SR



. v
Motivation and control of scent marking and the involvement of
. . ' .' : Yo ) K ! X . ’ . ’ .
scent in the social struoture .of this §pecips are discussed. Integration
of scent with other éomﬁuqication modalities utilized by 5. columbianus
o . ] . R

is also considered.
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INTRODUCTION ' fr o .

> * -
Vertebrate communication has evolved alonp several lines in order

to meet, within limits, environmental and sotial demands that confront
: . [ X .

a species. The olfactory mode 6f communication, used by most mammals. to

. osome extcht,‘hus_ndvnntar(wb:nul(lisudvantaﬂvs depending on theé situation
N : '

in which it is employed (MVkvtowyvz 1972) . - As would bo expettod, : “

oifact;on is used cktensi$eiv by nocturnal aniaals but is alqo part of
the signallinp repertoire of gregarious and highly social dlurnal |
“.animals which alqo use other modes. of communlcation extensively. nghly
socialianimals may require more communication modaiities to -maintain some
~fdegree of stability 1n eemplex social-aystems;-thus, elfaction mtght'
have become an ihtegral,patt.of4thcirvc?mﬁdaieatiqn:eystem;
"Recent;stddies of mammalian olfactery commuhieatien have"revealed
qpeciali7ed integumentary plandq in most mamﬁalian erders (Muller— |
&chwarze 1967) and in some‘instanccq, beaavior.patterns that appear to
E ge aqsoc1ated with potential sites ot scent, productlon have been o
described. ‘When these potential 51tes>wete exaﬁlned histoiogleally two .
- main typeq of seent producing plands were found holocrine sebaceouq and

S : .
' apocrlne sudoriferous (Mykytowycz 1970) . 5 :’ . ._”._"'j . o

Y . . .
‘ﬁarly 1nvest1gators,regarded,scent marking as territbrial' butlas.'

. : 1 . .
-behavioral- 1nformation accumulatedvother fuﬁctions were suggested and the |
terrltorial function was de empha517ed somewhat However, in recent."U
_ roviewq of scont marking Eeth Rdlls (]971) and 105ns0a (1973) state that

the asq0(1atinn of markinp with apg ossion dnd domlnancv is suggestlve of

threat or, torritnrill motlvation f.i L R f "", 1 "Htl i” -

o a.\\\ B



v

Seasonal patterns of integumentary gland activity have hgen

reported in some mammalian species (e.g., rabbits, Mykytowycz 1965,

1966a, b; water vOles; Stoddart 1972{ grey sQuirrels,‘Taylbr ]968), but

prior histological studies of the integumentary glands of the genus
Spermophilus have been limited -to description only (Hatt 1926, Sleggs .
1926, Ouay 1965)., _

% v 7 ¢

'Researchers have dPS(rlhOd hehav10r patterna that suggest -the

presence of scent communicatiou in several.North Amvrican sPeCies of-

ground squirrels and’ have .sometimes speculated on scent funetians (efg.,
- . / ‘ ‘. -. . . . . . - : . :
S undulatus, Watton and Feonleyaide 1974; 7. armatus, Balph and Stokes

. 19635 5. beecheyt . Linqdale 1946 etc.). Fv1dence that olfactory

communichion may be as vital as the more frequently stndied visual and
auditory Qignalliny syetems hé% been shown in an extenqive behavioral
study of the Columbian ground equirrela by Steiner (19703, b, 1973
1974).' He described several-scent—rélated-behavior patterns in this

anfﬁel s complex social systcm and emphasized the likely importance of

an

olf ction in this qystem

e _ ‘
The Columbian ground qquirrels (Spermophtluu columbzanus \»;

toéhmbLanur) qeemed particularly well quited for a study of olfactory

communication in a c0mplex social system because of the: available Y
S
information on the behavior of thiq species,/their relative abundance,

_ and their observability

Because of the paucity of available information on the
MRS

. §> ‘ S ' |
integumentary regions involved in- %cent producgion, my first objective

was to 10cate the integumenu reytons thnt contained glandq with a
; R

pottntinl for scent production and then ‘to determine if theqe plands

'ﬂ oxhxhitcd seaqonal var1atlon% Noxt specific behqviors that 1nvolved

Y

A



. ’ N

\

scent were examined and related to pland activity.. Emphasis was placed .
on scent marking hy the adult malcés and the role of scent in-this

species' social system. Along with field obsvrvatidns,léxperiments _

‘were conducted to relate behaviors that invelved scent.to social

4

interactions.

Y

The field portions of»this-stndy:were conducted,in'the Canadian

Life Zone telev. 1500 m)'on the ‘Hiphwood Rivey dtaihage. This area 15

located in the Rocky Mountain Foothills 46.kilometeré‘weat of Longvie ’

C ey

S

in southweatefn Alberta (114° 39" W, 50° 23" N)-. . 'n.;_ o

In this area 5. columbianus lives in social‘gronps several of

‘which make un large continuoué colonies7in flat graSSy areas and on

..:gentle slopes that "are mainly devoid of treee ‘ Oncéteeper alopes:and'in‘.

more heavily treed areas some proupq are qeparated spatially by 25 to

75 meterg The structure of a social group was variable, both

s qpatially and seasonally, bué usqally consiéted of -one adult male,, two

.-" .

to three adult f”males, several yearlings, and young‘of the year

Most of the animals that were taken for histological analysiq and

[

“i.all general behavior and scent marking data were. collected within a; two—."

'kilometer-radius; :This.was done to make data.comparable.on a'tempogal

;

o baqis and to ensure that only one. population was” sampled

Tield data for this qtudy were. collected during the . aprlng and
r?.v

summer of 1972 (sprlng emergenco, Apr11 27, until hibefnation, Auguet 12),-

I

'the spring of 1973 (spring emorgence, April 18 to May 28), and for one f;{;..

"_'week in the early qprlny-of 1974 (Aprll 12 to April 16)

I3)

Controlled experimenta were. conducted at The University of

v
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'fKolmogorov—Smirnov Test for Normality

Rohlf (1969)

'STATTSTICAL PROCEDURES.

Data:that were amenable to statistlcal'analysls were treated'i C M

with several dlfferent %Latistital tests as suggested by kokal and ' » S
. R . 3

a

Analsts of Variance and.the."t"Atest.were;applied to gland -

characteristics that were quantified, 'When significant "F" values were .~

2

found,iDuncan's Multiple Ranpe Test wsSJUSed‘to determine whichlmeanSq.

differed significantly. Whenever correlations are presented, Pearson's

14

,Correlation'Coeffiéients were used,tunless otherwise stated. Priorjto .

usinp parametric tests, data were checked for normality with the

Behavior data from the ?cent Marking and Soclal %tatus and Scenth

v

'Marking and Social Settlnp-ﬁxperiments wereutreated with,Analysis of

-

Variance and Duncan s Multiple Range Test. . o 'sQJ;

Chi Square was. used to test for signlficance in the Differentlallgl

. Responses to. %cent Stimuli Experiment. A 1: 1t l goodness of fit to Chi

' Square was . used to compare responses ko different scer

' ‘postbreeding Fxperiments._ A 2 x 2 contingency.

v total marking in the breeding and E' b"’

o~

t and a 1 1

{

goodness of fit test to compare equivalent time int‘rvals in breeding and
able was used to compare :f’

{1 g‘periods.vtf- R
o

An Olivetti desk proPramma‘and AP!_rr'gri“s.run on'aniIBM1360;'

'“lzcomputer.were‘used The five percent probability leve' was selected as AR

."the.releCtion 1°V€1 for the null hypothesis ”f’: Dt fy-f»f« }ﬁf'
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ANNUAL CYCLE O_F'COLUMBIAN; GROUND SGUIRRELS

M though the life history of Columbian ground squirrels was

studied by Shaw (1924 l925a h, 1926a -c, and 1945) and by Manville (1959),

neither author’ described in detall behavipr patterns that occur in the.

‘ earlyAactive~Season (emergence from hibernation'through the breeding ;
season) To establish a time base for qeasonal variations in

2] : . ACERNS

integumentary gland activity and ‘scent marking, I describe here the N

) annual\cycle gf»Folumbian ground quirrels, emphasizing‘early season

.J

’behavior The dates used apply to observations I made in 1972 1973 and :f"'

N 1974, although there is no . doubt some year to—year variability ThiS«_'

description is based primarily, on observations made on. three adjacent

- groups ‘and also contains observations from several other groups in the E
immediate.area Methods used are’ described in the Field qtudies Section

h Adult male Columbian grOund squirrels emerged from hibernation
LY o
three to four days earlier than adult females ~On” the first day out of

hibernation males remained near the burrow entrance from which they
Aiemergedﬁ neither feedina nor interacting withﬂmales;in hdjaeentkareas o
(future territoriea) A : R | ks -_ i
During‘the :ubsequent three to four day period general activity
-:and aggression encounters between«males increased gradually Althought

1

‘>§ most encounters involved only broadside displays (see Steiner 1970b)

)' : Tl
across territorial bbundaries, a few chaaea and overt fighta were !}' ;Q~

A

observed Scent marking, which involves rubbing of the oral angle ;tiff

Y

o repions or a twisting movement that results in the dorsal gland field

4

dﬂ contacting the substrate, occurred infrequently during this period (see ?y*f“

1chnt Marking section and Steiner 1970a, 1974)

L

wowt T
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On th day (Apr11 20) - that adult females emergtd from hlbernation
within the burrow ﬁystems of the adult maleq }marked changes;were.notedko
in hehavior of the adult males. ‘Agonistic encounters took themform of.
.égQFQSSive male-male chases and‘frequent fjghté‘ééfoss Viggrously.r N

,’defended'territorial houndarles. 'Males inspected hurrow entrances and'i
mark’j prominent oh]ects during reﬂular movements throughout their

E ‘territory. Steiner (1970n) r(ferred to this behav10r as hurrow

l.atrolling.‘ Frequvncy uf seent markinp, prlmarl]y with: the oral gland

' in(reased flvn fold over the prOCPdlng day ?reetlnp hchavior among
r0up‘memhers,vwh\ch 1nv01vcs nnsnl7investigation:of thc.oral gland,_was_

als high at thls t1me (for dotails see Steiner 1970b) These patterns'

- of behavior w1th thelr aggrcssive overtoncs c0nt1nued over the next tWO
k" N . l! N . . . . N )
’ weeks.with‘the~£requency»of male~male encounters and.scent;markingf. '

h'gradually decreasing after the ffrst week
| Thé adult females were submlssive.and tolerant‘of both males.and k‘ - é
other females for approximately two.weeks.after their emergence from [... |
»'hibernation.' Duriny the early part of this:period breeding occurred.
L"hsMostffemaTvsxwere prepnant hy May l and Uhereafter became less tolerant .

“'ﬂfof other females, their g oup 's. dominant male, and neighboring males ;Vﬁ,gjr

P . oA
' By May 4 the preynant fcmales had moved away from central to -

mperiphgtal burrows, Usually gtill w1thin the same maléws territory.' Afuff
- R B )

'f7small territory (approximately five meters in diamet\;y which centered
uon a sinéle burrow was defended against all intruders including other

fgroup members until after their young emerged (June 20) Females o

\ . R
~

iofiappeared to be more agyresslve for three to four days after the first

'~}Jemergence of the1r young, but chases and occasional fig?&s with other

‘,females and with males soon became less intense A female s'



.-{.haggreas

aggressivengss townrd.thc male whose territoryfentompassed’her small

’. * \'

. territory was low in relation to her aggre%siveness.toward‘males in .
neighboring territories. Females chased.neighbdring males for long

distances’(lS-ZO m);'however, if her\group‘male trespaesed“on‘her
‘territory:the chase.covered only‘onevor two meters. k‘
Seent‘markinﬂjhyvterritorial femalee~kboth month eorner rnbbing
hand_twist typei was ohserved dnrinéithe pregnancy;lactation period,a

~although much lessffrequently than in breedinh_males; L 3
' From mid—May until h1hernation in mid- Auguat adult males who . held
. }1 . : X .

' territorieq became more tolerant of territorial intrusions by neighboring )

.'males g Territorial behavior never abated oompletely, but it seemed that
individualadiStance became more importaniAin.controllingraggressive' S

behavior.' For. example,‘a male would notktraveree a‘greatrdiStanee to .
¥, . 2 . .
exclude an intruding male from his territory, but if the intruder movea

» within what appears to be some critical distance, the resident would

.

'initiate a chaqe (see also Balph and Stokes 1963 Barash 1973)

Throughout the breeding season adult males were tolerant of year—

blinps (first yearling observed on April 23), but from mid—May until early
' yIune the adult males were apgresqive toward yearlings, especially toward

' ;yearling'males; Qome qf the yonrling males that were trapped in mid-May -
i had piemented ecrotnme and enlargod teetes, indicative of qome;degree of&t

. N : 1.;, 1‘3
development 1 The reproductive development and increased ”?

f7reproduc v

eness of the yearling maleq may %pntribute to their presenzz
S8

7fwithin a male 8. territory not being tolerated Adult females also .

.\‘v"

v':,;directed apgression toward the yearling squirrels when they entered their

;-territories Most yearling males and some yearling females disappeared

ifrom the groupe in late May or Iune.. The aggression directed toward



. . these animals may have cont_rilmt_ed to their -a‘f)pnf@nt dispersal-.- |
" The hibernation date=of adult females approximates that of ‘adult
. / . . g 4 .

males, two to three weeks ‘before the juveniles andeéérlingSu

/
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7S(Z‘EN'J"MARKING AND RELATED BEHAVIOR

U A . R L o
'In the field portion-of this study I attempted to record scept .,

’marking'and_otherwbehavioral data that were’scentfrelated_ﬁ In addition,
- . [ N . p .
animals used in the histological evaluation of theé intepumentary gland

-

wvere collected.,’- : . h ;g °

" ‘Méthods

To. enhance visual recopnitiou of animals involved . the study of

2

_frequency of seent marking and those collected for histolopical examina—'

.

‘ tion of suspected integumentary gland regions; I tagged both ears of d
'_each squirrel with a numbered tap (#] monel fingerlinp tags), enclosing
.a colored plastic disk (12 mm diameter) For initial.and subsequent
'captures National Iive Traps (17 x 17 x 35 cm) (National Live Trap Co "
-Tomahawk wis ) were baited with peanut butter and were positioned at
burrow entrances The squirrels were restraided in a nylon mesh bag—
. while being Weighed (Pesola spring scale, 0 1500 g), sexed and ear— -;

wtagged

Before specific animals were collected for later histological

.analysis or before behavioral information was recorded I determined thefv

. il

.,aocial status, when possible, of all group members., In many instaHCes’ BT

ﬁ;,with the-exception of weight at time of capture status posfrion and

= ,‘ / .

rgeneral hehavior of an animal were the only criteria I had to separate

'iAgthe,yearling‘and adult,age cquses This distinctlon was essential for



=

investigation of sehsonal vnriAtionsiin gland activity as woll'as
behavior obsrrvatihns."‘ o : ‘

Three to'tour observation'periods of-threé hours each, usually
beginning~at morning,emergence,‘vere_sufficient for:me_to'evaluate.
status uithin onergroup. Qbservations were madevwith'lolniSO binoculars

. . ] <

from a concealed location or from a great enough distance so that
e e . . : RS

~ béhavior patterns were not influenced by the observer's presence. First,

. . . — , o L e
. the residents of a burrow system were detérmined by observing morning L2

. . _ . )
emergence; then, all animals were categorized as to age class (based on .

. behavior} and dominante status within each age.class and.withinlthe
entiro grdup, emphasizing the adults.’ Dominance siatusdwas basedo
)%;primarily, on-the following'behavior patterns: (lj'the Winner of
aggressive encounters, (2) the initiator of greeting behavior"(3) the'
‘ squirrel that displaced another from a feeding slite. l
To investipate seasonal variations in gland’ activity I sacrificed
".selected-animals, primarily adults, at. two-week intervals throughout
-the active season’(l972)“ During the next two active seasons (1973 and
. 1974) animals were only collected at’ times of intense gland activity and )
at.some gaps in the data from 1972 A few animals were collected from

;other populations but theae are not included in seasonal comparisons.

.7After ether asphyxiation the reproductive tracts and skins were removed ~,.

‘ and preserved in ethanol formalin, and acetic acid (A F A )
To facilitate quantification of oral marking, which is rather
subtle, I used marking pegs, 3 7 cm cubes of acrylic (transparent and

‘f‘neutral in color) mounted on removable, sharpened stakes (12 cm in length)

: Besides allowing manipulaﬁ}on of the scent, the pegs provided andobject

on which a scent mark is readily detectable by man Because this,Species‘”

o

10



| A . :
preferentially marks promincent objects (Steiner 1974), the pegs were
readily marked. During the collection of marking. data .1 ppsitioned ten

- . » ‘ , ] e
marking pegs on major burrow mounds (usually 8 to 10) in a group. The

burrow mounds were selected because they provided an observable site that

oy

.

was frequently scent marked. &y

Prior to morning emergence of the animals, marking pegs were

positioned and a vehicle was,stratenically parked for use as a-blindg
- < : : . . -

.dThe number. of times the pepsﬁwere.marked by a eroup male was th%n recorded
daily for the first two hours after the male emerged in the morning
(total 86 dayq in two %(nsonq both encompaqsing the b;eeding season),
weather permittinp QCent marling, dominance relationships, location of

territorial boundaries, and other related data were recorded, primarily,‘

“ from two immediately adjacent groups;

[

-

The marking pegs.were collected.and scent~marks verified by f
emelling them after the'observation period. I then washed the pegs with

qoap and water and rinsed them in 70/ ethanol to remove any scent that

°

"might affect marking behavior ont subsequent days. _

Since scent related behavior and inteﬁumentary gland activity.

_ appeared to be eloqely aesociated with‘the animal's reproductive
condition, the following categories, baaed oh reﬁroductive state were
'fused-as,convenientbdivisions oflthe.aCtive season For adult males

the interval between the emergence from hibernation until two and one-
.Hhalf to three weeka 1ater (breeding) was separated from the remainder of
_the active season. (post—breeding) The end of the breeding season was.
approximated by backdating from the date the lateqt litter‘mas first
'obeerved above pround using twenty four daya as the lenpth of the -b»_~

\/

testation period and- four weekq as the interval after birth until the

4

11
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Adult females were classified as breeding, pregnant, lactating,

Eg_post—lactatingibésed on the following criter%a: kl) breeding-~

;!

eméggence from hibernation until~pregnant (the.earliest etage determined'

ryos visible as swellings in the uterine horns; (3) lactating—~

*;i Home reproductive development was also noted in the yearling age
class. Scrotal pigmentationland testls enlargemfht»(approximately-one~

half the adult testes weight) in the males and a swelling of the wilva in
. A . r

some females was noted, but neithér sex participated in breeding as

v

. yearlings 5

Yearlings could be distinguished from adults on the basis of body‘
.weight for approximately the firat twoﬂmonths of the active season, but.
as' fall approached thg yearling and adult Weights were not separable.
However, the two age classes could still be easily separated by

-vbehavioral differences. Yearlings engaged in play behavior frequently,.

\

play is seldem\seen in adults. o o -

———-&—‘}{es‘Jltq H |. . . ' . : “ . ‘ ) ’ . : “’”I . "ﬁ—/
ot . ! - ’ . ' ; . e 3 S
T _ Scent marking. Columbian ground squirrels a different

3 A . { q

postures when scent marking with integumentary glands located in the oral
dorsal,vand anal regions , Marking wibh the oral g}and (mouth corner

ruhbinp) is'accomplished-by a side—tiltin? of the'head until the oral

%

(o

angle region contaetq the obiect being marked, a quick forward thrust of

‘the head completes the mark (Fig 1 and Steiner 1974) Twist marking



1

frequently beginq with Oral gland marking after which a twisting motion-

allows the dorsal gland field to contact the sugstrate as the animal

.:.x.

rolls on to its hack (See Steiner 1974 for details). During anal drag

- marking, de3cribed by Steiner (1974), squirrels flatten their ventral

side against the substrate and drag themselves forward several inches.

As discussed in the Possible Functions and Meanings of Scent Marks

section, secretiéns form the anal gland may or may not contribute to the

mark that is deposited.
As mentioned in"thé?Annual Cycke section, scent-marking_hy adult
males was low during the three to four day peziod hetween their emergefice

from hibernation and the emergence'from hibernation of the adult females:

(Fig. 2). A striking increase in marking with the oral gland coincided

b; with emergence from hibernation of adult females High levels of

marking were" maintained throughout the breeding é%ason (Fig 2) After

this time, frequency of marking declined to a low level that was

maintained until hibernation in mid—August

Adult males in the groups that‘were involved in.thevscent marking“-

{

study marked, primarily, with the oral gland. Twist marking also

occurred more frequently during the breeding season but at such a low

\
level that quantification did not reveal a pattern as found for oral

marking

[

4

Anal drag marking was recorded in the field on marking pegs three

Y, ;
times, only during the breeding season. This type of Marking wds

difficult to. verify unless performed on a marking peg since this behavior ;
: o :

‘ resembles stretching during comfort beh%vior, thus, many instances were

likely overlooked Anal drag hy the captive male that was used in the

i? Differential Reqponses to Scent qtimuli experiment was, likewise,

!
=

v

13



restricted to the breeding_season. - v }

RN ) ’ - &
‘Scent marking and territorial behavior. Information on changes

in territorial ownership and boundary location of male 5. columbiamis

->

in a colonial situation were recorded in conjunction with collect#tn of

scent marking data (April 18- May 28 1973)

™

Althouxh territory houndarleq were qtable for the first few days

after the malegs emerged frOm hibernation, this‘soon changed. On April
dlsplacedqmale RL from the south two hurrowe'of his

territory (Fig. 3a). At the time, malé RL was holding a relatiyely

‘large territory and appeared to be neglecting,,in terms of burrow patrol,

the portion that was lost. Only two brief fights preceded the boundary

.change,‘even thOuph male RL had held this territory throughout the

‘
»

" summer of 1972,
'Alqo “on April.23 -nale RL's territory boundaries weredehallenéed

:by males BE and ww Intense f1ght1ng,vespecially between males RL and

BL, typified these. intrusions. In ‘the subsequent five-day period male

RL was deéisively‘beaten by,mhle BL in.almost‘eVery encounter. . Male

Rl's 1nabillty to defeat male BI was the probable cause of RL s terrltory

.being reduced to ‘two. burrows on May 5 (Fig 3b) and then his exelusion
from'ohese burrows forAtwo days (hay,o and.jl‘(Fig; 3c).
During‘this«latter»period.(Maydﬁxand'l);ﬁh expandéd his.v'-
-_territory northward thereby displacinp male YY to a. less suitable
.location (sparsely vegetated and Without females) north of the pond and
:also southward where he displaced male GW from two burrows (Fig. 3d)

Male‘RL was dbserved west of the pond on’ the periphery of an.

-~
.

Untaggedlmnle s,terrrtory on_Mny 6‘nnd«7 On May 8 RL regained after a

.0

14



brief fipht with BL, the two burrows from which he was displaced on May
6 (Fig. de). BL seemed to be concentrating‘his territorial defenseyon
male YY's former territory; this may have enabled.maleiBY to take over
the.south two burrows'of his territory (May 8)_(Fig. 3e). ‘
Despite daily fiehting over territorial boundaries'with RL, BL '

maintained his large territory. Apparently during .one of these frequent

"battles, BL suffered an eye injury that worsened daily. As swelling

o »reduced the vision tn his ripht eye, BL became less aggressive and seemed

weakened.. RL now initiated more fights ‘and trespasSed.further into BL s ,
' 'territory. Subsequently,_a'boundary Change-whereby RL recovered the |

. major portion of his former territory was’ preceded by a vigorous fight
that ended in a decisive victory for RL over BL Territories remained
stable until May 31 when observations were discontinued (Fig 3f) |

Throughout the changes in territory ownership by the males, the
‘behavior of the adult females was similar to that observed in the same
-rgroups the previous.year when the situation was relatively stable. »The

females (the number in each territory indicated on Fig. 3a) avoided the»
.male fighting and remained on the territory where they had emerged from
thbernatEon After the breeding season they established small
territories around sinyle hurrows (see Annual Cycle for details)

All of the males that'held territories during the- observation
period had been tagged the previous year (1972) Male{BL had been o
tagged on August lO as -an- adult/or possibly a large yearling (wt 860 g)
w>rw§sc-of the ppnd Male YY had been tagged in 1972 (retagged A;ril 24 -

1973) and was defending the same territory as the previous year GW had

.n_

..»lalso been tagged as an adult in 1972 A As mentioned earlier, RL had held
. 1 . . PR . . -

d. the same territory in 1972



y

Frequency of marking changed rapidly during the eatly portion of
-the.active aeaaon;.therefore, marking values»that,weregaeparated by more
than'one_or tuo days were not c0mparahle."Thus,4nore emphaais'was_ |
placed on day~-to-day changesvin marking frequency thaQQCOrresponded to
shifts in territOry bbundariest: | |

.The highest:ievel of.marking was.recordedffor‘male RL" from april _
21 through Aprid 27 (=5 pega/hr)_dUring~the peak of the.breeding |
‘season prior to_any major‘territory‘changes. |

Abn Hay 5, after.male.kas territory was.reduced to tno burrows 4
(Fig. 35) RL did not‘mark.any pegs duringhthgfohseryation period.bilhe
preceding'day'(Hay‘A) when‘hisfterritory,nashstillgintact;;nale_RL
h:markedvat'a rate‘of tWo.pegs per. hour :'It.nashﬁmpossihle to record male
RL's marking on May 6 and 7 because of his’ displacement to an unobservable
areav' But from May 8 16 as RL gradually regained his lost territory,_  ‘
his marking increased despite the ueual decreaaes in marking that occurs
.L‘during thia time v | ‘

As male BL: acquired a larger territory May 5 -7 (Eig. 3b, c, d) his
fmarking (both peg and ground) and burrow patrolling increased -
proportionally; By May 7 (Fig 3d) BL was - defending the laﬂgest

Y

territory observed that apring : After loqinp approximately one—half of
O

”;;hia territory ‘to " male RL on May 16 (Fig 3f) male BL marked the ground

hleas frequently. although his peg marking rate was unchanged
Discussion = - . B fff'. ‘A'frnggv" EEET T e

L

Scent marking, In addition to this study, Mykytowycz (1965

16

1966a b) for rabbits, Oryctolague cunzculue Muller-Schwarze (1972) for o

"'-”black tailed deer, OdOGOtZeua hemzonue, and others have reported peaks



t,aggression are closely asscciated, then higher levels of marking by

S . , ; _
in. marking by males during the breeding season; however, data on cvelic

‘ variations,in marking behnvior'of mammal s erenfew (Johnson.l973);

Marking is not restr&cted entirely to the breeding season. In -

. the grey squirrel, ScturuS'caroanensts Taylor (1968) found peaks of
.marking outs1de as well as within the breeding season. Tn thla studv,

“marking by male S.“columbiaﬂus was reduced in the postbreeding season

hut“never disanpeared..'lf the motivation. for marking by;nales“has"

territorial:implications then one would‘not-expect a complete cessation

‘_bhnoause territorial behavior is maintained, although to a lesser degree,

| in the postbreedinp period S o

Tt s widely'accepted that.males mark mbre than:females ‘i

(Mykytowycz 1965 Thiessen, Blum and Lindzey 1970 Steiner 1970a).

| and this appears to be the case in Columbian ground squirrels.' Fema}es
.that Were most.aggressive in.defense.of the area surroundingitheir burrow ;'
A in which their young were reared seemed to mark more frequently than 'T'
fothers Of four females that were observed regularly,‘two were. d l"

. agpressive and marked frequently : These two squirrels had reared

D

.‘litters the previous season at the same ldcations and Were older than the -

other'two females: The other two females were tagged as yearlings the T

:preceding year and were thus rearinp their first litter.i If marking and

L

o °older more aggressive femaleq offers an; explanation based on age fgrffd

'Aindividual variations in marking hy adult femaleq. 5A;

As in males marking by female mammals is not 1imited to the

1l5breeding-season.l In several canid species, Kleiman (1966) reported that

4

'i5rfema1es marked more frequently during oestrus, possibly indicating or -?:

o signalling their reproductive condition to the male.— Thiessen (1973)



X belicves . that hiy,h frequency "',I seent mark Ih){- ol)':vrvg'«i _jlu- ‘l‘lllilll("
p,vri)j. | So "Mr_f;'/'rm. I mi_'/u it '/.-'u /.{z:: . _‘ during .] .'l('t‘-'il fon- l\ mat (:rn.ul ly ‘r'not:iva:ted .
Matkinggin.femaleARichardsonjéround“squirrels,'ﬁ.‘rtchordsoniﬁ;
' increased.afterrparturitionhand.peakedba few days'after.the youny'first'
- appearediaboveEﬁround (Wehrell 1973). Higher levels of marking during
,lactatién in.ﬁ; rzchaydsontt and during the pregnancy— actation period
hin 9. eoZumbzanus suggest that the motivation for thisTbehavior may have
Coa maternal component; | |

A discu551on of the motivational basis for scent marking in males

and females is developed further in the general discussion

.§cent malking and territorial henavior{-~The'basic¥unit‘of the -

-

'social system found in Columbian ground squirrels is the group, empirically
_defined by Qtelner (1970b) in his study of n; coLumbLanus as those »*
.: nnimals that utilize a common residence area Within the group

"3(composition described in the Annual Cycle section), adult males play a.

V}"central role throughout the active season. Chasing intruders, primarily

\

' other adult males\ from the residence area is the most noticeable ;7' ':- PR,

T
: factivity performed by the sdult males Territoriality is suggested by

\'Vtthis behavior
RO . S o
Territorj is an area occupied more or less exclusivelv by

o

hhfanimals or groups of animals by means of repulsion through overt defense.
.i;for advertisement” (Wilson l97] 195) Gince adult females and some o
::{fyearlings nre not excluded from the territory of a male Columbian ground".
ﬁfi’squirrel the male s territory miﬁht be described as a group territory |

,i(Steiner l970b) Both Qteiner s and my observations support the group

?f~ territory concept that Wilson s definition of territory includes :;‘f¥7»'d



L
0

Betts (1973) used'the term "dominancelarea‘ in place of - territory‘;
however, his- description of the male s role in hisvpopulation of S.
eolumbranus deviated little from what I observed Iherefore,.thisi'
apparent‘discrepancy.is,likely in the~a§proach‘t0'the‘prob1em'or-
términoloeerathcr,thanvindifferences_in behaviornobserved}'
Changvs nhsofvcd-in.tvrritoryhnwnership suggested'thatuan'adult
g male ‘may be attracggé to .and may then attempt to secure‘a territory :

where at least two or three adult females are residing The adult

females were pregnant prior to any major boundary shlfts (May 5),

. however, it may be a good strateyy for a male to’ obtain a territory during'

any season When.the probablllty of winning a fight is considered, a.

territory holder usually has a- distinct advantage over an intruding maleﬁ?-

Even if ‘a male acqulres a territory too late to inseminate any females
| thnt year, a male who is a terrltory holder at hibernation'and then -

lremergeq on that territory in the Spring appears RTE enhance his chanéeq :

.

19

"of transmitting his genes to future generations, assuming that females S

tend to emerge ‘in the same areas from year to year A male 8 f-”
”reproductive fitness is also augmented by the protection his offspring

indirectly receive from his territorial behavior.5 =

.

. P . . v

l territory in the poqtbreeding period may be to ensure that ‘a suitable

“‘f'hibernation burrow is available.¢ Although burrows of this type may or ;f":-'*.

th,may not be in short ,upply in the habitat occupied by u. coZumbLanus,‘fﬂv

,drl (1971) fnund increased territorial behavior in the fall in Arctic
o erund squirrels, L. undulatuu, possibly to obtain a hibernation site.';

Because scent marking and territoriality in adult male,

‘1coZumb1anuu appear to be associated it is possible that scent marking ";;f L

. A e C
1 hd Lo

Another reaéon why a male attempts toz//;uire and then maintains a’[i1h~7'



Jmay -play some role in. territoridl behavior. Intpuders were not repelled

by a.resident‘s scent mark, but some intruders appeared’to become more

cautious or hesitant after presumablv detecting the resident s scent. In

-

‘a pen study of undulatus, Watton and Keenleyside (1974) also found

that-a scent mark does not deter an intruder.f Qome repelling prOpertfes
'jmay be present in a mark because a trespasser-rarely stays .Thus, a :'.
_scent mark does not appear to diSCOurage temporary invasions but may be a.

'l'deterrent to permanent occupancy | If a scent mark does lower the flight
,_threshold of an intruder then one would erpect marking to be hipher during'
the breeding period when territorial defense ‘was vigorous than during the )

fpostbreeding period (as was observed) when territorial behavior was less
intense\ | | | | )

‘ The literature contains many more reports of animals using common ’

marking p01nts and being attracted by the scent mark of a conspecific

o ‘than of any repelling prOperties of a scent mark Steiner (1974) reports

- "that -an intruding male squirrel will frequently approach, sniff, and R

e

sometimes mark the same spotq that the resident male regularly marks; Ilin

3'have observed the.same behanior on-a few occasions.” This suggests a fl:'-
;challenge‘to‘territory ownership ‘Ji;>;; ER 'L-Fw

| Territory size and the proximity of neighborinp groups appear.to

l‘be p031tively correlated wlth marking and aggression Males that held

B 1arge territories scent marked more frequently than those males with

:1fy'sma11er territories It was impossible to determine if a male holding a '43;_‘f

| ﬁlarge territory was’ marking more frequently because of the large area he
“*fwas defendinp, which appeared to- necessitate frequent burrow patrolling, fi

-}or if increaqed marking was the result oﬁ more frequent aggressive 3

B fencounters/along more extensive boundaries.‘ In marmots, MUrmota

A Co - TN . R ’.v-' -".A~ T
(A [ O E— . A : PR RN LA
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flauiventpis, large territories:haye higher leyels of conflict'(Armitage
‘&974). Armitage also reports‘that territoryrsize is influenced by the
presencevof'nearby‘males. | o | | T
In‘most~instancesfmarking was greater in colonial‘than in‘semi—
'isolated‘groupspohgre territory.size was.equiyalent.l'Howeuer, in one-‘
semi—isolated group,:a male,with a»larpe territory marked.two'toithree,;

.times more often than other males in the s;\e‘sitéation,but

Al th terri— 1

'tories one—half the size. Groups are spatially Separated in semi—

¢

~isolated situations, thus, the frequency of aggressive encounters and

challenges-ofsterritorial’ownership are.likely reduced.. Aside from

K
y

'~influences of aggressive encounters and challenges of territory ownership,

‘iterritory size per se seemingly affects scent marking.

The age class of males that challenge resident males for territory
N
"ownership~may:be'the tw07year-olds. Although more information would be ‘

n'hecessary to confirm this, itfseems 1ikelylthat”a-ma1e mUSt'attempt’to
':acquire a territory as a two—year—old or his reproductive fitness will

: be reduced because of the four to five year life span of this species.~ 17

'

trapped several adult males that were holding small territories without

l

: _females on. the periphery of colonies. Perhaps these males had challenged ‘

L resident males, lost and were waiting for another opportunity or another e g

.0«

'"season. <ome of these males were two—year-olds while others were older,_ L

L‘possibly past their prime judginy from their scarred appearance..ﬂThesesf-'“
periphgral" males are perhaps comparable to. satellite" males described
"by Barash (1973) for Olympic marmots.ffu'v"

N



. LABORATORY STUDES

NISTOLOGICAL ANALYSTS OF GLAND TTSSUE

[ntegumentary'xlands from the skins.of_animals'eolleeted during
the field portion of this study were examined macroscopically and

x
: . A | - 1
'histoloéically. Seasonal -variation in secretory activity of the'glands

i
B

was emphasized, but structural features were also noted.

.Methods‘f' ' -
Suspected sites of intepumentary glandS'were exoised‘,dehydrated.

.

Tt ‘ o
w1th an alcohol benzene sequence, and embedded in paraffin: (paraplast,

M. P 56° C) for tw0.hours ih a vacuum oven The blocks were then
eooled,htrimmed, and‘sectioned on g rotary microtome.atnlj_micra;, Tissue‘.
mas modnted'on slides’ lth Mayer S albumin.;:SIidés werevstained-wiﬁh
modified thOOf technique utilizlng Harris haematoxylingfﬁiehrieh.~.

:scarlet and Fast Green stains., Cover glasses were- affixed with Permount

, \

_‘adhesive to produce permanent slides.-- B

: A preliminary examination ‘of the integument (see Other Body
kf_Regions section ﬁor areas examined) revealed Specialized glands 1n! oral
'1>dorsnl, and anal reglons The oral gland consisted Of a gland complex T

"‘that was macroscopically inseparahle. However, the anal gland was_f'

.X

'lcomposed of three glands located ventral and lateral to the anus and the

[}

" dorsal glands of a Eield of npproximately 75 individual glands \ Both of

;the iatter two gland regions were macroscopically vlsible
To reduce*the number of prepared slides, T mounted oral and anal .

- gland tissue on slides in an interrupted series at every 120 micra and



‘dorsal gland tissue at 75 micra; because ot the emeller size of the
{ndividual dorsal glande. _Several.cemplete series of eech gland‘were
else prepared to eualuate, more completely, gland structuret

Gland chnrncterietics, which seemed related to~seCretory
activity, were‘qunntificd with n.calibrntediocular cn a liﬂht microscqpc;
Tubule diameter and epithelium height were ;eaSUIGd on.each section of
theiintegument series that‘contained g]nnd tiseue.t'Beceuse measuring,
each tubule Cross section in a gland this,extensive Qould hnve heen.

‘extremely time- conSuminp, a transect method was devised Fach tubuIe

'that contacted the micrometer at lOO micré intervals through the center

. of the gland’(dorsal'ro ventral)~was measured,for maximum'diameter (outer)“

and epithelium height (Fig. 4). A mean value was then calculated for
c » o a R
the entire gland. S L LT .

Mot all regions of one gland secrete (active budding) at an equal

rate: hence, to baée‘gland.nctivitj on the secretory activity.in one

section wouldisiiny o il nnccurate. 'Thus ‘P'deviSed an indek'df ,
o g E. A

ysecretery”et } ined hy estimating the percent of the tubules
IWhere‘buddinL fing in each section of the interrupted series

and'thenwcelcuu "mean (the index value) for the entire gland

iplon, qebaceous glands were subdivided because of

isces, into those near where the ducts from the

Coe,

<

tthenﬁdsteridr p; n. of thc npocrlne gland ‘ Meaqurementq of maximum

: diameters wcre ta,en from ail scbnccous glands in qig sections, three on .

Ty e .
,rr . . .

- either sideyof thc first.duct and:from.six sectioné at:the‘posterior offft,

N

23

':the apocrine pland A mean diametor of the sebaceonq p]ands was then ffl;5'

.",_&'}



céicelated fo} the two regions. Diameters.of sebggeOus gland

assoclated withltpe hair éollicles overlying the doréal glendsfwere

also measured, Measurements>eereltecorded froﬁ.three-sections on eiEher
side of the apocrine gland duct.

Qﬁen poq31b1e, the intoyument replon containlne the ‘oral gland
was removedbfrqm the equirrel's left cheek..tln five'animals I Sectioned
and ‘analyzed eoth oral glands te determine 1f bilateral ditferences iﬁ )
'giand structure;andlsecretory activity e%isted; none were:foqnd. RN

. T sectioned and analyzed several glands from various locations in

‘thevdoréal pland field to determine if the'étructure and secretory

actlvity ‘of the indlvidual glands maklng up the dorsal gland field within ;

<
" one animal were comparable. Although variations of yland size were

obvious,'only miﬁer differences in secretory.activity existed therefore,'

:only one dorqal gland, selected at random from the dorsal gland field of

- each animal, was examined histqlogically.;'

Results--Gland Characteristics

Integumentary'giaﬁd moxpholdgy._'Tb.prOVide-a;base-fbr_discussion .

of integumentary gland structure and loeatiqd in terms of possible
I L S AT -
‘adaptive significance, T have included a brief description of.'the . -
'jintegumentdry gland morpholonyfof,ﬂ.ACOZumbianus. T L

'10fal,qiand;- TLe oralugiand pccupied an area €approx._3 thm

ER

>

{_anterior—posterior, 2. 9 mm doreal—ventral 1 3 -mm lateral) in the

>hypodermls ventral to and approximately 0 5 mm poqterior to the oral
.-‘langle (Fiy 5)

ot
LT

, ' . : S .
I‘pidermiq of stratified t;quamous epithelium (approx. 2() micra

24
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~.

thick) and dermis consisting of dense connective tissue fibers (approx.
200-300 micra thick) composed the cutaneous E]and dovering. Hair

'folliclesﬁwith associated,sebaceous glands penetrated into the dermis

N

layer; some larger hair follicles extended into the upper hypodermis.

Along with €he glandular complex, skeletal muscle fibers,’looSe

. connective tissue, and a few fat cellg were the principel components of

’,

the hypodermis.

" lLobules of the apocrine gland werehencapsulsted,in a thin layer

,

of connective tissue fibers, with an even thirdner layer‘surrounding

individual'tubuyfs. The gland 9xtended into lafers'of-skeletal.musc1e;f

Celtm
Vot

“each layer thickened progréssively towards fhe posterior segments of the

‘gland. Some of the gland lobules were separated by'these layers of

muscle fibers.. )
' The auoCrine gland consisted of coiled branched tabules lined‘

. ! ) ‘371

by one la§er of cuboidal or columnar epithelial cells. A distinct base—

ment membrane with numerous myoepithelial cells (Fig 6b) immediately

inside surrounded each‘tubule. v
' SR S A o . . :
EXcretory ducts were lined with?tuboidal-epithelium[that.becomesv

.progressively lOWEr as. thé duét approached the confluent ‘hair
' folllclo (Fip 6c) | The diameter of the duct was markedly smaller than

-the socrotory tubule diameter. [nvthe 1mmediate region of‘the-hair
. .

-'fnllicle into’ which the duct emptied the duct eplthelium was stratified

S and was’ structurally similar to ther follicle epithellum.- L rge paired
. ) ?

i

.sebaceous glands also emptied by way of short ducts into each hair E

'.dfollicle

- ’

- 25

Three ducts located in the anter1or one- half of the gland providedsl‘

h-

- e
. R

iy

* the pathway for the release of exuddtes A layer,ofvconnectlve;tlssue,”f e

»
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Amuch thicker than what’enclosed each gland tvbnle{ delineated three
eeparate gland segments loeated progressively anterior‘to posterior'and
drained by. sepnrate ducts (Fig .5)

A qingle cross section frequently biqected two gland regions>
but not all three. The presence of three distinct glands at this one
locationihas supportod‘hy tho:fact that, in some cases, one‘glendﬁregion
was actively secrbting while another region appeared lnactive‘or fspent“
(Fig. l). A

Much variability (204120'micra) in tubule diameter existed.
The ‘tubules with larger diameter (70 micra plus) were frequently
Located in the po;terlor poréion of the gland and appeared to be the
gource of the eecretory material. In some casesgfthe large tubules
(120 mitra) conﬁained secretion but seldomvappeXEEd to be attively

. Secreting; These large tubnles_might function as secretion—collecting

Nl : . . . - .
. . - : : )
“

%:“storape centers, .

3 - A . : . : - :
' Luminal diameterfdepended on the condition of the surrounding

ep{thelial-cells;ffor,instance,.an e}heusted‘gland tnbule had e‘larger
lunen (Fig 9) because of'therlow ep;theliuh than-did'eeresting or oh
.secreting gland tubule (Fig. 10) An-epithelielzcell thet wes adti@elx ‘ _b'" é
secreting had cytOplasmic protrusions on: the luminal borders which | | i
indrcated an apocrine mode of glandular seeretion (Fig 6a) The "blebs"

that had separated from the epithelial cells appeared as graﬁulagyg x

material in the tubu1e~lumen.. o ,L Lo _ . B

Hopsal anndu. Thc dorqal gland field extended caudad from the
's(apular region approximately 90 mm in. a 45 mm wide band (see Table 2),'
~and alqo anterior from the- qcapular region in a narrow band to ‘a small,_



y)

‘concentration ventral to the ear (Fig. 11). Approximately 60 individual

glands (Table 2) composcd the do[{éiipland field. A distance of 5-8 mm

separated ‘the individual glands that ranged in size from approximately
, A \ : . )

"2.5 % 2.0 to 0.6 x 03 mm. -

. The pelége_that covered the integument region oceupied by the

doréalfgland field in a live animal appeared'similar to the_adjacent
. . " . "d . - ° . ) .. . . . .
pelage except for being somewhat oilier; however, the pelage on a.

prepared study skin was much oilier in the dorsal. region; Removal of
the cutaneous maximus musclé revealed .the oval-shaped glands which
appeared as light'spOté egainét the darker dermis.

‘Fpidermis of stratified équamous epithefium‘and dermis of _'

flbrous connective tissue comprised the integument overlying the dorsal

{ glands " The intepument overlying the 1nd1vidual gland sltes was thicker

(approx. 850 micra) than adjecent~areas (approx; 400 micra).

Individual dorsal glands”were comp0sed of[coiled,tubules with

short brendhes,and a duct which.opened.in the freecsnrface 3f‘the skin
(Fig; 6dl. Gland tubnleé formed‘abflattened.mees approx1mately:275

micra tthk that ‘was embedded in boﬁh the lower dermis -and upper

hypodermib (Fig 123 c), approximately 500 micra bjlow the skin surface.

. . . . :

V_Cuboidal or’ columnar epithelium cq}ls with basal nuclei enclosed an

-»expanded lumen that contained granular appearing secretions. The

* .

_ epithelial cells were enclosed by a basement membrane with numerous myo- L

epithelial cellq immediately inside A thin layer of connective tissue--

' covered the base‘ment membrano. Aa in the oral gland cytoplasmic

.protrusions were frequently obqerved on the luminal epithelium surface,:h

'indicating an ap0crine—type secretory procese _

27



With the.exception_of the duct, the entirc‘dnraal,gland.appeared
Lo h(-v» rnp:.\hlv of n(‘.tivu seeret Ton: the branched t_u.bul‘(‘s:-n‘f _thv anterior
sepment appeared most-nctivv: Anlhfipr to thc origin of the,duct»at'the
postvrior gland'reginn, azscment ofrthe gland tuhules.waa larger
‘(approx.,lZO:micra) (Fiu: 6e) than the_remainder Of,thé tubules
. (approx. 85 micra)_ This scgment'seemud to.be-a collecting ainus for

glandular exudate before entry into the duct.. ‘Much'variability in sinus

iddiameter of‘glands was noted\amongpanimals; ;: ' - ‘ ' - .
| An abrupt tranaition inbboth epithelium height and‘tubule'{

. c
diameter ‘marked the origin of the single secretory uct'from augland -
The meanadiameter of the secretory tubules was 92. 9Fmicra in breeding ‘

mﬁles, while that of the duct was approximately 20 micra Epithelial

-cells ‘that ' lined the duct were low cuboidal or simple squamous In most.
cases the duct oxtended townrd the skin surface with minimal winding and

contacted the free aurface of the skin approximately 350 micra posterior

<.

‘to the gland mass . As- the duct approached the skin surface, the lining

epithelium changed to. stratified squamous and merged with ‘the stratified

'

squamous epithelium of the epidermis. At the integument surface the duct-:

diameter expanded in funnel 1ike fashion (Fig 6d) to. produce an aperture_'

- diameter oF approximately 80 micra in-a’ 50 micra high papilla Ducts.lf
"from the glands found ventral “to the ear originated from the central

region of each individual gland whereas ducts originated from the'i'

posterior of glands found on the animal s back A large ainus,

x

immediately preceding the beginning of the duct was present in glandsi.'

o : S ST _)
ventral to the ear. ' ' '

P
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ﬂna? glaﬁﬁr Columhinn‘gronnd sduirrd%q have threc.anal glanda_
lorated‘withinjfoldslof the ana]'Wall,.two lateral and one median uentrall
Under mo;t conditions these glandsdwere concealed within:the anal#
orifice,'but’ehen an‘animal was'"alarmed".the lips'of'the anus‘swelledr
and papillae (approx 3 mm in diameter, l mm in’ length) were everted

A retracted papilla was - characterired by a large channel lined
A by'heav1ly cornified, stratified squamous epitheliumz(Fig. 8)." When‘the'\
”papilla‘was protruded \theFChannel apparently uas-turned‘inside:Out uith
the . glandular elements being relocated inside the papillae The process
of protrusion and retraction of a papilla was described in detail by.
1 Slepgq (1926) in his study of the anal glands of Y rzchardsonzz.

"« The. sebaceous glands of the anal papillae resembled the sebaceous
glands assocégfed with hair follicles of the animal 8 integument except
.they were 1ar;er (approx. 700 micra in diameter) SeVeral ducte from a
"alveolar sebaceous gland formed a confluence and merged with the . proximal(
':'portion of the. channel of the papillae. .Three or four-ducts) from‘asl

.many elements of an apocrine gland, emptied into the channel immedietely
4:proximal to. the duct system of the sebaceous gland (Fig.»&) .
An expanded lumen lined by cuboidal or, more frequently, columnar :

.epithelium that rested on a distinct basement membrane characterized

_.;the branched strncture of tho apocrine gland (Fin. 8) An apocrine type :
dof secretory procese was suggested by the presence of cytoplasmic |
;-protrusions on the IUminal surface ofthelining epithelium._ The tubule
:2masses were separated into three or- four segments by laYers of connective;3_ '11
A itissue _ Each separate masa of tubules was drained by a duct lined by.v X
‘fcuboidal epithelium ‘6uctsioriginatedvfrom large:collecting sinusesl

PRV
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lined b /low égboidal, nonsecretory_epitheliumJ.

// Bundles:of:striated muscle fiberslrunning at various‘angles.to
1on€janother>formed a sheath thatrinuested'both apocrine and sebaceous;

/gland elements.iflhe'inner layer-of thefmUScle“sheathiextended.betweenj
the layers\of thecconnective‘tiSSue that sEparated*the ;.

tubule magses of the apocrine gland;- These'muscle;layers are likely

.ﬁinvolvedvin the extension and retraction of the papillae.

Iedal_glands. ‘Sweat glands consisting of~cOiledfunhranched'
tubules were located on the volar surface of the foot pads in both

sexes. A single duct from the eccrine gland emptied into funnel shaped '

»

'opening on the free surface of the pad.

Other.' body‘r'egione.. Besides histological investigation of the
oral angle, dorsal and anal regions, other integument regions were a180;
investigated. In.a publication'on grooming in Columbian‘grOund..

.‘squirreIS, Steiner (1973) included a f gure of head regions that were .

\v._h

N S
frequently allogroomed and had an oily appearance. Since the attractive- :f

4n@ss of specific head regions suggested scent implications, these
. regions were examined histologically,- To simplify discussing and

§,"referring to these regions I utilived ‘the- same diagram and set of symbols jc

L as. found in Gteiner (1973) (Fig 14)

The head regions where apoCrine glands were found were ventral to

.

“”;fharrow g in the oral angle and posterior to b ventral to the ear. <Ini7ig,
' sections taken frOm a,’b, c,ud,'and e only sebaceous glands associated

“_,1with each hair follicle existed ‘in the intégument Skin samples from the o
- ?,head regions adjacent to those listed in the preceding sentence also 7"

"‘ntained only sebaceous glands as did samples frOm the midventral line,




the base-of the tail, the'chin; and‘immediatelyﬁposterior to the front

legs ¥ Exceptionally,large»sebaceous glands were‘associated‘with the large

‘whiSRers,10cated;at b. Large sebacedus.glands‘not associated with hair o

°

follicles weré found in‘thecprePUCe of the-penis;

uj_ qexual dimorphism of gland characteristics While various oral

<

_and dorsal gland characteristlcs wore being quantifled hoth microsc0pic

and’ macroscopic (prior to excis1on), features that suggested some degree -

of sexual dimorphism were noticed.‘."* A

OraZ gbandt, The most striking microscopic difference between

, males and females is the variation in diameter of gland tubules in adult

females . Within one cross section, the mean range of tubule diameters ‘-hii

was from 28 5 to 129 4 micra in females and only 41 3 to 104 5 micra in

males " TUbule diameter was also significantly sreater in males ' 7T_

(male % = 7025, female x,= 53 72) o .‘.f" : . e Tl

"fr Based on measurements of dorsal—ventral lateral, and anterior—:

:'fposterior dimensions; oral.gland size was found to be significantly i

| '1arger (all three categories) (P < 001) in males than females (Table la)
;v?It is possihle that some of the size differential could be attributed |
i:to differences in body size since adult males are generally 100-150 grams
i’:heavier than adult females. ?@;szib S i .

.Dorsal annds.;-Born.aic}éééoéiefaiﬁéagioﬁéf(aofs;i?Qeﬁéraifl'1”
,.lateral,.and Anterior-posterior) (Table 1b) and macroscopic dimensions’

(1ateral and anterlor—posterior) (Table 2) were significantly 1arger_

‘31( 001) in. adult males thnn femﬂl?s

.
RN
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as;

_f'»“,\.\_'
N;ltherkthe anterior-posterior and:lateral ‘measurement of the

'.dorsal gland"ﬁield nor the total number‘OE'glands in the dorsal gland,

CLoe

, 32

_°field differed'Significantly'hetween males-and females; however, tuhule‘l”

N . . :
- >

Y

-_ ‘diameter was sipniflcantly preater in males (male i 4388 35 female .

56 20 P 00])

"\

‘w/db The extension of the dorsal gland fleld ventral to the ear eéntalns v

‘ glands that are slgnlflcantly larger (macroscopic) (P < 01) than those .

o .. glands more dorsally located (Table 2) Macrosc0pic measurements-

(lateral and anterior posterior) revealed significantly larger glands
;v(P 01) ventral to the ear in males than females (Table 2) All

0 . . -

"mrcroscoplc measurements followed the same pattern (Table 3)

_AYeafliné'glaﬂd Characterlstics Since yearling animals -

: apparently do not reproduce and were observed to scent mark on only a few

'uoccasions, only a small sample of this age class was collected The same "‘1"

"fucharacteristics of the oral and dorsal glands that were quantified in the

“-Qadults were also measured in nine yearlings :hfhf .

Oral gland Yearling male and female gland characterlstics

: Q'ddiffered significantly in only two categories, tubule diameter (P < Ol)

,vp,.

: rand lateral dimensions (P < 05) (Table 4) In the remainder of the h
'-,cateporieq, including those mentioned, the mean value for the male

’fcatepory waq larger than the correqponding female value (Table 4)

thhorséZ"Qland.‘ Because the dorsal glands of only one male and

"one female were available for hlqtological exam1nation, statiStical

| '5}fanalysis of the results was not perfOrmed The results,are:presented;in‘“

"'Tahle a0 e

i



location enables an animal to scent mark after sniffing the obJect to "}"'f

Distussion

d.dland location and soent marking. LColdmbian‘ér0und squirrels .
. have, in-addition'to eehaoeous plande asébciated with.eaohihairf '
'A‘follicle, sﬁec1a117ed inteyumontary glandq lecated in the oral angle, o
: dorea] and anal body regionq Integumentary g nnde are found at many
| locationq over tho mammalian body (Mykytowycz 1972) and are not alwaysl_
'~1imited to one glnnd in a slngle hody regioh o |
Q-i At least in some qpecieq, integumentarn elands apoear to beil ?ﬂ
llocated strategically foryuse in eoent communication A ventral gland ;
_,in the gerbil, posterolateral glande in some microtine\rodents, and
-sideglands in ‘some speciee of shrens would facilitate active or paseive:gl _}
: scent markdng of the runways and tunnels through which these.animals- ‘H
. m0ve %ternal glands of the sugar glider and common marmoset might

"...

em;.eaeily contact branches in’an arboreal habitat ';S*
| Although the oral gland ie not conveniently located for paasive -
.:";qcent‘marking of the substrate; active marking appeared to require only
vhh mlnimal effort 1 FrOm -a walking or standing position only ‘a: slight |

‘ aide t1lt1ng and a forward thrqst of the head are necessary,i This oral

) “'V‘.\*\g’ :
be marked w1thout a major reOrientation of his body

,°

The dorSal gland field is\seemingly not strategically located for

»;? active marklng,_however, the pattern of the dorsal gland field does fit

':“f:%ﬁhe body movements used 1n twiqt marking described by Steiner (1974

- Fip 6) Active twiet markinp m1y have developed secondarily from
. R S _

4 aqsive nonoriented hurrow marking for which the dorsal glands are

..convoniently located (gteiner, unpublished)

. e Zo.t,t*,fi.. e T e
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C gy

- Scent marking with the anal glands.in some species involves
. rather_elahorate posturing in order to bring the glands in ‘contact with

‘the'obiect being'marhedJ; The:African civetl Cideitictis-éibefta-(EWGr?
andIWemmer 1974) and the ﬁ?rltan dwarf | mongoose Hcloﬁale:nﬁdulgbgg(Rasa;p
. : & SR . ;- S
]97}), activcly sccnt ma?tdw1thpana1 glands.. An-elaborate handstand
posturo is'snmetimes used by rhv mongoosc »lIn:Columbian‘ground.sonirrelsg
fﬂ.the‘anal glands may contribnte to secretions depogited during anal drag
f1 marking. As described in the scent marking section (and in S einer 1974
Fig. 6B, C), this behavior requires only a flattening of the posteriﬁ? i
body against the substrate and a dragging of the body forward with the :
front legs. for several inches '.' ;ld c,f,'_.fl :ifj' o
’ISweat glands on. the volar surface of the foot.pads arebconveniently
located for passive marking.as an(apimal moves.about.: Clawing at the v:f
substrate which frequently occurs prior to marking that same area with"‘if*
the oral gland might be classified as, active marking with these glandsr:
Gebaceous glands that are associated with each hair follicle on a‘u "

e _. _ . ‘
squirrel S body have both scent producing and carrying potential Large-”

-f_sebaceous glands looated in- some integument regions suggest that these

..._,;“ : . '_ s

| regions may have greater scent producing and/or carrying capabilities e

r )

Qo . ;
than others. %ince certain head regidns, especially those with vibrlssae,{,

- contained larger sebaceous glands and appeared more oily, sebaceous gland
" "r Ly e . o )
actlvity may be more intense in these regions thereby increasing their.ij

’ qcent producing and/or scent carrying potential Many of these head tdiﬁj}:'

sebaceous-

“‘“i"“‘; are exce“‘?ively allogrbomed (Steiner 1973) Bes]Ae """ |

gland secretions, another explanation for the attractiveness ofxregions

a, and [ (Fig. 15) 1s the possible involvement of secretioq -frOm the

Harderian glands.. In gerbils, Thieqsen (pers. comm to Gteiner) found



~that secrctions fram these plands hadlattractiue properties for other

individuals

Gland structure and scent markitg, The- basic ‘gtructure §f the = .

oral dorsal and‘anal glands of Y colwnbtanus is slmllar to the oral -

."glands of the m1c10t1ne rodents (Ouay 1962) and. oral glands in the _

e

".genuq ;yermophlluu described bricfly by Ouay (1965), the dorsal glands

of.;..LateraZL‘ (Hatt 1926), and'anal glands of C.'rzchardsonzz (Sleggs.

1926) Therefore, only morphological features that seemed closely

- associated with\{he physlcal aqpects of scent marklng will be discussedi

}below

Because the three ducts from the apocrine portions of the oral

i gland empty into hair follicles within the anterior one third of the N

'"-"gland pressure applied to the object and the forward thrust during

._marking may do little to exude secr tions frOm the gland It seems

¥

4,l;likely that skeletal muscle layers, which envelop the POSterior E the'5“5..'n s

r-;gland, and numerous myoepii'ellal cells may play a major;role in| the

""thhe slnple duct orlglnates from tl

:7exude the secretlons. Glands located ventral to

\‘-‘ B

'Irelease of exudates

Postures that are assumed during marking w1th the dorsal gland i-

v

jfleld sugpest an explanation for the difference 1n the point at which S

:'-'f(from the middle of the gland).and t‘ose glands ln the dorsal integument
5:)'(fr0m posterlor of the gland) i Since individual glands in both f . |

.locations lack the investing layer of skeletal muscle found around thevfaf‘

he. ear are pressed

e

'gfaga1nst the substrate in a c1rcu1ar twisning motlon that would force L

Z’glands located ventral to the ear ‘ffi‘t"

»,loral gland pressure against the object being mar[ed may be necessary tol‘ibj:3



' g“twenty percent

.

. i L] . - .
secretion from the posterior duct. _
R . . ) - LI

The most striking feature of the anal glands is the manner in

which they can be extruded and made to pulsate; Complex musculature

" {nvolved in everting’and retracting these glands invests both sebaceous

‘and apocrine portions and.may also force secretions from the papilﬂaeu

' Sexual‘dimotphism‘of the:glands.‘ Sexual dimorphismfof

integumentary glands has'been obscrvéd'invman§‘species'of_mammals

”(Mykytowycz 1970) . In terms of pland size, males frequently have larger

glands than females (e. g s gerbils, Thiessen 1973, rabbits, Mykytowvcz

‘1965 hamsters, Kupperman 1944) lf one disregards the difference in _'

hody sizc between the adult sexes 1n S GO'Q:btanus then males have

' significantly larger oral and dorsal ylands Tt may not be valid to do -

1

s0 since the body size difference in favor of males is approx1mately

v

t has been §g§ge5ted by Mykytowycz (1970) that sexual dimorphic_.‘

-features” such as 1ntegumentary gland sire or se]retory activity, may

'1ndicate that the same glands may not be of equa importance to both :p

| i.seyes When peak 18V815 of Secretory activity are cOmpared both oral ;g”'l

'-;and dorsal gland index Values nre‘at 1east 15 20 points higher in males;'

3

than Femnles ..... Tf frequenoy of marking can be used as an index of glandg;

fimportance then the high levelq.of secretory activity associated with

'ffmarklng peaks SUpports Mykytowyc .'hypothesis

S . PR B . . .

- Yearling gland characteristics The sample si?e of yearling oralfi BN

'tt'and dorsal glands is small hﬂf the lack of°sipn1f1cant differencesjiii'

“:xbetween male and female oral pland characteristics suggests that if

'f;»sexual dimorphism exists in adults it develops later than the yearling

et ooae B

30



- secretory-act

stage. Interestinply, yearling gland size is very 51m11ar to thal of
adults. Also, relatively high values for secretory activity indicate

N king or, at least, involvement»in some -other

thatvavpotential f -

type of scent comd Dgexists.

Resul ts--Segs b_nal

1

in intepumentary gland characteristics .-

',’
[

Ppithelial height secretorydactiVity;'and!

" sebacéous - plat 33 (duct region) of adult males were significantly

) larger in hre;A :fhan in postbreeding animals, put tubule diameter

‘ and sebaceoue g Z_diameter in- the post duct reyion did not differ

| "significantly (i 6 55 Figs 9 and 10) Epithelial height, which is a

vgood indicator ol vcretory activity (Mykytowycz 1965), was- positively

rtcorrelated with’ tf‘;-ndex of secretory activity (r .888 P < 0L,

flgebaceous gland dia”' er (duct region) was also positively correlated

| (r =';500 P~< 01;; v:h'secretory activity

.'l Secretoryj‘ _'of the oral gland peaked during the breeding

'f.season (Fig. 15) N high levels of scent marking were also recorded

'3VA signifxcant P sitive correlation (r 576 P < 01) was found between~ﬂ'

ST

thiSﬂélagq,hﬁ.fial» E

‘n;CmaZ gland—-female. Althouph secretory activity was significantly

i”hi?her during the lactation period, epithelial height did Hot differ

f;’vsipnificantly among the four cntegories of adult females (breeding,_,;lif'h

w

:id;splte of this, a positive correlation :(r 420 P < Ol) existed

.
IR I
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ity of the oral gland and frequency of scent marking witha~"5

'1gl;preynant lactating, and post—lactating) (Table 6 and Fig 16a—d) -lnzttfi‘ﬂ



between secretory activity and cpithelial height. 'Although schaceous

pland dinmvter (duct reglon) was Hiﬂnificnntly larger in the three

-~

postbreeding categories, bost;duct sebaceous glands did not differ
significantly throughout the entire season (Table 6). A positive

..correlation was found between secretory activity and diameter of
el o
&8 &

sebaceous glands in the:duct repion. (r = ,345,,P_< ,02).

Secretory‘activity peaked during the pregnancy-lactation period

(Fig. l7) when scent'marking.was.observed most frequently.

Dorsal gZand-—maZe. Dorsal gland characteristics of adult.males
wyexhibited the same patternvof seasonal variations as found in the oral B »f;
gland. Fpithelial height, secretory activity, and sebaceous gland
diamettr were significantly greater in breeding than post-breeding
.animals,.but tubule diameter did not differ-significantly-(Table 7 and
Fig~ 12a- c) Both epithelial height and sebaceous gland diameter wére
'found to be correlated with secretory activity (r 531 P : .Ol‘ '

596 P <. 01 respectively) Secrétory activity of the dorsal .
'_gghnds peaked during the breeding season (Fig4»18) when m:st instances

of- marking with the dorsal gland field were noted gf»")

| Dorsal annd——femaZe, zAsiin,the ralqgland of”females,hno‘.
.significant change in’ epithelial height Eas recorgfd although v:lf'fllhﬂ
| 'significantly higher secretory activity eristed duking‘the-pregnancy—~»':“.
‘~ lactation period (Table 8 and Fig 13a d) ' Sebaceous gland diameter f*gdi i)[f
.i,ywas significantly greater durin? the pregnancy period while tubule f:ﬁtr .
Ahgdiameter was: somewhat larger in postbreeding animals (Table 4) o

s :Secretory activity was" positively corr%gnted with epithelial height

",,(. 640 P < 01) but not with sebaceous gland diameter As with the :

T



e

T

.significantly larper means,

39

oral gland, secretory.activity of the dorsal gland was maximum during

the pregnancy~lactati0n period (Fig. 19).

AdaZ.annd——dee;' Tubule diameter'did not differ efgnificantly1
between{breedinp and postbreed1ng animals (Table 9) Epithelial heiéht”
and secretory activity were both yreatcr durxnp the. hreeding ecason,
bowcver, only cpithellal heipht was qignifi(nntly preater (Table 9)

Hiph variability in sccretory activity vnlueq from tho breedlnp season

sample may have contributed to an insignjficant "t" value.

P
_ Anal annd-—female. Comparisons of breeding with postbreeding

s -
females (pregnant, lactating, and post lactating) revealed 51gnificant

dlfferences in epithelial height and secretory activity, but not tubule

diameter (Table lO).' The postbreeding category contained the ,

[

= Geaeonallvariation in testiS'weights, Maximum testesgueight:of

adult males was found in the animalq that had juqt emerged from

hihernation (Fig 20) Subsequent samplea revealed a. steady decline in

‘ ¢ ‘ : L
testeq weights with a 1ow being reached in early June and some

'.recrudescence occurring in late July Active spermatogene51a was present
: &) -

~ .

: 1n seminiferous tubules of the males collected early in the actlve

<
RS

- season, but no spermatogenesls or 1nterstitia1 cell proliferation was

L . -‘ -0

apparent in midsummer sampleq or in the, late summer ped!od of augmented
L 'r .

toqtes weirhts (Fig 21a b, c) ' RRTLTI .‘di"_j'ﬂ‘_ :;g‘bﬂ



'thews, Hlarzna %reuzcauda (Pearson 1946) and Fryptotzs parua (Kivett

Discussion

‘.\

P B :
Seasonal ,variations in integumentary gland characterilstics. As

with scent marking, cyclic variations in gland activity have been:

reported. eincrpased glnﬁ&isctivitvidurjng the breeding season waa found
for water volos,'iﬂhiQOZQRtﬁrrpufrin (Stoddart 1672), for woodrats,

A o ,
Neetoma fhsoipgi (Linsdﬂir and Tevis 1951), for male rabbits; (VyctOZaguﬁ
éuhiculus‘(Mykytovycz 1965, 1966h), anﬂﬂforomale black-tailed deer,

Mocotleus hemionus Muller-Schwarze 1972). The latter two researchers

found simultaneous beaks fn gland activity and scent marking. Data

collected in" this study parallel these findings.

~ Fven thdugh gland activity peaked in male S. columbianus during

the breedinglseason,‘seCretory Aqtivity did not fall to a zero level in '
the post-breeding period.  Scent marking was still.performed, although<
not as frequéntly-during,this time; thus, one would not’expect a complete

) ceSSation Qf gland aCtiVity . - . . o '

Reports of seasonal patterns of gland activity in females are few
@ . .
Some investigators have{suggested that’gland activity-may'peak during -

-

foestrus-when higher levels of marking were recorded. = Peaks in gland

.'activ1ty have been found outside the oestrus period in two species of

[y

i 1971). The posglbility of - a maternal component of motivation for the :
“Mlhipher levcls of scent markinp, as presented ingthe Scent Marking ;
‘sectlon ls supported by thc peaks 1n gland activity that also occur in.

,the pregnancy—lactatlon period 1n Columbian ground squirrels.

eraceous gland exudates may provide a transfer medium for'

- secretion from underlying apocrlne glands (Dryden and Conaway 1967)

40



Scehaceons )'_-l;mds én;ly rlll\(;ll()ll‘:iimi':lriv in Columbian pround squirrels
since larpe schaceous plands were found adjacent to duct openings of the
'apocrineﬂplands (oral'and dorsal)r -The:positive correlation between
secretory activitv of‘the apocrinu glands‘and ddameter of sebaceous
glands in the duct regpion indicates that diifcrential stimulation of

dthese sebaceous glands and schaceous glands in other areas might be

occurring, since diameters of sebaceous glands in adjacent integument

A

regions remain relatively conhtant throughout the season. Differential

stimulation of sebaceous plands has been shown for the supracaudal gland

of the guinea pig (Martan and Price 1967) and the costovertebral pland
.of the hamster (Hamilton.and Montagna 1950) )

Peaks in anal gland activity during’ the breeding season as

aMykytowycz (1966a). found for rabbits Cwyctolagus cunzculua, and for

hares, Lepusgeuropaeus ~do not appear to exist in the anal'gland complex |

(:
. of S. coZumbzanus _ Trends were found that larger sample size might

substantiate, but because of the difficulties in sectioning this tissue
and determining if this gland was involved in active marking, emphasis

was placed on the oral. and doreal glands.

Seasonal variations in testis weight. Although maximuh testis'

weipht was found in the sample of males collected within a few days -
Aafter their emergence trom hibernation, approximately three days before
‘ th\ adult females breeding was not completed until approximately two' |
’ vweeks 1ater.~ After emeryence from hibernation testis weight dropped
rapidly. hi?l.undulatus Mltchell (1959) found that sperm was still

'~present in the epididymis even. though the testes had begun to atrophy

O .
_ slmilar pattern, which would account for .the continued breeding

R

A



capabilities of the males déspite atrophy of the testes, .may exist in.
e columblanus.,

The 'late summer recrudescence of the testes is apparently in

preparation for lreeging, shortly after emergence from hibernation. Shaw

(1926b) found that in S columbianus.the testes increased in siae duting'

hibernation and at emergence‘wete maximum in size and scrotal. Similar

enlargement of the testes prior to onset of hlbernation have been reported

for 5. trzdecemltneatus (Wells 193)), 5 beecheuz (Tomich 1962), S

'_be&ilngz and a, Lateralzs (McKecver 1965) Since the timing of reproduc—'

]

-tion is " important, especially *in Lhe short season that many Columbian

”essential. .

ground qquirrels experience latc scasan testis development may_be

P ) ;" L o Co S
. - - EFFECTS OF EXOGFNOUS TFSTOQTERONF ON CLAND :

[

CHARACTERISTICS OF ADULT MALFS :t

‘ In the sample of males collected in 1972 lecretory activity of

‘the integumentary glands (oral and dorsal) peaked during ‘the breeding

tcst this sungggition. o Af.'lV'A;” NS
. o ~ T f'_...u'_ f’f‘fﬂ o

season If one can assume that testosterone levels are high in a
. [y .

reproductively active male then it seemedlpossible that testosterone

-

might be 1nfluencing gland activity 'An.expetiment_was'deaignéd to< -

7

Methods

Fifteen adult male S eolwwbzanus in equivalent reproductlve L

h condition (one week postbreeding) were 11Ve—trapped May 29 31 19 3, and

; .returned to deonton On June })’l;73, ten of the fifteen males were .

b11aterally castrated and allowed to. recover for three days in individual

Sawi

:"‘f .



capes. - Five of the (‘.n.‘qtrn}tva .wvrl‘v then rnmlomly .l;(.'l_v.c_t'(;d and piven
suhvutunhdus‘injectlons of. Lustostcrono‘proplonntc (TP)_suspended in
'peanut oil (2 mg/injection):dailwr ~Only the oil'uehicle“was'administered7
to the‘remaining'five<castrates; The‘intact males,became‘a control
group (no iniections) The control group served as a. base 1ine of gland
activityifor comparison with the. castrates- and TP treated groups . After
fourteen days of hormone treatment I.sacrificed all.fifteen animals and

. - . ot
fixed the entire-skin in A.F.A. for histological analysis.

" Results o . o -
) o

Oral gland; Epithelial height, secretorf activity, and sebaceous"
:.éland diameter (duct region) were found to be: significantlw greater in |
the testosterone-propionate treated group (Table 11) In only one
parameter, tubule diameten did the castrates (without TP) differ »

: significantly from the control group.
. ./

Dorsal gland A significant increase in secretory activity and

E sebaceous gland diameter were found following testbsterone—propionate
treatment (Table 12) Although the castrate group (without TP) exhibited

"~ 'a significantly smaller tubule diameter than the castrates (with TP) or ,.r<

. the control group, epithelial height did not differ significantly between o

G

. the testoaterone treated and coaﬁrol group.-'

'DiScussion":

The hormonal control of secretory activity of integumentary

glands has been investigated in several mammalian species., Atrophy of

' \
sebaceous glands after castration has been reported I\\the male perbil

- R . e .



(Thiessen‘et al. 1968) and pu1nea pi& (Mqrtan'1962), and the shrew-
(Dryden and (onaway 1967), while testostcrone stimulated the sebaceous
glands ih the same species » Bascd on extensive 1nformation there is

_ general agreement that.andropens'increase the 51ze.and functional
apacity of seblcoou, glands (Strauss and Fbling 1970) The'effect of
testosterone on apocrine glands has not been as extensively investigated.

A

‘:{However, Mykytowycz (1962 1965) and Wales and Ebling (as cited in
qtrauss and’ Ebling 1970) found that castration inhibited and testosterone
Stimﬁlated apocrine gland development and activity |
| §omewhat similar patterns as mentioned above ware found in male
oolumbian ground squirrels . Althouph secretory activity of both apocrine
*“,and aebaceous glands increased after administration of testosterone-
vprobionate to castrate animals, gland characteristics of the castrate
(group (without TP) and the control group remained similar Prior"’
‘qtudies (mentioned above) indicated that castration might result in.”\
'atr0phy ef the skin glanda. An explanation for this discrepéncy is that
Htestosterone levels in the postbreeding animals uaed in the experiment :i
viwere probably extremely low, thus, testosterone levels and related S
gland activity were not greatly reduced by castration. Gland
.1characteristics of the castrate and control group approximated the gland ‘
__'characteristics oﬁ#he postbreedﬁing male category (see Seasonal Variation

,mﬂin Integumentary Gland Characteristics section) This supports the

'y_Probability of low testoeterone levels exiating in males used for ji““ff_lut

experimentation.; Gland characteristics of the testosterone treated group j,;__i

-'andebreedinp male catepory<were also similar e f; -
: IR AN SOM
SinCe 1ntegUmentary glands seem to be stimulated by;testosterone,

i the seasonal pattern of testes weight with maximum values being recorded



'it[gisquirrels could burrow.: TWo neqt boxes plus food (Vitamite pellets) and{;;i*7'

from broeding males (see Seasonal Variations in Testes Weight sectian),
: e . : - o o ' :

suppest theit nnﬁmvnlbd tcsluglvronv:prOUUction may: occur at this time.
1t also seems plausible that scent marking by males may be influenced by
Mthe same hormone.f The’positlve correlation found between'maﬁking

: & .
frequency and teetes weipht in this study has also been reported by

1"Thieqsen (1968) for gerbils. S Bb.. L : 'd‘“}
CONTROLLED PEN EXPERIMENTQ ON SCENT MARKING - . |
AND RELATED BEHAVIOR - - . - =~ . |

0

<General Methods ‘

' Behavior experimentq during the summers of 1973 and 1974 were
conducted in a rectangular outdoor pen (4 9 X 12 1 m)>that was separated o
dnto two equal sections hy a_divider which contained a removabie accese'f77
passage (Fig 22) The concrete.floor.of the pen wes couered withldlrt'.t
. Sy s
h:to a depth of 15 to 20 cm around a central mound approximately 45 cm »
| }Ahigh and then sodded this simulated a natural substrate in which thevfe;fh;fﬁﬂt{

A

"'~Water were provided ad thztum in each section.. Observations were made'n

'"'.With biﬂOCUlarG from a concealed vantage point above and to one side of L

s »the field) to determine 1f the pen situation was markedly affecting

bthe pens : -5:t <“‘._[~,1 L ~jﬂj~“n'aj;,’ﬂ o
Prior ‘to. the experiments conducted in 1973 behavior observations L
'nlwero mado for two weeks on animhls of known social status (recorded in 7'.‘~i{f
-behavior patternq.4 qince domdnance relationships remained constant, B

{Tjﬂscent marking was observed and one female suceessfully reared a litteri;i.ﬁ

'gof four, I concluded that the pen was not adversely influeééing behavior B
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" that would be imoortant in future exberiments.

During.experimentation marking pegs were positioned in the pen

' nrlor to morning emergence of the animals | Because the central mound ©
was the focal p01nt of the animal s activity, the pegs were arranged to

'»center on . the mound (Fig 23) | Marking and other behaviors were then
) . .

’LA»recorded from the time the first male emerped untll two: hours had

"elabsed T'used‘this'observation.period hecause field observations»_
_indicated ‘that max1ma]‘activity, including scent marking, occurred during
the.flrst twh hours followinn morninévemergence | As in the field the
lpegs were collected.immediately after the observation period. and cleaned
_ . -nzlfl /n/ia_; ";.ﬂ-;al4d~,jf}‘i r f l ‘;;"];r
Scent Marking and Social Qtatus -‘x_»‘] , o S L

Higher levels of scent marking by adult males that were dominant
';within their group indicated that frequency of scent marking might be a
'vrelated to social status , To investigate\this hypothesis I designed the.‘.“‘” 8

.following experi :'tgl:‘ a2

Methods Four groups of two males and two females were selected. S
.fTwo groups had previous social experience together and two were '

ffselected at random from animaIS'with no known soc1al contact with one fj}

':nanOther These animals had been captured in 1972 and had been in

Sy’
J‘

-

; *fﬂhibernation in the Laboratory Animal Service facilities at the University

S of Alberta. The squirrels were arOused in April of 1973 thus, thein ".,:"” :

3_::norma1 cycle of reproductive activity was completed before this e
o : - s . B

vf:experiment was initiated in June of 1973 '

After a group was introduced into one section of the roof pen,'

Ln;observatlons (three observation periods) to determine social status of,bjriz'““'

G



the maleS'wurv made. Dominance was based on the same criteria as

"_described in the Field Methods section Females wereiincluded-tg .
: v e R

s1mu1ate more closely group composition as. it exists in field conditions

;-The subordinate male was then given subcutaneous in]ectlons (2 0 mg) of

,‘_:testosterone propionate (TP) three times each week for a two—week period .

.

- with the intention of’ producingya<reversal.ln-male dominance; HScent.'
- marking and other relevant data_were recorded daily in the time perioj':;
,.mentioned‘in;the Ceneral_Methods;sectiQn. <

¢

Results .The ﬁirst detectable changes in the behavior of the }
dsubordinate male werc notioed on: the second ot third day after the }
"hinceptlon of hormone injections . %light increases in scent marking by
?;the subordinate male and marked increases in male-male encounters that
‘were initiated by the subordinate were the general pattern Prior tolﬂ

- this time almost all interactions had been initiated by the dominant

47

':male._ Fighting between the males increased until a reversal in dominancej"“”i”;‘

'goccurred usually by the fifth day (x = 5 8 days)

After the dominance reversal scent marking of both the ground and 'i\ a
N 'w:'pegs by the new" dominant increased while marking by the new

F'Jsuhordinate decreased both slrnificantly (F 6 4 P < 05 F 33 9

001, reqpectiVely) (Table 13) Marking by the new dominant :

e

N'“decreased only slightly over the next five days Marking data used in

”*?n_the statistical analysis encompassed a 10~day interval five days prior
o /

"tto and five days after the dominance reversal
DisCussion Under field condltions dominance among males that

s‘

] R
hiq own territory WLll usually be dominant to neighboring males The »7,

L

S hold territories is, prlmarily slte dependent in that a male who is within~_1;jllii



(6.9 x 12 l m) pen was apparently too smail to allow two territories to be

estahlished_ therefore, one male could not escape and a dominant—'

4 subordinate'relationshipAdeveloped. o

Thefhigherzlevels.of;marking-recorded.for-thehdominantianimals»

Y

[y

o in: this study have been reported in s@ﬁeral other mammallan species
(e g , rabbits, Mykytowycz 1968 marmosets, Fpple 1970 African dwarf
'mongoose, Rasa 1973) Inereased marking by a male after hecomlng

‘-dominant and decreased marking by a- male after becoming subordinant has

w
been found in gerbils (Thiessen 19\?¥\ Thiessen stated that these mark—

1ng changes were independent of previous marking levels this also appears

 to be true in’ male e columbranus. One cannot entirely Separate the :
possible influences of TP and social Status reversals on markinp

frequency however, markinp by the subordlnate began 1ncreasing three ’

Y

; days after TP was administered and continued to increase gradually until

;lthe sharp increase as’ status was reversed Also, the former dominant s

o

N imarking decreased after he relinquished the dominant position even though

uhormone levels may not have changed This indicates that both social
e e Tt <'Cﬁz”: AN
T status and testosterone influence marking L

Increased marking after androgens were administered has been o

.reported 1n gerbils (Thiessen et aZ 1968) but, in- thie experiment ”fh:

y
_.1ncreased marking cannot be nttributed to androgens alone becau;e lﬁn’f”fc"_ﬁuf

5ﬁincreases in aggression and marking occurred simultaneously and increased

]’jmarking may have resuited from increased aggression.. However,_androgens

q.f;7may be responsible for increased aggression exhibited by subordinate males

. : . .“
l‘{fand subsequent dominance reversals., Guhl (1961 as cited in Whitsett

‘il975) pr!%bnted a number of studies showing that aggressiOn~increased

"gﬁfwhen testosterone was adminlstered In a recent study Vandenbergh (l97l)

om T



1

.obtained similar results in hamsters (Mes ocrtﬂetuu auratuu){ S N

o If one considers the d0m1nant male in the pen %1tuation as the :‘
: territory holder and the subordinate a male who does not hold a
'territory, then increased'scent.marking by‘the adult.males aftergacquir-

.vingﬁdominant‘status.is in-agreement with'field,observations.ofiterritorialh

‘ﬂbehavior;;'A'decline'in marking by a.mafehthat'has‘lost a_domihant position

R

: is_comnarable ta a male inhthe.field‘that_hns Tost agportion_or‘all of;his.,.

,territory'(see Scent Mdrkinggand;Territorialdﬁehaviorrsectiom)Q-. .

.

;v;Scent Marking and qncial Setting

» %ince the emergence from hibernation of adult females coincided
;with a sharo increase in male;male.aggression and scent marking,.l’dh
attemotedvto determine the female s role in these major behavioral .
-changes o _"dhd!h .‘7 - |
' Methods.ﬁ 1 tried toisimulate the emergence from hibernation

'~sequence of the adults, based on field observations, by introducing the

‘squirrels into the pens in a similar sequence.; By doing this I hogpd to

:.;,determine the influence of an adult female on the behavior of adult males

. I T : . :
;1n ‘a situation of male rivalry (set Combination A below) To evaluate

ﬂithe possible effect ofva Female in the absence of male rivalry, I used

l‘ﬁ,ombination B Although thelfirqt six days of COmbination A are identical N

A

S to Combination C it would have been necessary to subdivide A for h.?

J‘hlstatistical compariSOn to B thus’C was included in the design.. ;?Tugv:"

Eipht sets of three animals (two adult males and one adult female)

7*iiwith fOur setq hav1ng previous social experience together were selected

"f“In the remaining four sets none of the animals had any known, previous

f‘\' .
LY .



-

' until the entire sequence Was completed. Data were recorded for three

: “ :
LN )
. ; . % . R
social . contact with other members d¥ a set. Both the set of animals and

A%
- the order of .use. of combinations A, B, and:C (listed below) were - randomly

o . h g
chosen; each set-was involved in all three’COmbinations.
_Dazslto3' .,  4Lto6 - 7to9
: 'i A. rResident 4 added - .Nonresident é added : ‘Q'added -

'.Bl ;Resident o".added° R Ag added e

vC, lResident 4 added _! ,Nonresident'G-added_

o S S . Y S
In each'combination the resident'maleﬂwas“introduced into thé-
pen on’ the afternoou prior to the observation period ‘on’ the next morning

"

(Day 1), but both the nonresident male and female were introduced ten to SR

twenty minutes before the animal(s) in the pen emerged in the morning

(Day 4 or Day.7).- After introduction each animal remaimed in the pen

A

"o days for each single animal or combination of animals before the next

animal in the sequence was introduced (e g., Combination A required niney

- (..

three days with the resident plus the nonresident male,_and three more ,f

days with the resident male,»the rival and the female)

‘e

determined by simultaneous introduction of one pair into a neutral arena

(l 5 x 6 O m) The more aygressive or- the winner of the fights during

the next hour was considered tho dominant The dominant animal of the ~"

50

Y

' consecutive days, three days of observation with the resident male alone,,r_'

Prior to the experiment, dominance status of the males was '__'jjj.it':

pair was used ns the resident (flrst introduced) and the subordinate as

u/__“

the nonresident male for each combination in the experiment._ This waszf' -



- |

donefto.”réinforce"-dominance’of the resident, thereby reducing the_'
possibility of dominance reversals after experimentation began because

hothfmales of a pair may have.been pOtential'territory holders fn field

. conditions ~ Since T was primarily interested in behavioral changes of a

s territorlal dominant male, it was d931rable to prevent, if possible,
O ,«» ‘( . . ‘ - . 3
o dominance reversals.

i

i . . . . f R : B v ' .
R In order to maintain a uniforvaEproductive condition: of the

angmals throughout this four month experiment lAadministered sub¥
e cutaneous injections of TP to the maled and estradiol benzoate (EB) to L
E ‘the females Fach animal received hormone 1njections (2 0 mg of TP or
St ! .

FB/day) for five days prior to and every second day after introduction

into the pen.

] .'.‘ .- B : . ' - ~ /" . 3 . .
';,je , To make possible the running of two simultaneous combinations, I

placed a visual barrier between the halves df the pen. Frequency-of scent‘: )
marking (both pegs and ground), aggression,,clawing of ground and other
'.( ) P

relevant behavior were recorded on prepared data sheets by two observers.

'?; Fach observer selected at random four of the eight sets and recorded

O o information for all combinations of those four sets.-‘ﬁ;’.vaf» "f'. L
/‘

Results. Although mean values for the three—day interval in each

-

lor duration of effects, but they appeared to be, in gome cases, having a

;diluting effect on maximum response7 Therefore,_l haVe included day to—':

v K
) BRI
. Q‘#‘ y

day changes when they seemed portinent All daily1meansoare\presented



fa ?

in the Appendix (1, II, ITl)i’ S I : lb_ |

During the first three-day 1nterval (all combinatlons) Wwhen only
the resident male was in the pen, the highest level of scent marking
: , a . , : o . R
was recdrded‘on‘Day 1 yith_somewhqtiof a decline on Days 2 and 3 (Fig.

. 24a, b, ). “ -

. a ‘ ‘ _ L ‘

In Combinntion A,,ﬁ»siﬁnifiCant.increase‘in_SCent marking by
resident males.wns rocordediafter the introduction of a'nonresident male

'.(FirSt 3—day'interva1 comparcd to second) (Table lé). The highest level
of male male encounters (chasos ard fiphts).and claw1ng, as well a\

significant increases in scent marking (bay 3 Alg l7.4 Day 4 x = 31.6)

52

E e“‘/'w :

were recorded on the first day the nonre51dent male was added. Frequency:j,

of .scent marking and claw1ng by resident males paralleled decreases in
aggression over. the next two days (Days 5 and 6)

After introduction of the female (Day 7) in Fombination A,
. o ¥

significant increases in male—male encounters (Day 6 £ = 4 8, Day 7

'

;x.=v16.5) and clawing (Day.6,i.= 1.7, Day 7 % = 5;4)fby_the resident male -

\

v

were recorded however, scent marking hy resident males increased

(Day 6 X = 26 2, Dny 7 % = 732, 0), hut not signiflcantly uBesides more.

frequent aggressive encounters, the duration of each chase was lonper and .

often ended in a flght.‘ Fighting betWeen males was infrequent on the

) _v
Day 6

- . _\.

%cent mdrking and clawing by resident males increased sipnificantly“

1

‘_(first three day interval compared to second) after the introduction of a o

2

' female (Comblnation B) (Table 16) /'In six of the eight sets t@e resident ufijy

o f.male mounted the female ~and attempted to or d1d copulate with the female

1n both Comhinatlons A and B



, A;significant'negative correlation (r =»—.885,‘% < .01)
(Spearman Rank Correlation) was found between frequency of scent marking

by nonre91dent males and frequency of male—male encounters in Combination
: ! ‘ UW
A. . As soon as the resident.malewestablished his dominance and became

-somewhat more tolerant of the nonresident male's presence, matking by

nonresident males increased. If the nonresident emerged before the #

‘resident or if the resident'entered'one of the houses‘mhile,cburtinﬁ the
. : X P : C .

female, marking by the’nénresident male was higher than when the.resident

was vigible.

Frequency of’scent-markingr(Day.Bbi = 17>4 'Day 4 X = 25. 5) and
elawinngDay 3 i'='l?6r Day 4 % =5, 4) (Treatment C) increased

'51gnificantly after the nonresident male was introduced when - Day 3 was

o

‘ eompared to Day 4, but not when.the means f0r the thréefday.inter%als

; . a o .
were»compared (Table 14) Although the treatment sequence was selected
at random,.Combination A was run prior to Combination c in six of eight

cases. Previous experience may have influenced the apparent increased

tolerance of the malei td one another in’ Combination C. 2“
’ ]

. . P] . L |
',when<SCent marking by the-reSident-male &as examined on aaday—tOe_\ S

day‘basis a similar pattern of increased marking on the day another :

o

. animal was 1ntroduced was found in each comblnation (A B -and C)‘(Fig

Zﬂa b c) N TR T T S T T N
Diséussion. Many specles mark more frequently after encounterin

. . o ‘ : 3 v
,members of their own sey than_after encounters with members of the

t-n
»

- Qopposite sex (Rails 1971) However, results of this controlled experiment '&"v~
};indicate that the presence of a reproductixply agtive female may be
-‘f:influential in initiating and maintaining high 1evels of male scent



marking and male-male aggression.

Rased on field“obsorvatlons, I expected a Ereater increaselin
marking by the resident‘male“after:a female'was‘tntroduced‘in a situation
6f male rlvalry (Combination A)'than.was rctbrdcd. The limitggdncrease
in marking may be' due to an upper limit of scent .marking having already
been reached bdf@re the femalc'was added. It is likely, that the small

“enclosure forced the males to'interact more frequently_than would have.

¢
occurred in the field.‘ Under field condittons thevde%eated male (non-
_resident) wbuld have probably escaped. " If scent marklngvand aggressidn'
are assbciated, and they appear to be to some extent in this species,
thenrthc leve]s of marklng recorded before the . female was introduced may
have been near the resident's upper limit of marhiné because of frequent
iaggressive male;male‘encounters:; In revtews of scent marking Ralls (1971)
and’Johnson’(l973) cnncluded thnt;an-aSSociation_between marking and
aggression exists in a large number ot species.

S Perhaps the significant increase in male-male encounters

(Combination A) is a better indicator than scent marklng of the female's

influence on a resident male. If the female's'presence‘was neutral, then

one would not expect increased male-male aggression;

The fact that marking by the resident male was sustained at a

2

hlgh level tbroughout the three- day interval (Days 4 6 Combination B)

while droppinp off after Day & ((ombination C) suggests that males and
‘bfemales may - affoct marking rcsponses differently Tf markin? is

M~;afiected eqnnlly by the pres;ncc of any squirrel then one. would exbect

comparahle levels nf marklng rosponses to both males and females

P

B A hlgher level of. marklng on the f1rst day a resident male was in
A _ C _

- the pen might.bg.atbributed to lingering qdors.frqm'previous,experiments:

«

34 -



o

' hiyher levcl of marking on thc first day in the pen.

\ .

or- to éhe noveltyuof the situntion. [ncrcaéed marking'ufter beingf
introdnced into a new cage haé been reported»in'the tree'shren, Tupdia
beZanqema (Martin 1968) and the bushytailed woodrat, Aeotma zinereq
(Fgoscue 1962) with maximum marklng occurring at some moderate level of
novelty (Johnson 1973). In theffield, marking'seems to be higher during

o o _ : o o
the "territory,acqniring" perfod.than in an_eetahiished terﬁitory where
a male has likely established his own $cent (see'Scent Markingnandv
Territorial Behavior section). This could'aisovaccénnt forthe reeident's

W

Gince clawing the ground frequently preceded marking, this

behavior may be assdciated, in some manner,‘with scent marking.

Modification of the substrate byhclawing‘nay provide’a more_suitable site
earth may attract an animal's attention through the smell of fresh earth
or by making the area conspicuous. The resident male’did claw-more "

frequentiy in the presence.of another animal. -The scratched_earth may

-~ have attraction value,or thehsquirrelstmay'have been-actiVely marking
: T S o : - L

with secretions'producea by,the:pedal'glande; Clawinglbefore:marking has -

L@

- Stokes '1963), 'and" in. Columhiah fround squirrels' (Stefner 1970, 1974).

s . . et S .'b
The suggestion that animalq;éﬁent mark. when dOminant to and/or‘

intolerant of another animal (RalIs 1971) seems’ applicable ‘to.. the

4

resident nouresident male situation 1n this experiment. Even the sllght K

1

increase in marking by the nonresident as- the resident became less

' aggressive Vemonstrates‘how-closely scent marktngxseems.tocbe,related_to_

- R S . - Ve

been préviouslyurehorted in Uinta ground Squirrel§; S aerﬁuS'(Balph and

social status‘and”aggressron7levels.-;OﬁfCOursé,‘familiarization;may;have’

)
=

for marking or, as Eisenberg and Kleiman (1972) suggest, the scratched up :

55
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influenced these hehav1oral chnngea

. The . poseibility w%? considered that any Columbian ground squ1rrtl

S _ \
' by the resident malé. 1 decided that the only animals that approached

(a4

not just a-reproductively active male or female, dght\influence marklng

neutrality and could be used in such an experiment were - juveniles or’
.yearlings, parti(ularly females since they are not a potential challenge
to a male. Because field ochrvations indicated that both of these age
classea play a neutral role‘throuphout most of. the year; especially the )
breeding season, I concluded that their influence would'be'slight Also,.

yearlings emerged from hibernation three»to four days after the adult

females,_at which. time no further increase in scent’ marking by adult maleS'

was recorded However, later 1in the season, the yearling males are cha -
A

| by resident males (see Description of. Annual Cycle) Because of these
’ \.

factof% and time limitations for running the experiment, a ,nEUtral”,
animal was deleted from the experimental,deaign.- - g

-

Differential Responses to Scent Stimuli

i '
Tf scent marks convey some type of information to conspecifics, one

‘might expect-an animal,to be ah]e(to recognize another animal,s scent
- . . S . L "C . ."-vl . ) ,
mark'as'being'different frOmfhis-own CTf so, an adult male may respond .

@
~

differently to his own scent mark than to the scent mark of a- strange

- ! ' ' ' ‘
male; Whether the response is in the form of an immediate change in '

‘Lbehavior 1iKely depends ‘on the message detected in the scent mark

'Methods,h'TheAresponses of'one adult.malehto hisuown-and af
qtranger s scent wetre recorded ig>a room (7 x 9 m) where he had been‘”'

h0ueed singly in a shoe hox cage and allowed daily freedom (approx.~2 hr/

{

.day) for six- months prior to this experiment This animal had been ”fih'



captured-as:a’juvenile and tamed by ertensive,handling to a point where
the presence andiactivity_of the‘experimenter did:not_adversely atfect
his behavior. | | |
Three marking pegs were taped to the floor.near the center of the
room in- a linefwith 25 cmibetween»eath:peg; the male was'reieased at:a

- standard location, an‘equal diatance from each peg.' One peg (referred to

._ as stranger”) had been scent marked (oral gland) that same morning by

another adult male (not always the same male) which the experimental male‘ o

v

:had never contacted' another, referred to as. "own" had been scent’ marked
'the previous day by the experimental animal, and a third was unmarked
(neutral) The'position of ~the pegs was shifted in a- regular sequence
vdaily.A For example, if the sequence from left to right was,"own -

' stranger" "neutral", on the next day it would be neutral"i'

stranger‘
Beginning with ‘the release of the subject, the total number of
Atimes each peg was marked during four consecutive five—minute intervals

- was. recorded.’ The twenty—minute interval was aubdivided)to expose any

:‘:'temporal differences that might exist in the male s response to the

“

i scent Fach test was run between 10 00 and 11: 00 AM for ten successive
i-days during two periods (l) while the male was, reproductively active,

(2) one month after the first test period when the male was no 1onger B

'rEptoductively active (postbreeding) ) 1',_*.r’-"h. _H“, P v:';“»,g~'«_ s

Results The subject had been allowed to scent mark a peg that

was’ covered with his own scent mark for several days before the strange

'scent was introduced During the period prior to presentation of the

: 'strange scent mark marking by the SUbJECt was not quantified but his N
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marking appeared to be 1ess frequent and almost entirely limited to peg - ; 8
marking | S C T |
When the "strange' scent was presented for.the first time, the
'-maleisniffed the “strangeV peg, immediately flared his tail, and then
.vigqrously marked the peg (stran?e) several times Tail flaring was neverv"

'_.ohserved when hisAown scent was_inyestigated. In the field, squirrels;
?fflared‘their talls;when.excitcd.and-id?aggressiye situatlons“(Steiner~>
i_1970b;.ocrsonal:obscrwations). 'Next;‘whdt can:bcst bekdescribediasia‘

\v.markine frenzy.occurred;;ewerythingvin the, room:that‘nrojected enouéhfto -
: allow contact with the oral angle was markedl :Includingfthe threelpegsh
;fand objects in the room, the male marked a total of sixty times during

.the‘first five—minUte interval Although peg marking remained consistently
_.high, scent marking of other ob1ects in the room declined somewhat during
'subsequent days. ! R ,'Z;&

Besides the total number of times that peés were marked during

‘,jthe hreeding seshon differing significantly from postbreeding season
' totals, several differences in the response to the three pegs were also.

found (Tehie 15) | During the breeding season of the subject the peg that

'vwas covered with the strange scent was marked signifiCantly more S

- frequently in each five—minute interval (combining the third and fourth)
':and 1n total (Table 15) The third and fourth intervals were combined

B to facilitate analysis because Sokal and Rohlf (1969) caution against

'1using expected freqdencies that are 1ess than five. Only the third and

i»fourth intervalq combined and theltotals differed significantly in the'

,fpostbreedinp tcsts (rahlc 15) When the postbreeding totals were compared L

.k_the:*strnnge nluo differod sipnificantly from the neutralV:Value:but Lvhlfu.

'»‘ R ' e



not from thcﬁ"own” valno. Whvn mnrkinr‘in»vqnivnlent'fivu~minuto

lntervals (hreodinp.vs. pOSLhIL(dinﬂ) was tomparod all GXCept 'own"‘and
stranger duriny the first flve—minute interval were’ 31gnifican%%y
greater during the breeding season. (Table 16) The total number of times

that pegs were: marked during thc breeding scason (418) differed

significantly (X? = 57.33,.P < 005) from the pdstbreeding total (225)

' Discussion The ability of mammals to discriminate by olfaction '

-‘fhas'been'demonstrated-at several levels . This ability ranges frOm 71

A

1discrimination of sex or, reproductive state in many species to discrimina—

tion of individuals in a few 1nstances (e - ,tmice, BoWers and Alexander

P R

59

.pl967 gerbils, Dagg and Windsor 1971) Male e columbtanus appear to be :;li~'f

_able ‘to discriminate between their own scent mark and the scent mark of

'a stranye male The somewhat aggressive response of the male after 4Q
Lo T Lol \ : :
~.investigating the strange scent (increased marking and excitement)
. t‘\ .
'Asuggests that a squirrel may acquire more information from a scent mark

'than just recognizing the scent as. being different o Since a territorial
N

-male in the wild responds in a similar manner after detecting the scent

R

'?"i; :

S

'5mark of a strange male within his territory, threat and/or adult maleness,. f;

.‘either of which might elicit an aggressive response, may be COnveyed in
,'a saent mark Th& level of discrimination need not be one of individuality

Vil VL

"fto explain the responses to the-scent thatvwere~observed;wa

A

Of course, a male may rcspond in the same manner to any scent‘fj?j‘fj}"i

ﬁ,.

hc:mark that is not his ownt Because of the difficulty in obtaining pegs

'marked by adulﬁ females, T was not able to investigate the response of an f

o adult male to a female 5 scént mark But if one assumes that the same S

7}‘scent signal that is conyeyed during greeting, which also involVES the

Ly,



A'oral?gland 'is contained in a.scent<mark.then I would not‘expect'an

‘“'f,\*aggressive response: by a male to a female s scent mark 'Adult males

) seldom respond aggressively after greeting a female, on the other hand

;aggression is common after two males greet. When greetlng a female, a

N
4

‘ male may recognize a- "femalencss" factor or the absence of a threat
‘ "\ . . ‘- ) . .

: dcomponent S T -y' o e

el

Higher levels of markinp durlng the first test period when the test
. e Y

‘fmale was reproductively activc coincided with marking data COllected in
the field The - greatest amount of marPing was recorded in the first N o

(5 min) interval in both the breeding and postbxeeding test geriods, but‘

) f - i

3_-marking during subsequent (5 min) intervals declined more rapidly i\ the‘ -
. . \ . ) ~ | ) "
v 'postbreeding peridd If animals mark more frequently when they are

-'intolsrant‘of another animal as suggested by Ralls (1971), then the moref
‘ .

sudden decline in marking in the postbreeding period codld indicate thath':

increased tolerance may exist during this period ‘*I observed a lower |

]

.level of male-male aggression and increased tolerance of trespassing

'males by resident males in the field after the breeding season (see

it Description of Annual Cycle)



GENERAL DISCUSSION

MOTIVATION AND CONTROL OF SCENT MARKING -
S L

Many inferencos have been made p\rtaining to’ why animals scent'

' mark.A Fwer S1968) qtated that the facto s which evoke marking are

unclearﬂ'howeVer, alls (1971) conclud d that particularly high levels of

| 5‘marking are primarily associated with ggre851ve tendencies - Fisenberg

- and Kleiman (1972) concurred with Rall'

and attempted to accaunt for low
o

1evels of marking with an odor field hyp thesis Thgy proposed that an

optimum odor field, composed of-a combination of scent stimuli from the . '_';A

}*individual, the environment and conspecifics, provides .an: optimum level'}p

',‘c“

" of security for an animal i Any modification of this odor field elicits -

- . e

1fan apprOpriate behavioral adjusbment. Besides aggressive behavior,

'Johnson (1973) classifies sexual behavior and novel stimuli a8 factors.J7}

. v»xv-that 1nfluence marking‘ ) ’

b”gfneglect to" define

“3.,These authors felt o

vl

Although the 1eve1 of analysis of marking may be obvious in many E

":}iinstanoes, Fisenberg and Kleiman (1972) stated that t00 often people

.e level when discussing the motivation of marking.;,lﬁ

at on one level an - analysis can be made of those

| d«;'external or internal s imuli which influence the frequency of rking

h';(e g ,,manipulation of the environment or hormonal control) 4§! another T

)

,"ﬂf,level Ralls (1971) suggests that the motivation of marking can be ‘LA.;tlh

."11;investigated hy associating marking with a stimulus or behavior of a known'gfyh

S : ; S , Q3 S N
';égidvational state In this section I attempt to determine the o

f“motivation for marking in u.-columbranus by utilizing different levels of

’tfanalysis



If one’ considers the motiVatibn of scent marking 1n Columblan

‘:vground squirrels by using temporal associations, then scent marking in iv
v :both maljs and females appears to be’motivated,.at least 1in. part, by
'".agonistic_tendenciesr, When territorialfbehavior is vigorous and‘levels
of aggression are high the level of scent marking 1s also high :In,»
“adult males, the’ onset of territorial behavior,_high levels of.scent
i marking, and aggression coincided with the emergence frOm hibernation of
i adultifemales. It seemed as if the presence of the females actually jt;
.~htriggered the noticeable bchavior changes in males. The onset of \ o .V‘ﬂs
_.territorial behavior in adult females was’ more gradual, apparently not o

o g ;
" evoked by a single external stimulus as may be the case for males

A . .
When inte%hal stimuli are considered in adult males, hormones-y-
seem to influence, either directly or: indirectly,.the frequency of scent:

";.marking, because marking and aggression increased after administration *ff’

5

.ﬂ‘}of testosterone This indicates that te tosterone may be involved in
“iearly spring behavior of males. However] one might not expect such
sudden behavior changes (as menfioned Above) on the day that the femalesf;j o

h}'emerge from hibernation unless the males were already Bhysiologically. d,

‘v"PrePared If the females presence results in the release of androgens, B

S ‘ B

AR then a nnre gradual 1ncrease in markfng and aggression might be expected;fff:"‘

}v;q::Fven though androgen levels may not be directly reflected in testis f

’.;iweight maximum values of testes weight were found in males immediately

= after spring emergence, indicating that ‘a high potential for androgen

':production may exist at this time‘ McMillin et aZ (1974) for white—-flri"9
"'.tailed deer (Odocozleus vzrgznzanus) Neaves (1973) for the rock hyrax’ik"n; '
',fﬁ(lrocavza hab@»ntntoa),_and Hurlbut (1971) for cottontail rabbits -llf:r

T
t
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. oyluiiagus floridanus) report that increased*serumltestosterone

| coincided with increased testicular size _ Testosterone may produce a :

capacity for high levels of aggression and marking: the emergence of the

. females from hibernation may activate these behaviors. .'

The onset of territorial behavior and marking\in females early in

‘.pregnancy and the continuation of this behavior throughout lactation may

be influenced by hormones associated with pregnancy and lactation
P v

'rJohnson (1973) cited a few instances of females marking during oestrus ’

i . 5

'but stated that data on marking by females are rare. Information

;_:pertaining to the influencg of estrogen and progesterbne on integumentary

,»-glands is also 1imited however, both estrogen and progesterone have:}‘_

been reported to stimulate scent gland activity in some mammals (see ,

'-Qtrauss and Fbling 1970) In a series of studies where both marking and )

‘“:hormonal influences were investigated marking in female gerbils peaked L;

j,during lactation (Thiessen 1973) but marking behavior and secretory

o _activity of the ventral gland were apparently not under control of

.estrogen and progesterone, exogenous testosterone elevated marking and

.AE

' female‘n. columbtanus. : 5-?’;:;; fl.-"‘*'v ‘

increased gland size (Thiessen and Lindzey 1970) Thiessen also suggests”

that marking and gland activity 1n the female éerbil may depend onATt}:'
androgens from extragonadal sources._ This may also be the case for

SN - . K-

Marking by adult males persists beyond the breeding season,f:fg'f.{fkf
g . t

:although at a reduced level (see Scent Marking section) Again marking if ff__

A'v;during this period may be motivated by aggressive tendencies, but reducedffjgifl

' T ‘lowered when testes weight is reduce*n the postbreeding period, , then '

' ﬂvaggression, coinciding with 1ess vigorous territorial behavior, may be a;‘: :;:t

fk:f_associated with lower levels of marking. If testosterone production is



Al ¥

. '\\ 4
<
/

o

‘reéduced levels of marking may.reflect, torsome eXtent,'the'levels,of
- this hormone.l_As‘in the breeding. season, marking:and aggression seem :

| inseparable /

A similar explanation for the motivation of marking in post—'.
’ !

'i'breeding males may he applicable to females when they are not territorial

during the breedin//and post—lactation periodst As in'males, reduced

d.}. levels of aggressidn 11kely assoc1ated with the ahsence of territorlal

'behavior, may be reflected in. 1nfrequent marking

" POSSIBLE FUNCTIONS AND ijNINGS 'oﬁ SC'ENT.MARK_SJ BT
F'W»d: qchultze Westrum (1965) listed fifteen possible functions of

scent produced by mammals This list will likely grow-as scent

-

communication is investigated further. In this section the possible

'.ffunctions and meaning of scent marks from secretions produced by the

'_oral dorsal, and anal glands are considered

¥

hOral Gland Scent Mark '
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,. Since scent marking by adult males oecurred mbre frequently during _~<‘

the hreeding season when territorial behavior was most intense marking

t[fprimarily, qgainst intruding males‘ thus, if a message(s) is conveyed

¢

- by a scent mark it may be directed td other adult males.i When a.

?‘fterritorial male detects a strange scent mark in his territory he some~:-ﬁ_f"] ‘

”Vftimes claws vigorously and then marks the spot where the strange soent wasl ]'

o

‘f:'located several times This hints that an. intruder 'S scent may have a ij,f{ o

F;Pthreat"' e adult maleness meaning

Threat has been suggested as a function of scent in a varlety of

B @

"f}fmay servc some- purpose in thls behavior K male defends his territory, ~i;ﬂ



mammals (e.g.,‘sugar glider %chultze—ﬁeqtrum 1965 mongoose Rasa l9l3;
'black~tailed deer, Muller—Schwafze 1971 beaver, Alek51uk 1968) 1In the
laboratory, scent that accumulated on_one s hands while handling S

. columbcdnun produced threat displays, threat postures, and attack 1n'

‘1eight A jrankZLnLL that were born in captivity Tlese same squirrels

could bc_readily handled,hy the experimenter i the'Columbian groundl'

-squirrel scent was removcd hy thorough washing Y

As was: pointed out’ in the Scent Marking and Territorial Behavior
. gection, a scent,mark,does not deterlan intruder. wif detecting.a

resident”s scentfmark-only results in an‘intruder becoming mOre hesitant,

Kl

-‘cautious,land more likely to flee as 'a threat or adult maleness meaning
’mrght achieve, it still serves a useful purpose inlterritorial hdhavror.
Another possible message conveyed by a scentlmark isvthat of
'»-1ndividual identity. A male could then differentiate among the scent .
'marks of neighboring males, markq of non—neighboring males would be
f.recognized as’ being‘those of unfamiliar animals.. Fven when individuality
'Aalone 1s‘conveyed, 1f an animal encounters a scent mark often enough and
H:learnsdto associate,a‘certaintscenttwith~an»attack-and*an ensuing'fight

?-

thqt'he froquently loqes, then a scent mark could take on aver31ve
‘fprOperties. A sftuation such as’ this would “he established etweenl:

'“ylneighboring males u Peripheral (non—territoryvholders) males that are:;,

t;d'attempting to. secure a territory or a non-neigﬁboring male might not ﬂl':

jassociate the resident male s scent with any unpleasant previousj_i?°“ a

perience if thﬂ’phave not contacted this male before., Because these-

”"kymales might trespass further and be less inclined to flee, confrontations

\ -

.dfwith resrdent maleq may occur more frequently Althouph no quantitative ;erf

‘lltnformatlon is availahle, a rosident male would seeminply fight more {ij,;{;;fﬂ{'
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readily withlstrange'than with_neiehboring,maies’unleSS5;otﬁcourse; a
fne}ghbor'was~httcmpting to,oncroach_on a portion of his territory.
| Whatever the content of a;scent message , temporalhpersistence'of
a mark,'considcred hy Mykytowy(z t1972) to he its most important
,feature, would allbw the message to he transmitted‘in the absence of the
re%}dent.male, _This_couid reduce the .number of overt fights and posSihle
'injnries because~an intruder might be aware‘that'he is trespassing on an
‘area-0ccupied by an adg}t:male and may he-more inclined to flee. |
If a'male's phy;ical nresence, which would ffeqdently result‘in
fighting, was-the only,method ofhinforming.an intruder that a territOry-
:_was odcupied; then energy demands would be greater than if _some other
method of communication were. utilized Betts (1973) states that |
terrltoriality in e Polumbzanus is uneconomical because of the high
% energy demandq of territorial behavior This does not seem to be the
- case in the pnpulation I studied but it does seem plausible that energyl
iexpenditure might increase if scent marking was not utilized |
Although I did not observe the response of an adult female tovthe .
_ mark of another female higher levels of scent marhing when the femaleS' ;
‘ : : S : Lo o
are territorialfsuégests that*their scent mark.may.alsO‘conyeyha threatfy

.\.

‘message. v ~ o R T

Dorsal Gland Scent Mark |
Many mammalian species haye/SCent glahdsfat‘morefthah'one-bddyr

location and qometlmes mark with these glands singly or in combination.»j;. :ij

Wh&n (olnmhinn rround squirrels twiqt mark hoth the oral gland and the, .

gland field , in many instances, aqpear to contact Lhc substrate S

o glnce scent marks originatinﬂ from different sOurces may Lonvey diffnrent,.i___,

v

mossages (Johnson 1973), a single twist mark may convey at least two ”f-'



by

5_(1 e., ”This burrow is OCCupled ).

~
v oL

'messages; Rasa (1971) found thdt secretions from the-annl glands of. the

o

. mongoose serve to identify the imdividual while cheek gland secretions
convey threat. A complete mark involves secrctions from both glands.

Mulier"Schwarze (1971)'a]so rvportedAdiFferent functions for the scent
from differcnt glands in the hlack-tailed,dcer the metatarqal gland

’ \
qcent was diqcharged in f%ar sttuations and the. tarsal gland scent seemed

,impqrtant_in individual redopnition.

Rasa (1973) found sex dlfferences in gland ut1llzation' the male

K

mongoose marks more frequently with anal glands than the female. In the

groupq from which marking data were coldected regularly, male squlrrels

marked more frequently with the oral gland while females twist ‘mark more‘

N o K

often. Tf the. oral and dorqal glands convey different megpages, an

explanation for theqe differences in ‘gland utiliﬁﬁtion is offered

' 2 Because of tho potential of the dorsal gland field for paasive non-
}‘oriented hurrow marking (aq mentioned in the Qiand Location and Scent

5»Mark1ng qection), Steiner (perqonal communication) has suggeqted that

,“

f,the secretions from theee glands may convey ‘a message of burrow occupancy

e

If the qecret;ons from the oral glandiaarrled a "threat” message
) ~&

"nd ,eorctlons from the dorqql glande an- occupied‘ message, then a‘twist

SR

;mark wOuld carry both messages.. Tt may be import t for an adult
v femal ta - (onvoy th 11)0 smp]o burrow ln whi(h QIle is rearing he

f youn? ls occupied and to alqo lssue a thrcat message thua, femaLes

. (

tWLHL mark more - rcadlly Murie (pnrsonal communication) rccorded (fleld.,

SR

Z observatxon) a predominance of rw1st marking in female e columuvdnuo

' during the pregnancy lactation perlod On the other hand a male does

/ N

: not mark predomlnantly, the area’ surrounding the burrow in which he .¥A *ﬁ

oy _‘ N . -

67

£



.

usually spends the night. Unlike a female with young, a male has no

4

. . (\ R .
reasoun to restrict his activities to a sinpgle burrow. Malet appear to-
‘.\

be more concerned with the entire territOIy, therefore, s threat or
. . ™Y

adult maleness'moqﬁage which may be contained in oxal gland segrotions,

-

might bg more useful to a territorial male

“Anal Gland Scent Mark .

1f any mention is made of scent communication in the studies of
) :

ground sq@f%rels; the anal plands are most common]y (onsldered, perhnp< -

AR

because of Lhe obv1ous pulsqtlng movement they exhibit. Many k
. o‘“ '

1nvestigators have‘nssocieted this pulséting movement of the anal glands,s

which may indiCate the release of secretions, With situations'Where the

S

animal is involyed in hostile encounters (e g S armatuo, Balph and
Stokee (1973), N uwdulauuu, Gilmore (1934))  or is frightened or excited

(e. LI N béeohyz,‘rvans -and Holden old (1943)) - - o “i
. 2
It is" difflcult to determine if the anal glands “of 5, columbianus

are involved in active marklng, however, Steiner (1974) reports that the
anal glands in this species puIsate when an animal is frightened during .

hostile encounterq. The pulqating movement of an everted anal pland
' \

r indicatee thnt a volatile qubsLance ie being released accordint to Hatt
(1926). ancc a voIatile quhstance diffuses at a relatively hlPh ratc
. -;‘ y -

- ény"mésqage contained in the volatile secretions would be rap*ﬁly

14 . . \

conveyed I have noticed an extremely pungent odor different from oral
gland secretions or urine traile, wHen handling an excited animal whose

anal glande wero pulsating These data qeem to point toward - repelling”
I . SRR
distreeq signal heing present ig anal gland eecretions '

Andl y nnd secretionq may-nlso be 1nvolved 1n ana] drag markin (see

'.*/'

‘<r-;

b8
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|
Scent Marking section.for detéils). Ln_adplt males, apgi drag marKing is
almost completely restricted to the breeding scason (Steiner 1974). The
. apparent ahscence of seasonal variatiods;in éﬁcretory activlty of the
anal glapds, comblned‘with the urine-like appareaﬁce of secretioﬁs_
deposited during anal drap manking, giéﬁfsts‘that thé»analiglunds may
nol'contribute to.th;SLtypc of mquing; La;ge éebaceous glands in the
prepﬁce region may add matefials to these ¥iqUid secretiénés In micé;
. . o : ) ™~—
lipid secretions of the-male~preputial gland havg at;rgctive.ptoper;ies .
- (Caroom and.Bfonson 1971). Steiner (1974) also bointedﬂout cha; "urine
trails" of S. aolumbianué_héve aftréctivé ﬁroperties, péésibly_as‘a"
resultvof ﬁﬁg éreséhce“of ahdrﬁgeﬁ metabolites. Thééeimetaboiitesumight;‘
‘ coincide Qiﬁh feprodﬁcéiﬁiﬁdevéloment in maies; |
fNFLUENCES OF AN ANIMAL‘S-dWN SCENT ON HIMSEiF':
Besides conveying information to conspecifics, ‘a scent mark may
| glso/affec;'an:animal.s own behavior.' In’ this.section I consider this

¢

If the scent marks are distfibutéd thfoughodt a territory, not

possibility.

just at boundaries, then personal use of these marks are enhanced . s

(Johnson 1973): Since both malé'aﬁd.femalé-S. cOluhbianus mafk:thrpugh—Q
out»their‘;erritory, avs¢ént mark might'be of orientationivalug to the

~ resident. It is important for an . ‘animal td;méke‘an‘abprbpriéte
behaviéral.respénse‘fd stimUli; the_nature»of‘tHiS€féspon§e depénds to N - "

qome extent on thé 1ocation of an animal with respect to its territory - ”\f»‘
-9 o ' SR o
' For exnmplo if an animdl is near the periphery of his territory hiq o P

“,

: flight threqhold might be 1owed than when he is at a more central

location 1n;hls territoty.‘ _%i S if':,A'v L :.'-.] R ;«; 



fwer (1968) feels that familiar odors in an animal s area provide
"self- asqurance for the resident, In 5. aolgmlmanus a self—assurance-
fUnction is possihle bnt if this were the only funotion of a scent’ mark,
then one would have expected the %ubordinare malo‘of the pair (see
Scent Marking»and Social Sett1ng)lto ma{k more froquentlv than the.
fdominant,“ The-subordinate,‘not tfe dominant, was obviously the squirrel

that needed more "self-assurance."

L A Aloné somewhat the same 11Les, the odor field hypotheéis prOposed'

by Eioenberg and.Kleiman (1972) -seé Notivation and Control of Scent
.Marking section for description) is another manner‘in which a squirrel
_vmight utilize its own scent. In order to establish and maintain a certain
.1eve1 of familiar scent, a male 'olding a large territory would have to .:
mark more- frequently than a male with a qmall territory §3 his was

observed (sce Scent Marking and Forritorial Behavtor'section).~ In the -

Scent Marking‘and Social Setting-oxperiment; high Ievels of: marking on

the'firstquy the malevWas introduced meyvhave fesulted'fromfe

- propensity to establish familiar) scent:’
~ SCENT AND THE. GROUP
\Tneﬂuse of écent'esfa'moce of communication is most’obvioué'in

"adult malee; however, Scent[may alqo play an- integral role in communica—--

'.tion among other members within a proup QCent marking ib performed by
' “'ndult maleq and to.a lesser ex| ent hy adult femaleq but greetinp (bee“

‘ TAnnual Cycle for detailq), whl(h arso invoiyoe qocretionq from the oral

gtand 1s porformed by all grotp memberqa"The 1nvolvement of qcent

er -

'within the group is discussed hore

. Recognition of other grolp members seems essential for maintenanceﬁ

70



of groun'integrity. Reciprocal investigation-of oral glands (greeting)
when ‘two animals meet suggests individual identification or discrimination
; - ; . . : . : /. b
at a less precise level. Crectinn may increasc,cohcsiveness and[or o

stahility-of the'group; ‘Steiner (]974) ifatcs that hoth Arctic and

Columbian ground sqnirreis apparently identify indiyiduals.and/or group‘ o

members by scent. Recognition of .a group sccnt.WAS found in the sugar
“plider (Schultze-Westrum 1970) and the common marmobet- (Epple 1970).

RichardSOn ground‘squirreis,rShepnera and Yoshida (1971) and Michener

(1974) found that individuals discriminated between related and unrelated .

iindideuals, probably through oifaction.
- On the group 1eve1 a system of scent communication where ’
; inuividuality and nothing else is conveyed_during greeting;mey not‘be
;gueuuatelto'expiein'the.rolé'of scent‘in'the-sbcisl system of:Columbian
o grounu suuirreis. Thc ability to recognize a specitic scent for four
‘categories of animals (adult males, adult females, yearlings,band juyen—“
i}ggl glus a-éroup scent would he sufficient»to explainethe.behaviorll .c
observed. Of course, inoividual discrimination plus these categories '

v_nr individual discriminatiom plus group scent recognition might also be

"functLOHal.

o . L
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/\\\ : .

Tn this social system, high levels of greeting among group members B

o that occur during the first three or four weeks of the active season may ,

ltresult in enough scent exchange (scent sharing) to produce a group sceﬁl
e e

.ithat is recognizable by all group members “Since the resident male VV S

' ginitiates 3 1arger percent of the greeting behavior, his scent would

nprobably dominato such a’ scent pool (Steiner, personal communication)
x Bocause-of‘thc group sccnt intergrOUp movement by females and

s : K

'7yearlings would be possible For a shnrt interval early/in the year until

4 c . B . B



the nre‘"branded" with a group scent. I did not obﬁprVe‘much~movement
y £ 3 ;

o

from group to proup edrly in the active beason,,but 1 did observe a

u

‘resident male greet'and ‘then hhase a pregnnnt female-frOm-a neighboring s

R S . A T
group out of his territory. This female may have acquired the scent of her:

- own group by this time (two weeks into the‘active season) and was thus

rejected.

In general Agroup compOSition was relatively stable throughout
'moqt of the active season with the exception of movements of yearling
‘ .malee after aggress10n displdyed Eoward them by adult maleb and, to a
lesqer degree by adult females., Yearling malee were tolerated with%n
.the group until they exhibited eome reproductive development approximately
_ two weeks after peak adult malo breeding activity As in the adult males,
‘reproductive development of yelrling males ta ]ikely associated with -

hormonal changes which may influence the secretory activity of the :

- integumentary glands. Because aggreSsion between yearling and adult

males was usually preceded by greeting, the yearling male may have

Voo

‘developed an. adult male” scent., Adult males would th“'rec0gnize_year;hi

. .‘6
‘Ling maleq as potential threats to their territory :

’\extludo them Tf only individuality were c0nveye _during greeting, an.lT

chan%es ln yearling males to adult males f‘{owéver; Qlfaeiory
: Yoo T e
~investigation 0[ hody regione other tha ‘the oral gland region are

'7a$ during greetinp -adglt‘male s ,,hﬂfhis sinéle component{coﬁldfconvey

Ayt e i
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threat and territor&al owuerahip or. an occupgncy mcqsage to other adult

: malee, and thus be functional in territorial behavior or convey to a

S i )
female that she is in the territory held by a. male with which she shares<;

: W .\,l
a common scent.or S(ent pool The meaning of a. 5cent is, of course,
’ ‘ B . .:\v A b

dependent.uponAthe.recipient. o o ;'U ; 'g i PR

Juvenileq and yearlings could also ut]li?@ ecent marks of the PR

reeident male for orlentation ! The question ariseés: are the females
: qelecting a burrow within a male S territory or are the- maleq acquiring
a tcrritory that on(ompaﬁses two or three femalee7 In the former case,

scent marks may attract the fcmale and . in the latter case, keep the o N

-

: females from leaving if it is important for a’ female to inhabit ‘a.

territory occupied by an adult male.i I did record an instance of a. B
B pregnant female moving to another group after the adult male was remdved

it

thus females may prefer an area in which an adult male is present. “-

& .

A message of just individual identity in a scent mark geems 71?3!‘&;
r;53ufficient to explain the involvement of marking in territorial behavior ;;fﬁtf

of males, but .a message of only individuality seems inadequate when c;ﬁ‘ﬁ:f‘)ffg#g~

c0mmunication is considered on the group level ‘ x*:“"‘?} ~5 ”;h., a“ e

s

Q‘g)‘

~T‘ The importancetgi a’ certain communication modality .to a apeciesj'f

S "SCFNT AND or}u«:n COMMUN'[CATION MODALITIFS ST T

'fh'ldepends on characteristica ofthe habitat a species occupiqs and ~»;;'_;]]“ i

' the degree of socialit’of the species.-:, For example, irr general a

L

b 'Species that occupies a terrestrial habitat where features of the terrain
_ make vision and audition ineffective, or if it is highly social might be ”‘fﬁ,f
expetted to utilize otfaction more extensively than a species found in ”'¥:f;i e

fﬁ habitat that does not restrict eight or sound or is a. solitary animal o

._;‘ oD .11 ‘»4
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'"Scent glands will generallv have signallin; qualrties uhen other

sensory systems are depressed or otherw1se nonfunctional" (Thiessen,,‘;

'i LindZey, Blum, and Wallace 1970 élZ) These authors also point out. that'
ecent communicatlon w1ll be enhanced thn it is used along wlth other h ;;

vcommuniCation modalities; Integration of olfaction with other’ modes of

. .
‘communication used hy o ﬂolumb7anus iq considored in this section.

Aithough v1,ual and- acoustic sienals are not obscured .to anyl
' great-extent in thc hahitat occupied by Columbian‘ground squlrrels;_this,..‘
h jspecies uses olfaction extensively, possibly because of the1r complex'
blsocial system.. Scent may permit recognition to an extent that'thei
; ~'socia1 group can be maintained High levels of greeting early in the-.

iﬂseason when social groups are- being established may enhance development

- of 8 group scent and recognition of individuality and/Qr status.. Visual

o S\ e
'ﬁ cues could and may replace olfaction to some extent later in the season ;,,T:uv

hcwhen grOup members learn where to expect other group members and to
‘i'recognize behavioral reSponses of these animals, thus greeting is 1ess

'l‘frequent at this time.;, . e

‘ ‘h Of COJTQE, durability Of a Scent mark may augment the effective- L o

"5:ness of, v1sual qignals ] FJr example after detecting a scent mark an
. 'intrudin? male s behavior may be more easily modifled or directed into : cfr ’
. ‘\ E €‘ _'mff
'g'making a correct choice (i e., to flee or fight) when a visual cue,ksuch
. . A , o

'as the appearance of a resident male, is later added to!ascent cue. .
' ‘. s

Scent marks may also enhance visual cues used b"an 1ndividual

(NS

for location in relation to their territory Thus‘visUal and auditory

i senses would be freed for detection of predators.‘ When an alarm call is ‘fyifl

-

i;given most qquirrels appear “to know immediately where the nearest burrow

Ve e : NG e
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'15 located, especially Qhén ;hey are wtthln ‘their group territory

o Fven though Columblan ground squirrels are diurnal the dark
bﬁfrdwisystem in which theyAspend:a ggod'deal of-time'is unsuitable”for
vléualiéommuniéatioh; jAébquic %igﬁals éégld'andAlikelyldo pgévide‘sode'_j'
coﬁmunlcatioﬂ 'but.agaln lOlfaétion‘hasiﬁo}e ootenéial‘fdr feéoénition;l
of group mémbers in tﬂe dark conflnes of a burrow. |

‘ chnt marking mny a]%o havg a v{sual component.~ qutureé'

~
BN

éégumed'dpring marking{,espegigl}y twfst maiking,.ma§:sctVe to'attraét'

2  560thér,§éﬁi£%g1ft6); ﬁérk) qfnée adult malebvand to a lesser deg?ee
.vaaﬁit féméles'pefformwﬁbét ma ing and may utilize oral and twist

AV marking differentlally (see 9cent Marking section), aée and sex of an. »i

.{'individual might be visually conveyed.‘.



P . CONCLUSIONS

As pointed out by Tisenberg and Kleiman (1972), scent should be

‘n

' considered as a means of or1entation, information exchange, and

Q_integrating reproductive and social behavior, not just as . a means of
.territorial defense., Scent in Columbian ground squirrels is” apparently
.involved to some’ extent in’ territorial behavior but also seems . to play

" an: important role in the social behavior of this species

Gecretory activity of integumentary glands in both males and

'Iffemales peaked during intervals when highest levels of scent marking were

4 ;?‘.r

,also recorded the breeding season for males and the pregnancy—lactation_

-‘suggested At 1east 1“ adult males, teStostErone likely influences f‘l:

marking 1s high,‘an involvement of scent marking in territoriallty is

" period for females : Because territorial behavior is most vigorous when; ‘p S

i

J

é’ ‘.‘

secretory activity of integumentary glands and to some extent marking '

'behavior. Hormones associated with pregnancy and lactation may serve jf“"

e

,jﬁthis function in females, although this,possibility was’ not explored in _,:1L:;f

kfthis study.e'_; yr,;.‘;ffi:,ﬁf ,g';ﬁ4;-. "ivu"ﬁ;; Q;:3€~'v:lf,~-

Scent marks may serve severalafunctions A scent mark does not

~repe1 but does appear to lower the flight~threshold of an_intruder
o Because scent marks are distributed throughout a territory, the scent may

E; be for an animal's own use, to familiarize his surrOundings or for

\\» .
. C e Sy

dorientation purposes Other group membets may also utilize their ‘own’ 'Yr;f

v;that the presence of a reproductively active female may elicit increased

PN

. : 4
ESRE :

"fscent marks or those deposited by a resident male.

i 3'¢# Both field observations and controlled pen ekperiments indicated

\

Av_' : B ,__-. - e ) v '-'

L

b ".‘./"ji pOTEE e




®

.markinp byvmalesland increased male—male aggression. It is possible that
male scent marks attract females or. convey that-an adult male holds the
territory they are occupying Whatever the messaqf, since the presence
of adult females in a male s‘territorv.enhances his reproductive » |

fitness, it seems 1ikely that message(s) contained in a scent mark '
o~ '

deposited by an adult male, may directly or indirectly influence the

LIRS

‘ (females behavior...

Adult malcs apparently can, discriminate hetween their own s<ent e
. . . 7

mark and scent marks of strangc males The scent discriminatlon.‘
abilities of this species were not investigated further but thlS ability,

'-von some 1evel,'seems essential to explain the obvieus implications of

//
o/

lscent in. the group Discrimination of five categories of animals (adult -
'males and females, yearling gmle and females, and juveniles) probably
"occurring during greeting, plus a scent common to all group members would

{jbe adequate Of course, this system would be functional if individual

.reccgnition existed in addition to the five categories, or individual

lﬁ plus group scent recognition but not with individual recognition alone

] f In brief, olfaction appears to be important and perhaps essential

. ;,.'. s

'ﬁifor maintenance of a stable group integrity.i Besides enhancimg
gfcommunication based~on other modalities, scent may provide azﬁ%ans of
}:recognition‘that allows a social group to be formed and then maintained
fthroughout the active season;: Because a social group persists after the =

. , -
¢ﬁbreeding season, adult females, somegfegfliniéf“fnd later juveniles likely

.v

g R L
_fbenefid from the resident malgp ,erriéiﬁﬁal,bﬁiavior., The aggressiveness

-

ittoward intruders and alertness‘of a resfdent h'f:

ffprotection for other group members that would not bé present if the»;fp:f“ -

v:'-5°°1“1 8r°“P did not. ex-ist Armitaae (1974) felt that ten’itdrialit’ '




‘marmotg enhancéd fitness of .a colonial male:

for male S. columbianus.

This also: seei‘ns‘ plausible

[
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A nglevl. Comparison of oral (a) and dorsal_(b)'gland dimensions of

w " adult male and female Columbian ground squirrels (X * S.E.)-
Values underlined at the same level are not’ significantly  .°
different. All measurements are in millimeters.

N o - ‘Male :j‘ N ' . Female

. QtaliCland:(éZ\ o
DOISal~A: D e L L .~ L SRR
Ventral . ' 44 L 2,21+ 0.06 48 o 1.88 +0.06

¥ - ‘ o T ot IR S -
”<‘atenkr*(/~f 44, 1S1£0.06 48 0 1.09.%0.05
o ;Aﬁﬁérior+7 T Lﬁj,‘ E R ,i .,jl, . =
postertor |3 . (326009 0,46 2,78 £°0.07

b

‘<j“*;' T - S - T _
' :Q§Dorséif61and~(b)¥g' T P e A

‘Vemtral ‘377 .. “0.32.£ 0,0l .. - 40 17021 £0.09 -
. Clateral o+ 37 0.72£0.030 | 407 L 0.46 % 0.02

7 anterior- P e D e L T T e
% Posterfor. .37 " 0.88+0.03°. . . 40 Se 006l £ 0,02 T




Table 2.

Macroscoplc comparison, oY, dorsal gland dlmensions of adult
male and female Columbian. ground. squirrels (X +

S.E.).

. Values underlined at the same.lével are not significantly

different.

All measurements’ are in millimepers

Male

Female

‘Dorsal Glands

Lateral

Anterior-
Postertior

17

17 .

0.83

1.14

0.08

"0.10

20

20

1 0.67°% 0.05°

" Gland Field .-

“Anterior-
'Posterior 

" Lateral

3

'_142..

o

5.42

" 96.67 + 5.77

$99.08

%2 .00

0586f .{

43475 * 2.06

Dorsal Glands
- #&entral Ear

| Latetal

‘ Anterior- '
t‘Posterior S

16

:?16 -

- 1,62 

0.14

0.15.-

'>19f ﬂ';

RN
.19 -

1. 44-%~0,11

. fJ_,Dprsa1 Glands

“'Total No f o

'}_Glands ‘] B

S of Glands }‘
'-”Ventral Ear :

| 9.16

B

! .

62 50 8 54

56,67

6.5‘0 o

048

80

ey o

0.41 * 0,04 -

| 110010

'*'\

\\ .

9;-50--‘: e

R



Comparison of dorsal glands (ventral ear) characteristics
e T e

e

Table 3.
of adult male. and female Columbian ground squirrels
X = §3E.); Values underlined at the same level are not
significantly different. : '
. o “
N ~Male Fémaié
- - - .“ A- :J‘J)
Tubule - . . L
. Diameter (n) 5 135.0 ' 13.5 57.5 * 6.3
4 Sinus' - o
Diameter (u) 5 236.0 + 25.0 86.3 4,7
" Epithelium T L
Height () .~ 5 24.2 .+ 1.6 15.4 % 2.2
Epithelium .
" Height » o : o e
(Sinus) (u) .- 5. o 15.7 £ 0.9 8.0 + 1.4 °
Activity : AR S S
Index (%) 5 .~ 76.2 '.7.3 44,0 £ 9,7 2¢f
‘Dorsal- | | N Lo e
Ventral (mm) - 5 0.75 1 0.1 '0.44 i#O}&;
. Lateral (mm) - 5 . ¥ 1,31 0.1 0.68 £ 0.1 -
Posterior (mm) 5 . 1.92.4 0.3 .. 1.16° +°0.2
fééﬁaceégSiél;\gfl;‘f. R o  \5 P
Diameter {u) .. 5 ;.f;57-49200,1.7.0 32.00 % 2.9



.

Comparison of oral (a) and dorsal (b) gland CharaCteribthb
ofiyearling male and female Columbian ground squirrels

(X'+ S.E.).- Values: underlined at the samé level are not
) Significantli dlffé"rent [
B
Lgn
"\ N .Male . N Female
- _ \h s ‘ '
— — —
Oral Gland (a) ‘ "

- Tubule- < ,

Diameter (u) 9 65.20 * 2.00 5 50.67 ' 3.47
Epithelium  y — o
‘Height (n) 9. 9.50 ¢ 0. 33 5 9,40 *.0.48

. : é(v\ [ :

Activity e ' \_ oo L
Index (%) 9 57.20. t 6.19 5 49.33 ¥ 12.09
Doradl- , ‘ N - . '

" Ventral (nm) 9 - 2.17 * 0.10, 5 1.90 * 0.14
' . L - - .
Lateral (mm). * 9 "1.34 % 0.10 - .5 o 1,00 # 2542w
Anteriorc » N <\\ L o

- Postertor (mm) 9- { 3.11 + 0.10 .5 2,93 + 0.20

N qusal Gland (b) "_ _

" Tubule oo S -

" Diameter (u) 1 " 66.0 1 80.0

_ Epithelium . I j | tﬁ
Height (u) o1 19.9 1 20.0
Activity : o ‘

~ Index (%) f1 S %4.3 o1 68.2

Lo g CL
Dorsal- o : o
Ventral (mm) 1 0.26 1 0.31
Lateral (mm) . 1 - 0.55 1 10.53
Anterior- : : o DR : o
Postertor (mm) 1 0.60 4 ' f_ .2 \ .v0.80 '
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Table 5. Comparison of‘orai~dlaﬁd.cha£actefistics of adult male
. - Columbian grvind squirrels (X + S.E.). Values underlined
at the same level en(‘not\significantly different.
? -~
4 Brvedingl ' Postbreeding
S U -._;L\ @
Y T T
| ! N oS _ 21 - 23
Tubu'e}“n ,~ o ,b I o .
. . R . . ' { ) . 1
Epithelium - !
‘Height () : 10.7 + 0.3 8.6 ¢ 0.2
| ) | ; o , | ‘.: N
Secretory . - T T o, . ~ '
Activity Index (%) -  66.9 t 5.0 36.8 + 3.3 A
" Sebaceous
Gland Diamecter ‘ B - .
Duct Region (u) 82.7, + 2.2 74.2 + 1.0 y
7] e
- Sebaceous
Gland Diameter _ L L .
Post-duct Repion” 21,.2.+ 0.9 e 20.0 * 0.4

c:. :_; j// 5  ”1 o | L

B3
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Table 6. Comparison of oral gland ChdraCLOrqulC" of adult female
¢ ﬁ Columbian ground squirrels (X + S.E.): Values underlined
" at the ,ake level are not 51gn1f1cantly different.
- — —~ :
| ‘ . S " Post
* Breeding © Pregnant Lactating -  Lactating
N 13 11 13 & S
¥ ~ < .
Tubule . e o
Diameter () . 49.0 + 2.0 . 52,2+ 1.8% '56.3 +1.8  56.5 + 2.6
Epithelium v _ .
Height (u) 9.5 + 0.2 9.3 +.0.3 9.6 +0.4 9.6+ 0.4 .
Secretdfy ,
" Activity P . L L ’ N
Index (%) ¥25.0# 3.5  29.2 3.4 55.0 £+ 4.9 31.4 % 4.7 )
Sebaceous . s
Gland Diamcter S . .
Duct Region (u)., 37.3 + 2.0 '56.;f;jk:8‘ 59.9 £ ¥.1  63.1 £ 1.0
Sebaceous A S .
Gland Diameter T ‘
Post-duct PR re . L
Region™(u) ~  .23.54 1.0  22.2+ 1.0.21.3 £ 0.4 _ 21.8 +0.6
Lo - L N
NS —



 Table 7. -Comparkqon of dorsal g]and characterlstlcs of adult male
: Columbian ground squirrels (X S.E.). Values underlined
at the.same level are not significantly different."

N S

) Breedﬁng ‘ ' . " . Postbreeding

N 17 20
= . N " \}/ |
. Tubule’ _ L - D
. Diameter (n) © 92,9 + 2,6 : . 84,5 2.5
. "Epithelium . . o o
Height (v) . 20.3 0.8 ) - 16.0 1.1
. | . _ . _ . R _
Sectetory : o - ‘ L R
Activity Index (7) 846 £ 3.4 .- R 42.9 * 4.6
. .- : Y - . - . n
+. . .Sebaceous - ' o ' ] o
" Gland Diameter (u) ) 46.5 £ 1.9 o ‘ 30.2 + 1.5,

‘f’--_
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Table 8. Comparison of dorsal gland Ebaracteris;ics of adult fémalc-
Columbian ground squirrels (X t S.E.). Values underlined _
.at ‘the same level:art not significantly different, - IS

FE . . j "
. ' I

e ‘ S , ~ ' ’l:desE _ o
v © . Breeding’ - Pregnant - Lactating Lactating '

T e —— e e m e ek B .-_41—~»‘;—~'..~.__ —~— . - - - - - i

\

N LU S

.
- ———— e e e o
s T . 3 B . N

o o ) : _ ‘
Tubule _ ' o o - BT
Diameter (u) » 48.5 % 2.2 58,07+ 3.4 " 56,2 £ 3.3 " 63.8 + 1.8
. S R , S

PSS L IV

]
Epithelium L S o S

, . Height (u) | 12.5.+ 1.2 14.6.+ 0.8 . 12.5 + 1.2 12.3 £ 0.9

i+

‘Secretor;.'
" Activity R - C ey s
Index (%) - - 27.7 .+ 3.4  47.6+6.2  41.5'44.3 ~ 30.8:%t 5,4

Sebécéous‘A. . ' A_’. F.‘ ‘ . f" : ;E" ° ,4”"“1* d, ’ =§A
Gland . . . . o . ' e |
Diameter (u) ~ .~ 30.3 1.7 35.7 % 2.7 25.3+#1.3 5.2

1+ -

LY
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~Table 9. Comparison.of' anal gland charac;eristics.(gpoc:ine portion)
o of adult male Columbian ground squirrels (X * S.E.). " Values
- .underlinéd at the same level are not significantly different.

/

N\ y
) . =

Brc;ping T ’ 'Pqétbreéding

N R S T A T

Tubulée. R ; R — , Co
Diameter .(p) . 39.6 £ 2,7 - - . -~ .36.9+1.9

! S . . L :
‘ Epithelium R F ™

Height (u)  ° S 131505 . U100 0.6

I+

" Secretary R E
~ -Activity Index (Z)"' _'47.5

t+
O\_'
Tt




. Table 10, Comparienn of .anal gland chqracterlstlca (HPOCILHC portlon)

' of adult female Columblqn ground squirrels (X +-S.E.).
Values underlinLd at th same level are not slgniflcantly ;

‘hdlfferentt; ' - N o - . o

t.

 .Breeding . C i  "7;: Ebstbféeding‘ 

Ty . e L e

Tubule . - P ﬁra :
Diameter () .. . 39.1%#0.9 . - . . "41.5+ 0.8 .-
Epithelium |

Height (y) L S ,10.§h£'9f3 o S - '1334 £ 0.6 :

- Secretory L
'A,Activity Index (7)‘ o 30 5.0 - 1 46,8 43,8 L

oo

e
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Table 11, Comparleon of oral gland charactdrlstics of castrated
. - castrated and bestosterone treated, and intact adult male _
’ ~ Columbian ground squirrels,(x S.E.). Values underlined < s
at tye same level are not elgnificantly different
Castratedf>_ L T ”'n’Intact "7
. Testosterone Castrated. . .3Control . .
g \ﬁ i 2 MR
| Tubule 4 I A LA
f.Diameter (u) - _72-2 + é.Z L 77-0 +. /68-8 +
Epithelium | . - - -~ . T _fk S e
- Height () - 10.4 + 0.6 7.7 £ 0.4 . 7;4]&'%.1- .
SeefetorY'
. ACtiVity _ v : . TR "
Index (%) . 55.3.¢ 4.3 227+ 43 | 16.0% 0.6 .
: : : . R
:'Sebaceous - B
Gland . S Lo
Diameter () - 93.8.+ 7.0 ~ 60.8 % 3.0 _51.0 $ 3.5
e - - S T e




e o R N

- (Table 12.. Comparison of ~dfT¥al gldnd characteristics of castrated,
: ' ‘ﬁf castrated and 't r

“Columbian ground¥squirrels'(x TS.E.). Values underlined
‘ap_;hs same level are ndtisignificantlyfdifféﬂent.

: : .ot
. ' : L e !
— - 1 \

o

tosterone treated, and intdct adult male

o S R
o Castratgd'u‘ _ T Intact
-« Testosterone Castrated - ' ¥ Control

 ‘Tubule

90

“Diameter (u). S $95.6°% 136 . 79.4'N3.2 0 88.8% 2.1. .

_ Epitheliom . .
Height (u) = . 22.0%% 1.2

e
acleerr
N (7

2

- Secréfory T o LT : e ;
Activity . L e
- Index (%) - . . 92:9 1. ' ' :

I+
=
o

fg
N
I+

Sebaceops' e ’
' Diametért(u) R ,‘6420 £ 2.5 N0 ,v42.4

fis 0T e

i+ :
N
N

- 0i47 v 1906 £11

3.9 . 67.9% 4.3




' Subordinate

%
. .
!
' Tablé 13.. Comparigon of marking frequency of dominant and
o subordinate male Columbian, ground squirrels before and
after- reverj?ls in dominance after testosterone was
oo administered to the original subordinate. Marking ,
S frequency (pegs and ground) of both the original domlnant
> . and.subordinate differed 81gnificantly between ‘the "two
. test periods (X + S.E. )
v ‘ )
. : A -
! . -
Before-i R A After :
‘Reversal - . | ' B Reversal
Mean Marking ST 4 Frequency/HOur- ‘
Pegs o Groundﬁ’ - - Pegs Ground :
Orfgidel ‘ o " _ o R .
Dominant . 0,85 £ 0.09 2.23 +0.49 - 0.06-*'0.06 1 61 O 58
*Qriginal D N I S
0}47f¢'0}09 © 1.90-#0.55 - 1.70 + 0.31 . 6.28 + 1.74

" 91



Table 14. Influence of social setting (Combinations A, B, and C) on N
= frequencies of marking and dggré;aﬂge encounters for -

resident and nonresident{males P

frequency of clawing

for resident males (X 4+ §.E.). - Each value is a mean for |
a three-day interval. Values underllned at the same level

are not significantly d1fferent

N

———

Combination -

. pays } ‘

. s
1-3 46 . C - 7-9

A : K
Resident Magking Frequency

! .>- -t Y

19:15 4.8 Y 27.32 6.5 21,9+ 5.7

19.7 4 4.9 © 030277 0 - |

20,3+ 4.3 23.8%48 - -

. Nonresident Marking Frequency

- . A5TE14 - . 5.8%2.5

- - ‘5..71'2.;1. , e

Male4Male Aggreséive'Encbunfers

- 10924 0 11,7 £3.6

£

» ,~‘Re91de;t Clawing

I+ ,

1708 O 2.3%51.0 T2 4 1k

.

CLse08 . 37 rla -

Che

B R DRI Vi S 07 MU




Table 15.

number - of times each peg (Stranger,

Influences of dlfferlng scent stimuli on marking.
Own, Neutral) was marked durlng

Total

each interval -and total plus the Chi Square Values and probabllity
- Data collected for the subject’ during breeding and "

* are presented.
: postbreeding periods are expressed separately T

r

Interval

Strangef

Own rNeutral‘
L, e

XZValué

Probabi{ity '

Ist
2nd - -

3rd

Afh, S

3rd+4th

'thel,

86
46
32
20°
52 |

184

3N

’ Breeding

58 65. 6

30 260 . 6

15 17 8,

L)

‘16 18 ool

10 ;g

28 27 . 1.

.10 -
.59
09 -

23

50

. P;:OS .
P<.05

P55025

N.S..

:p<;oos'

P<.005

1st

¢

20d" .

‘:er'»

. h Athn, E

 3rdtatht

“Total .

60

: o

15

17

Postbreeding

67 47+ 3

' .':f77,”‘f;‘l 3

S

;55
50
no
50
R

T8 sesas

S Pe.005

.'i?N}S¢: 
jP€1ObS,k;

Cp.025

93~
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Table 16. [nfluence of differing scent st1mu11 on marking.
: ‘ Comparison of breeding and postbreedlng values (sce
~ Table 15) from equivalent five minute intervals and
totals. The Chi Square value and pro abillty are
. presented for each 1nterVa1
. y
; Interval Stranger an Neﬁcrar.
x* P . x* P
. - . . : ) . ) ‘N
st 4,28 <,05 0.51 = N.S. 2.58  N.S
2nd 16.02  <.005 .  13.08 <.005 ' 9.81 . <.005
3rd - S 5.45 2,025 6,72 - <.01 12.50  <.005°
4th 13.14  <.005  8.64 ' .01 - 5.82  <.025°
 3rdtath ,16:75  <.005 16.50. . <,005. - - 19.86  <.005
Total ° 30,78 . - <.005 7.06. <.01 o 21.39 <.005
- /-
” 7S
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Fig. 1.viColumbian ground sqﬁirrel.marking‘aimarkiﬁgvpeg,w%th.7
"the oral gland front view (top) and side'view (bottom). "
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Fig. 3.

f

“
o

Chinges in territory anership;duringAthe ébring of 1973,

Marking frequency in pegs/ hour, when available on that

date (upper left), 1s presented on the uppetr right. Each
territory 18 outlined by a héavy line with the male  °
squirrel (RL, BL, etc.) holding that territory lettered

ingide. The number of females that émerged from

hiberhétion within each térritory is shown in figure (a).

Major burrows.= O

Burrows occupled by adult females =@
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‘Fig. 4.. -Oral gland tissue as viewed through a light:
S microscope showing the. micrometer that- was -
V-used as a. t:ransect: (0-—10 on. micrometer=100u)

.

-
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‘h = hair follicle

= duct ffom[apocriné gland © t = apocrine -

= connective tissue. -

pocrine ‘gland tissue.

.Sé§ﬁi6ﬂ.bf‘skiﬁ f;&m the‘Qra;~éngle'regioniéhowing the bfanched
= sebaceous gland ~ d’

 J<tbbhle'structp#e‘of'5

s
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Fig. 6.

: \ ,
Cytoplasmlc protrusions (buddlng) on: the luminal surface:
of an epithelial cell (oral. gland) of J. co lumbianus (&),
" Myoepithelial cell lying 1nside the basement membrane at
the base of jthe secretory epithelium (b), duct from the
apocrine portion of an oral gland emptying into a hair-

“follicle .(c), duct from an individual dorsal gland-

contacting the skin. surface (d); and. a duct originating

. from the sinus of a dorsal gland (e)
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7

Fig. 7. Oral gland of a. pos@breedlng male showing adjacent
‘actively secreting. (rlght) and Anactive portions (left)
Note the dlfference 1n epithellal height.

i

\

Eig 8 SeLLion of .an anal gland qhowing the apocrine portLon (a),‘,‘
. - the: sebpgeous gland portlun (b), And the retractable T
pdpillab channel (c) ' e
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! : ' . . ' ’ . ’
Fig. 9. Inaétive oral. gland of a postbreeding male. , Note the
: - low epithelium and relative absence of secretory products
in the tubules. . : .

? =]

Fig. 10. .‘Active oral gland of a breeding male. Note the tall N
" epithelium and abundance of secretory products in the o
tubules. N - v _ 3

»
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.+ Sections through entire dorsal glands of. adult male

Columbian' ground squirrels. Note the tall epithelium
typical of early brgeding animals (ab;,mhe tall
epithelium and secretory products ifi the tubules in

breeding males (b), and low epithelium of a spent

gland of a postbreeding male (c).
o . ‘¢ )

e
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. . . R " ‘ C - . 9
Fig. 13, Sections through entire dorsal glands of breeding (a),
pregnant (b), lactating (c), and postlactating (d)
v female Columblan ground squirrels., ‘Note the tall
epithelium and presence of secretory products in the
tubule lumefs of (b) and (c). B T
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g,

14,

Squlrrel hde reproduced from Stelner (1973) Can

~ J.Zool. 51;pl58.. All integument regions indicated .
o by arrowq were exaﬁined hiatologically B : Ny
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Fig: 16. Oral gland: of brecding (a), pregnant (b), ldctating'(ﬂ),
L : and postlactaLing (d) female Columbian ground squirrcls.

"Tall epithelial ceélls and- presence of secretory products o

D

in the tubule lumens (c) is indlcative of 1ntense
secretory actlvity during lactation. : '
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Fig. 21. Cross Scctioné'of seminiferous tubulgs.of_adult mate -
‘ ' 5. columbignus in the following periods: (a) breeding
(late April)-showing active spermatogenesis, (b) o

postbreeding (mid-June), showing atrophied condition, .

‘and (c¢) pr hibernation (mid-August) showing late
summer recrudescence but no spermatogenesis.

“
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Fig.. 22.

A._Ol'jtd./oo'r ‘roof pen showing
animal houses. '

-
»
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“Fig. 23.
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b

T

Diagrarn of outdoor behavior pen showinp Lhe sites
where marking pegs were - poqitioned durinp

exporimentation
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‘Fig. 24.

D A

Frequency of Marking'by the resident male in the
Scent Marking and Social Setting experiment.

a. = Combination A

b. = Combination B
¢. = Combination C

Nonresident male added
‘Femdle added -

X.

u
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-lue is a mean for one day.

-

Zéncés of social setting»(Combination-A) on
B and aggressive encounters for resident and-
Js frequency of . clawing for resident males
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Table. showing the influences of soctal setting (Comhlnation B) on .
‘frequericies of marking ‘and clawing by resident males (X ¢ '

APPENDIX 1I

Each value is a mean for one day
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~ APPENDIX LII

Table ghowing the.irfluences of social setting (Combination C) on
- frequencies of marking and aggressive encounters for resident. and
nonresident males plus frequency of clawing for resident maIes

(X t S.E. ) “Each value is a mean for one day ’

l°_. - .
‘ y : _ Male-Male ,
' Marking S . Aggressive = | Resident
Day - lResident ; Nonresident ; Encounters _ Clawing
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