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.. . ABSTRACT . B

T Yearlipg Columbian ground squirrels (Spermopniﬁgs

e

columblanus) from four sites in montane habitat of |
' |

southwestern Alberta were studied during early May to

. i 4
mid-August of 1982-4. Yearlings were radio~collareﬂ,am§@

e ' c ‘
followed to monitor their excur51ons, dispersal movements
and fates. Body wexghtsrof dlspersers and nondlspersers were
measured weekly Rates of chaseﬂ among adult f@maleé and

chases directed at yearIxngs by adult fémales, were
! /
determxned in order to test the ‘hypothesis that aternal :
- /p o p.
.aggressxon trxggers yearlxng dlspersal The experlmental

-

design included seven reference plots to document normal
/

)
dispersal, two plots where all adult ﬁemales were sedated to

reduce aggressxon, and a plot where adalt females w%re u

\
temporarxly sterllxzed to eliminate reproductxon and

maternal aggression. In Summer 1985, thé sterilizer|
!
treatment and an adults-removed treatmeng were applied in a
I

bFief follow*uﬁmto.the previous intensive study. T
; ) "y

s" stpersers and nondxspersems of both sexes made
excurs1ons of<3p to 700 m- .from their natal home ranges.

Eventually, 74% (31/42) of‘yearllng males and 31% ?/29) of
: k3

yearl1ﬂg females d1spersed gver dlstances rang1ng bEtween
62~985Jm typxcally settllng on edges of forest wh#re the

1ncreased hunthg success of predators apparently dreated

L

;vacant home ranges. The dlstrlbutlon of dlspersal dlstances
vd1d not d1ffer greatly from that predicted by competltlon

models, prov1ded that males and females wvere con51dered
L

1
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f

‘separately. Dispersal was‘nqgrsignificantly.more dangerous
L ‘ '

than remalnlng philopatric. - * .~ . N
- . 4

Male dlspersers were no heavxer than nondlspersers at
the txme of emlgratlon but were as much as 100 g heavxer by
Tall; the extra welght may have reflected escape from ‘social’
pressure and competition for ﬁcod} and’ represents 4
potential benefit_for dispersiné'males. Female’dispersers
tended to wexgh less than nondxspersers early in the season /
and gained no weight' advantage by disp€rsing.

D:spersers from each of seven reference ‘plots typxcally
emigrated within a two week period closely assoCxated with
materna@ aggress1on juvendle‘emergenceh,and max imum numbers»
of wounds found on yearllngs- the;reprdductive cycle was
relatlvely late on three reference plots, and dlspersal
’there was correspondxngly delayed Sedation of adult females

|
was assocmated thh delayed yearllng dlspersal whereas

stenlllzatlon of: adult females elxmlnated maternal

aggressxon ‘and yearllng dxspersal

—— e

)

-~ -
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1. GENERAL INTRODUCTION
Dispersal can be vieped as a behaviour of individual
organisms, but demographic and‘genetic‘conseqnences'mey

result through the movement of individuais'afﬁecting

A *

population :egulation,'gene flow, colbniz‘tion»of-new‘hreas,
and maintenance of species' ranges (Lidicker }975 KrehSi;v
1978a, Geinev and MeClenaghan 1980) . There 1s a rapxdly
growing _ llterature assocxated thh dxsﬁ%rsal of vertebrates
reviewed by Greenwood'(l980), Dobson (1982) and Holekamp
(1984a). Greenwood (1980) dxvlded dxspersal phenomena into

‘two claSSes - those deallng with movements of‘reproductive

N

adults between breedlng 51tes (breed1ng dlsperﬁfl) and those

\

deallng w1th emxgratlon of young from their blrthplaces .
V“(natal dxspersal). Holekamp‘(1983, 1984a)‘empha51zed that
two analyticai ievelspmust be diffenentiated in‘attempting
to study dlspersal hhefe Zré "hltimate explanatxons that

deal with evolutlonary forces shaplng dlspersal and
: oA

"proximate” factors thought to cause or cue d;spe;sal on an’

glmmedlate bas1s

H1stor1ca11y, much effort has been 1nvested 1n

attempt1ng to explaln small mammal d1spersa1 part1cular11y -

that of microtine rodents which exh1hlt 2 4 year cycles 1n

1'populat10n dén51ty.vAs a result ve have terms such ‘as.

1nnaté and "envxronmental" dlspersal dat1ng back to Howard"

- (1949 1960L and four behav1oura1 hypotheses ‘that' have been

proposed as proxlmate mechan1sms underlylng dJspersal The

‘four hypothesés f Soc1al Subord1nat1on (Chr15t1an 1970

[N
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1971) Genetic~Behavi0ural‘Polymorphism (Krebs 1978b);

Presaturat1on Saturatlon (Lxdlcker 1975) and'Social
Cohesion (Bekoff 1977) - are not mutually exclusxve These.
~hypotheses were formulated whenn;ewer and‘iess prec1Se
‘dxspersal data were- ava1lable, and their arguments are
stated at different levels (e.g. behavioural versus genetio'
vxewpolnts) making comparxsons among the four dszlcult
V(Gaxnes and McClenaghan 1980) Furthermore, each hypothe51s
was presented as a coherent‘explanatxon 1nvolvxng chains~of
premlses, meanlng that the falsxfxcatxon of one lipk could -
lead to the premature rejectlon of the entire. hypothe51s.'
| For these reasons, I concur with Holekamp (1983) in
'suggestlng that 1nd1v1dual proxlmate factors be stud1ed
,wlthout 1n1t1a1 regard to the sequences represented by
fhxstor1cal hypotheseg Once the key components ‘have been
1dent1f1ed, it may be possible to comblne demonstrated
_proximate'factors into‘parsimonious explanations or -
hgpotheses. o e 'ia‘ 7‘ | |
”The current~literature contains many‘reﬁerences to
ultxmate or evolutlonary explanat1ons of d15persa1 Most ‘
"authors appear to favour one of elther av01dance of
“1nbreed1ng (Packer 1979 Pusey 1980 Cockburn et al 1985),
compet1t1on for mates (Dobson 1982 ' Moore and ALl 1984) ,or"’
ompet1txon for resources (L1d1cker 1975 Boutln et al

_1985) as the prxmary evolutlonary force underlylng

dlspersal although a number of authors have stressed that

G

“ﬁ‘d1fferent comblnatlons of these factors may be 1nvolved for\:%k;;

. . . R .
| oot ' A ] f
1
i
I

B oo



Y

Jones 1985) Some researchers have attempted to evaluate
ultimate hypotheses through experlmentatlon, for rnstance,
\pDobson‘(l979) rejected the Competxtlon for Mates hypothe51s

‘on the basis that young male Callfornxa ground squxrrel

-
TS ey

beecheyi) contlnued to disperse normally‘thhout the ‘:

presence of adult male competitors. Whether evolutionary

mechanisms'thought to operate over thousands oﬁygenerations1

" can be expected tobrespond to manipulations‘withln’the
confines of‘a‘short—term experiment remains'to hs‘ T
determined‘ At the moment 'much of the‘controversy
surroundlng ultlmate hypotheses stems from deductxve
reasonxng (Greenwood 1980, Dobson 1982, leerg and von
Shantz 1985) or extrapolatlons from laboratory work (Haxgh

1983). More concluslve field data‘are neededr

‘A7§ood deal of ‘the information on small mammal

"dispersal™ has been derived from animals appearing on:

-

’removal plots or disappearing from study Sites; Removal

stud1es requ1re the assumpt1on that 1nd1v1duals arrxvxng on

[

P - a trapped out area are typlcal dlspersers and are not sxmply

| respondlng to: the newly created vatant space (Myers and
¥

Kregs 1971 Tamar1n 1977 Stafford and Stout 1983) In fact
,a number of studles have demonstrated that removal plots

sample anlmals on excur51ons,‘those expandlng nearby home

dlspersers (Dobson 1981 Boutln et al 1985 Krohne and~

Miner 19&5) Thus, the most elaborate analyses of removal

- I ' ' . "

‘difterent species (Greenwood 1980, Holekamp 1983 bobson and

fs.

.

U!' ranges, and other 1nd1v1duals not representat1ve of typlcalgﬁﬂﬂy
e{ K ‘
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data (e.q. Gaines and Johnson‘i984) still describe mixed
e ]
groups of dlspersers and. nondlspersers and do'not identifyv

actual dlspersers Other studies have focussed on animals

dlsappearlng from study 51Ees, employlng the caveat that it

-

was impossible to dlfferentxate between dlsappearance‘
- through death or’ dlspersal (Dunford 1977 Pfeifer'1980
1982 FestacBlanchet and K:ng 1984) The prOblem here is

that much of the 1nformat10n purported to descrxbe dlspersal

Al

was ga;ned us1ng anxmals that may not have been dlspersers.

Precrse details are essentlal to our understandlng ang

\

quant1f1 tion of dlspersal. Relaable answers to sxmple
}jhen?" "where?" and cost/beneflt" questlons would

who?"
contrlbute much toward unravellxng proxxmate and ult1mate
hypotheses, and determxnxng the ‘extént to wh1ch dlspersal
may affect demographlc and genetlc processes. For example
some authors have assumed that dlspersers have a poor chance

of survxval (L1d1cker 1975 Gaxnes and McClenaghan 1980) -

'

thls vxew leads to dlfferent conclusxons concernzng the

|

\ .
causes and consequences of dlspersal than does a view that

‘ U
preSumes reasonable surv1val of far- ranglng,»

advantage seek1ng dxspersers. Are dlspersers forced out or

do they leave vobuntarlly? If e1ther case could be showh to.

be true, certaln proxlmate and ultlmate hypotheses would be o

supported whlle others would be weakened Unfortunately,v

S . 1

prec1se detalls of dlspersal are often lacklng (Galnes and

>

‘ McClenaghan 1980 Greenwood 1980)

—— T
2
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My interest‘in‘disoefsal began‘in l975—8 as l]wondereduy
: what was happenlng to young eastern chxpmunks (Tamias

"str;atus L.) .born on my study area: in Sudbdry, tney Seemed’
hto wander away into the bush at a certaxn age, but I”was.‘.
‘tled to the progect at hand and could not follow them. The.
,research scheme descrxbed herexn took shape 1n 1981 aftef'”

Jan Murle conv;nced me that ground squlrrels (Spermophllus

‘EEE*) were Jdeal anlmals for a dlspersal study due to their
. convenlent sxze, dxurnal habits, ’observable behavzours ‘and
grassland habltat. Most ground squxrrels wete known to *
dlsperse as Juvenlles (Slade and Balph 1974 Dunford 1977)
-but Boag and Murle (1981) had" shown that Columbxan gr0und

squ1rre1s (Spermoghllus columbianus) delayed thelr dlspepsal-

to the yearllng summer 1n Alberta. There had been much
‘Speculatlon about ground squ1rrel dlspersal and mortalxty
(Mlchener and M1chenet 4977;~M1chener 1979, "Schmutz gt al;
,1979) but few details were known since 110 radiOQtelemetric1;
“stud1es had been completed Holekamp (1983 ' 1984b) was in'
the process’ of radlo tracklng d1spersxng Juvenlle Beldlng s
..ground squzrrels (S beldlng i) 1n Callforn1a, I resolved to
'use telemetry to. study the relatlvely unusual yearllng
ﬂdlspersal of Columblan ground squ1rrels and learn all I
"could about thelr mldseason movements and fates Meanwhlle,
vFesta Blanchet ‘and . King (1984) had demonstrated that :
“yearllng Columb1an grounérsqu1rrels dlsappeared from study

\ 51tes at a t1me c01nc1d1ng w1th aggre551on £:om adult

'females. Ground squ1rre1 11tera€hre seemed to. wezgh agalnst



L1

v '

aggreSS{on as a cause of disbersal (Yeaton‘1972 bunford

1977) but 1nterest1ng poss1b111t1es rema}ned that the _
yearllng d15persa1 of Columblan ground squ1rrels might be df

'dxfferent that maternal aggressxon and adult’ female
-fterrltorxallty, already descrlbed for a varlety of rodents,
m1ght be taed to d;spersal that experlmental treatments
such as chemosterxlxzatlon with Mestranol (Goulet and
Sadlier 1974) mnght help to tease apart vacxous factors
'potentxally related to dlspersal Thus, beyond hopes .of
gaining much -needed details for testxng general assumptxons
angd hypotheses related to dlspersal the work of other
ground squ1rrel biolog1sts had. put me in a posltlon to a1m
at the proxlmate roots of dlspersal SR - —
A number of developments had a large 1mpact on . my )
;research and wrxtlng. Some authors suggested that aggression
mxght only affect dlspersal in. patchy habltat or at’ h1gh
populat1on dens1t1es (Webb 1981 Festa- Blanchet and King
1984)‘ this nece351tated behav1oural study of populatlons in
contlnuous habitat and at a varxety of den51t1es..Holekamp
L(1984br concluded that juven1le S. beldlng dlspersed when

an ontogenet1c sw1tch“'was actlvated by a cr1t1cal body

we1ght, I have spec1f1ca11y addressed thlS 1ssue in terms of‘

'}§4 columb1anus. The 1nformatlon that S. columblanus in

'IWashlngton dlsperse as juvenlles not y§5r11ngs, is qu1te‘

;-

‘ynew (pers. comm. J. Murle, B. Weddell) and encouraged me. to

reflect on the 51gn1f1cance of 1ntraspec1f1c dlfferences ‘in

"dlspersal behav1our. S ”pﬂ’]g‘ ' \



{
‘rThis thesis is composed of‘three'papers‘and two summar§
"chapters ("General Introductlon and “Conclusion"; intended
to place my flndlngs 1n context wlth current dxspersal
llterature. The first paper presents a detalled descrxptan
of dlspersal based on. movements and fates of - radxo collared
yearlxngs as they explored their Surroundlngs and‘moved away
f from natal sites. The second deaLs Wlth the relatlonshlp
between dlspersal and bOdy welght, hypotheses assoc:atlng a
crltlcal welght w1th dlspersal are evaluated us;ng weekly
weight,data gathered on three cohorts of known dxspersers.
”The thlrd paper addresses some of the prox;mate causes ofp
.dlspersal partacularly the role of maternal aggressxon and
g'attempts to clarlfy relatxonshlps between proxlmate cues - andl
'ultlmate forces govern1ng dxspersal of yearllng Columblan
‘\\; ground squ1rrels. Addxtxonal 1nformat10n and solutions to
var:ous problems encountered durlng the. study, appear in

’

vappendlces.“ : S o
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11. Paper 1 -~ A DESCRIPTION OF DISPERSAL IN COLUMBIAN GROUND

SQU IRRELS

;2_5‘ .

A. ABSTRACT

Y

The dispersal of yearlxng Columbjian ground squirrels

(Spermophilus columbianus) living in continuous montane

: nabitat of southwestern Alberta was monjtored from 1982F1984
‘using a;combination'of radio~tracking,'observation and
live-trapping. Yearlings made ‘excursionz and iocated distant
burrows before‘becoming dispersers or nondispersers; 74% of
yearling males and 31%iof'yearling.females«dispersed,
typically to edges of meadow near snrub cover where
predators apparently created vacant home ranges Risks of
dispersal appeared to be assoc1ated with Settllng in o .
relatively dangerOus locatlons,,not with tran51t through

' unfamiliar terrain. More nondispersers than dispersers

survived through subsequent seasons although differences

-

were not statistically significant; representatives of both
groups lived to reproductive age. Dispersal dlstances - .
appeared to conform to competition' mddels provxded that

the sexes were analyzed separately. Assumptions related to
competltion models and to the disappearance of animals. from
study sites were examined in view of 1nformation on ground ‘*‘
sgu1rrel movements prov1ded by means of telemetry. l v
“Twenty—five percent . of dispersing yearlings settled in close
proximity to a littermate;“consequences of this nonrandom
dispersal were considered. |

[

13 . . .
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- (Carl 1971, Michener and Michener 1977, Michener 1979,

,detalls were known about dlspersers. For example are

~ B. INTRODUCTION

The dispersal of ground squirrels (Spermophilus spp.f
has been discussed'by a number of authors, but most previous
studies were limited to documenting the disappearance of |
aninals from study‘sites!(siade and Balph 19;4, Dunford

1977, Pfexfer 1980, 1982, Festa- Blanchet and King 1984)

’

Large-scale trappxng pro;ects (Sherman 1977, 1980 Boag and

Murie, 1981) supplled xnformatlon on dlspersal dlstances but

‘could not plnpoxnt the timing of dlspersal or differentiate

between losses due to emxgratxon or death. There has: been

much speculation about‘fates and déstinations of dispersers

- Schmutz et al. 1979), but few clear answers have'emerged.

ﬁecently, Holekamp (1984a,b) provided‘many details of the
dispersal of.juvenile Belding's ground'squirreis'(g;
eldlng ) through a combxnatxon of observation, trapping and
rad10~telemetry Answers to quest1ons about whlch animals
d1sperse, when where they go, risks faced in transzt, and

success at settllng elsewhere are 1mportant to our

understandlng of, ground squxrrel blology Many of these

questlons have not been answered satlsfactor11y for any

' small mammal (Galnes and McClenaghan 1980) and can, probably
vbe approached most dlrectly by studylng observable dlurnal fﬁ

‘spec1es such as groundnsquxrrels (Holekamp 1984b)

A number of hypotheses, assumptlons and models related

- to dxspersal could be-. evaluated cr1t1cally 1f accurate :.p'

‘‘‘‘‘‘
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dispersers forced into margxnal habltat where most wlll
'perlsh (Anderson 1980) or do they emxgrate to suxtable

habrtat where they increase thelr chances to reproduce? Can

- dispersal distances be_predlcted‘by competition models

'

(Murray 1967, Waser i985) or. is there evidence to support a

“polymorphlsm of dxspersal tendencies’ (Howard 1960, Lidicker
h1975)? Is dlspersal a 31ngle movement into -novel terraln or
a more complex series ofrcomparxsons among'dxfferent areas?

 'Answers to these questlons ‘'would help to 1nd1cate how much

dxspersers contrlbute to gene flow colonization of

unoccupxed habxtat\and maxntenance of specxes ranges (Krebs7

1972, Gaines and McClenaghan 1980). - \"
The purpose of thlS paper is to prov1de a detaxled
descrxptlon of the dxspersal of Columblan ground squlrrels

‘ﬁg; columbianus), focu551ng on fates and locatlons of the

emigrants.fA study of §; columbianus in Alherta has

. potential to add .new information to’that obtaineé hy
'Holekamp (1984a,b)75ince'yearlings are'thehdispersing ‘
age class (Boag ‘and Murle 1981 Festa-Bianchet and King

1984) “most other ground squ1rrels dlsperse as juvenxles,

1nclud1ng»some S olumblanus at lower elevat1ons and

- latltudes 1n Wash1ngton (pers comm. J Murxe, B Weddell)

.‘l’
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' Fouq study sxtes, eachfapproximately one hectare in
. ™~
1

. area, were establlshed on a prxvate ranch 10 km southwest of

Cha1n Lahes Prov1 c1al Parkyln sout western Alberta (50 06'

N 114 33i W, elevation 1400 ). All sites were 1n‘open

‘pasture

Sites 1 nd 2 were in flat) teradﬁn w;th good v1sxb111ty in

te 3 was flat but

all d1rect10ns, S flanked by shrubs to the

ermodlcaily grazed by horses and cattle (Fig. 1.1}.
t

south and east° S to Site 1 on a

n’\

te 4 was adjace

where 1t abut

hng slope d a strip of shrubs and

l

Twestofac

trees borderxng an 1nterm1tten . stream. Water'bodies

: ! : :
con51sted of small streams swollen 1nto ponds by beaver .

1
’

I

dams. An 1nfrequently‘used dirt road and‘several barbed wire
fences’%rossed the openfmeadow. The‘northwest cornervof'the !
meadow had been cieared.and burned approximately 5 years
before my study began but, had not yet been . 1nvaded by ground
squ1rrels,'the rema1n1ng open meadow (stlppled in Fzgure .
1.1) was oecupred by ground squlrrels.'Shrubby areas }
‘consisted-of various low willows (§311§ spp.).and scattered.

aspen trees (Populus tremuloides ) The forested areas were .-

' mxxed stands of aspen and wh1te spruce (Plcea glauca )

‘penetrated by many cowpaths and small meadows 1ead1ng to
'larger meadows beyond the area 1llustrated~1n Flgure ]

| From May to August 1982 1984 ground squlrrel ‘
populatlons of Sltes 1 4 were monltored through a:
'hcomblnatlon of " l1ve trapplng,.radlo telemetry and

Ve

‘behav1oural observatlon. Ground squlrrels were trapped in

§ (Y

\ . o »
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' Natlonal l1ve traps (15x15x50 cm)ubaxted with peanut butter.

".Captured animals were.examlnedtfor‘wounds and reproductive

condition, wei jhed to the nearest 5 g 'using a Pesola spring

: D o AN ] ’ .
scale, eartagged with serially numbered 'metal tags; and

marked with,distinctive numbers or letters ou their pelage

‘thh Lady Clalrol blue black halr dye. Yearllngs (n= 75) were

outfltted with radio- collars designed for this study by AVM

Lnstruments (Appendlx 1) and subsequently located at least

v N

‘once per afternoon by observers u51ng a handheld antenna and

v

recexver. Anzmals that were maklng excursxons dlsper51ng,

or establ1sh1ng themselves at postdlspersal locat1ons were

followed and observed from’ a distance’ of approxlmately 100 m

" or from®hidden vantage‘p01nts;where woodland cover was

available.‘Each yearling'waslradio-tracked every evening“

~after 2100 hours to determine the location of its current

sleeping burrOw "Dlspersers were yearlings that moved‘to

a

new sleeplng burrows away from thelr natal burrows and home

ranges' the shortest caSe~accepted as dxspersal 1nvolved an

‘1nd1v1dual that moved to.new sleeplng quarters 62 m away,
‘and changed its act1v1t1es so that it was. ‘no longer seen on .

;ythe study 51te..Thls deflnltxon of’ dlspersal ach1eves

51m1lar results to. that‘of L1d1cker (1975) "any;movement 1n,
which 1nd1v1duals leave thelr hOme areas,{..‘ thls does not
1nc1ude short term exploratéry movements, or changes [that
1nclude] part‘of the former [home range]" except that

focu551ng on sleep1ng burrow locat1ons prov1des prec1se

3d1spersal dates and d1stances, and allows for v1sxts back to

. ! 0o -
£ . - .
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the natal area by anlmals that have moved to new loca 1ons.'

"Nondispersers” contlnued to sleep in or: ‘near the1r natal

burrows, and ma1nta1ned home ranges that overlapped thelr
4 1

"
I

|

K

natal home ranges. -hf; S o m
| Suruxval of prevxously radxolcollared énlmals was

‘followed through 1ntens1ve trapplng and observatron 1n the
sprlng (mid- Aprxl to late May) and fall (mld July to
. mid- August) of each season untxl May 1985 “when many -
squ1trels were collected for the Provlnclal Museum of
Albexta (Edmonton) These searches provxded 1nformat10n on
‘the mlnlmum number of dlspersers and nondlspersers known to
‘be alxve. The three cohorts radior collared as. yearlzngs in

1982-1984 were pooled to produce a composite survlval curv

. ‘describing attr1t1on of numbers from‘the‘yearl1ng spring
thr%%gh subsequeént years.
S o '

Terminology-
_The'use_of specific terms, aside from "disperserS" and
"nondispersers” given above, is as follows. Natal] burrow is

,the burrowwfrom which a litter of'juveniles-first emerged.
Natal home - Pange is the home range used by a juvenile within
its’ f1rst summer,'approxlmately 30 m in dlameter and

contarnlng the. natal burrow (Waterman 1986) SpPlng bunﬁou‘
is the bUrrOw'1n‘wh1ch a yearling 1n1t1ally-slept w1th ”

surv1v1ng llttermates 1n ‘the spr1ng of 1ts second season,

\thls burrow was the,same as, or wzthln a few metres of the

‘natal burrow of the prev1ous season. Dlstant burrow 1s a
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,burrow used by a‘dispersing'yearlingloutsioe its natal homen
range Dispersal distance is the stralght line dxstance
betweéh a yearllng s sprlng burrow and the fxnal burrow it
occupled prxor to h1bernat1on. Dlspersa)'date 1s‘the date on\
‘which'ah‘animal stooped using‘sleeping guarters in itslnatalx
area, provxded that it was located a11ve elsewhere
Competltlon models are mathematxcal models based on the
-premiSe‘that animals‘Compete‘to rema;n phxlopatrlc ~and that
1nd1v1duals that must dxsperse move to the nearest vacant
home range. In Murray s (1967) model, anlmals search for
‘hexagonal home ranges in randomly chosen straxght lires from
‘the natal site. The.probabxlxty,’pn, of settllng in the‘nth
ring .of home ranges 1s.ﬁn /" =
| pa=t(1-t)" . (1)
‘in. whxch AR A theqprobability that a home range is:
avallable, can be approxxmated by the prooortlon of
.nondlspersers. In Waser's' (1985) model, anlmals are assumed

)

to search in a splral path or have add1t1onal 1nformat10n
(through 1lsten1ng and match1ng, for 1nstance) S0 that they
. can assess when space becomes vacant in. the nth ring of
hexagonal hbme ranges Surroundxng the1r natal site. In that
case, the probab1l1ty of settllng in the nth r1ng 15.

|  pas(1-(1- t)"")(1 Seyrermn "‘(2')‘;" N
in whch the first term 1s the i1kel1hood that at least one
of the home ranges 1n theihth r1ng 1s avallable, and ‘the. |
f‘second term is the probabllxty that no closer home ranges

‘are avallable.‘, . 'h”sv._ ‘Wg



D. RESULTS - . C e

.

f ?‘Early Season Act1v1t1es

,

In the«sprrng (April-May) of each fleld season,

yearlxngs lxved.wlthln their mother's home ranges close to

\

‘thexr natal burrows. Several. weeks before new litters.
emerged in mzd June, yearlxngs began making excursions away
from their natal areas for dxstances of up to 790 m. Anlmals
makxng excursions seemed exceed1ngly wary, travellxng in
‘short bursts punctuated by long bouts. of 51tt1ng upright and

f
lookxng around They 1nvestlgated most burrows that they

. \ ( .
{

:encountered but - were sometlmes oursued vlgorously by
squirrels occupylng a burfow or by a serles of: re51dents
while fleelng across several home ranges. Anxmals on
excur51ons crossed streams ‘traversed woodlands and clxmbed
a varlety of objects such. as fence posts trees‘ nd shrubs

- as 1f to reconnoxtre. Upon f1nd1ng a burrow where they were
"not'challenged yearlings spent a great deal of time 51tt1ng
erectflooking in varlous dlrectlons tw1st—mark1ng the,uh
"‘ground (Stelner 1974 Betts 1976), ahd dlgglng, former&]'.I
burrows of ground squ1rrels, pocket gophers, foxes and |
badgers were renovated in’ th1s manner. Some yearl1ngs
l:travelled to and frqm*the same d1stant burrow regularly for f;'
,days or weeks before f1nally dlsper51ng there, others;“‘

4

1nvested conszderable t1me and energy on, burrows away from
'Tthe natal 51te but d1d not dlsperse, An1mals that focussedf

:tn
excurSJOns on a partlcular area followed a s1m1lar path

A . i

LV
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l~everyday, w1ndlng thexr way between oécupled home - ranges en
,i‘Poute Only 10% of the radio- collared yearllngs (n= 40)

‘dlspersed-to.areas where they had‘not been observed making

previous excursionsc(Fig. 1.2).

Who stpersed7 ‘ 3 ‘ I ; ‘ .
All yearlings undertook excur51ons but only 74% 31/42

gof the males ‘and 31% (9/29) of the females dlspersed to new

burrow sites away from their natal areas Four yearllngs

\
that were kllled thhln natal home rangés’ before the end of

the dlspersal perxod were not 1ncluded w1th the 71 yearlxngs

‘of known dlspersal status except to determlne ‘that

——

'dxsappearance from study sites dur1ng the dxspersal perlod

lnvolved 76%- (34/45) of yearling males and 33% (10/30) of

.yearllng females. o Co T ‘ ‘ ne ,lfﬁwﬁ

P

N1nety three per cent (37/40) of the dlsperSers left
"dec151vely , meaning that once they slept at a dlstant
"burrow ‘they never relnhablted thelr sprxng burrow although
some contlnued to’ make daytlme visits. to the natal area. The
‘rema1n1ng three dlspersers (2 males 1 female) were"

1ndeczslve sleeplng away and at home alternately.oyer a,ﬂ
perlod of days or. weeks before dxsperszng Three yearl1ngs
(2 males, 1 female) that left durlng the typ1cal dlspersal
per1od but returned to re1nhab1t thelr sprlng burrous before

C

h1bernat10n were con51dered to be nondlspersers 51nce they

1

- d1d not 1n effect change thelr ne1ghbours and surroundlngs.ﬁ.,u"
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After dxspersxng, many yearl;ngs contlnued to undertake
excur51ons to new areas and - make occa51ona1 daytlme vxsxts
to the natal sxte Sxxty per cent 24/40 of the dispersers

] made subsequent moves to new - sleeplng burrows after ‘the
1n1t1al move to a dxstant burrow One 1nd1vxdual made a
. dozen such movesaxn the course of its yearl;ng summer and

did not Stablllze the locatxon of its Sleeplng‘burrow unt11
\

t

“early‘August.

Where Did stpersers Go’

Some dxsperSers ‘moved consxderable d;stances from study
sites, occasxonally settllng in smaller meadows away from
continuous pasture (e.qg. 7, 44 47 - Fxg 1.2). Four yearlxngs

‘moved near the ranch buxldxngs,(lB 14 42 43~ Fxg T.Z)Q‘e
A‘,thls area ‘was 1n effect a d15persa1 sxnk since the rancher~w

shot and p01soned squxrrels in the vlclnxty of his garden A
few dxspersers settled in open terraln, but most moved to

edge areas where grassland bordered . trees or shrubs. Based

rupon a'm1n1mum est1mate of 30 m for the dxameter of spring
L

home ranges of yearlxng Columblan ground squ1rrels

S

l(unpubl1shed data, J. Waterman pers. comm ) I tested the
ghypothesxs that the number of collared yearllngs dlsper51ng
‘to w1th1n a homek:ange d1ameter of shrub woodland was: the
fuvsame as the number d1sper51ng 1nto adjacent open meadow ‘
1nhab1ted by ground squirrels. Seventy seven per cent

7‘24/31) of dlspers1ng males and 62% (5/8) of dxsper51ng

f}females moved 1nto the 24 ha strxp of meadow w1th1n 30 m of
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shrub cover and the remaxnder settled 1n the 43 ha of open

Jé

habltat| The null hypothesls yas rejected for the sexes .
comblned (X‘=25 07, P<Q 005) and fon males AX*=23.36,
c:P<p.005), but not for the small sample of females (X‘=2 38'
Jg.0.25<P<OI@ - Apparently, dmspers;ng males tended to settle
uithin a‘homeerange dxameter of shruglor‘treeézover. '
Eacn year diSpersers snowed a preference for edge,are7éf'
near stndy‘sites,‘sometimes océupying’thevsame bu;ans usedg
byhprevious‘dispersers,‘We trapped those areas in tnensgging,
~and-found densities of 0~15“ground'sguirrels pér ha de ;ite C
surplus unoccupied.bdproﬁs:A&n‘comparisony nost burrgws on’
study sites were occnoied and‘spring den%ities~rang%dgA )

"between 22 and 52 anumals per ha (Paper 3) During the

’
"

course of the study, 18 rad10~collared yearl;ngs were killed
by predators, 94% (17/]8) of them had burrows locat%d w1th1n
30 m of shrub cover. It was s;gnxf;cantly more dangerous to
| be one of the. 50 yearlxngs that lxved in, or d;sperSed to‘
locat:ons near cover than to be one of* 25 yearllngs that v
rema;ned 1n open grassland (G 7 90 ‘P—O 005); and
partxcularly dangerous to have a burrow within 10 m of .

-

shrubs or trees (Table 1.1).

Sources of Mortalxty f;%"

Radlocollared yearllngs were preyed upon by coyotes (5
cases) weasels and m1nk (4}, burrow—d1gg1ng badgers (3)
and raptors (1) One yearllng was p01soned 1n the rancher s

garden, and another was mortally wounded by conspecaflcs.
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. Two additional animals disappeared in the postdispersal

phase although they had been radiolocated and observed iny

hours earlier - 1 attrxbuted this to surface hunting badgers
&

since such attacks had" recently been thnessed in the area

I
Kl
o

and because badgers were the only predators known to sever
the specially constructed R-collars (Appendixdl). Another
" radio-~collar was tfaced to a'snall area on a densely
forested hillside but could not be pinpointed because of
‘signal distortions among overhanging conifers; the loss of

thxs sgruirrel was attributed to an unknown predator. Further

detaxls of predator assessments are descrlbed in Appendlx 2.

1s Dispersal Dangerous? o

@ No radio~collared~yearlfngs were killed during

dxspersal movements; all 18 deaths occurred exther within
L4

%"T natal home ranges (4 eafly season deaths and 3 conflrmed

'nondispensers) or after yearlings had been sleeping at ':Aéﬁ
ostdispersal locations for an average of 16.4 13.6 daYs.'r
L1v1ng glose.to shrub cover carrled the same potential
penaltxes for all’ yearllngs. Thxr;y four percent (10/29) of
yearllngs that dispersed near cover were killed, compared to
33% (7/21) mortal1ty amqng animals that did not dlsperse and
lived nearsgover. Only one of 25 yearl1ngs that remaLned in

open—meadon habitat (a disperser) was killed.
ﬁd Twenty elght per cent (11/40) of the dlspersers diFd
thhln thelr year11ng summers,"compared to 10% (3/31) of
yearling nqﬁaispensers, but tﬁe 'difference was not

. ?‘
N
M

TN

; &"
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statistically‘significant (G=2¢6,. P=0.11). Overwintéf
mortality experiencedﬂby dispersers (20%)-and ngpdispersers
(22%) was similiar in the first year and maintéﬁned the
disparity between the.two groups (Fig. 1.3).;1n the second
summer angd win£er, comparatively few nondispersers
disappea;ed, increaSing‘the difference ‘between the two
survival curves (G=4.1, P=0.04). The third summer anpd winter
are represented by relatively few cases since §nly the‘1982 .
yearling»cqhgmt‘was monjtored for that length of time (Table
1.2). Qverall, more nondispersers than dispersers were known
to'be'alive in all seasons éubéequent to the initial séring
when‘study of each cohort of yearlings commenced. a

’ Survival was apparently influenced by a combination of
dispersal Qtatus and gender (Fig. 1.4, Table 1.2).
Proportiohally more female dispersers than male dispersepsw
survived to the end of the first winter (G=4.8, P=0.03),
although this difference disappeared by the end of the
second winterp 1 suspect that high first-winter survival
_resulted from 5 of 9 female dispérsers belonging to the 1984
cohort, 87% (14/16) oflwhich surviv;g‘their first winter
(Table 1.2). Only three female dispéksefs were included in
the 1982 and 1983 cohorts which experienced 64%4(9/14i and
I%O% 119/27) survival during gpéif first winter (the fourth
female dispérser died ;}ior to the first winte;); Male and
female nondispersers survived in similaf proportions until

the end of the second winter; percentage Qalues determined

‘after this time are not considered to be reliable since the



1982 cohort had only one male nondisperser and two female

dispersers. In general, it appears that males and females
) A

_Lha:wdigpgrsed were :at a greater.risk than male and female

nondispersers, although-differences in proportions surviving
were not signifrcant at these sample sizes (P>0.11).
Nondispersersvtended t? live'longer than dispersers, and
females longer than ma}es;'differeneee among'these’groeps

approached significance (Table 1.3).

el et

stpersal Distances and Competxtxon Models

- On average, males that axspersed settled 339 m +50 (SE)
from the spring burrow (n531, range 62-980, median=230)
whereas females that‘dispersed moved 394 1101 m (n=8, ranbe
93;940, median=325). The distribution of'ﬁale dispersal
distances was skewed with more than half of the dispersers
settling within 250 m of their spring burréﬁ?fT?TEﬁ 1.5).
Half of the femalg dispersal distances were within 250 m but
this skewness is less obvxous with the smaller sample size.
There were no 51gn1f1cant dlfferences between means or{
medxans (corrected W1lcoxon rank sum 2=-0. 5ﬂ P=0. 61) of male
and female dlspersal dlstances O

Most of the yearlxngs that dispersed less than 350 m

were 'near eages of shrub-woodland and meadow in the‘vicinity

of. the study sites (Flg 1.2). Half of the animals that

d1spersed between 400-650' m settled near ranch bu1ld1ngs

 Two Yearlings from different study sxtes dispersed more than

.850 m to the same well-trampled area near a cattle gate. In

Q

[y
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“short, dispersrné yearlings were not distributed randomly as
if in a.hémogeneous ehvironment; the resuit was-a :
. ®
vdiscontinabhs pattern of dispersal distances‘(Fia, 1.5) .
The observed distribution of all yearlings (dispersers
‘ \ .

and nondispersers of both sexes) and the expected
distributions based on "competition" models of Murray (1967)
and Waser (1;85) are compared in Figare 6. The value of "t”‘
was approxlmated by the proportlon of yearlxngs that did not
' dlsperse, O.L';,home~range dlameters were estlmated to be 50
m. The curve generated by Equation 1 appears to he a
reasonable fit j\thin the first 10 home range drameterS'
however), yearllngs tended to disperse farther than predlcted
: by'the‘model afteer home ranges. COnsequently, dlfferences
betweeh observed a&d expected curves approached significance

“

(Kolmogorov Smlrnov\ =1, 11, P=0 17). Equation 2 predicts

'

that most yearllngs should settle one home- range d1ameter
away from their natal\Fltes and that virtually all yearlings
should remain withih f§ur home-range diameters. This was not
true of observed values and differenées betweeh the two
curves’were hlghly slgnlflcant (K-S Z—l 74, P=0. 005). |
Separatlon of male ahd fehale yearlxngs 1mproved the
abillty of Eguatxon 1 to ﬁ(edlct the observed dlstrlbutlons

(Flg 1.7). The value of "t" was approx1mated by the

’
'

‘proportlon of male and female nond1spersers~ 0.26 and 0. 69

respectively Murray's (1967” model descrlbed the‘observed

male- dxstr1but10n (K S Z 0.95\ P= 0 33) better than when both -

sexes vere comblned The model accurately predlcted female
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distribution”for the first few home‘ranges, although more

females than expected dxspersed beyond 6 home ‘range.

dxameters (K S 2= 0 63, P~0.82).

Nonrandom\Dispersal by Littermates ,

Five pairs of littermates.(two male; one female, two
mixed-sex pairs) emigrated to distant’locations where they
shared a burrow or slept thhln 10 metres of ‘their
littermate. In each case, one member of the paxr dlspersed

oY

alone initially; upon returning to v151t the‘natal'area,‘the

. disperser associated with and was followed by a 51b11ng The

twod male paxrs were partxcularly ‘amicable: brothers sat and

fed together' travelled as a palr, and slept within a few
metres. of each other until just before hlbernatlon The
mixed-sex pairs slept together 1n1t1ally but moved to .
Jsleepxng{bhrrows 10 and 40 m apart after Junexand were
rarely seen.associating( Members of'the-female‘pair had-
overlapping home ranges, 'slept: 1n separate burrows 10 m
apart and followed each other, durlng excurs1ons and visits .
ito the natal area 220 m away There were ‘an addltlonal seven'
cases in whzch two or more yearlzngs dlspersed from the same

-

litter but'did not settle near a s1b11ng Thus 5 of 12;(42% ~

,groups w1th two or more dlspers1ng l1ttermates were 1nvolved

in the movement of 51b11ngs to a new area together.
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E. DISCUSSION

Dlspersers were not a- class of homeless travellers in
search of a vacancy as env1sxoned by lelcker'(1975),.and
«the dispersal process was not a sample one—way trxp as

1) and others suspected. Most yearlings made a

Quanstrom’(l9
number of excurs'ons and many began preparlng a distant
burrow: before dlspers1ng An1mals had "dxspersed" when they
stopped return1ng to sleep at the natal site. Holekamp
'(1984a, b) also found dlspersal to involve a‘series‘of
explofatory movements to and from natal areas and used
locatlons of sleeplng burrows to deflne dlspersal dates and
‘dxstances. After yearlxngs emigrated, many ?ontlnued to make
excursions, change burrov lpcations, and viSit home areas; a
few managed to re-establish themselves‘on their4natal home
range. In short, most cases of dispersal appeared to involve
'samplingland‘comparison among potential sites, as well as a
degree of preparation. . |
The 10% of emigrants that settled in areas‘where they
had not been observed maklng prev1ous excursions were |
long d1stance dlspersers. Three l1kely reached thelr‘-b
"tdestlnatlons by followxng cow traxls and veh1cle tracks
"leadlng from areas they were known ‘to use; tra11 -follawing
has. been’ reported for dlsper51ng black- talled pra1r1e .dogs”
(Garrett et a1“11982) The fourth anlmal extended 1ts former
- travels across)approx1mately 100 m of open £1eld un1nhab1ted

| by ground squ1rrels. It may have been relatzvely rzsky and

| energetlcally expenszve to return to natal areas once hav1ng

[
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reached these dlstant locatlons.\

_ Values of 74% and 31% dlspersal by yearlxng males and
females, respectxvely, are in general-agreement thh
previous studies based on the'disappearance|of Columblan
ground squ1rrels FesgaaBianchet'and King (1984) reported

‘ slxghtly greater’ dlsappearance (males 80%, females 46%)
during the presumed dlspersal perlod but thexr 1—hectare
‘study area was surrounded by forest which probably 1ncreased
the proportxon of yearlings lost to predators In thxs

«'study,'there vas llttle(dlfference between numbers of
yearlxngs d1sappear1ng durlng the" dlspersal perlod (76% and

;33% of yearl1ng males and females, respect1vely) and those

j‘known to have dlspersed but 33% (7/21) of yearllngs that

; l1ved in natal “home ranges near cover wereikllled durlng the .

] three summers. Studg sites'surrounded‘byytree‘orﬁshrub”cover
are‘likely to have discrepancles betneen dlspersal‘and‘ |
disappearance through‘increased loss to predators.\‘

| Previous authors thought that‘yearlings.were.the.
prlmary dlsperszng age- class among Columblan ground

‘squ1rrels on the. ba51s of the1r dszerentlal dlsappearance

‘ifrom study sites’ and records of longr dlstance movements

' between trap captures (Boag and Murie 1981 Festa Blanchet
and K1ng 1984) dlsappearance among other age classes left
the poss1b111ty that dlspersal was not restr1cted to

"lyearl1ngs. Mur1e and Harrls (1984) reported shlfts in

: act1v1ty centres of some adult squ1rrels, pr1mar1ly males;.

;l‘wh1ch appeared to 1nd1cate dlspersal subsequent to the
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yearling‘summer) In this study, two males‘that did not
dlsperse as yearllngs emlgrated the followlng sprxng as

two~year~olds. JUVenxles made excur51ons of up to 300 m in

August, and. some travelled to the same areas regqularly.

Observation of nine radio~collared juweniles that‘made‘
frequent excursions showed that.they‘continued‘to sleep (and
eventually hibernated) near'natal burrows; in sprlng, all
yearllngs comﬁenced thelr act1v1t1es near natal burrows
where xhey had been marked as 3uven1les megratlon ‘of

juVenile,Columbian‘ground‘squirrels in Washington‘(B.

‘Weddell -J. Murie) suggests that young squ1rrels at lower

altltudes and latltudes have t1me to dxsperse and galn

v

suff1c1ent welght to survive hlbernatlon, 1n‘contrast to the

¢

situation in Alberta (Paper 3 k.
1 have descrzbed the t1m1ng of yearlmng d1spersal
elsewhere (Papers 2vand 3). Brlefly, most yearlxngs .
emlgrated w1th1n a perlod of four weeks 1n m1d June to
m1d July, closely assoc1ated w1th the t1m1ng of Juvenlle

emergence. Th1s is con51stent with assumpt1ons about ‘the

dzspersal perlod based Q dlsappearance of yearllngs from

| study 51tes (Boag and Murle 1981 Festa B1anchet and K1ng

1984) and closely resembles the t1m1ng OF dlspersal among

black ta1led pra1r1e dogs, which’ also emxgrate ‘as yearl1ngs“.

(Garrett et. al 1982) ‘..j L \

7’

Dlspersers settled where empty burrows were. ava11ab1e.,

ThlS 1ncluded the rancher s yard where he shot and p01soned

squ1rrels 1n the area of h1s garden. The edge of meadow near.

'
Co

-

v
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trees_or shrubs had low ground squirrel densities and
‘ surplus burrows apparently because predators were most

<successful when they could surprlse ground squxrrels from

\bcover, Squ1rrels 1iving 1n'open.terra1n could see predators
"approachlng or be warned by alarm calls of other ground

squxrrels Those near tree or shrub cover had llttle warnxng

Y

1‘ and appeared to be habltuated to noise and motlon assocxated /
thh the frequently w1nd—blown follage. It was p0551ble'for

fa radio- tracker to crash through the forest quxte clum51ly

and stlll startle ground squ1rrels upon emerglng into the

meadow. . o , ‘
: ‘ : : " _— co

Yearlings did not disperse to any location lackingfa

. pre- exxstlng burrow Hence the cleared northwest corner of

;!

|

‘the meadow was not 1nvaded Yearllngs d1d dlsperse to areas

devo1d_of ground squ1rrels, prov1ded that empty burroWs'of

|
i
i

L

ground squirrels or other animals were present to be
. L . . P o

14
(3

" renovated. - ' S T

A number‘of‘authors have.suggested that dispersal is a

r1sky stategy because dlspersers may be more suscept1ble’to‘.~
‘predators wh11e in transzt (Rongstad 1965 Metzgar 1967

,Schmutz et al 1979 Ga1nes and McClenaghan/1980) I found

o ev1dence that yearl1ngs perlshed whil maklng'exCur51onsf

;or dlspersal movements. Thelr success m’y be accounted for

 byaa number of fdctors. They were extr_mely wary whlle 1n

~,‘ an51t, mov1ng from burrow to burrow- when danger

,1threatened they were able to take refﬁge even 1f a resndent o
*ﬁercent of d1spe{s1ng

) .

'.roun?’squ1rre1 were present. Nznety




yearllngs expanded thelr movements through a serles of
excurslons thus ga1n1ng famxlxarlty with the area to‘whlch :
‘,they eventually immigrated. Ground squxrrels that dlsperse
as yearl1ngs‘may be less naive than if they dispersed as
'juvenileS‘ | | ' o
Tran51t is presumably more dangerous' in cas€s where
.anlmals must cross large stretches of 1nhosp1table terraln

‘ Leuze (1979) found that 50% of dlspersing female watervoles

(Arvicola terrestrls) were preyed upon as they emlgrated

through marglnal unoccupxed habltat Young pikas (Ochotona
prlncep s) must move between 1solated patches of talus dur1ng
' ‘hot weather and apparently experlence high' mortal1ty (szth
N1974) The Columbian grod‘d squlrrels in thlS study llved 1n~p'
wvfalrly cont1nuous ground squxrrel habltat and probably
'encountered lower rlsks than those dlsperslng from 1solated
i populations such as those descrlbed by Ffsta Blanchet and
King (1984). |
The 1ncreased mortallty of dlspersers appeared to

result from the1r tendency to settle in, relat1vely dangerous

locatlons Yearllngs that 1mmlgrated to the empty burrows 1n~-f

* P

‘uthese areas became susceptxble to. the same factors

-

e(predators,‘ranchers) that orlglnally created the vacanc1es pr
fSlade and Balph (1974) and Dunford (1977) p01nted out the
2 vulnerablllty/of ground squ1rrels 11v1ng 1n low den51ty

'tpopulat1ons m1th few conspec1f1cs to warn them or 1n edge."

Hﬂ'lareas where v151b111ty may be 11m1ted Male dlspersers and

v‘nondlsperSers 1n mz study exper1enced h1gher mortalzty than ;

Lo
: q, N . . X , i . L, . T _(\ s .‘.; H‘l
. TN LT : . C . e
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their female cOunterparts, possibly‘owing to thevlarger home
anges of male yearl;ngs (Waterman 1986) ‘ |
Seventy two percent of the dlspersers were allve at the
endlof the1rlyear11ng summer, contrary to assumptlons that’
most dispersers soon perish after d15persxog (lelcker 1975
’Schmutz etﬂal 197§) Numbers of“dlspersegs and
.‘nondxspersers decllned gradually through ;tbsequent seasons
“(Flg ); more nondxspersers than dxspersers were known to
be alive at All 1ntervals but representatlves of both groups
lived to reproductlve age. Female Columbxan ground squlrrels

' -

‘occa51onally gzve bxrth as yearlings but are typlcally 2
years old when they have their f1rst l1tters (Murxe et al
1980 Festa Bxanchet 1981) Males show external ev1dence of
reproductlve maturxty at 2 years of age but may not"‘
“partyc;patex;n,breed;ng‘untll theysare 3 or 4 years old
(Murie and Harris 1978, ‘19845; Conseduently;‘some disperSers
of both sexes had the potentlal to contrlbute genes to
'future generatlons. Dlspersers were not observed closely
enough to assess thelr reproductxve success, but they
ufappeared to recru1t dinto nearby populat1ons as descrlbed by
lMur1e and Harrls (1584) I suspect that the values presented

7_1n Frgures 1 3 and 1 4 underestlmate typ1ca1 surv1val past

fthe thlrd summer 51nce the small 1982 cohort had few -

,f,yearllngs avallable to surv1ve to subsequent trapplng

lfse551ons (Table 1 2) Exten51ve efforts were made to locate

it

.fball surviv1ng Study anlmals, but the p0551b111ty rema1ns l:f‘

‘“ﬂthat some former d1spersers may have eluded recapture by

x.»
!
g
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| produce dlstr1butlons that 11e between those of Equatzons 1‘ .

”L,g. 3) These territorles are approxlmately‘30 m 1n d1ameter '

35 !
mak1ng further moves 1nto areas that were not trapped or ,

observed The figures dxscussed above thus represent the

m1n1mum known survlval of d;spersers and‘the maxlmuml‘

" survival differences p0551ble between d1spersers -and

nondlspersers.‘

1 P

Female dlspersers tended to move at least as far as

\

male dlspersers as reported Prevmously}by Boag and Murie
(1981 Table 6) Some‘authors‘have suggested that male

sc;urlds are the long distance dxspersers (Schmutz et al.

—_—

1979‘ Holekampv1984a b)ibut it is not always clear whether

a

the1r est;mates were restr1cted to animals that 1eft natal

[

home ranges. The dlstlnctxon is. an 1mportant one. Most
female yearllngs remaxned phllQpatrlc bHut those that
emlgrated were. scattered over a‘w}de range of drstances
(Flg.,17b) o S
The models of Murray (1967) and Waserf(1985) predlct |

‘that in homogeneous hab;tat,,anlmals that lose 1n

competition‘to remain philopatrlc'wxll move*to the nearest‘

T

.avaxlable open1ng by searchxng in randomly chosen stra1ght

’

lines: (Equatlon 1) or by searchlng one rxng of home ranges f v

‘at a t1me (Equatlon 2) Other strateg?es oﬁ searchlng should

and 2 (Waser 1985 1171) To locate avallable home ranges, X

yearllng Columblan ground squ1rrels must traverse the J

territorles of adult females who are at t%e peak of maternal ﬁ‘f

'aggressxon at the beglnn1ng of the dlspersal perlod (Paper“

)

Loasle o . it . -



the assumptxon of‘perfect,xnformatxon w1th1n each ring of
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b(Festa Bxanchet and Boag 1982; unpubiished‘data) bUt‘i‘
JncreaSed the estxmate to 50'm to allow for small gaps" _
‘between terrxtorxes (Waser 1985 1173) stng thls value and

. Equations 1 and 2, both models underestlmated the observed

_extent of yearllng dxspersal movements (Flg 1.6). Equatlon

\

2 1ncorrectly pred:cted that most dlsperSers ‘would settle in

.~ the f1rst r;ng and all would settle w1th1n four, based onz’

—

home ranges Yearlings did not~search in a Spiral path or

explore in all dlrectlons,‘and were probably 1ncapable of

A assessxng occupancy from afar as blrds mxght be able to by

usxng acoustlcal sxgnals (Waser 1985) Yearllngs made theig

excursions by means of long dxstance exploratzon 1n a few

-dlfferent dxrectlons, even' to the . extent of retrac1ng a

similar, path on fﬁrther excur51ons to the same area. This

stategy approaches the search pattern assumed by Equatlon Al

"'The fit of Equatxon 1 could ‘be 1mproved by assuming that

;-yearlxngs had to travel 100 m to reach the next avallable'

openlng, but this value is not reasonable 1n view of adult

spac1ng behavxour at the t1me of d1spersal Adult females

'“defended terrLtorles around the1r natal burrows agalnst
"pother ground squ1rrels,‘1nclud1ng thelr own yearllngs' ‘ ,_f;‘

‘dlspersers and nondxspersers changed thelr movements and v

‘ ‘fsleepzng burrows as 1f to fit between female terrltorxes

A [ o

.-d(Festa B1anchet and Boag 1982 Paper 3 nggett pers.p
‘comm ). Murray (1967) speculated that nonhomogeneous hab1tat

‘dwould'cause some 1nddv1duals to ‘move farther than others
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‘ before‘flndlng an unoccupled 51te InmthiS‘stUdy, dispersers

| tended to be concentrated in. certaxn patches of habltat as‘<
14

.

‘described earlier, whxch~resulted in a‘d}scontxnuous

ﬂdlstrxbutlon of dlspersal dxstances o . !

waser (1985) found no reason to separate the sexes when

analy21ng dxstrlbutxon data of deermlce (Peromzscu5"

manlculatus) and‘Whlteccrowned sparrows (Zonotrichia "

leucophrxs) My data 1nd1cate that Equatlon 1 fits Columbxan'
39r0und squ1rrel d;spersal more accurately once the ‘sexes are
‘separated (Flg KN Why should thls be so? thelds (1983

proposed two 1mportant questlons to be asked regard1ng

“_dxspersal 1. What . determxnes whether an. anlmal dlsperses or

“not-‘za leen that an anlmal has dlspersed what pressures

-~ affect dlspersal patterns?'Sex related bxases of e1ther

factor would cause male. and female dxspersal dlstributxons

I'to d1ffer. Elsewhere 1 have shown that.yearllng males do not"

1

xcompete aggre551vely to remaln'phllopatrxc but dxsperse if

.. 1
uthey have a reproductlvely actlve ‘mother “or a surv1v1ng

51ster (Paper 3) ‘Males. wlthout such kin remain phllopatrlc-
r;\ . .O‘ .

dlspers1ng males appear to be dlstrlbuted as predlcted by
) Equatlon 1 w1th some clumplng caused by heterogenous
'~hab1tat (Flg.’1 7a) Female yearllngs do compete

Iaggre551vely to remaln-phllopatr1c (Paper 3), and thelr

o

' success is 1llustrated by the preponderance of female

'Elnondlspersers (Flg 1 7b) Only the losers ‘of - 1nteractlons

» p

'Iamong mult1 female lltters d1sperse (Paper 3)° and they are -
‘ \ .

a

K*apparently subject to the same forces that cause males to?

4 'w,,
A
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cmigrate considerable distances. Thus, there appear to be
sexual differences in Columbian,ground squirrels regarding

Shield's first question, but there may not be differences
! ’ ' f

for his second guestion.
. . -~

An inappropriate assumption of "competition" models is

)

that all potent1al dxspersers have an-equal chance of-
odobpyxng home ranges. ThlS fails to recognxze ;he
possibility of sexual differences and allowS'nQ bias in *
favour of:residents. We should expect sexual differences to

Shield's fxrst question since the majority of birds and

3 mammals exhlbxt sex-~ bxased philopatry (Greenwood 1980, Waser

4
and 'Jones 1983, beerg and von Schantz 1985). Resident young

mightdbe expected to have an advantage on familiar ground,
whereas ihﬁdgrant young are'likely to be subjected to.
‘heightened aggress%on from unfamiliar neighbours (Dunford
197f).‘As reported'elsewhere (Paper 3), yearling females
competed'hith their own siblings (not immigtantsi to retain
occupancy of thexr natal home ranges. Yearlings of either
sex that could not remain phllopatrlo\moved to yacant spaces

\’-\

between and beyond the territories of aggressive adult
o N

females. .

Other assumptions that seem inappropriate for.ground
'squirreis‘are‘bﬁat only one 6ffspring can inherit the natal

home range and that the opportunity to remaln phxlopatr1c

& ’

depends on the death of the restdent adult. Slngle female

yearlxngs were able to remaln phllopatrlc de5p1te the

cqntlnued presence of their reproductlvely active mothers,

for
. o

P . l'.‘
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and as many as two males or\females were able to beﬂ
pnilopatric if their mother did not become pregnantf pr if
she had disappeared (Paper 3). dh the natal.home range then,
the number of openings avallable is probably best hetermxned
by the ftumber of nondispersers (Waser 1985:1173) ﬂather.than
"by calculating theoretical turnover pronabilities{based on
deaths of adults (Waser 1985:1171). Once yearlings move away
from natal sites, tney are strangers on unfamiliar ground
and may reqofre death-created vacancies, as assuned byﬂ
competiticon models.

The movement of 25% (10/40) of all disPersing
yearlings, or 42% (5/12) of lltters with two or more.
dispersers, as littermate pairs was unexpected from study of
ground squitrel literature. Littermates that disperse to the
same area gain CertaI% advantages, regardless of their
gender. They arrive with a familiap individual in close
proximity which may help them to become estaplished,
particula}ly in areas with few other ground squirrels to
detect predators. Dispersing siblings are related to at
least one other animal in their new population, and the
number of relatives will increase when either or both have"
progeny (Cheney and Seyfarth 1983). Kin are more likely to
cooperate than are unrelated 1nd1v1duals possibly‘resulting.
in increased surv1val and reproductive success (Krebs and
Davies 1981, Sherman 1981)\\L1ttermate pairs that dxsperse :

to unexp101ted hab1tat conta1n1ng few reproductuve

competltors‘may achleve a )ackpot" contr1but1on of thelr
’ .



.

genes to foture generations (Cafl 1971, Futuyma 1979,
LAnderson 1980). It might be possible for a mixed-sex pair to
found a new colony in a prevxously unlnhablted;area, thos
effecting rande expansion; there would be cosﬁs to close .
inbreeding but locally adapted gene complexes would be
" preserved and resulting progeny would have high relatedness
(Packer ]979, Smith .1979, Haigh 1983, Shields 1983). Once g
nucleus of ground squirrels was established }h the new area,
additional\immigrants might. have’ an increased chance‘of
settllng successfully (nggett and Boag 1986), thus adding
new genes to the pool. Dispersal of llttermate groups has
been reported for various primates (Drickamer and Vessey
1973,HCheney and $eyforth'T977,1983) and carnivorgs (fréme
and Fréme 1976, Bygottﬂgg al. 1979), and has recently been
noted'for Columbian ground squirrels in Washington (B.
Weddell, pers.’coﬁm.)k

In terms of ultiﬁate and broximate faotors-thouoht to.
cause dispersal, thé observatioh that littermates can
em1grate together .illustrates that dlsperSers are not
Inecessarlly asoczal 1nd1v1duals%gs suggested by Bekoff
(1977). Nor are they avoxdxng 1nbreed1ng (Greenwood 1980
‘Cockburn et al. 1985).to the full extent possible. Follow1ng
a sibling to its postdispersal location and settling nearby
results in "nonrandom dlspersal" which provides 1ncreased
opportun1t1es for a degree of benef1c1al 1nbreed1ng in

subsequent géneratlons (Cheney and_Seyfarth !983).,Sh1elds

(1983) argued that most speciesvdispérsé over reiétivsly



\

short distances in order to aohfeve "optimal nbreedino"
throngh matings with distantly related kin; e igrating‘with
a littermate might be Qiened as another mechanism to‘ensure
a degree of relatedness in the new epvironment, even if
matlng among close relatxves does not oécur/

| In conclusion, the results of this study provide a‘

r

detalled descrxptxon of the dxspersal of yegrllng Columblan

i

ground squ1rrels that supports and extends arlier work

B

based ' on trapplng and dlsappearance studles ‘Most yearllngs
weire found to sample and prepare drstant borrows before’
'dxspersxng from natal sites; .m Lny daspersers settled in edge
areas near tree or shrub cover where they suffered higher
mortalxty than yearlings that/lived 1n open meadow habitat,
but some dxspersans survxved to rep oductive age and

recruited into nearby populatlons /The post—diSpersal

dxstrlbutlon of - yearllngs d1d not dlffer greatly from that

!

expected for anlmals:movxng to the nearest vacancy by 2

-

straight-line searohes prov1ded that sexes were considered

Pl
‘

separately; this provxso is. reasonable since most birds and

mammals are known to have; sex—P1ased dxspersal tendencxes.
The incidence of dispersal by palrs'of llttermateS'suggests

~ that there may be advantages,_or at least not serious

disadvantages, in ensuxing a degree of ‘relatedness in thé

Dy

new area. ‘ . o
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Table 1.1 -‘Mortq]ity of yearlings in‘be]atioh to the
~distance of their sleeping burrows. from shrub cover.

N T T T S e

. . f
P T R N N i e e e i R i) - -
'

'Distance . . Number of - Number of’ % deaths
interval - ‘deaths . squirrels - _;;-;___
=10 | 9 ‘ 7 .53
"11-20 f.‘ '!“ a l . V ;l21 . "'. 20 “
21-30 . 4 L2 33
>31 1 S s .4
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Table 1.3, '~ Mean number of years (SE) that dlspensers and
nondispersers survived after the" spr1ng in which they
were yearlings. Study -animals were accredited with 0.5 years:
for each subsequent fall (mid-July ‘t6 mid-August) and spring
- {mid: Apr1l to late May) trapp1ng session in which they were"
 known to'be, alive, Comparisons.are. by Mann- Whitney U-tests’ (Mw)
,or Kruskall Wallls -one-way ana]ys1s of var1ance (KW) :

_
Group . .. B oo Meah'yeérs'ofw_,j;‘ op
L ' ~continued survival o
_Rispersers . 40 . 0,88 (0.12) . 0.10 (MW)
| Nondispergers o 310 ‘11.19 (0.15) o T
Male dispersers . 31 0.82‘(O:f5)’ C Ty,
-Female dispersers ° 9 1.06. (0.18) . ‘ 0.19 (KW)
‘M. nondispersers . 11 1.00 (0.20) S .
" Fu nondispersers: v 200 1.30 (0.20) : e
Males | 42 0.87 (0.12) . ~ - 0.06 (MW)
Females 29 122 (0.15) AL



. . Fig. 1.1 ~ Location of the four study sites in relation
,u‘featuféé of surrounding h@bitatﬂ'SYmpoiS SS1 to SS4
‘' represent the four sites. 'A‘ruéas"populated by ground

squirrels'aréfindicated by stippling. .
y Q \ to )

[
]
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Fig. 1.2 -~ Postdispersal locations of yeaglinés that
'emigratéd from study sites. Yearlings numbered 1-18
dispersed from Site  1; Dispersers from Sites 2, 3, éhd 4 are
numbered as 20{5, 30's and 40's, respectively. Circled f F

numbers represent yearlings that dispersed toe areas where

they were not known to make previous.excursions. —
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Fig. 1.3 ~ Composite survivorship curve of three cohorts of
yearlings, from:100% survival at spring emergence' through
subsequent seasons. Dispersers and nondisperéeri’are

'fepresented by closed circles and ' open squares,

+

reSpectively. Numbers are sample siZes‘for each period and

vary according to the number of cohorts available (Table,

1.2). The symbois_"s" and "F" refer to spring and fall.

0O
seasons. '
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Fig. 1.4 - Cémpbéité survivgrshib curve of year;ings gtogaed
by dispersal s£atﬁs and gendér.‘Dispersers a}e rebresented‘
‘by clbsed‘symbols (circles, ‘males; squares, females).
Nondisperserslarevreprésented by open'symbéls. Other symbols

'

‘ o . L
are'the same as in Figure 1.3.
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' Fig. 5 -~ The dxstrlbutlon of d1spersal d1stances for

I“yearl:ngs that left thexr natal ﬂb:z;xaﬁgeél Arrpws  ‘ S
represent medlan dxspersal dlstanc for males (opén bars)

and females (stlppledpbars)
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_ Flg 6 - Two competltlon models applxed to .the

K

postdxspersal d15tr1but1on of all yearllngs Equat1on'1'is'“

| Murray s (1967) ‘model; pnft(1 t)"; Equatxon 2 1s Waser s
: (1985) model pn¢(1~(h t)‘“)(1—t)"3““’". ‘The hxstogram

‘represents the observed dlstrlbutxon of dlspersal d1stances,

) See text for further explanatlon of . models
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Fig. 7~? Mﬁrbay’s (1967) competxtxon model applxed to the”
-postdlspersal dlstr1butxon of male and female yearllngs

separately Hlstograms represenn the observed dxstrlbut1ons '

of dlspersal dlstances f " ! ‘fA T
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‘(aggress1on and adult female terrxtoplallty resulted ln

I11. Paper 2 - DOES BODY WEIGHT TRIGGER DISPERSAL OF
" YEARLING, COLUMBIAN GROUND SQUIRRELS?
.

A ABSTRACT

—

weei/x welghts of yearllng Columblan ground squxrrels

(Spermophllus columbxanus) were collected in conjunccxon

w1th ‘a 3~ year telemetrac and’ observatxonal study of

| dlspersal. Yearlxngs ga;ned welght slowly 1n the 1nterva1

-

surroundlng juvenlle emergence apparently because maternal

g1ncreased soc1a1 pressure. Male d;spersers were no heav1er
‘than nond1°persers at the t1me of emlgratlon but d;spersers
were as much ‘as 100 g’ heaV1er by fall the addxtlonal wexght

llkely reflected escape from soc;al pressure and Competltloﬂ

for food and‘representsva potentmal benefln for’ dlspersxng

et ’ i

malesu\Fenale nond;spersers were heavxer than d1spersers at

anhe tlme of, emlgratxon, 5upport1ng female competltxon as a

the beneflts of phllopatry and Stlll wexghed no more than

v

factor/lnfluenc ng ‘elr ,di persal, female dlspersers lost
’ 3¢

nond1spersers at- the end of the season sugges;1ng that‘

11tt1e advantage accrues to female d1spersers.‘These

[
Y

flndlngs are generally 1n agreement w1th empirlcal ground

~ ]

squarrel studles but do not support pred1ct1ons stemmlng :

from behav1oura1 hypotheses concern1ng proxzmate causes of

male dlspersal

mo



B. INTRODUCTION
The "small mammal Literature'offers many oppoftunities
for speculatlon concernxng the relatxonshlp betweem body
\‘welght and dxspersal Lidicker. (1975) suggested that

4}) &,3 ~eg\ggrants ‘from high density populations (" satut‘atxon ‘

a'\

a: L 315persers ) were juveqxles social outcasts, and those in

Y
h

podr conditlon,\the Social Subordlnatxon Hypothesxs ‘

-

'_(Chrxstzan 1970),gan&/the/Genet1c~Behav1oural'Hypothesis

(Chitty 1967, Krehs 197§),- also describe dispersers as ~
: : £ ’
"social subordinates (i

.e. probably lightweight Animals)..In

‘- "eontrast,-the,Sooigl,Cohesion Hypothesis (Bekoff 1977)
- ‘ ' L N S A
predicts that ddmiLant and subordinate indiv1duals (probably

\.‘heavxest and lxghtest) are most llkely to disperse. In most

stud1es of‘spec1es‘smaller than ground squxrrels dlspersers

l‘ 4

uer!‘found to be l1ghter than\re51dents - however, 1nd1rect

g\

methods such as dlsappearance from 51tes Ior appearanee on
removal plots, were typ1cally used to 1dent§fy "d1spersers

‘(Gaxnes and McClenaghan 1980) Most, groand sq01rre1 studles
have found ‘no 51gn1f1cant dlfférences in welghts between o

anxmals remé;nlng -on study 51tes and those that d1sappeared.

"

‘(Slade and Balph 1974 Dunford 1977 Pfelfer 1980 1982),

i

but these authors were unable to dxfferentlate between

j% ‘ ‘.dlspetsal ahd mortaklty In situ.*‘ oo et

Holekamp (1@84a, b,,1986) used a comblnatlon of .
* 4
observatlon, trapp1ng, and telemetry to study dlspersal of

Beld1ng s ground squzrrels (Spermophlfts beld1ng;) in more

voe o8 -ty 7 .
i
'Y £

t

.¢eta;1 than”pgevxousuresearchets5had.‘She.repqrted that male“

e el e R .
Al - . . e . e s, v N .
. Sy o R 9

"
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juveniles that dispersed were heavier ‘than those that had

R
and pro

not yet dispersed,
-trioéered‘by»attainment of
_ Ontogenet;c Switoh Hypothe
be,made from her hypothesi
) bi;persers shqu}d be
txme of emlgratxon. ‘é)
Crltlcal weight threshold
versus dzsperSal dates sho
3) Heavy dispersersysho
dispersers,
on a standard preremigrati
dates should result in a 1
- Further points could
weights associated with di
males and females have the
drfferenCes related to sex
-weights of eﬂigrants decli
costs of dispersariand rel
do thexr welghts increase
pressure and competltlon f
exlst between dlspersers a
that one grouo must remaxn
for a longer perlod in the

welght for h1bernat10n7

Thls report exam;nes

.,

i.e. a plot of,

posed that emigration was
a critical body weight ("the

A number of predictions can

\

sis").
s:
heauieg than nondispersers at the
There should be evidence.of”a

i.e. a plot of dispersal weights
uld approximate a horizontal line.
uld emigrate before‘lighter
weights of disperSers determined
on date versus their dispersal
ine with negatiue srope; :
be clarified through study of
spersers and nondxspersers. 2?
same wexght trends, or are there
biased dlspersal tendencze;h\Do
ne, perhaps through energeg;c
ocation in marginal habftat\ﬁ_or
in response to escape from social

¥
or food? If wezght dszerences

PO

nd nondlspersers, does th1s 1mp1y

4

exposed to above ground danger
.l
fall in order to amass suff1c1ent

.8

relatzonsths between body we1ght

and d1spersal of yearlxng Columblan ground squ1rrels (s.. ,;f
PR - b ' K . 53 ., . .
SRRy YT el T
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columbianus). Special attention is focussed on‘predictions

and 1mp11cat10ns of the Ontogenetlc Switch Hypothesis as it

applies to\S. columb1anus - a specxes in which dxspersal

occUrs primarily in the yearling age-class, rather than in
the juvenile age-class as' is the case with most'ground

squirrels (Holekamp 1984a).

C. METHODS

~

Four study sites, each approximately one hectare in

.‘area,'were'established in orazed“meadow on a ranch 10 km -
| southwest;of Chain Lakes Provincial'éark in southwestern
Alberta,(SO dG' N, 114 33' W, elevation 1400 m). buring

May- ;ugust 1982 Columblan ground squ1rre1 populatxons of
Sites 1 and 4 were trapped\and observed, and.yearlings of
both sexes were radio-collared and tracked u51ng handheld

antennas and recexverSI The field” season ‘was d1v1ded 1nto

10-day periods aligned so that the first day of.;nvenzle

emergence (" Juvday ) vas always Day 50, the‘beginning of the“

fxfth perxod In this way, ohservatzod’dates and perlods
‘were attuned to the phasxng of. the annual cycle During

Apr11 August 1983, Sites 1 '3 and 4 served as reference' ‘l;"
areas as descrlbed above, adult female ground squirrels on

: S1te-2 were sedgted thce.dally-wrth aceproma21ne maleate as

. part of a behaviooral-eﬁoeriment aimed at investigating the‘
P

effects of aggre551on on d1spersal (Paper 3) During

Ly

Aprll August‘TQﬁ&—~SeteN2.became a reference area, adult

ffemales_on S1te 1 re sedated, and adult females on S1te 3.

.r'
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vere temporarily_stefilized Qith etnynylestradioé“3—nethyl
ether ("Mestranol") to block pregnancy and postpartum
’aggressxon. Further details of vegetatlon and terfaxn,_‘
radlo~telemetry, behav1oural observat1on‘and‘experxmental
design_have been described elsewhere (Papers lland‘35.

| Throughout all summers, .ground sduirfels Qere captured
in National liveetgaps'(15x15x50-em), examined for woonds.
Aand Eep;oductive conditign, weighed to the nearest 5 g using
a'Pesola spring scale, eartagged with serially numpered
metal tags, and given,onfque'bddf marks with hair gJe (Lady
‘Clairol blue-black). An attempt was made to weight all
yearlings at least weekly. Only weights of'animais that

-

could be classifiéd as dispersers or nondispersers were

.

"analyzed, thus disappearance was not used to infer
dispersalu,"Dispersers" (31 males, 8 females) were those

animals that left their natal homes ranges and established
. 7 . = ‘ .

themselves in new home ranges; a yearling became -a disperser

on the.day (evening).it ceased'returning to spend the night

g . | I

l1n its - natal area, ‘provided that it. was subsequently found
‘to be al1ve elsewhere, "Nondlspersers {12 males, 22
ffemaleS)'continPed.to.lfze’and'sieep‘neag their natalé-ﬁ. .
“bdrrohst(Paper‘1) —“.: S ‘df o ~.J . ;‘v. idzi

A general descr1ptlon of welght versus t1me was

r

& .

afforded by determ1n1ng the mean we1ght of each 1ndlv1dual
per 10 day observat1on perlod and grouplng the means
'accord1ng to sex and dzspersal status; th1s faC111tated

comparlsons w1th behav1oura1 data collected dur1ng the same

4



4o
incervals (Paper 3{ﬁ weights.of year%ings were compared-more
dpreciselflbyjassigning a-number of- standard dates and
interpolatingdweight values for those dates firom individual
groﬁrh cdrves (ﬁjg. 2.1). The‘scandard daces, and‘rationales
for using. them, are as follows:
4).Day p} initial ju?enile emergence  ("Juvday") -
the first appearance of jovenile‘litters was highly
synchronous aéross the study'sites.and coORAplace on 21, .14,
and 10 June durxng the years 1982-4, respectimely..This
~event ‘was a recogn1zable stage of the ground squ1rrel
reproductlve cycle, marked the beglnnlng of a new .‘ .
behavxoural phase assoc1ated with’ the aboJe g;ound presence
of juvenxles, and was ‘close to the beglnnlng of the
dispersal period. ’ - | _ _ : - \
23’ﬁay.of.§ispersal - dispersal dates of'individuals“
vere known and weight values-for'thosekdays were
‘ 1nterpolated from growth charts of d1spersers. <
: ‘13) Maxlmum welght'— the peak’ we1ght of each'yearling
that surv1ved untll fall, and the date associated with‘its‘

7-~‘:max1mum we1ghﬁ, were recorded I£ a yearllng had the same

- .
max1mum wezght on two or more occa51ons, the earllest date

‘ _ was used. BRI ' .

’

‘ We1ghts assoc1ated WIth standard dates, and the dates'
f ' ¢ ’ '
5§h1ch d1spersal and max1mum welghts occurred were
;“no ally dlstrlbuted and of su1tab1e varlance for parametrlc

‘fstat1§t1cal procedures Mean growth curves were compared




EEERY

D.. RESULTS

we1ght loss 1n Per&od 10 bef0re hlbernatlon.‘.'

¢

]

Individual weight-versusrtime or "growth" curves of the

-~

:73 yearlxngs were 51mllar to ‘the example shown (Fxg 2 1).

[

Ind1v1duals galned welght through most of” the season, but

'typlcally experlenced a reduced rate of | 1ncrease( or a loss
,durlng one or more of Periods 4 to 6. Fifty- two yearl1hgs
‘were captured at least: weekly during this 1nterval making

(1t p0551ble to determine, whether these anlmals showed a .

[} o
-

levell1ng or declxne between wexghlngs taken fxve to seven

RIS

days apart. Slxty seven percent 14/21 "of male dlspersers,

Wi ’.;'.

62% (5/8) of male nondxspersers, 86% (6/7) of female

dispersers and 94% (15/16) of female nond1spersers faLled to
' gain weight for 1ntervals of 5 to 18 days; d;fferences_among
the four groups were not sxgn1f1cant (G=5.64, P=Q.13); Sﬂtf.‘.\

ﬁemales were more l1kely than males to experlence a: pause in

[} .

their grqwth_curves (G=3.68,‘P;O.OS).-Yearl1ngs that'dld not*

' show a levelling or decline of weight‘uere'djspersers.that .

emigrated before Day 47 (4/4), yearlings from the edge.of

'forest (4/5) male nondlspersers w1th no 51sters or pregnant

others (2/5), and Yearllngs from the 1984 Mestranol

‘treatment on Slte‘4 (2/4) “Most 1nd1v1duals aga1n showed a;~

a

. ‘\s‘l"‘
Mean growth curves summar1ze ‘the we1ght 1ncrements of

§

\ .
dlspersers and nondlspersers of both sexes (Flgs. 2 2 and

-

2. 3) Male d1spersers d1d not dlffer 1n we1ght from male

g 8;3 p o 97)

gondlspe{sers before Juvday’(K-s Z 0»

thereafter male em1grants ga!ned slgb1f1cant1y more wezght

AR
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.( | 789 P 0. 003).»Female nondlspersers tended to be
I heavier than female dlspersers before Juvday although the'

l trend is not statlstlcally sxgnlflcant (2—1.186 P—O 12),
possxbly because we1ght dlfferences were not apparent in
Week 1 follow1ng emergence from hlbernatlon, after Juvday,

) welght dxfferences between the two groups d1m1n1shed
(z= 00 p= 0 27) Males and females were relat1vely 51m11ar'
1n wexght before Juvday (z=1.106, P—O 17) females galned at .
4& a lower rate than males ‘during Perxod 5, accountlng largely
for the dlvergence‘of male ano‘female welght curves after

‘Perxod 4 (2=2.427, P<0.001). = | "\.*
Compar1sons Among: Males on Standard Dates
- Welghts of male'?earl1ngs on Juvdaytd1d not- dlffer

L~among 51tes (F 0 94 . P=0. 43) although there were highly

s1gn1f1cant dxfferences among years (F 6. 38 P=0. 004), 1n
g .

‘1982 yearllngf were approx1mately 50 g llghter than in, 1983
or 1984 at the t1me of Juven1le emergence (Table 2. 1)
"Maxxmum welghts Were 51m11ar among s1tes (F 0. 74 ' p= 0 5¢ 'h'
| but yearly dxfferences approached 51gn1f1dance”(F 2 72 V
,p;,P 0. 05)/gecause the 1983 d1spersers galned more weight ?TfT”
’i‘dur1ng~the summer than 1982 and 1984 dispersers (Table 2 2)
"Max1mum welghts of nond1spersers were reIatlvely spns1stent i Nli;f

S '
“among s;tes and years.,Dlspersers and nond1spersers d1d not

f?"dxffer 1n welght on, Juvday (t 0 2, P—O 82)‘ however, ~4'fo*

S

,fdlspersers that surv1ved:'oithe end of thelr yearllng 1f[; 1

*fjsummers were s1gn1f1cantly heavler than surv1v1ng




. “l,'common day (Juvday) were correlated thh departure dates .

~date of Day 59 + 2 and a median of. Day 57. Dispersal dates

”;'an

Jto emigrate before lighter ones,*weights of dispersers on a

“;E(Fig{ 2 5) The result (r-O 41 P 0 02 Y—-l 5x # 527)
:"Vtsuggests a linear relationship w1th%low correlation”and-a

f”negatiye slope, butathe trend 1s 1nﬂluenced,by’late

nondlspersers (t 3 1, pP=0, 004) ff‘ T | o/

| 1 -

Weights of emigrants at the time of dispersal ranged

‘from 385 g to 620 g (Table 2. 3) and differed3among smtes
‘(E=3.20, P—0.04) and years.(F=5,39, P=0.01)., DiSpersalvdates

rranged-from Day 42 (8 days before‘juvenile emergencé)‘to‘Day‘

89 (39 days after juvenile emergence) w1th ‘a mean dispersal k

~

‘were 51milar among years (F 0.10, P=0. 91) but differences '

-among sites approached 81gn1f1cance (F 2 46 P~0 08)

A plot of. dispersal weights ‘'versus dlspersal dates

(Fig 2.4) appears to 1nd1cate a p051t1ve linear trend when

vall data‘are included (n=30, r=0.57, P=0.001, Y:Z.Bx”+?301),

Thi's relationship is greatly affected by two late diSpersers
5o

from a sedation 51te, and one exceptional 1nd1v1dua1 that

‘shifted 1ts home range very late (July 21) during Summer

1983 No trend ig apparent during the 1nterval of Day 42 to
o

,Day 69: when\a}l\pther yearlings dispersed (n=27 r= 0 ~
“‘f‘PvO 44) When all\dispersers from sedation sxtes are;.

'd‘exclud d ‘and: the exceptionally late disperser is con51dered y

»

'lier, there 1s no linear relationship between -
A

rf?dispersal weight and dispersal date (n 21V r= 0 17 P-O 45)

In order to determine whether heavy dispersers tended o
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"departures of. the three 1nd1v1duals descrzbed prevxously

\

: For all dzspersers except these three, a l1near relatxonshxp

l

3 ' with hzgher correlatxon and a stronger negatzve slope is
‘1nd1cated (r=0.57, P=0.001, ¥=-3. 34K + 630) Excludlng a1l

' dlspersers from sedat1on sxtes and ‘the exceptzonally late

»
e

d1spersep‘from {983 1mprovesythe correlat1on‘and results in
a negative slope (r=0.63, P=0.001, =43;6x,+5643).,when
. I

\ 'yearllngs are(Vlewed as groups def1ned by sxte and year,"

‘early dlspersers were heavy anlmals 1n four groups, early ‘
ﬁ,‘ldlspersers were relatxvely 11ght anlmals in two groups, and

o wexghts of early andglate dlspersers were s1m11ar‘1n,tw0‘

- groups. o S

The‘dates on whxch max1mum we1ghts were achleved (Table

rf\

e 2. 4) d\d not d1ffer among sltes (F 0 21, P 0 89) or years

A \

. (F=O 91 P=0.41) or between dlspersers and no[dlspersers
(F=0 32 P=0. 57) Male yearllngs attalned the1

maximum

we1ghts at 40 days, 43 days and 39 days after ]uvenlleyy

emergence dur1ng the years 1982 4 respect1Vely (42 days + 1
after Juvday) h." N
",'ngomparxsons Among Females on Standard Dates Tx.];fﬁj\‘u"

T?Wezghts of female yearlzngs on Juvday did not dlffer

N

:}'among s:tes (F 1 48 P 0. 24) although there were hléhly

_fj,s1gn1f1cant dlffere’rhs among years (F 9 58 P 0 00 ow1ng

i:ﬁlargely to the 1983 yearllngs7wh1ch were approxlmately 55 g

i'dniheav1er than 1982 and 19 4 rlﬁngs (Table 2 5)
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\than those of the1r male counterparts (Table 2 foi the o
“flrst two summers, but in 1984 were smaller by approxlmately

75 g, that summer corresponded to 42% (5/12) dlspersal of

'yearl1ng females compared to 14% and 18% ﬁemale dlspersal
‘ durlng 1982 and 1983 respectxvely Maxxmum female wexghts

‘ were‘slmllar among 51tes (F—1.62 P—O.Zl), but dxffered
. f

among years (F 3. 84,.P 0.04) (Table 2 6) Yearllng females.

& that dlspersed were 34 g lthter on Juvday than.
/' nondzspersers (t=-1.9, p= O 07) 1n 5 of 6 lltters contalnl‘g g,‘
. more’ than one year11ng female the heavxest 51stér remaxned

- whereas the lxghter 51ster(s) dxspersed Maxlmum we1ghts

achleved by 7. dlspersers were 31 g llghter on average than‘. '_

-

those of 21 nondlspersers, but the d1fference was not

v

ff51gn1f1cant ( —-] 5, P;O 15).
| D1sper$al we1ghts of female emxgrants ranged from 320 g
tb 460 9. Average dlspersal we1ghts of Slte 1 females were
375 g (n 1) 445 +15 9 (n 2), and 350 + 15 CE (n 4) dur1ng
3'301982 -4; the 51ngle 1984 Sxte 4. dlsperser welghed 360 g :.g,w\\’f

'f'Dlspersal wexghts dlffered among years (F 9 37 Pz 0 02) but S

b"not among sztes’(F 0 86 D 0 78),‘although Stat1stxca1 tests

-

“.f\#based on the small mumber of female dlspersevs should be

‘.‘

~;h;v1ewed caut1ously. Departure dates for dispersers raqged

'ﬁfrom Day 45 (5 days before Juvenlle emergence) to Day 60

—a

s f(the Slte 4 fema;e was the latest dlsperser) the mean and. B

"fmedlan dlspersaﬁ date was Day 52 leferfnces 1n dlspersal
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'stpersal welghts and. dates vere. not related (r=0. 07

;

"”fgp=0 44} nor - were d1spersal dates correlated thh Juvday

“:vwelghts (r=0. 25 p=0. 27).
The dates on whzch females reached thexr maxxmum

welghts (Table 2. 7) d1d not dszer among years (F 0 72,

-~

-~

P 0. 50) or sxtes (F 0. 60 P=0. 62), or -between dxspeQ§ersfand,“
‘nondlsperSers (F 0. 511 P=0. 48) Female yearlings“attained
“thexr max1mum welghts 42 days + 2 after the date of Juvenlle

‘*emergence, tﬂ% same t1me male yearllngs did so. o

e
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A The M1dseason pause in Yearling Growth Curves -
ya-';"%;.g‘ Yearllngs galned welght at rflatxvely slow 'rates in
"‘vﬁ \bq' A}

Ve
3“‘ Wny Per1ods 4 Eo 6. Data from a 7 year study by Boag and Murle

4

-

[ * ' »

' (1981)

”,,;3 but lass prec1se t ime 1ntervals Qﬁlg 2 6} -They reported ’;in

strate a sxmllar trend using larger sample.sxzes »

Y

‘.that yearlxngs ‘Jained wexght slowly 1n the three week perlod :

~

;assoc1ated w1th 3uven1le emergence, adult males contlnued to

"galn we1ght at unchecked fates, whereas female wexghts

‘ref%%cted thelr m;dseason costs of reproductxonéand

NS
te :wterrltorxal defence (Festa B:anchet and Boag 1982) :
9 R}
1 5uspect that the slowlng of mean yearllng we1ght S

\

galns was largely a result of aggre551ve pressures faced by'

'yearllngs 1n the weeks surroundlng juvenlle‘emergence.‘At |

:t;'that time adult females were actlvely defendlng the1rv
terrltorles agalnst other ground squlrrels, 1nclud1ng their

own yearl1ngs, female yearl1ngs were compet1ng w1th thezr

fxw-‘;' 51bl1ngs to galn control of” a burrow between adult female

Ty . ' ; 'o

territorles yearl1ngs encountered hlgh rates of chases, and

-

vt \'£

"

yearllngs mak1ng excur51ons and dlgglng at dlstant burrows,rff

Al

Sl but ;he greatest ¢osts appear to have been assoc1ated\w1th

'how a- reductlon 1n mean'welghts (Flgfiz 3) and female;
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1evelling or declinevin their:individual‘weight eurVes;ithis

. may have been related to energetlc expendltures by females

whlle competlng to, rema1n phxlopatrlc (Paper 3).‘Males, the

predomxnant dxspersers 'were less lxkely to show individual
!

o e‘ we1ght\pauses, and yearllngs that emlgrated beﬁore Day 47 (3
| males, 1 female) contxnued to gain. wexght throughout Perxods

4‘to 6. Other yearlxngs that gaxned wexght were'those _";

S exposed to. relatxvely 11ttle soc1al pressure; Yearllngs that .

llved ‘on’ the edge of forest -had relatxvely few ne;ghbours
W

and had the optlon of avo1d1ng conspe01f1cs hy retreatlng
‘_ﬂ: 1nto forest hab1tat males w1th nonpregnant mdthers and no

4 ‘ >

.‘ ,
51sters experlenced relat1vely llttle aggre551on w1th1n

S s
thegr natal home ranges and we e able to remaln phllopatrlc-

‘l it

Lo ~
o yearlxngs on- the mestranol s;te encountered 1ow rates of

.
v \‘f‘,. \ \

’ “T‘*‘aggressxon, but two males[lost we:ght in Period. 6 when they

left the1r sxster 1n posse551on of the natal burrow and

: renovated burrow systems in’ adjacent home ranges (Papers 1

and 3) Maternal aggre551on and terr1tor1al1ty made it _r‘

dlfflcult for most yearllngs to avo1d haprassment whlle on’

Cin ! )
A -
. . *

I3 - ot . o AR .
* U I *

‘,‘ . ‘, o C

Do Yearl1ngs That Atta1n a: Crxtlcal Weight Become‘

e

D1spersers9 .,'?Hf)fﬁdtf,_h‘, . _]h,f{ﬁ : ;~3tw-vw55“
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' 50) Some nondlspersers were clear’y heavy an1mals, in 1982m~d&

| dlfference 1n the welghtS‘of juvenlle S armatus leav1ng

natal area and those rema1n1ng, ylth the exceptlo¢ of runts'

| P )
assoc1ated behavxours to pceur in male S beldxng when they;‘

attaxn some m1n1mal-body welght or store somt mlnlmal amount

b

‘ofrenergy as fat (Holekamp 1986'371) Nexther Ho}ekamp nor I‘r

have any data descrxblng fat storage Holekamp (1986 372) 'iaf J

found that, all male S beldxng dlspersed and suggested thatfu il1;'
‘,']ﬂia.ontogenetxc threshold xn males. occurs at a body mass of‘Hl '; -

1253375 g" }n this study, 28% 12/43 of male S ' B SR |
‘columblanus remained’ phzlopatrxc throughout the1r yearllng B

& ' o : €
. Lo L

summers provxdxng a "nondlsperser ‘class ﬁor comparlson.

There were no slgnlfloant dlfferences between body wexghts , '
L R
of dlspersers and nondlsperseps when compared on Juvday (Day

i "

the 51ngle nond1sper5er was only 5 9 short of matchlng ghe

»

heav1est dxsperser and at 425 g was approxlmately 30 g

heavler than the mean welght of d15persers for 1982 | o “:Q

i .

Apparently, there was no threshold welght that determxned

AR

S

. the dxspersal status. of male yearllng S. ‘columbzanus. : L

.

Slade and Balph (1974 997) found nq 51gn1f1cant.

u
\ s

L

that seld?m 1eft the v1c1n1ty of the1r natal burrow.‘v‘fg’d“-"z;-‘

Juvenll teretlcaudus that eventually Qdlspersed" ; 'ﬂ‘th,;,‘Vﬁ

(d1sa¢peared) were heav1er than those that d1d not but the N
- e R

dlfference was %pss thaﬂ'3 g and was nbt 51gn1f1cant "
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Vo .
" philopatric juveniles; again, the difference was not

significant. These studiescompared predispersal weights of

!

':k animals that eventually disappeared (dispersed or died) with

' . . ) . ~ . . . .
+weights of animals that survived and remained philopatric,

1f dispersef's were heavier than nondispersers as suggested

Vbe the Ontogenetic Switch Hypothesis, then the disappearing

'&lass\of each of the above studies must have containéd a ;
X éoﬁé}ement of 1ighter~than~normalﬂanimals that died in éltu;‘
otherwise the disappearing group would have outweighed the
) philopatric group, This does not seem likely, éarticularly
in the casé of Pfeifer (1980). The differences thatlHolekamp
”}%984b)‘kep§rted stemmed from comparing postdispersal
: wéigh£s*o£ emigrants with animals that had‘ﬁotﬂyef
dispersed. I‘suppért her finding that ground sqﬁi%rels can
achieve increased body weight once they have dispersed; she
did not, however, demonstrate weight differences before
disﬁersai which might be interprefed as determining
dispérsal status, Holekamp (1986) admitfed that factors
other than weight might influence dispersal since she
observed dispersers whose weights were identical to those af
animals that had not yet dispersed.

Holekamp (1984b, 1986) was not specific about how the
Ontogenetic Switch Hypothesis appliea to weights of female
S. beldingi. Since her hypothesis described a "sex-linked
%echanism" involving males, the implicatisn appearé to be

that the same body weight.afguments are not appropriate for

females. On the other hand; “she sﬁeculated about whéther the

-—



li%creasea dispersal rate of females treated with .
testosterone propionatevwas a result of hormonal effects. on
body weight (Holekamp et al. 1984:478). In fact, there were
no significant differénce; in mean\weights of her TP—tSeaéed
(84 g) and untreated (83.7 g) females. A |

In fhis study, feméleiyearlings that dispersed wére 34
g lighter than nondispersers when comparea on Juvday. The “
year of peak female dispersal was the year with the lowest
Jdvday weights of females (Table 2.5), although year}ing
males did not exhibit a similar reduction of Juvdéy weights,
JFemale dispersers were lighter than their nondispersingl
sisters within 5 of 6 litters containing two or more o
females. These facts seem to support Pfeifer (1980, ]982f
who foqﬁd that dispppegring female S. elegan§ Qére'23 g
lighter than "homéboéy" females and who concluded that
competition among young females was the driving force behind
their dispersal. Elsewhere I have argueddthat the high rate
. of female d}spersal appeared to reéult.from combet%tion
within mult}~female litters which were particularly common
in 1984 (Paper 3). Perhaps energetic costs of female
.competition were reflected in body weights, as suggested by

the reduced weights of females in 1984 when males exhibited

no similar loss.

Do Disgersers Emigrate Upon Reaching a Critical Weight?
I1f body weight is the sole or primary criterion

triggering departure among dispersers, one would expect

——— ———



n{'t d .

- o ‘
dispersal we{Aﬁéé to be relatively consistent since
dispersers,?ﬁ&?%“simplf'attain their %fitical weight
requiremeﬁ&g and then emigfate. Dispersers shoulé be able to
reach their critical weigﬁts sooner in years of favourable
growth (as indicatéd by high Juvdﬁy weights), which would
result in diffegences of dispersal dates among years. Gi§eﬁ
that Juvday'weights were similar for all sites, one would
expect dispersal weights and dates to be similar for al;
sites. The above.scenario was not. supported by the pfesent
study. Male yearlings dispersgd ag a wide:rénge of weigﬁts
rather than at a recognizable critical value. Dispers;;t
weights varied amohg years, as did Juvday weights and
maximum weights, in response to'climatic factors such-as «
early (1983~4)\or late (1582)Jsprings, but the mean dates on
which yearlings dispersed aid not vary significantly among
years; this may indicate that dispersal dates weré more
closely tied to tﬁe reproductiye everts used to align years
(Juvday) than to yearling weight gains that were taking
place. Weights determined on Juvday and at tﬁe time of
maximum weight gain were consistent among sites, but
dispersal weights were not. Apparently, soﬁe factor .other
than an "ontogenetic switch" caused yearlings from different
'sites,to.dispsrse at different weights. |

As a second approach to tpe problep, 1 plotted
dispersal weights aéainst dispergal dates (Fig. 2.4). 1f
‘dispersers departed ﬁpon reaching a particular threéhold

weight, the plot should yield a scatter of points along a
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horizontal line since a series of dispersal dates would be. -
correiated with essential}y the same dispersal weight;
presumaﬁly disperEers would leave at any point in the 2eason
after attaining sufficieAt weight. If dispersers left at
random throughoqt:the geason, one would predict a scatter
around a boait*gﬂy sloped line that descri eé the growtﬁ
rate of yearling‘groundVSQUirrels.'If-dispersers were

induced to leave within a short interval, particularly

Periods 4 to 6 when many individuals were not gaining "

weight, a concentrated pattern of relatively random |

~dispersal weights would result.

The corrflatxon of dispersal welght versus dispersal
date for males Q1d not result in a hori&ontal llne (Fig.

2.4). Male yearllngs exhibited a wide range of dispersal:
, ™ '

weights, apd?mqst left during Periods 4 'to 6 when‘qatks of

aggression were high on study sites. The latest dispefsers
in this group were from Site 4 whichocontained a shaded
‘reproduction and peaks ‘of aggresszon were

SN ,

later than en the other 51tes Elsewhere I have elaborated

hillside where’

on the role of maternal aggression and adult female

‘terrxtorlallty as a‘factor that appears to synchronize the

timing of yearling dispersal (Paper 3). The three dispersers
leaving after Day 79 were heavy because they emigrated late

in the season when yearlings were approaching their maximum

weights (Fig. 2.71). quﬁof them were from a plot where

sedation of adult females was associafed'with delayed .

dispersal of all male‘yearlihgs.'The third late disperser



aad no 1iving_motuer‘or sisters, aud remained on its natal
area until fall when it emigrated leaving a brother,in
possession of tﬁe‘natal burrow (Paper 3), In short, it %eems
upiikely that the timihg of male dispersal’was caused.by
'reachlng a crxtxcal wexght as suggested by the Ontogenetxc

Switch Hypothe51s. On the cOntrary, the observed welghts

'

apparently resulted from the txmxng of yearlxng dlspersal A
NS

Dlspersal weights and dates of female yearlrpgs showed

little evidence of a welght threshold. All ﬁemales.lELt
within a 15-day interval in Periods 4 and'S5 despite. ki\\

. . , o
wide-ranging weight differences. Most left between Days 51

and 55, immediately follow1ng the emergence of juvenlles
. v\ o .
e \.l\‘i L 1 V-

Do Heavy stpersers Tend to Leave Before Lxghter stpersers7

When male dlspersers from all sites and years are

! o ) |

compared 1t appears that disgersers that were heavqest on
Juvday tended to emxgrate flrst (Flg. 2. 5) A number of
factors complicate 1nterpretatlon of these results. The

cycle of spring emergence, Juvenxle emergence and@ yearllng

dispersal was‘delayed on the shaded hxllsxde comprxslng_muchzd“

of Site 4 (Papers 1 and 3). Some of these‘animals were, out

of phaSe Gith the‘other study animals by as much as 10 days,d

resultlng in delayed d1spersal dates and l1ght Juvday
' ¢

we1ghts D1d llght Juvday we1ghts cause late dlspersal or
were the two factors correlated through the actlon of an

addltxonal factor such as a delayed annual cycle7 In the -

case of Sxte-4; the 1atter appears to be true. Sites 2 and 3
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tended to have 1ntermed1ate dlspersal dates.'Juvenlle
v

emergence commenced on, the same day’ on all sites. each year,
/
but little attentxon was paid to how qu1ck1y juvenfi

AT

emergence was completed on 1nd1v1dual 51tes, the possxbllity

rema1ns that Sites 2 and 3 were at an intermediate ph?s1ng
]

between Sites 1 and 4 despite the attempt to align &

N

reproductzve events us1ng "Juvday In addltxon, fouT

;dxspersers from Site 1 that em1grated before Day 47 did not

experxence the- decreased wezght gains- assocxated with

'

remaxn;ng on study sxtes- their relatlvefy heavy Juvday

L}

‘wexghts may have been partly the result of early departure
-~

L]

‘allowxng them to avoxd the soc1al pressure experxenced by

'
\

other yearllngs. When dlspersers are subdxvxded into groups

%cordxng to sites and years in only halﬁ the groups w@re

early dispersers heavy 1nd1v1duals.‘Thus I suspect that the

trend across all ,sites combined, whereby dispersers that

were heaviest on' Juvday tended to emigrate first, may -have

been influenced by extrinsic local fact®rs. It“is possible
@.

Ehat Juven11és from early lltteps were relat1veg§ large “f;

YEarllngs at a g1ven point in /she follow1ng season (this was-

true of ye&@lxngs from’ Sltes 1-3 compared to yearlxngs from

Slte 4 where reproductlon was known to be delayed) If their
! W

mothers gaNe bxrth to early@lxtters aga1n and began to

exclude former litters fromxthelr.ﬁatal burrows (Paper 3),

heavy yearlings would ‘tend to emigrate sooner-without weight

being a direct causé of their departure. = ..
S CoT ‘
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LA comparlson between dxspersers em1grat1ng from
Holekamp 'S two study sxtes does not appear to support the
Ontogenetxc SWItCh Hypothesxs males’ from her LVC site were

sxgnlflcantly more likely to dlsperse at a younger age than

o

males: from her HMH szte, yeé LVC males were sxgnlflcantly

‘ llghter than HMH males (Holekamp 1984 '23-25). Thas suggestsh

,“r} R

.that extrinsic factors that dlffered between the two sites,

such as elevatxon and txmlng of the reproduct1ve cycle

?

'(Holekamp 1984 22) «may have had~a large impact on the

/

t1m1ng of dlspersal It 1s p0551ble that the LVC males were
lxghter 1n we:ght sxmply becguse they dlspersed earlier. than

HMH males. - L 'h S

N \ . . s, i ! '
K . . ' ) . I . B \ '
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‘Body Wezght and Hypotheses Concernxng Dlspersal

I concur w1th most ground squlrrel researchers to date -

N

'in‘reportxng no 51gnif1cant dlfferences between wexghts of
male dlspersers and nondlspersers at the t1me of emxgratlonkgv

‘(Slade and Balph. 1974, ‘Dunford 1977, Pfeifer 1980, 1982)
* ‘
. These fxndxngs do not support behavxoural hypotheses from c

lwhlch .one mlght expect dxspersers to be 11ghter (Chr1st1an
1970 L1d1cker 1975 Krebs 1978ﬂ heav1er (Holekamp 1984a,
b, 1986) or heavier and lighter (Bekoff 1977) than other'-l

‘potentlal dlspersers that\remalned phllopatrqc They are

con51stent w1th observatlons\lmpl1cat1ng maternal aggressxon

\

‘vand yearllng compet1t10n as proxlmate causes of Columblan

1

‘ground squlrrel dlspersal (Paper 3) Male yearl1ngs

;emlgrated if the1r pregnant mother or a yearlzng 51ster B

PR



\"-belleve that the wexght portlon of her model contrlbuted

. 87
survived to oqcupy the natal_home'range, Since dispersal‘was

dependent on familial c1rcumstances rather than on physical
&

or behav1oural attrlbutes of the males themselves it is pot
4>surpr151ng'that there.were no éystematlc wexght d1ﬁferences

, between dxspersers and nondlspersers at the time df

- ; o

‘emlgratlon Femalewyearlxngs competed aqgre551vely to remaln

'M -~

phllopatr1c, and all females that dlspersed were from

‘multx-female lltters (Paper 3), that is cons1stent w;th

observations that females typlcally experlenced 1nd1v1dual

( .

welght losses durxng perzods character;zed by havlng most

‘.‘- \ it

"‘aggre551ve 1nteract1ons, and that fémale nondmsperSers were

a

heavxer than those that emlgrated The exxstence of
lxghtwelght female dlspersers SUggests that ;he hypotheses
,of Christian (1970) L1d10ker'(1975) and Krebs . (1978) may be

~ approprlate for female ground squxrrels As Galnes and

MCCleneghan (1980) p01nted %ut, the three hypotheses overlap

~

:broadly and 1nclude a common themerthat dzspersers are -’
B soc1alTsubord1nates 'n | ‘ - - ' $<
I agree w1th Holekamp (1984a, b, 1986) that-dispersersp |
‘oan gaxn extra wexght once they emxgrate, apparently becausef
"they dlsperse to locatlons where there is llttle social
| :pressure and competltlon for food (Paper 1). Holekamp (1986
h'382) thou@ht that she could predlct" an anlmal s, dlspersal

.status based on a comb1nat1on of welght and other factors

such s gender,'age, l1tter 51ze and populatlon den51ty,

hdescrlptlve rather than pred1ct1ve power 51nce no wexght

.~S€'
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differences emerged until her juveniles.wefe‘9 weeksyold,

.when early dispersers had been living aeaf'ﬁlom natal. areas

for as much as two weeks There 1s little doubt that gender'

A v

,has a powerful 1nfluence on dlspersal tendencxes of blrdS‘

and mammals (GreenWOod 1980 Holekamp et _al. 1984, Liberg:
and von Schantz 1985). Elsewhere, I have elaborated:on'the'

1 4 \

role that factors such as gender, lltter composxtxon, and
‘populatzon denslty may play aslcues to Columblan ground .
‘ squxrrel ddspersal 4Paper 3) : ,‘ |

Holekamp (1986 385). suggested that natal dxspersal

"might be so taxxng energetzcally that it does not occur

until some cr;txcal body mass threshold": However, nelther

\~.
<

Holekamp nor I,found any s1gn1f1cant veight losses .
. ' ! o \ :

associated with dispersal. In bo'h'studies,'male dispersers

’

- gained more welght than nondlsperﬁers soon after emxgratlng

(Holekamp 1984' Flg | present study Fxg 2 l; as
Jment1oned earlle: mldseason we1ght losses recorded 1n ‘the
present study appeared to be assoc1ated w1th remalnlng on

. study srtes. L.found that male dlspersers galned
rs1gn1f1cantly more welght than nond1spersers by the end of
the season‘ Holekamp'(1984:2Flg. 4) - reported the same for S
be1d1ng‘ although her flnal sample, based on only two
fdlspeésers and three nondxspersers, suggested that the
'we1ght advantage was lost before h1bernat1on (but see.

Holekamp 1986 F1g, 5) D1fferent1al we1ght ga1n prov1ded

‘yearllng male Columb1an ground squirrels w1th a trade off

‘s1tuat10n' wh1le it was. sllghtly more dangerous to dlsperse 3;

¢



"(Papen 1)‘ﬂthose that ehigratedeere as much as‘1pb‘g
7heav1er than nondlspersers by fall Additional Size and ., . ‘

"

fwe1ght might. be an advantage 1n terms of recru1t1ng
jsuccessfully from edge locatlons 1nto establ1shed ground
squ1rrel pOpulat1ons (Murle and Harrxs 1984) Heavy ‘
‘1nd1v1duals may be physxologlcally capable of breedzng

‘Vsooner (Morton and Gallup 1975, Holekamp 1984b) whxch would

also increase themr potent1a1 for reproductxve success.
' Advantages accrulng to female dzspersal are. not clear°“
emlgrants 1ose benefxts of.- phxlopatry, such. as famxlxar

fburrows and the presence of k1n that could 1ncrease female

v

reproductlve success\(Sherman 1977 1981,‘Greenwood 1980

A ' f'. \

Waser and Jone§'1983) and Stlll ga1n .o welght advantage'v'
over nondlspersers. Thlﬁ lack of alternative benefzts may

explaxn why females compete aggre551vely to remaln' ‘
\ ‘ ‘ | SN ‘
phxlopatrxc (Paper 3) | ‘?‘ jm X s .: T,

stpersers and nondlspersers of bgth sexes attalned '
’ ~ @ !
max1mum welghts at the same\tlme and h1bernated soon after,

~ .

i.e. no. group remalned at rlsk longer in: order to ‘continue
N |

ga1n1ng wexght. Maxlmum welghts of nond;spersers were
;relatlvely consxstent among years and s1tes,‘probably
because stud} sites offered 51m1lar feedlng opporf%nltles.
The var1ab111ty amOng maximum welghts of dlspersers was
‘gllkely related to. thelr settllng in pockets of edge habrtat

~‘wh1ch had dlfferent vegetatlon m1croc11mate and ground

squ1rrel den51ty from that occurrlng on study‘s tes (Paper yu'

A Ce

" 1) ‘, i. ‘ - ’- -
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d;\P‘
Figf 2?1\e.A sample groﬁthﬂcurve eypieallef indTvidual
yearling quumbian grouﬁd squirreis Yearliné weighés.were
;compared on: 1) the day of 1n1t1al Juvenxle emergeﬂce
("Juvday")} 2) dispersal dates of emxgrants and S 3): when
individuals ach;eved thexr max imum wezght w;thln the
“yearllng summer . The solld vertlcal llne represents : fixed
date (Juvday was always a551gned Day 50) whereas the‘other
‘weights and dates depended on attrlbutes of 1nd1v1dua1‘

4

yearlxngs

ne!

P
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Fig. 2.2'+ Meahxbody weights of male‘diSperSers and -
‘nondxspersers for each 10~ day perlod durlng the yearllng

summer . Vertlcal bars represent standard errors and numbers .

[

represen;‘sample‘s1zes for dxspersers'gsolzd c1rcles),and

nondispersers (opén circles).
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Flg 2.3 ~ Mean body weightslof female‘diSpérse:é afid
: o ‘
nondlspersers for each 10~day perlod du:xng the yearlxng

summer . Symbols are as desarxbed in. Fxgure 2 2. 3 '

A i
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n' ' ! ‘ .
F19 2 4‘giplspersal wexghts of male yearllngs versus thexr '
.‘dxspersal day relative’ to m;txal juvenile emergence (Day
. 50). Symbols 1nd1cate yearlxngs from Site 1 (triangle), Site
‘2 (cxrcle), Slte 3 (square) and Site 4 (X); solid symbols

‘pepresent yearlxngs from sedatlon treatments.
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Fig., 2.5 -~ Weights of male dispersers on Juvday versus their

dispersal days. Symbols as in Figure 2.4,

¢
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Fig. 2.6 - Mean wexghts of Columblan qround squxrrals over a
‘15 week summer, adapted from Boag and Murxe (1981 Table 3).
Symbols A, Y and J represent adults, yearllngs and
juvenlles' Numbers are sample 51zes from a 7- year study.
Juveniles 1n1t1ally emerged at a wexght of about 100 g

(pers. comm., J.0. Murie).
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1V. Paper 3 - PROXIMATE CAUSES OF DISPERSAL IN COLUMBIAN

GROUND SQUIRRELS

A. ABSTRACT
The role of aggression as a prokimate factor

influencing dispersal of yearlxng Columblan ground squirrels

(SQermophllus columblanus) was assessed durlng 1982-4 using
a comblnatzon of chemosterxlants sedatxves | |
fradlo-telemetry,*behavioural observation, and trapoing.
Dispersln? Yearlings f rom each of seven reference plots
typxcally emxgrated dﬁrxng a two week 1nterval closely
Aassoc1ated thh maternal- aggressxon and emergence of-
juvenile litters on»that'area;fthe reproductive‘cycle (h{rth
of lltters,'maternal aggression emergenoe -of lltters) &as
orelatlvely late on three of the reference plots, and
yearllng dlspersal there was correspond1ngly delayed
stpersers left significantly later from two plots on‘whxch
adult females were Sedated with aceproma21ne maleate '
'j("Atravet"). éterilizing adult females with ethynylestradiol
‘3~methyl‘ether ("Mestranoll)'resultedfln low levels of
‘vaggre551on (few chases) and no‘yearlings dispersed. Thefﬁ

. Mestranol treatment and an adults removed treatment nere
'v'applled in. 1985 thhout behav1oura1 observatlon - agaxn no

year11ngs dlspersed It appeared that adult-female

"terr1tor1a11ty assocxated w1th maternal aggre551on and

\ ‘\defence of ‘new . lltters created a soc1al pressure 1n£1uenc1ng

. yearllngs to leave the1r nata] home ranges. The matter of

‘112 .
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;ﬁgiéh‘yearlings disoersed seemedrto be'determined‘by
cirtumstances-within each maternal home range: females‘
dlspersed omly if they weTre outcompeted by aggressive
51sters, males dispersed unless they encountered llttle

ag re551on from close female kin (i.e. no sisters alive and
the mother was dead or not pregnant) The,consequentes of
Columbxan'ground squirrels respon@xng to aggresslonbas a
proximate cue are conSidered in»view‘of currenr dispersal

~

theory. : ‘ ' ] B A

. B. INTRODUCTION

Most spec1es of ground squ1rrels (Trxbe Marmotlnl,'

iGenus §permophxlus) dlsperse as juvenlles ~at the end of
“thelr flrst'summer (Holekamp 1984a). Columbian ground

squlrrels'(gé columblanus) disperse as juvenlles from

#:

Washington farmland (personal communlcatlon J. Murle, B.
Weddell) but. delay’ dzspersal untll the yearling summer in :
the foothills of Alberta (Boag and Muriej1981a).,This

vintraspecifiq difference may be an adaptation'to the

V~constraints 6f‘a'shorter growing season which does not

permlt Juven1le S columbxanus of hlgher altxtudes and

latitudes t1me to dxsperseq become establlshed and~ga1n
suf£1c1ent’nerght before ob11gate h1bernat1on.' _ 4{}

_ A s1m1lar pattern exlsts among spec1es of marmots B
‘(Tr1be Marmot1n1, Genus’ Marmota) when arranged from low to

h1gh altxtude- woodchucks (M..monax) d1sperse as ]uven1les,

"yellow bellxed marmots (M. flav1Ventrls) typ1cally dlsperselnr

. - . N N . -
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as yearlings' Olympicsmarmots ( olxmgu s) dlsperSe in thexr

third summer of life (Barash 1973). Marmots also dxsplay

intraspecific dlfferences 1n dlspersal ages: yellow—bellled

toal

~marmots trom low, medlum, or high altitude populations have

¥

been reported to disperse as juveniles (Webb 198{),

yearlingsf(Armitage.and.Downhowerv1974; Webb 1981)['or,

[

two~yearcolds‘(Johns and Armitage 19795. respectively;’The

age at whlch marmots dlsperse is thought to be affected by

k,envxronmental constra;nts such as’ length of the growxng

season and morphologlcal factors such as the wexght of

potentxal dlspersers relatxve to adult body weight (Barash

»1973)- Most authors agree that in cases ' of delayed

v /
: dlspersal adult marmots are amlcable or: tolerant toward

‘young mgrmots (Barash 1973 Armltage and Downhower 1974

vttt

,Downhower and Armltage 1981 Brody and Armltage 1985)

;Aggre551on 1s often c1ted as the. means by whxch delayed

dlspersers are flnally encouraged to emlgrate at. an

: approprlate age or we:ght’(Downhower‘1968,_Armxtage'1974;

Downhower and Armitage 1981) although Wehb'(1981) thought

 that aggre551on was: only necessary in patchy habltat sxnce
-h1gh tran51t d1ff1culty and low de51rab111ty of surrOundlng ;

’ areas 1ncreased the reluctance of young marmots to emlgrate

Aggre551on has been rejected as a proxlmate factbr .

affectlng dlspersal of ground squ1rrels (Dunford 1977

s

.Holekamp 1984a) however,‘t e delayed dxspersal of S

"-hﬁcolumblanus 1s 51m11ar to that of marmot, spec1es and’ inay

demploy a cue not requlred by ground squ1rrels wh1ch em;grateli
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as juven1les. Festa Blanchet and Klng (1984)’rep0rted‘that‘

‘the dlsappearance (dxspersal plus mortallty) of yearllng S

'columblanus from a hxgh densxty site- 1n closed habltat

'ﬂc01nc1ded w1th hxgh levels of adult female aggresslon

.?dlrected at yearlxngs. The purpose of. thls paper 1s to ,

establxsh whether aggressxon (part1cularly maternal

co \be‘dxstxngurshed;from>mortallty.

aggressxon) acts as a proxxmate factor’ prompt1ng dispersal

Q.of yearlxng Columblan ground squ1rrels lzvxng ln open

habxtat To thxs end behav1oural observatlons were made on

’ several populatxons of S columb1anus lrv1ng in contznuous

ground squlrrel habltat Adult females on ,some 51tes were

N obsetved under natural cond1t1ons whereas other adult

' females were sedated to decrease thelr aggresslon or
'“hhster1llzed to elxmznate reproductlon and assocxated‘maternaly‘

‘haggr ss;on. Yearllngs were radlo collared 50 that dlspersal

\
b

C. METHODS _,7‘*','f".’ S
Four study sxtes, each approxlmately one hectare in.

area, were establlshed on a prlvate ranch 10 km southwest of

‘I|Cha1n Lakes Prov1nc1al Park 1n southwestern Alberta (50 06',
“' h, 114 33 W, elevatlon 1400 m) All 51tes were in open |
Hfd:pasture occaszonally grazed by horses and cattle. Sztes 1.1
lﬂﬁand 2 were 1n flat terraln w1th good v1slb111ty in all
“ﬁbvd1rect10ns-'51te 3 was flat but flanked by bushes to the
'tfsouth and east, Slte 4 sloped to the west where 1t abutted alﬂ

Vf‘str1p of trees and shrubs border1ng an 1nterm1ttent stream.

-

I



Further.detailsvof vegetatfon and terrain have been

, descrlbed elsewhere (Paper“). | |

Durlng May*August 1982 Columbxan ground squlrrel
‘lpopulatlons of Sltes l‘and 4 were trapped and observed

and yearlxngs of'both sexes wére radxo collared and tracked
'u51ng portable telemetry equlpment Durlng April- August &d)

1983, Sltesy] 3 and 4 served as reference areas as’ °

L}

described above, Site 2 was operated in an - 1dentlcal fashxon
;to the other sites except that durxng 5 to 20 June, adult

females were sedated tw1ce daxly w1th aceproma21ne maleate\ l

‘( Atravet“"at a dosage of 2, mg/kg bod}\wel‘
\ (
aggressxon, thlS treatment was, modelled after WArtc (1970)

t) to reduce

fand Barash (pers ‘comm. ) and was flggt used thh captlve
uhground squlrrels under the counsel of Dr. R. McKay *.
hAtravet granules were ground 'to a f1ne powder using a mortar
fand pestle, m1xed w1th peanut butter to form a un1form
‘putty,‘and shaped 1nto peanut butter balls of measured
volumes. Inltlally, drugged peanut butter balls ‘were placed
at the burrows of  adult females.,Afterra week, some | |
nontarget anlmalsblearned to antrcipateﬁand steal the balls,
so it decame nécéSsary to‘detainAtarget,animalsplnflivetraps
for approx1mately 15 minutes‘untilisedativeszwérefdellveredv

qland consumed In Summer 1984 Sites 2 ande were‘referenceu

P

”areas, adult females on Slte 1 were sedated durlng 19 May to‘,wAV

5

““f‘lg July‘(w1th up to 6 mg Atravet per kg body we1ght) oﬁd""

' Site 4 was not watched by a fullt1me observer untll 1984
y’D1rector of Blosc1ence An1mal Serv1ces,‘Un1versxty of.
Alberta. o : : :
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adult females on: S1te 3 were temporarlly sterlllzed by

forcefeedLng them ethynylestradlol 3 methyl ether (1 mg

suspended in 1 ml peanut 011) to block pregnancy and

‘postpartum aggressxon"(Goulet and Sadlelr 1974)

} Groungd squxrrels were. trapped in Natmonal lxvetraps

‘(15§15x50 cm) balted w1th peanut butter Captured anlmals

were examxned for wounds and reproductlve condxtxon welghed

to the nearest 5 g us1ng ‘a Pesola spr;ng scale, eartagged

‘thh serxally numbered metal tags and ngen unlque numbers
'or letters on . thelr pelage with. Lady Clalrol blue black hair
N dye. All yearllngs were. further 1dent1f;ed by attachlng a

'coloured disc to the eartag 1n one ear Most anlmals were

V

-5trapped and wexghed weekly, 1nclud1ng yearllngs that had

daspersed to dlstant locatlons. "WOunds ‘were recent (not

' noted prev1ously and not 1nclud1ng scars) punctures of the

'skin on the face, body or ta1l that appeared to have been

rendered by ground squirrel bltes' fac1al»wounds were’

‘carefully dlst1nguxshed from cuts occasxonally self 1nduced

by na1ve anlmals strugglrng w1th1n llvetraps.;

. {
v

Study sites were subd1v1ded w1th rows and: columns of

coloured surveyors. flags at 10 m 1ntervals, and ground

“,squ?rrel act1v1t1es were watched for a. total of 1190 hours

between early May and early August of 1982 4 Observat1ons

:were made from atop a 3 m" hlgh platform located on each

‘ study area. Sltes vere scanned" at 15- mlnute 1ntervals

.

;between 0800 1230 hours for presence, locat1ons and

;:behaqfours of ground squ1rrels. As well all‘occurrences‘of‘



118

K

agonistic‘and\cohesive‘interaCtions (Pfeifer 1982) were-

 described, vw1th top prmorlty ngen to” behav1ours 1nvolv1ng

‘yearlings, Agonxstxc 1nteract10ns 1ncluded fxghts, attacks
K chases, run- ats and dlsplacements (Betts 1976).hChases

‘proved'to be-the most useful xndex of aggression since

)

]fxghts among adults and yearlxngs and attacks on yearllngs

by adult female57 were rare,lrun ats often appeared to
1nvolve mlstakes in ;dentlty among 1nteractors and
dxsplacements were too subtle to be unxformly observed

fthroughout each sxte and by all observers. Cohesxve

”~

1nteractlons 1ncluded play, greetlng "kisses" y and peaceful
[ ' a

‘proxzmlty wlthxn 3 m. Aggressxve chases among yearllngs were

dlstlnguzshable from play because the former chases were

carrzed out w1th great lnten51ty, often 1nvolved soc1al

‘sxgnals (bushed taxls grOWIs, squeals), and were trequentgg

vcoupled wlth other aggress1ve behav1ours (such as attacks or

flghts) ‘that went beyond the - rough*and tumble” of playful

yearllngs. A complete llst of behavxoural categorles is

given in Appendxx'3. c |
'Seventy4five yearlings were‘radio—collared'durdng‘
sprlng trappxng se551ons u51ng mod1f1ed R collars desxgned
dfor ‘this study by AVM Instruments (Appendlx l;ﬁ
"Radlo collared yearllngs vere. located at least once per‘
'afternoon between May and early August ‘wlth addltxonalh.[
-attent1on g1ven to anlmals that were. maklng excursxons -
‘;xdlsper51ng, pr establlsh1ng themSelves at postdlspersal :

. i

Qlocatlons Data 1nclude descrlpt1ons of locatlons, |
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ghehaviours dlspersal routes,; new habltats and burrows' and
‘detaxls of mortallty Yearlxngs were radlo tracked every
;evenxng after 2100 hours to determlne the1r current sleeplng
:burrows Preclse locatlons of yearllngs thhln burrow’ .
systems was accomplished by holdlng the portable antenna 1n
a vert;cal posztlon, decreaSIng the ga;n to. minimum, and
.carefully sweepxng the area, in different dxrectxons until
the source of the sxgnal was p;npoxnted On six occasions
that radlo collars were retrleved from burrows after
‘predatxon (n=4) or removal by SQU1rrels (n 2) the collars
were found dxrectly beneath the locatlon 1ndxcated by
 telemetry.
| ) "Dispersers were yearllngs that moved to new sleeplng
Uburrows beyond the1r hatal home ranges,vwhereas | |
nondlsperSers contmnued to live on.natal home.ranges and
sleep thhzn a few metres of theJr natal burrows.‘The“‘
shortest move accepted as dlspersal 1nvolved a yearllng male
that shlfted 1ts sleeplng burrow from the m1dd1e of a flat
stud; site to a hzlls1de locatlon 62 m away, and altered 1ts
movement patterns so that it was no 1onger seen on the 51te.‘
3Other d1spersa1 mowes ranged between 93 m and 980 m.‘ ‘
'"Dlspersal date was the flrst day (evenlng) on wh1ch an
\an1mal stopped us1ng sleep1ng quarters in 1ts natal area,
‘:Tprov1ded that\lt .was located a11ve elsewhere (Paper 1).
Each season was d1v1ded into. ten 10 day 1ntervals

‘o

n‘allgned so that the flrst day of juvenlle emergence ;l 7

-

th("Juvday ) was always Day 50 the beglnnlng of the fzfth
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.interval. In thls way,. behagxoural perlods were attuned to
the phasxng of " the annual cycﬂe Inxtaal juvenlle emergence
"‘was highly synchronous across the ‘flat meadow comprxsxng
. Sites 1~3 and the eastern edge of S;te 4, but varxed amongt
‘years{ncommencxng on 21 1;&and 10" Jupe in ]982 4 Most‘of'
‘Slte 4 was on-a shaded hlllSlde where juvenxle emergence was
delayed by as much as 10 days\compared to the adjacent flat
' meadow ' '

The daily attendance of each‘yearAing was calculatcd
as the number of 15 mipute scans dur;ng whmch the yearlxng'
was seen dlvxded by the total number %f scans that day \ %
| Dally ratesfof xnteractlon between members of dxfﬁerent sex’
pand age classes such as QPQEZS of yearlxngs by adilt ' 5
females, were determined by dxvxdxng th,e sum of chases by
. the observatlon period in hours. Darly chases per 1nd1v1dual
‘yearllng were divided" by the number of scans in whlch each
‘xndlvldual was present (not the total observatlon per;od) to
“produce an estlmate of the aggresszon exper;enced by eazh
yearlxng whlle on the study sxte.vDaxly figures were then
| grouped accordlng to 10 day 1ntervals,‘ageﬂclasses, and
d;spersal status, for specxflc comparlsons. In cases of
_compiex interactions such as reversals or multlreversals
each chase 1nfthe sequence Was scored as a separate ‘event.

© .Core areas, ‘and overlaps of core areas vere computed us1ng

the Mldas Cartograph program whlch 1ncluded the 80% of an

Ctlnd1v1dual s locat1ons that were closest to 1ts centre of

act1v1ty; 80% was chosen ‘as. the cutoff p01nt sxnce 1t o

o/



“eliminated excursions and infrequently used areas, and was
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con%ﬁ§tent with other gréun? squirrel literature (Davis and
purie‘f985, Waterman 1986).

Following the intensive study of 1982-4,"'1] Qas obliged"
to reduce ground sguirrel populations on the private lana 1
hggﬁgeen permitﬁéd to use. During 5-11 Méy 1985, 1 removéd
gil.adulté f{65M§ite 2 and repeated the Mestranél tﬁeatment

using adult females of Site 1., In mid-Juné, 1 trapped and

observed yearlings of Sites | and 2 to assess their

4

,dispersal status. I returned again during 14~17 July to

assess the dispersal status of all study yearlings and to

’

reduce ghe populatién further. Skins, skulls and skeletons .

of approximateiy.so former study animals are available at

'fthe Provincial Museum in Edmonton. Digestive organs and

L]

iﬁternal parasites were collected‘by Pat Carr and Roger
. &

@

Spith of Brandon University.
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D. RESULTS
Reproductive Evehts and Study Periods

Most litters emerged within 10 days following Jqua}
although precise emergenée dates are not kpown ?on some
litters due to our preoccupation with yearling dispersal
activity at that time. Since the begipning of juvenile
emefgence was always assign¢d~“bay 50", Period 5 encompassed
most juvenile emergence on Sites 1-3. Juvenile litters on
the flat portion of Site 4 emerged in step with Site 1
litters, but on the sloped and shaded portion of Site>4,
newly emerged juveniles were still found well into Period 6.
THus Site 4 proyfded'delayed and extended reproductive
,phaSes compared to the other sites.

Backdat'ing from initial juvenile emergence by 23-26
days‘(Ferron 1984), the firstvlitﬁers could hqve been born
as early as Days 24-27 of this study. In 1983, faour pregnant
females captured in fiat~meadow habitat near Sites 1 aﬁd 2.
were detained in cages until they gave birth to their
litters on Days 32, 33, 34 andl35. Therefore 1 believe that
Period 3 best represents the study interval associaged with

birth of new litters on Sites 1-3. Litters on the shaded

slopes of Site 4 were born somewhat later; mainly during

-

Period‘4.‘

b -
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Population Density of Study Sites .

Ground squlrrels and burrow locatlons were dxstrlbuted
fairly evenly throughdut Sites 1, 3 and 4. On Site 2 ground
squirrels concentrated their activities around a
horseshoeeshaped belt of burrows with the result that most
of their activities were contained within 0.5 hectare. Thus
although a one~hectare-area was flagged for Site 2, almost
all Site.2 data were generated by squirrels interacting at a
high local densitj.(Table 3.1). Densities are reported as
the number of resident adults and yearlings per hectare
after all animals had emerged from hibernation (Appendlx 4)
The spring den51ty of ‘each site remaxned essentxally
‘unchanged until mid-June (Perlod 5) when Juvenxle lltters
emerged and dispersers departed. Thereafter, densxt;es were
adjusted.gradually by predation, 1mmxgratzon and winter
mortality,_leading to the‘spring density of the following
year. There were no broad temporal trends affecting all
sites simultaneously: during 198254, springldedsities
increasedvon Site 1, decreased on Sites 2 and 3, aﬁd

remained the same on .Site 4.

The Timing of DisperSai
‘All yearling male dlspersers emlgrated within a perlod

of approx1mately seven weeks (Fxg 3.1).. Wlth the exceptlon

of three - late dlspersers (two from 51tes on whxch adult

females were sedated) male yearl1ngs emlgrated between Days

> L

‘42 69, a per1od of less than four weeks. In a glven'year;
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the dlspersers of any one site typically. left wlthxn two
weeks, at . approxxmately the time of juvenile eiergence on .
that 51te,p51te ] males usually began dlspersxng before
Juvday exoépt in 1984 when residemt adult females were
sedated. Sxmxlarly, dxspersal was delayed on Site 2 when .

’ ) \
adult‘females were sedated in 1983 three dispersers left on
21 June (Day ?7) when the sedatlon treatment‘was_interrupted
by the temporary presence of some prxze bulls In
combination, yearllng males from the .two sedatlon treatments
left sxgnxflcaany later than those from ‘the same plots
dur:ng reference years (n=15, T= 2. 67 P=0.04, T test
contrast) Yearlx gs from Sxte 4 (the delayed reproductlon

site). tended to be'late dlspersers, although this Site was

always a referénce}plot.‘These animahs and‘the srngle late

o

P

disperser of j983,from‘site‘3 will be'discusSed in greater
‘ \ T } ’ .

‘detail in subsequent\sect1ons., LA

Yearllng female gxspersers emlgrated Wlthln a perxod of

o

15 days (Day 45-60) cehtred on juvenzle emergence: Only on

'“two occasxons dxd more than one female dxsperse from the

same slte within a seas§h° ofvthese, the greatest 1ntervall

- between the departure of*klrst and . last dlspersers was E.

- Numbers of Dispersers, Popu&atianoehslty; and Timing of.

'Dzspersal _ ‘
Dur;ng Summers 1982—4 7 % (31/42) of radlo collared 1\"

‘yearllng males and/31% (9/29)'.

. ' - \V o o o .‘“w
. L. ) , ' . '



females dlspersed Four yearllngs (3 males ‘f female) that"
vere kxlled by predators before they could be cla551f1ed as,
dxspersers or nondlspersers were not . 1ncluded 1n these |
}numbers. Male dlspersal from dxfferent s1tes ranged from
60~100% (Table 3. 2) ‘thh the exceptxon of 1984 Site 3 (the

Mestranol treatment) from whxch no yearlxngs dzspersed

vFemale dlspersal ranged between 0- 67% w1th all dxspersxng |

l

‘a‘females orlgxnatlng on :Sites 1. and 4.

The relatlonshxp between populatxon densxty and the
percentage of yearllng males dxsperslng from each site
approached s;gnlfncance (r 0. 51 ‘P 0. 08) On most sztes
"male dlspersal was ‘a rough reflectlon of trends 1n' ‘
L}populatxon den51ty (Tables 3.1 and 3.2); Forlexample{ sprlng
populatxon densxty on Slte 4'remalned”the‘same durfng‘ ;"ﬁw
1982~ 4, and 80-100% of the yearl1ng males dlspersed each-
year. Sprlng den51ty 1ncreased throughout 1982 4 on Slte 1‘
,‘and the percentage_of yearllng males dlspersxng 1ncreased
‘from 80% to 100%, but the mlddle year‘(62% d1spersal) was
lower than would be expected irom a dlrect relatlonshxp
bvbetween den51ty and d1spersa1 Yearlxng female dlspersal on
‘S1tel1 1ncreased in step thh populatlon densxty but th1s is 5”
not 51gn1f1cant in v1ew of small sample s1ze (r 0 92 |
"P~0 26, n= 3) On Slte 4 where sprzng den51t1es remalned
.lstable, e1tber zero or one yearllng female dlspersed\each
‘year “';‘w.l?;l” f‘}“ . hy**‘1*~f;ﬁf“?ffv' l‘ ; -l:‘fﬂ'ﬁ
T1m1ng of dzspersal was not a funct1on of populatlon

f-~\
dens1ty. There was no s1gn1f1cant correlatlon between meanj
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_(f;o.éé jpa0.27) or‘median (r=0. 27‘ p=0.12) dispersal datesw
and podeatlon densxtles of the seven. reference plots
.,.(Tables 3.1 and. 3 3) the three treatment plots were
uyexcluded because dlspersal there was artlflclally prevented
(Mestranol plot) or delayed (sedatlon plots) Probabxlltxes

approached significance largely because the delayed

reproductlon sxte - from ‘which dlspersal was also delayed ~

ﬂ"had a relatlvely, 1gh density" of 30 adults and yearlxngs per'

'hectare durlng 19¢ ?4. Mean and medlan dlspersal dates on
JSlte 4 varled by 8 and 7 days respectively, despxte the
unchanglng spr1ng populatlon densxty Mean (and medlan)" : .{Y
. dlsperSal dates for Site 1 female dxspersers were Days 45 . 'l'

a
352 and 52 durlng 1982 4 although populatlon densxty

! , - q\ “\
1ncreased steadlly durlng that 1nterval "‘,.,:;

lTreatmentotJuveniles‘andfearllngsvwlthln1Maternal ﬁome
_Ranges | N . |
when'ﬁuveniles tirst‘emerged 'they'spent much of their-'(
‘time playxng and feedlng within a few metres of their natal
A‘burrows.,Mothers were very tolerant of the1r offsprzng, but“
"usually dlscouragedvnur51ng w1th a shove or avo1dance.'§“J‘
lH[ Gradually, Juvenlles extended thelr travels and began to.
I"?trespass on other home ranoes; occa51onally e11c1t1ng a‘\'b
i;chase from an adult or yearllng Mothers became less‘i:h
jprotectlve of thelr offspr1ng and wandered off to feed butd;”fﬂ
l"pthey st1ll rushed back to the natal area when the1r RS

otfsprlng were chased by other adults. Juven1les were thus
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‘.
tolerated and protected w1th1n thelr mother s home range
Late in the season, juvenlles were . known to. make excur51ons
‘hundreds of metres beyond their natal burrows, .but they

returned to sleep and hibernate with siblings in or'near
. ' ‘! . . ‘b ’ . . '

!

. their natal burrow.
| Upon‘springlemergence;‘SUrviving offspring (now’
yearlings) were still%within their'mother's'home‘ranges
They'sunbathed‘ fed and played in the v1c1n;ty 'of their
‘natal burrows and were greeted and tolerated by thelr
mothers Gradually soc1al tenszons 1ncreased Mothers broke
fup yearlxng play, and yearlxngs began to be chased by adults.
‘ whenever they attracted attentlon to themselves by mov1ng
qu1ckly or play1ng Splral chases were seen in whlch pursued\
yearllngs cxrcled back toward famlllarlburrows but were not |
y‘allowed to‘remaln there. Somet1mes yearllngs zlgzagged back
and”fdrth; chased away by thelr mothers and back by other
“adults. By”Perlod 5, all yearlzng play had stopped. o
: stpersers and nondlspersers allke made excur81ons and often
7spent l1ttle time on study s1tes.‘Yearl1ngs that were :
’h present tended to be 1n pockets of space between home
‘7ranges,iwatch1ng for and avo1d1ng adults.:7 | . |
There were except1ons to the above. On the 1984iv
7.'Mestranol Sxte (no reproduct1on) adult females contlnued toi"
‘:ftolerate the1r yearllngs 1n close proxrmlty throughout the
yhseason ‘even greet1ng and playlng w1th them on occa51on.v”

fAdult females that d1d not become pregnant on reference o

'e;*pIQFS,(n??) also.remalned amlcable w1th.the1r yearlangs.":f
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Generaleeyels of Chasing byvAdult'Ground Squirrels

| ' On every site, adult females chased other adult
females, adult males re51dent yearllngs and transient
yearlzngs Numbers of chases dxrected at these groups are‘
1llustrated for the 1984 Slte 2 reference plot (Fxg 3.2),‘
but the followlng statements are true of. all sites. Adult
females typically chased othef adult females most often
‘durlng Perlod 4 Wthh corresponded to late lactatxon Adult

|

‘males were gotlchased to any great extent although there
"was usually a sllght 1ncrease durlng Perlod 4 ﬁesident;

‘ yearl1ngs were chased most often durlng Perlod 3~ a time of
blrth and early lactatlon Throughout the summer but .
vfespec1ally in Per1ods 3 and 4 nonresident yearlxngs‘ .
"appeared 1n scanS' they were recognlzable by thelr 51ze,
'-lack of body marks hopp1ng and looklng galt (Paper 1), andfw
ltransxtory appearance on study 51tes. Total female chases -
the sum of chases dxrected at yearllngs, adult females and

AN

adult males - typ1cally peaked durlng late lactatlon in

"5Per1od 4, The follow1ng two sectlons will focus on adult

lfemale chases d1rected at adult females and res1dent
syearllngs,ks;nce 1nteractqons among these groups make up the
vmajorlty of chases and reflect maternal aggre551on.'

Adult males were most: aggress1ve early 1n the season
-w‘ln conjunctlon w1th sprlng breedlng. Rates of chases
dlrected at yearllngs were low {less than 30% of total
“:chases by adult females) and d1d not appear to be assoc1ated

4

”.wzth the m1dseason departure of yearllng dlspersers.‘ -
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Chases Among Adult Females
Chases among Slte 1 adult females peaked dur1ng Per1od

4 in 1982 (Fig. 3u3). Slte | was agaln a reference treatment

the followxng year, but‘female/female chases peaked during
Period‘55‘1n~1§84 when adult females were sedated . there
'was a depre551on 1n rates of cha51ng durlng Per;od 4 the
value for Perlod 6 was, 1nflated by the fact that we mlssed
‘drugglng ‘on Day . 65 and levels on that day rose to 4 tlmes
normal Slte 1 densxty 1ncreased each year’ through 1982 4
and may account 1n part‘for greater levels of chasxng, there
was. a 51gn1f1cant correlat1on between peak chases on study
b‘51tes’ and populat1on den51t1es (r 0 66 }P 0 05 ‘

Y= 0. 08x 0. 57). Chases per resxdent adult'female were 0. 09,

W,O 15 and 0 15 (sedated) durlng the three,summers In 1984

nonre51dent adults Were attracted to the‘51te by the
.‘thce da1ly presence of peanut butter and may have been j“
, partly respon51ble for 1ncreased aggre551on on. Slte 1.
‘Although sedated adult females appeared sl1ghtly wobbly and
;lefharglc for several hours after belng fed drugged peanut
butter, they still gave chase to strange’ anlmals,Ln the;r_
vjcinity “ | | ‘i | . |
| Durlng both years that Slte 2 was observed the peak 1n
‘e‘chases among adult females occurred in Perzod 4 (Flg 3}ﬂ -

‘ There were fewer chases per hour when Slte 2 was a sedatlon

\ ‘
1983 desp1te greater populatlon dens1ty (Table

ifﬁ'é) At the hexght of aggress1on in Perlod 4 each adult

——-—--—-—————--——-

" aThe Mestranol site was excluded because chases were. greatly
[‘reduced by the treatment.:‘ s v :

L
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female was 1nvolved in 0 26 chases per hour when sedated
compared to 0 59 chases- per hour when not sedated.

Adult females of 1983 Sxte 3 (reference) chased other-
adult females most often durlng Perlod 4 (Flg. 3.4). Levels
‘.Of chasing were much reduced 1n 1984 when Site'3pwas a
mestranol‘plot and there was no peak colnc1d1ng wlth
..lactation Site 4 (reference)‘was not watched by a fulltxme
ﬁobserver untll 1984. Then cha51ng among adult females peaked
durlng Perlod 5 1n conjunctxon w1th ‘the relatxvely late

juyen1le emergence ‘there.

.ChaSes‘of'Resldent Yearllngs-by‘Adult females
’»Adulttfemales chasie‘resident yearlings most often “tv

during Perlodl3,‘althouoh therejwere exceptions on someu

| sites‘(Fig. 3.5 and 3.6). When Site 1 was"a'reference plot

‘durin§l1982—1983? peak chases of yearlings by'adult‘females

| tookfplace‘ln'Period'3 with h;gher levels of cha51ng in the‘

year of hlgher den51ty When Slte 1 adult females were f

sedated in 1984 the peak of yearlxng chases was dclayed tox"W

Perlod 4 and the rate of cha51ng was reduced Peak chases of _f -

"Slte 2 yearllngs occurred dur1ng Per1od 3 1n both years
(Flg 3. 5) There were more’ chases per= hdur on the 1983

"sedat1on plot than on the 1984 referenCe plot but thlS 15““

llkely assoc1ated w1th;greater den51t1es~ the correlatxon of

ytreatment) and populatlon den51t1es approached s1gn1f1cance
’(P—0.13’ r= 0 49) Peak rates per adult female on Slte 2 ‘

BT
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averaged 0. 27 and 0.41 on sedatlon and reference plots

o
"

respectlvely

The 1983 Site 3 (reference) yearl1ngs were chased most.

often durlng Perxod 3, and levels declined gradually

thereafter (Fig. 3.6). The same sxte in 1984 (MeStranol‘“

‘ {
treatment) had low levels of chases that degllned during

Perxod 3. On the 1984 Sxte 4 (reference) pfbt levels of

“yearllng chases changed gradually, ‘but were hxghest durlng

Perlods 3 4 and"S.

‘ The number of t1mes that adult females chased varxousv

'

| categorles of . yearlxngs before Juvday were compared since -

after thxs date an 1ncreas1ng number of yearllngs were:
absent No 51gn1f1cant dlfferences vere found between
numbers of chases d1rected at males and females (G 0. 5,'

P 0 72) or at dlspersers and nondxspersers (G=0. 021

‘<P=0 88), as yearl1ngs were cleared from the vxcxnlty of ;{

natal burrows.

Attendance,.and Chases of Indxvxdual Res1dent Yearlxngs

Yearl1n attendance durlng scans, and hourlyarates of '

"‘ychases dlrectedttoward 1nd1v1dua1 yearl1ngs by adult

A e

. ' (
females, varled seasonally and fluctuatlons were most

: pronounced under condltlons of h1gh dens1ty. Inztlally, 1984

o

'f51te 2 yearlzngs were: observed 1n approxlmately 70% of all 'h‘

:'}scans (F1g 3 7) the remalnlng t1me was spent underground

3<or maklng br:ef excur51ons. Beglnnlng W1th Per1od 4 there

ffﬁ was\an 1ncrease 1n hourly rates of adult female chases
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directed at yearlings on Site 2 and an associated decline in

1

'yearling attendance’ during scans. Dispersers (three males)

'were‘seen‘in‘only 20% of scans aﬁd‘had‘disappeared from the =

site’ by Perxod 6 (except for occasxonal sxghtlngs of.

, dlspersers return;ng tO"vlSlt brlefly). Nondxspersers (two

males and one female) also declined in attendance, and

"appeared xn only 20 30% of scans bethen Periods 5 and 8

'Valthough they contlnued to sleep 1n close proxxmlty to their

natal burrows "By Perxods 9 and 10 when levels of chasxng
were much reduced nond;spersers were seen in approxxmately
50% of all scans. *v

In’ 1983 Slte 2 adult females were sedated twice daxly

‘The 51ngle nondlsperser yearl1ng‘femaler#16 lxved in a
burrow complex w1th two adult females and was chased

_frequently (F1g 3 8) unt1l she shxfted her sleeplng burrow

slzghtly,'she lowered her daytlme attendance untll late in

\

the season when levels of chasxng d1m1nxshed and then

resumed on51te act1v1ty 51m111ar to that of sprxng The fxve

'dlspersers (males) d1d not share burrows w1th adult femaleslv

t

and vere chased at low levels' they gradually decrea%ed

»~

o

'attendance, f1nally d1sperszng in. Perlods 5 to 8

‘i In: 1983 Szte 1 was a reference plot'oﬁ below average

'ﬁ‘den51ty The flve nondlspersers (three females, two males)

e

‘ﬁ}were chased 1nfrequently and thelr attendance var1ed l1ttle
4throughout the season (F1g 3 9) The fxve d;spersers (three
females, two males) were chased more frequently durlng L

'"‘Perlods 5 and 6" because two returned to v151t the1r natal

Vi
by

‘\&".”s'“""‘pff x Q‘}_‘Q;,f‘tfiﬁf e “f“a
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‘sites,‘and aopeared toybeCtreated‘as‘intruders by resident
femaies. | - | |
In 1984 when sk&é i|das a sedation plot of high density

(Fig. ‘3;j0), there were more chases of yearllngs than in the'
previous year, “and the peak was delayed compared to adjacen{
‘Sxtn 2 (F1g 3,7). The slx dxspersers (four females, two
males) decreased‘their attendance and emigratedfby the end‘l
of Perdod Q} althOugh\one yearlingffemale (#73)‘continuedﬁto
visit-untii Period’9.‘Both nondispersersh(females)'decreased
the1r attendance unt11 chases decllned in Perlod 8. The' peak
of chases ' and attendance assoc1ated w1th nondlspersers xn.
,Perxod 6 was caused by ‘a yearllng female that moved to a "§a;
burrow 630 m away durlng Period 5 but contlnued to VlSlt her
,‘wnatal site during Perlods 6-8, untll she re- establxshed‘

'herself in Perlod 8. Another yearllng female made a ser;es

- " of visits back to Site 1 but was chased by adult females and

her non 1spers;ng 51ster and d1d not re- establlsh on her

natal sxte.,‘

FemalekDefence of Natal Burrows

As females became aggress1ve durlng Per1od 3 (blrth of
' lltters) they chased any anlmals that approached the area of -
:thelr natal burrows,]1nclud1ng the1r own yearllngs. Half of
':all adult female chases of yearllngs before Juvday werev

mothers chas1ng thelr year11ngs (147/303 chases on sltes 1 fl

/

A,xand 2 dur1ng 1983 4) mothers d1d not chase the1r male

".véoffspr1ng more than females (G 0 002 P 0 96) or - thelr.
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dlspersxng offsprxng more than nondxspersers (G=1.32,
P 0. 25). Here I present a detalled example descrxbxng an ,!‘f
adult‘female (#77) and her fxve yearlings (females #2, #9;

#73; males #5, #7) on Site 1 in 1984. In‘Period.Z #17 was

o tolerant of her yearllngs She allowed them 'ip close

proxlmxty, greeteﬁ them occasxonally, and permltted them to .
‘use all burrows. »They 1ounged and played thhin‘thear‘

'mother s core area, slept near their mother s burrow and

PP e O

N explored surroundlng areas with llttLe reactlon from other

ground squlrrels.(an 3.14A) Durxng this 1nterval #77 was
xnvolved in no. chases. In‘Perlod 3, #77 chased 51x‘adults
that approached her natal burrow' Thesecchasesmderernot

" randoin but.effectxvely dlrectedpantruders‘awax tromnthé;
*vicinity of her‘new:litter rher Yearlfngs Qere still
tolerated in close prox1m1ty untll Day 38 when She began to
chase them.away from_the natal burrow. W1th1n the first two’
daié‘ofvperiod'4‘ #77‘chased her yearlings. 11 times; they
fbegan to av01d her and changed thezr home ranges accordxngly
" (Fig. 3 1IB) . The adult female spent most of her time close‘

to the natal burrow andxwas anvolved 1n only two chases

. -
ol

‘w1th other adults.‘Two jcvenlles emerged on Day 51. Femalerw*
1‘#77 expanded her travels to chase her own yearl1ngs 7 tlmes

'1n the f1rst three days,‘whlle ‘she chased ne1ghbour1ng

';“adults 11 t1mes, occaszonally bexng chased herself at the

edge of her terrltory. In Period 6 yearllng female #2 was ,h‘f”

g”becomlng establlshed adjacent to #77 s home range, ye lings

"~w#5 and #7 were spendlng much of the1r t1me mak1ng

Y
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"excurslons, #9 had already dispersedland #73 was avoiding

T

“both her mother and g2. The, mother disputed a border with
her daughter (#2) once, chaaed fibe.adalts away, and ran
after three juvenileslthat were‘not her own. By Period 8,
all of‘g77‘s yearlings had dispersed except #2; thi$
yehrllng now stood her ground'against all'squirrelé near her

. ‘ o ;
burrow..The mother .ran at #2 once and chased four adults

A} ! .
(two nonresidents) . After Period 8, #77 tolerated other

i i)

ground squxrrels in close proxxmxty

r The above scenarijo descrlbes a typical pattern of ™

\

activities that occurred within maternal home ranges, except
that the events happened relatxvely late on Sxte 1 in 19é4l
gFlgs 3.3 and 3 5). In géneral, the core areas of yearlings
overlapped a large portxod of their mother's core area in

| Period 2, decreasing in Periods 4 and 5 at the time of peak

maternal ag%fession (Table 3.4). Overlap-associated with

1
A}

yearlxng males (all males with reproductive mothers

'y

dﬁgmxgrated) and dxspersers of both sexes, remained 1lo

conjunctaon-with_their departure by Period 6. Philopatric

yearlings overlapped their mother's core areas increasingly

in Perlods 6 and 7 after Juvenlle e@ergence, Ehen overlap

declined late in the season as nondlspersers became
hestab11shed ad]acent “to thelr mother,s core area. Overlap
may'have been partly related to chaages'in the;sizes of core*
- areas'uaed byfhothers apd yearlings (Table 3.5), but also
involved shifts in tﬁe regions used by yearlings, as

; b . .
illustrated in Figure 11. A circle of 15-m radius around the
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[

natal burrow, approximating the dihmeter of an adult
female's territory (Festa- Blanchet ang Boag 1982) contained
about 80% of the average mother 8 locatxons durlng Periods
2-4 (Table 3.6). Once juvenxles emerged, mothers spent less
time clnne to the natal burrow, expanding their core areas.
in Periods 5 and 6. In.Period 2, yearlings spent about 75%.
of théin;time within 15 m of the bucrrow where nonlitfermate
siblings would be born; the proportionvof\locations near the
‘natal burrow declined through Perioas 3 to 6, partlcularly
in the case of enigrants. Avoidanrce of th; natal area was
usually accomplished by yearlings shifting their core areas
into pockets between territorial femaies, degreasing their:
onsite attendance, or dispersing, but could also take the -
form of a home range which overlapped with that oflthé“
mother but avoided the defended natal burrow (Fig. 3.12).
Changes in,51eeping\gurrow.Loéations

Since yearlings were radio-collared, it(was possible to

-

determine whére théy slept. Typic;lly yeérlings begén.the"
season by Sleeping within 5-10 m of where they’nad been ~
born, and in the company- of any surviving littéfmates.‘From
morning-emergence locations, it appearéd that yearlings wéré
not sleeping;with théir~mothefs although she péfmittea'them
to enter burrows she was using. By the end of" Perlod 3, most
yearllngs had switched to new burrows close to the per1phery

of their mother's home. range- they. were no longer scanned or

radio-tracked in the vicinity of burrows used by the mother.

2D
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Occasionally, an individual from‘one yearling group would
spend a night sleeping with members ot another‘nearby‘
(nonsihling) group.'

'Within a yearling burrow System, not all individuals
slept in exactly .the same locatxon For instance, #77's

yearlnngs slept together in varlous comblnatxons but #2

~—

' (female) and #S (male) were always at least 2-5 m from each
other regardless of other enimals ‘they slept with. A general ‘
tendency for yearllngs tq space themselves within burrOw
systems began in Perxod 3 and 1ncreased through the season
until it became unusual to flnd two yearlxngs sleepxng close

*

together, within a burrow (Table 3.7). Inltxally,. the -

location and volume of radio signals showed that yeerlings

‘were at least several feet underground and 2-5 metres from

the nearest opening. In Period S, when ashmany 5§ toﬁr or
five‘yequings still shared e‘burrow, some‘individuals Qere
noted whose loud radxo signals were broadcastlng from just
besxde burrow openlngs. These 1nd1v1duals soon dxspersed and

the norm became single. yearllngs (occaszonally two) sleepzng

well 1nsxde burrow systems.

-

Mothers probably slept wﬁ%atheir juvenile litters
~until they brought them above ground in Period 5. Wean1ng of
litters is thought to approx1mately coxnc1de w1th Juvenlle

'emergence (Ferron 1984), and 1t appears from -

morning- emergence locat\ons that mothers were no longer

sleep1ng thh 11tters after Period 5. Two mothers ‘and their )

vl1tters were, radlo collared in Perlod 10 1984, The mothers

4
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were foundvto be sleeping in Fheln early season ourrows (as
Aopposed_to‘natel burrows); the juveniles slept with their
sibiings, either'ln'their hatal burfowsoor in burrows ehat
yearlings‘ped ocoopieo at the beqinning of the‘seasonf ‘ /!
. ‘ .
Mestranol and Removel Treatments of 1985 .

During 5?11 May 1985, all adults were removed from Site
_ ; < .

2 and the Mestranol treatment was replicated on Site 1.
Unfortunately, Winter 1984 85 was extremely harsh and only

29% 4/14) and 46% (6/13 of all 1984-juvenlles ‘survived to

-

'become yearllngs on Sites 1 and 2, respectively. Juvenile
\\
emergence in populatlons surroundlng Sites' 1 and g commenced .

) \ AN ‘
‘on 17 June, but po Juvenlles emerged on either site. All

yearlings ‘of Slte t (2 males, 2 females) and Site 2 (2

males 4 femaleS) were still present on June'23 -although
- '! . -

‘they were makxng excursions into surroundxng areas. At the
flnél 14-17 July\trapping session, no yearlings had yet
emigrated. from Sites l;end 2.- Since yeafling dispersal would
normally have been closely assocléted witQtJuvday, these
' anxmals were certaxnly late: dlspersers, I suspect that they

lwould not have dlsperse% Jt all with hlbernatlbn

I3 h

N

approxzmately three weeks away. Henceforth 1 refer to thi?e

&

animals as "1985 nondispgrsers".
: , | ] . | .'§
Under What Citcuhstanoes Dideea}ling Males,Not Disperse?
Following the‘flrSt'year-on;each.site; mothers and‘

siblings of yeerlings'were~known.‘The»fact'that yearlihgsiof'
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known kamitial relationship‘were always\fouhd_to commenee‘
the season.sleeping,in spring groups:of survi&ing
lxttermates w1th1n the1r mother s home range was used to
"infer mother/51b11ng relatlonshlps for the 13 males from ',
-f;rst~year sites..Based on these assumptlons, 1 have g
‘sufficient‘information to maké\statements about 10’of‘theﬂ1l
male nondxspersers radio-tracked ln 1982 4: aS~yearlings,
fxve had no. surv1v1ng mothers or 51sters, two had a'\'v
‘nonpregnant mother and no sxsters; three had a sxster but no
mother Rggardless of assumpt1ons about the two
nondlspersers from flrst year sites, no phllopatrlc males
lived within the‘home range of a_pregnant adult fema;et

| All 26 yearling'males'with a‘pregnant mother dispersed,
even if they had no survxv;ng s1sters (n—11) Most of the 7
males thh a sxster but no mother dlspersed four emigrated
' as yearlnngs, one departed but returned to sleep and
‘hxbernate near his 51ster before d15persxng permanently the :
ﬁollowxng sprlng; two brothers on the 1984‘Mestranol plot
i.dld not d1sperse but shtfted 1nto adjacent home ranges
besxde the1r sxster. Only one of the six males with, no .
mother or 51sters dlspersed Thls was a case in whzch two
brothers shared a burrow on 1883 Slte 3. They remalned

":amlcable throughout the summer but after June 26 they began

renovatzng the1r burrow system*and sleeplng 12 m- apart. On

'”\July 21 the llghbesgkbrother took up’ a new’ re51dence 62 m h
.away, on a h111$1de among bushes where he rema1ned untll |

k;lled by a predator. Slnce he had completely changed hlS
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‘home range I cons;dered thxs move to be "dxspersal" : o‘
although it was the shortest dxstance and latest nondrugged

B

dlspersal date recorded (see RESULTS - The Tlmxng of

\ . : ) ) ' ! I

stpersal) s o ‘Q‘ T | ' \

| ~ Among. the four yearllng males fromv1985‘Removal and.
‘Mestranol treatments, three had no mothers andlone had a
\.nonpregnant mother and .no sisters‘ In July when these
anlmals were trapped .and kllled by nembutal 1njectlon; all
were Stlll living near their natal burrowsJ B |
'-IUnder What ercumstances Did Yearlxng Females stperse7

‘1 have suff1c1ent 1nformatzon to descrlbe the spr;ng

‘groups of e1ght of nine female dzsperser5° all were from six.
‘lxtters w1th more than one surv1v1ng sister, and except for
fone 11tter the mother was alive and . reproductlve. Three
lltters 1ncluded two sisters each, and three lltters
contained three sisters.‘Throughont‘the study, every Iitter
with more than One'5ureiving‘siSter resulted in’femaleA
dispersall In five cases, ailﬁhut:one sister diSpersed f rom
.the natal home range._In the rema1n1ng case, two of three
females from the same lltter were phllopatrlc. after much
flchas1ng between mother and daughters and among 51sters, the
mother lost ‘her lltter before juvenlle emergence. Two of the
N daughters establlshed home ranges buddlng off the south end

'of the1r mother s home range,‘whlle the most subord1nate
.:daughter (chased 9 and 3 t1mes b? her two s1sters whlle onlyf

'_cha51ng them 1 and 0. tlmes) dlspersed o J'A



- o T C 141
‘Yearlxng Competxtxon

anety chases among.yearlzngs were recorded durlng

‘1984 86. The 30 females chased other yearlings 59 times,

whereas '43 yearlxng males chased other yearllngs 31 times
(G=9.83, P=0.002). Foqtyftwo percent 2%/59) of chases’ by
yearling females were directed at‘males and 58% were chases
of‘other'females Yearllng males pursued other males in only
29% (9/31) of their chases. . '

| There were 15 sprlng groups of yearl1ngs “each composed
of‘2-5 surv1v1ng,11ttermates sleeping in the same burrow

system within thelr respectlve mother's home range. Beyond |
,these 47 anxmals the remaxnxng 28 -radio- collared yearllngs
t,slept alone w1th1n thelr mother s home range.‘Thls R SN
Adarrangement méant that there were ‘as many as six animals per
maternal home range prxor to the emergence of any new |
llltters. As female terrxtor1es were established, yearlings

were’ part1t10ned into areas: between female territories to
compete among themselves for space and burrows. .
S Twelve year11ngs belonged to four all-male groups
' ‘(range 2~ 4 yearlxngs per group) These males engaged 1n ,
chases w1th males and females from" other 11tters, but did - }
not" chase each other. The two groups w1th1n home ranges ofh
Zreproductlve adult females d1spersed although gxaup members -

]remaxned amzcable w1th each other untll dxsbandlng, two

‘dpalrs of brothers that dlspersed to the same areas behaved

".amlcably and somet1mes slept toge if(Paper 1) The motherS*‘

‘of the rema1n1ng two groups hadldlsappeared overwznter. !
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Brothers‘1tand:17‘retained thelr mother's homelrange_andl
remained amicable with each other; although‘they tended to
sleep 3-10'm apart from Perlod 4 through Period 9. Two
brothers from 1983 Slte 3 were amlcable with each other, 1but-
one brother shifted hlS home range late in the season, as
described earlier - |

Ten yearlings belonged to four all female groups Three
- groups were harried regularly' by_adult females‘and o
interacted infrequently among themselves» making it
difficult to assess domxnance/subordxnance relatxonshlps
All-three 51sters from one of these groups left ‘the natal
‘}area, but the heaviest sister (who had chased her sxsters
“once each without reprlsal) returned before the end of the
‘h‘season to establxsh a home range. In the fourth group, the
‘ yearlings were clearly competzng among themselves Starting
on Day 35, the three 51sters chased each other, fought
'scent- marked near their burrow and toothchattered at’ each
”other By the %eglnnlng of Perlod 5, yearl1ng female #55
would flee at the 51ght of her 51sters- she dlspersed on Day
‘55 after a ser1es‘of excursions. startxng Day 45 As'

.,mentloned earlxer the mother of thxs group lost her- lltteD

)

G

J-before Juvday, and the rema1n1ng daughters were both able to‘

'V_rema1n ph110patr1c although they slept at burrOws 6 m apart

land at dlstances of 9 and 14 m. from the1r mother s burrow
Twenty f1ve yearlxngs belonged to seven gr0ups

fcontalnlng both males and females (range 2 5 yearllngs)

;Four of these groups were rarely seen 1nteract1ng among

P
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themselveswor with othercyearlings‘Haitﬁgbgh'a femaleffrom‘
each group remalned a nondlsperser In the other threeu
grOups the female nondxsperser was the most dom1nant
”yearllng On 1984 Site 1, female #4 gave her brother four
unanswered chases and an attack before he ”dTSTEerSed A W“
female on the 1984 Mestranol plot gave her brothers several
chases~each before they shlfted onto adjacent home ranges.
The most dramat1c case was seen on 1984 Site 1 (adult
females sedated) #77 s flve offsprlng exchanged 32 chases
cand 3 fights, the outcomes of which 1nd1cated a 11near
hierarchy (#2f, #7m, #9f, #Sm #73f) Daughter #2 was most
“dominant, and remained the‘sole nondlsperser (Appendxx 5).
‘_7wOund Data ‘“g " “ i o "- h oL =

, Adult females exhibited some wounds in Period 1 (Fig.
3.13), but numbers of wounds declxned in Perlods 2 3 when

litters were born; woundlng then ' 1ncreased to a peak durlng

, late lactation and ]uvenlle emergence (Per1od 5), dropplng o

off rapldly thereafter Adult males showed a decrease 1n
,wounds durlng Perlod 3 a t1me'when adult females were ‘
'gnurs1ng newborn 11tters underground Numbers of wounds L

“1ncreased durlng Perlod 4 but declxned durlng Juvenlle

"emergence and rema1ned low for the rest of . the season.

y

“Yearl1ngs of both sexes were found to have no wounds durlng

a,Perlod'J"numbess\of wounds 1ncreased dur1ng Perlod 2

’dedreased when adult females were nurs1ng new lltters
Cou "

t(Period 3) and peaked before Juvenlle emergence,vco1nc1d1ng
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. w1th the beglnnlng of the dlspersal perlod The decllne of

yearllng wounds after Perlod 4 may have reflected the

N

departhre of dlspersers from well populated study reglons

. in addition to- lower 1evels of woundlng that occurred among

N

all anxmals aféer Perlod 5. ‘This declxne cannot be_l
attrxbuted to the escape of dlspersers from researchers,
s;née yearllngs were radlo located and trapped for regular

examxnat1ons. There were four cases of yearllngs (males)

—

' recexvxng wounds after dlsper81ng, all other wounds (46/50)

occurred while yearllngs were Stlll resxdlng on’ natal areas‘

"although the p0551b111ty remalns that 'some woundlng took

place durlng excur51ons from study 51tes. Elghty four

L percent of all yearllng wounds were recelved in the flrst 5

.

P= 0 227 ow1ng to gma$1 sample sxze.‘

periods‘of the season as opposed to 16% in the last 5

periods. Males recelved 64% (34/50) of all yearlxng wounds

!

but - the dlfference between sexes was not statlstlcally

rem

s1gn1f1cant (G 1.61, P=0. 20)

\

Seventy six percent (13/17) of male yearllngs that
recelved wounds became emlgrants, compared to 72% (18/25) of
unwounded males- apparently woundlng had no affect on the
predlsp051t1on of male yearllngs to d1sperse (G 0 001
P*Q 98) Flfty seven percent (4/7) of wounded females
dxspersed compared to 23% (5/22) of unwounded females, but

the d>fference is not. statlstlcally 51gn1f1cant (G—l 48

N



. E. DISCUSSION

,Reproductlon and stpersal

No yearllngs dlspersed from two Mestranol plots on
whlch adult females were temporarxly sterlllzed :and males
on reference plots were able to remaln phllopatrlc 1f the1r

mother dred or dld ‘not become pregnant Presumably, the lack

ﬁ‘of reproductxon 1n these cases resulted in a lack of cues
‘for dlspersal Poss1ble cues 1nclude maternal aggressxon v
,from adult” females ‘changes in populatxon den51ty related to
”juvenlle emergence or‘behavroural avoxdancelof juvenllesuby

'yearllngs

The Mestranol treatment resulted in low levels of adult

'-female aggressxon (Fxgs. 3.4 and 3. 6) Goulet and Sadlzer;

‘(1974) used Mestranol on. populatlons of R1chardson s ground

squlrrels (S rzchardsonxi) and reported reduced levels of

adult female aggre531on, the1r data reveal no. dlspersal from

treated 51tes, however thelr cohort of potentlal d1spersers

‘was greatly reduced by the Mestranol treatment 51nce S

‘r1chardson11 dlsperse as juvenlles. “"W“<f LU ,‘.

k There 1s no . reason to belzeve that yearllngs dlspersed

'”for to avold assoc1at1ng w1th Juvenlles. Some yearllngS'Ld
memlgrated up to elght days before Juvenlles emerged (Fxg

"*33 1) Yearllngs were domlnant to Juven11es and sometimes

§

\-chased them, whzch resulted 1n e11c1t1ng more aggre551on‘fn

ffrom the protectlve mothers.,Furthermore, on the two 51tes

r
L

o s

L

Cidn response to 1ncreased dens1ty caused by emerglng lltters,
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' * ' I ' . \ 0 ,“ o . . |
where adult females were sedated, juveniles emerged at

, s CRRE o | -
normal times but yearling dispersal‘was‘delayed and took

place over a longer period. ThlS 1mplles that a temporal cue

" to dxsperse was assocxated wlth adult females 51nce they

"[were the only anlmals to receive sedatlves Similarily, the

aelayed case‘of dlspersal on’ 19§3H51te’; happened‘when two

brothers, whose mother‘was dead, moved apart late in the .

weason. Brody and Armxtage (1985) reported greatly 1ncreased

~

‘female phllopatry and a case of delayed ‘male dxspersal after

uremovmng adult females from’ a colony of yellow bellied

‘ 'u'marmots.‘Holmes (1984) found that female hoary marmots

‘(Marmota callgata) 1n Alaska reproduced every two, three,‘or

‘four years, dependlng on food resources stpersal occurred

‘whenever adult females reproduced Two year old marmots

“whose mothers brought a lxtter above ground dxspersed or

. moved to perlpheral locatxons, those whose mothers d1d not

reproduce remalned w1th1n thexr natal colony Sxmllarly,

' Johns and Arm1tage (1979) noted that dlspersal of

lyellow bellned marmots as yearllngs or two year olds seemed

*{11tte#

7;to be t1ed to adult female reproductron, vhlch var1ed‘1n

tfrequenCy at dlfferent elevat1ons. R

y“‘ K
Slté 4 was: known to have delayed emergence of juvéhxle

sﬁ%ompared to the flat meadow presumably the result

of reproductlve delays experlenced by adult females emerg1ng

ilate on the shaded h11151de 1n sprlng I observed 1ceplugs

”1n some of the hlllside burrows after adults had emerged on

i{the flat meadow 1n spr1ng, but I d1d not quantlfy the delay

\‘:'

.
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Shaw’ (1925) noted a IO?day difference‘of emergence dates
'between Columblan ground squxrrel populatlons on north- east
versus southvwest slopes and descrxbed how ‘the 10~ day
‘dlfference contlnued to affect the tlmlng of life hlstoay _—
’ events 'such. as the reproductlve cycle, through the season.
The delayed reproductlve cycle on Site 4 was assocmated with
a delayed peak of chases by adult females and delayed
yearllng ‘dispersal. All of ‘these facts combine to- suggest
that adult female behavxours assocxated thh reproduct;on
may act to stlmulate yearllng dlspersal C '

o o | ?‘ . - }\7 :
: The Effect of Densxty on stpersal‘ |

The relatzonshlp between populatxon densxty and male. ‘
,dxspersal approached szgnlfxcance and on each sxte the

' percentage of males or females emlgratxng roughly followed

Ftrends 1n densxty' I suggest that dxspersal 1s not caused by

‘den51ty peP se, but that d nslty prov;des a crude estlmate o

- of other factors that are tly - relevant tofground

[

l‘,squ1rrel blology G1ven that burrow systems are statlonary

-and ma1nly populated by the same adults from year .to. year,
hlgher den51ty means that one or both of the fo&10w1ng 1s
'true; More adults may have surv1ved - leavzng fewer vacated
'burrows to approprlate. More ]uvenlles may have surv1ved t0'~
B become yearllngs Thus on. a g1ven s1te, dependlng on the”
:fs1ze and comp051t10n of sprlng yearllng groups, 1ncreased

: _‘den51ty would generally translate 1nto 1ncreased yearllng

d15persal Some researchers have noted a relatlonshnp

a . . . B “‘
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between populatlon den51ty and numbers of ground squxrrels

'dlspersgng (Mlchener 1979, 1981, Festa*Blanchet 1982) but

others diSagree (Dobson 1979, Horekamp 1984b) SladeWand‘

‘Balpn (1974)‘removed about half of the adult age- class f rom

‘a populatxon of Ulnta ground squxrrels (S. armatus) and

. " . ' ‘
" mother S‘burrows at the same rate, but ‘more were able to

ﬁound that juvenlle dxspersal from thexr study area wasﬁ

sharply reduced juveniles contlnued to move out of thexr

settle nearby ‘ﬁ

‘
A

o Tlmxng of dxspersal was not related to the populatlon

dens;tles of study sites. Each yearllng started within xts C
maternal home range and was’ shunted to the edge Af 1ts

mother survlved and became pregnanb Increased densxty meant "

that thls could happen on more maternal home ranges per
hectare but tlming was determlned by reproductAVe events

unless mod;fled bx_an experlmental treatment or an unusual

i

natural occurrence (e g mother not’ pregnant) f
' 2

N
)
A

o

Study Perxods and Maternal Aggressxon'

In thlS study, per1pds were allgned on a blolog1cal

‘event (juvenzle emergence) whlch removed some envxronmental o

varlag)on and focussed on the underlylng reproductlve cycle.

o et
;Muchaof the llterature is dlffxcult to 1nterpret 1n terms of

(

maternal aggre531on,because behav1oural rates determined onltwd

y

different s1tes and years were not allgned to reproductlve Qd

events. ThlS xs partlcularly 1mportant 1n the case of

. . v E .
( . 3 ' ' v

ot

'Q'montane spec1es 51nce dlfferences of elevatlon and aspect

* .
.\p. ' ‘ ) ".".
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among study s;tes could produce large variations in °
reproductlve phases (Shaw 1925, Moore 1937). It is possible

that descriptions of marmot dispersal in alpine habitat

taking blace over é'period of months, of early dispersers

we'ighing more in June than Yyearlings that disperse later, or

of yearlings remaining longer on sites where rates of
amicable behaviour were high (e.g. Downhower and Armitage

1981) may contain a degree of variatdon contributed by

phasing of the annual cycle at individual sites. I1f

"populations on different study sites vary greatly in

reproductxve phasxng, the overall dispersal period would be

extended anlmals‘from some sites gapld be heavier and

disperse sooner when measured again

& ~/

% a calendar date, and

" fluctuatxng béhaviours (e. g peaks of aggression or

o

\>,

amicability) might not be compared on an equal fooging. In

short, I believe that alignment of data to reproductive

‘events is‘essential to-the study of relationships between

-

.

maternal aggression and dispersal.

Adult females chased other ground squirrels most

' frequently from Period 2;(early births) through Period 4

(iate laCtation) After juvenile emergence and weaning in

Period 5, levels of cha51ng declined (Flg 3.2). Adult

'

female aggressxon assoc1ated WIth the 1nterval from

-

parturxtxon to weanmn is common throughout the order

‘Mammelxa (Klopﬁ$r et al, 1973), end has been partxcularly

5 , ' .

“well ,documented in laboratory studies of rodents. "Maternal

.

aggteésioh“ as.it was termed by Mgyer (1968,‘1976)ihas a
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number of distinctive characteristics including its rapid
onset (Benie%t~Noirot 1958),'the‘£éro¢ious nature §f attacks
underilaboratory’condifions (Gandelman and Svaée 1974), and
the fact that this aggression éan be elicited g; the
proximity of an individual that normally would not be

attacked (Brain 1979). There is also some evidence that
- g
submissive postures by recipients of a maternal attack are
ignored (King 1963) and that bites age directed at
vulneFable bbdy parts more freguently than in §ther fb;ms"of
figﬁting‘(Ostermeyer’1983). Typiéally, there are two Qeaks
of maternal aggression: the first appears during early days
of pregnancy and declines thereafter; the second and larger
peak takeé pléce between parturition”and weaning (Green
1978, Osterhéyer 1983). A series 6f‘experimeﬁts have shown
that a combination of circulating (or injected) hormones,
and.exposure to young (particularly suckling stimﬁla;ion?
result in animal'lévels of hatefnalvéggressio;; levels
decline at weaning unless extended by replacing aKfeﬁalé's‘
own young with neonate foster young at‘frequent intgrvals
(Svare 1976). | |
'Despite the inherent differences}be;weeh~labbrhtbry ana
field studies, a number of useful pafalléls can befdrawn
between the matéfhal aggression of confined yédénts‘and that
of wild Columbian ground : uirrels. Adult.fémales‘iﬁ this
studylshéwédzincreasea livels of’chasing in the interval
between parﬁufitidq“and { Yenile emergeﬁce, §imila;‘to ‘

changes in rates of attacking by lab rodents; this is
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apparently the free-ranging expression of maternal

_aggression, involving the same timing and distinctive

characteristics (sudden onset, attacking individuals that

‘would'normally be tolerated) but without the restriction of

L)

Ed

‘movement -which leads to ferocious attacks in laboratory

situations. Yeafling Columbian ground squirrels changed
sleeping burrows and no longer'uéed cénfral parts of their
previous home rénges after being chased away by their
mothers in Period 3. It appeared‘tﬁat behaVioural‘changes in
the mothers caused yeérlings to be excluded from certain
areas, and in ﬁartkcular, from certain burrows. Surveillance
of these defenéed areas showed that juvenile litters later
emerge?;ﬁrom‘natal burrows éhat had been closely guardéd by
resident mothers. Rates of chasing by adult female ground’
squirrels declined after Period 5, probably resulting from
hormonal changes and fhe»absencelof sucking stimulation, as
has been demonstrated for laboratory'rodents. In this study,

most' observations took place in the interval from birth of

.litters through yearling dispersal to fall immergence;

Festa-Bianchet and King (1984) started their behavioural
study with the spring emergence of adults, and reported a

bimodal curve of adult female chases. The first peak was

smaller and corresponded with early pregnancy, whéréas the

larger peak encompassed parturition to weaning. Thus

reproductive female Columbian ground. squirrels duplicate the
timing of maternal aggression reported for laboratory |

rodents, but in terms of chases rather than attacks.
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Site~spécif§c dominance‘andachasing by free-ranging female
rodeggs has been noted for lactating tree squirrels (Layne
1954, Shorten 1954, Taylér 1966), chipmunks (Broadbooks.

f?70), marmots (Ba;ash 1973), and gfound squirrels (McLean

1984, J. Murie pers. comm.).;

The Timing of Peak Ch;ses and D;spersal

Adult females typically chased fearlings most
frequently in"Periods 3 or 4 (Figs. 3.5 and 3.6) after the
majority of juvenile litters were bo;n. This was a
transition phase for yearlings since they had™Been tblerétea
and permitted to move freely until adult femaleé‘began to
exhibit maternal aggressioﬁ;'the yearliﬁgs.began to, spend
more time away from contested areas, thus ménaging to éyo}d 
aggreséive females ts‘a greater extent. Peak ghases'@ﬁong
adult females'typi;qliy oécurred iﬁ Peribd‘4 (Figs. 3.@vand
3.4) during~late lactation, demonstraéing‘that maternal *
aggressioh was still very much in evidence. On the 1984
Mestranol plot whefé there was no reproducﬁibn, few chases
occurred. On Site 4 where reproductidn was:known to be .
aelayed, and on the 1984 Site 1 sedatiéﬁ plot}\peak chéses~
of year}inés and adult females Qere'both;de}éyed..I suspect .
. that the Period 6 value fof’chases»amongvgéult femalés.pn“
1984 Site 1 was‘artificiéIi§;high since I was unable té"‘f"
'éedate squirrels on Day 65; omiﬁting the day in questf&n'A’<
would resﬁlﬁ in a'Period 6 value 6¥—6f8 chases per houf,
'indicéting that'pe&k chases occht;édTin'Period 5.

- P ‘

el
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'4Dispersers‘emigrated late from‘the delayed reproduction;
-'site’each year; and from the Slte 1 Sedation plot in-1984;'
peak chases of both yearllngs and adult females were delayed
on those plots The 1983 Site 2 sedation plot produced 'two
~of the latest dlspersers yet had no lags 1n peak: chases of
yearlxngs or adult females, the 1983 Site 1 reference plot
‘had normal dlspersal but a delayed peak of chases among
=adult females. It seems that -Athe timing of‘peak,levels of
‘@haslng on each sfte was not a reliable indicator ofvthe
timing'of‘dispersal there. ThlSrls-not'surprising Since
‘dispersers came from Qithin indlvidual maternal home ranges
nwhere the’ re51dent female may have reacted dlfferent’y than
Ithe mean number of . chases_on the ent1re area would 1nd1cate
As aell, each yearling had its own c1rcumstances to contend
. .Qith Hlncludlng,proxzmlty to aggress1ve adults, numbers of

. surviving lzttermates, and ava11ab111ty of nearby | i
uncontested space. yean rates of chas1ng apparently provxded
only an overview of the‘general cllmate of aggre551on .
prevalllngvon dlfferent‘s1tes,

——

.)‘"

“—Conflxct of Interest Between Adult Females and Yearl1ngs

Columbtah ground squlrrels dlsperse as 3uven1les at low’-:

’elevatxons in Wash1ngton but postpone~d+spersal to the
followxng summer “in the foothllls of Alberta. Juvenile
_Columb1an ground squ1rrels from 1540 m elevatzon 1n Alberta
’nhad an average wezght of ' 328 (males) and 318 g (females)

"7at the end of the1r f1rst summer (Boag and Murle 1981b)
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:whereas juvenlle malés from 760 m elevatlon in Washlngton
finish thelr summer wezghxng approxlmately 470 g (B.
Weddell pers;\comm ). Juven11e Columblan ground squxrrelsﬂ
in the: foothllls of Alberta may- have an actlve season of
‘only 45-55 days - 1n their first summer (Boag and Murxe 1981a
Festa-Bianchet’ and Klng 1984), ground squirrels ‘that. |
dlsperse as juveniles are active for~approx1mately 100 dayek
in their flrst summer and h;bernate at a weight more cloeely
| approachlng that of adults (chhener 1977, McLean 1981 |
Weddell pers. comm. ). The 1mplxcatlon is that Columblan,
ground squ1rrels from hlgher altltudes and latltudes may be
'unable to ga1n suff1c1ent wexght to bear the - costs of
juven;le dispersal followed by successful,h;bernatlon;
Indeed, Murie and Boag.(19§4)'have‘shewn that juvenile‘\
eurvivel'ouer uinter is significantly related to body
weight. Yearling dispersal may heve been seleeted for in
Alberta as a means ef.improving‘the surviva1|of young
anfmals, much as Barash (1973) suggeEted for marmotélthét
delay dispersai. Johns and Armitege\(1979) proposed ;hat the
‘preduction of new‘litters‘by;adult female yellow—bellied
marmets limifeé Ehe extent‘to which their prior lﬁtters'
could delay dlspersal' thlS appears to be the case for .
'yearllng Columb1an ground squ1rrels as well but other
'factors must be 1nvolved for ground squ1rrels and.marmots

\ “that dlsperse w1th1n thexr flrst summer, since feproductlon

. &
'.does not occur agaln untll ‘the - follow1ng summer.
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. ‘As a result of delayed dlspersal in Alberta adult
Hffemale Columbian ground squzrrels face a confllct of
Iygnterest (Tr1vers 1974.) .each sprlng They have harboured
last year's lxtter as long as posslble thhout jeopardlzlng
‘the success of thls'year s litter. Thexr yearllngs did not
‘disperse as juvenlles and have been reaplng the benef1ts of -
'ph1lopatry~(Waser and Jones 1983);‘If an adult‘female now
-fbecomes pregnant ;t-is'in her”interest lo disperse last
'year s offsprlng and begxn 1nvest1ng in her new lltter, her
ryearlxngs however mlght find it advantageous to contlnue’
” shar}ng her home range. Note that there is no contiict‘of
tnterest if-the-adu}t‘female is not pregnant;

| ‘Disbersal.prompted by this arrangement takes'placefat a
time of year thatrafr{avourable to yearling surv1val this,
is a direct beneflt to the dxspers1ng young but also
‘beneflts the mother 1n terms of 1ncrea51ng the success of
Igenotypes to whmch she is related by 0 5 ' (Hamilton 1964 |
'Krebs and Dav1es 1981)". -Past authors have con51dered the
‘advantages of dlspersal from the v1ewp01nt of parents
(Anderson 1980, L1berg and von Schantz 1985) dlspersers
(Murray 1967 Greenwood 1980 Dobson 1982) or nonszpersers
' (Greenwood 1980 Waser and Jones 1983) but the system of ’
‘d1spersa1 descrlbed here may have advantages for both

"mothers and offsprlng Some authors have argued that 1t 1s,

funllkely that dlspersers ga1n any beneflts because most

'-'probably d1e soon after em1grat10n (L1d1cker 1975 Schmutz.

'f”et‘ll.m1979)¢;1 found no s1gn1£1cant~d1fference'1nhtheuc
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survjval of dispersers and nondispersers uithin their
-yearling summer, that members of both groups survxved to
‘reproductlve age, and that male dlspersers achxeved a wexght
advantage_over nond;soer31ng males (Papers 1 and 2).

[

" Female ferritoriality‘ ‘

Durindrthe'interval hetween birth of‘iitters and
juvenfie emergence (Periods‘3 to‘S) reproductxve female
Columblan ground squ1rrels defended the area around natal
‘burrows agalnst intrusion by other ground squ1rrels Female:}
aggression and terrltorlallty assoc1ated w1th reproductxon
has been reported in- several spec1es of ground squ1rrels
‘”-(e:gtislade_and Baloh J974,§Dunford 1977, Michéher 1§79V

ﬂ'Festa;Bianchet;and‘Boag'19@2,~McLeanm1§%4), usuallyﬂat—hfah‘
-density. Festa-Bianchet‘and‘Boag (1982:}064) 1mp11ed that
“‘high;density might he a~necessary‘stimulus‘to terr1tor1a1
'behaViour;'I concur with McLean (1984 331) that terrrtgrlalh
behaviour is more llkely to be notxced by invest1gators
" work1ng w1§h hlgh populatlon den51t1es. More anlmals are. apt
to encroach upon natal burrow locat1on§>1n dense L
populatlons, resultlng 1n more chases by reproducthye adu&t
dfemales. In other words, rates of’cha51ng may be an artlfact .
”iof populatlon den51ty (more trespa551ng) and may not 1mply |
hthat maternal aggre551on and defence of offsprlng vary on
»151tes of dlfferent den51ty.‘Presumably, all adult females

-have a, vested 1nterest 1n 1ncrea51ng offsprlng surv1va1

nithrough reductlon oﬁ 1nfant1c1de (Mlchener 1982 Sherman
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hjterrltorlallty on the grounds that they saw few chases on.
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‘1982,‘McLean 1983, Waterman 1984, Brody‘and Melcher”1985‘

Wolff 1985). The underlylng motlvatlon for these defen51ve,"

behavxours appears to be reproductlon related hormonal

'“‘changes and sucklxng st1mulat10n (dlSCUSSed earller) i.e.

¢

these st1mu11 are experlenced by 1nd1v;dual adult, females

'1rrespect1ve of local dens1t1es

Some authors have dlsmxssed the role of aggressxon and

"

i

‘ytbthelr‘study-sxtes (Yeaton 1972 Dobson 1979)’-In addxtlon to

the effects of dens1ty on probabilltles of 1nteractxon, it

is possxble ‘that a good deal of aggressxon 1s commun1cated

\

by means other than chases and f1ghts. Lyon et al Q19BS)

descrlbed subtle threats such as p1loerectlon back archlng o

and vocalxzxng ‘that effectlvely per1pherallzed" a captlve‘“

htwo year- old female prlmate (Calllmloo goeldll) once her

Hparents~gave bxrth.to a new offspt;ng. Columb1an.ground
"hsquirreis‘have a behaviourai‘repertoire'that"includes o
Hvarlous threaten1ng vocalizatlons (e g. growls) o
'toothchatter1ng,‘ta11bush1ng, dxsplac1ng and scent marklng,.{‘
‘as well as unknown subterranean 1nteractlons. K1vett (1975)b

,“and Festa Bzanchet and Boag (1982) have establlshed that

4

"'scent marklng is related “to. aggre551on and terrttorlal

‘w’behav1our- I have descrlbed burrow changes and underground
hth;fspac1ng that may be related to aggress1ve behav1ours'd

.vf in(present study) Webb (1981) suggested-that aggress1on:_;hw;"

.7?(attacks, chases and flghts) was only necessary to st1mulat>“'

'bemxgrat1on from patchy habltat where unsultable surround1ngs

.
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. Yearl1ng Compet1t1on

1ncreased the reluctance of potentxal dlspersers to leave,

1t may be that the most overt forms of aggres51on only

’

become obvxous where young anlmals are unable to avozd

\ confllct because of surroundxng habxtat barrlers or hxgh

populatlon den51ty .

{ : —_—

leen that female terrltorxallty has been reported _
‘ among other spec1es of ground squlrrels, the unusual feature‘

of S columblanus in Alberta 1s that surv1v1ng offsprlng ‘”f”

from the prev1ous year are Stlll in place durxng the1r

yearlxng Summer to experlence a behavxoural change in the1r

a

mother; Thus maternal aggress;on and assoc1ated

terrltorlallty appear to have a secondary effect of creatlng

behav1oural and spatlal pressure t1med to the reproductlve
cycle° the resultlng confllct of’ 1nterest" between mothers

and yeaTllngs 1s resolved by the dlspersal of some or, all

yearllngs from each maternal ‘home range, ' .
> ' ! " ' .

[

My results 1nd1cated that whether or not yearllng males

d1spersed was dependent on the presence or absence of close j L

female k1n w1th1n the maternal home range. S1m111ar

-”

tenden01es have been not1ced by other researchers- young
E TR

male S r1chardson11 (Mlchener and M1chener 1973)

legans (Pfe1fer 1980 1982) and S.‘columblanus (W1ggett

e

d1sappeared (no comments were made regard1ng 51sters) Th1s

suggests that males have some flex1b111ty 1n d:spersal %"

158

Sy

pErs. cpmm ) were less 11kely to dlsperse 1f thelr motherskd*H
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‘rbehavlour; that there are advantages to be galned by
-‘retaxnlng a famlllar burrow ‘and . home range, and that males .
“wgulg gg_z except for the presence of female kin.

W1th1n sprrng groups contaxnlng females yearlings-that‘

'were able to 1nteract wlthout frequent adult female

‘harassment appeared to be domlnated by a yearlxng female in -
"'each case; the domxnant female remalned phxlopatrlc whereas‘w
the other yearllngs dlspersed It was dlfflcult to assess |
domlnance within sprang groups that were regularly harassed
by adult females however nond;sper51ng sxsters were‘ |
heav1er than dlsper51ng s;sters w1th1n 5 of 6 groups
f,contalnlng more than one female yearllng (Paper 2),Iand
‘heavy~ females may have -had an advantage in compet1ng for
ldomlnance. Overall yearllng femalesswere the aggressors 1n
more chases than yearllng males. Sprxng groups. of yearllng
males chased other yearllngs but d1d not chase other members
: of the1r group. These observat1ons"appear to 1nd1cate that “

‘lalthough yearllng males vere generally heav1er than yearllng.

‘females (Paper 2) they were not as aggre551ve and d1d not

“‘zcompete w1th other 51bl1ngs to be ph1lopatr1c. The fact that

‘Tfall female d1spersers came from spr1ng groups conta1n1ng two

or more females suggests that yearllng females were more

"1Qs1te tenac1ous than yearl1ng males and were unl1kely to be

rﬂ§“d1slodged from thEII natal area unless a 51sterrwas present

wajpfelfer (1980 1982) reported that Juvenlle female WY°m1“9

}g ground squlrrels (S elegan ) 1nteracted more aggressively ,f

'~?'among themselves than d1d ]uvenlle males or. male/female L
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palrs. ‘She concluded that competltxon to remaxn 1n‘th§ natal'
area and possxbly 1nher1t the mother s, maternal burrow slte
‘was the dr;v1ng force behlnd female dlspersal Female |
Columbxan ground sgu;rrels often 1nher1t thexr mot;er s home ¢
range (Harrls ‘and Murxe 1984) and there are kxnorelatedv
advantages to. remanning in the v;cxnxty otnthe\natalgsitey
‘(Sherman 1981 ‘Mlchener-1982 Waser and Jones 1983)

Site- tenac1ty may be a prlmarlly femalelcharacterlstxc that"

h'develops durlng the yearllng summer for Albertan‘S - ﬁ”

i

columbianus' and earller for most other ground squlrrels

M1chener (1981) found that Juvenlle Rlchardson S. ground
lsgu1rrels rap1d1y acqulred the spatlal and socxal patterns
g‘oharacterlstxc of adults 'exhlbltlng sxte dependent |
domxnance on. xndxvxdually dlStlﬂCt core areas at 9- 10 weeks

of age, by 12 weeks of age juvenlles were behavxourally

1ndlst1nguxshable from adults She suggested that juvenlle

N dxspersal in S. r1chardson11 was . related to a squxrrel's
[y

1nab111ty to approprlate a port1on of 1ts mother s home
'range at 9 12 weeks of age wh1le aggre551ve behav1ours weref
uemerg1ng S1nce dlspersal 1s_typ40ally male b1ased 1nv
R1chardson S (and all other) ground squ1rrels, ‘hel:D‘
'1mp11catlon is- that females are more llkely to develop
lh51te tenac1ous behav1ours,_?fe1fer (1980 1982) argued that“

. 7.
VI’females are selected to be 51te tenac1ous 1n order to galn

{

rphllopatrlc reproductxve advantages Spec1es of ground

M

"'squlrrels whzch dlsperse as . Juven11es are known to acqu1re

B

75{the1r behav1oural repert01res rap1d1y (Balph and Stokes '
' N i . . . Y \ N P '
' !VX‘

(AR
e
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P

1963 Dunford 1977,(Clark 1977) whereas Ferron (1984) has~

shown that Columbxan“ground sqdlrrels are relatxvely delayed

1n development of agonxstlc patterns. A - '
Wound Data . ' L S o

Wound datthas limitations in terms of identifying the

| aggressor #and the t1m1ng and c1rcumstances under whlch the

%
'

wound was' recelved On the other hand, wounds provlde

v
angzble evxdence of aggress1on and are’ the only lnformatlon

avallable on aggressron that may have OCCurned underground

A\

or after the dally observatxon perlods o y“ ‘ "‘: .

.l

' Generally, wound data rexnforced 1nformat10n from L

o

observatxonal studnes.‘Adult males and females recelved some '

early season wounds probably in assoclatxon wzth breedlng

aggre551on but most wounds were: observed in: Perxods 4 and

5, at or shortly follow1ng the hexght of adult female
aggre581on: Yearlxngs had no wounds in Perlod 1, 8 stage
“when they ‘were tolerated by adult ground squxrrels and when
the1r 1nteract1ons w1th other yearllngs were playful wOunds
in Perlod 2 may have been related to the b1rth of 11tters
and changlng to new sleep1ng burrows. The peak of woundlng,‘.

observed 1n Per1od 4 ;could have. resultgd from adult female o

chases durlng Per1od 4 and the latter part of Perlod 3

) well as yearllng compet:tlon that was apparently taklng

g place above and below ground at that t1me;\Per1od 4. wound1ng

corresponded thh thexbeg1nn1ng of yearllng dlspersal after

«

dlspersers left study 51tes, they were rarely wounded

|
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‘ The presence of wounds dad not appear to be related to .

1

the predlspOSltlon of males to dlsperse ‘whereas females‘
‘that recelved woundStwere twlce as llkely to dlsperse as

females that dld not receive wounds From behav;oural

observatleﬂs presented earller, wounded female dxspersers
were llkely the losers of aggressxve competxtlons thh

female 51b11ngs. Th:s xdea is supported by ‘the fact that

female dlspersers welghed less than female nond;spersers L

(Paper 2) ‘,' a"“" I :ﬁ.“ ' R

Ultxmate Repercu551ons of Proxlmate Aggressxon

The results of thlS study 1nd1¢ate a. prox;mate role ﬁor

"

v

aggressnon 1n oulng the dlspersal of yearllng Columbxan

.

ground squlrrels.,Maternal aggressxon ﬁrom reproductlve o

females apparently sznchronlzed dxspersal by dlsplaczng

! il e -

yearl1hgs from areas near natal“burrows to spaces between '

N l

female terr1torﬂes' here yearllngs appeared to compete among

" [P £

) L
themselves, as suggeste- by su/Face aggressxon and

ol subterranean Spacxng behavzour, Yearllng males were less

A
-

51te tenac1ous than yearllng females and dlspersed unless

w] they had no mother or 51ster to compete w1th yearllng

i
[

females that dlspersed were subordlnate 1nd1v1duals from

k] .

"

through dlsappearance or. sedatlon of the mother dlspersal[fhl‘

could st1ll occur through yearllng competltlon but was less
5ynchronous.‘L ”fglfﬂbgw, o ”‘f‘f f"i;ﬁ” "u‘f ]ﬁ K

ol

mu1t1 female lltters.‘lf maternal aggre551on was dlsrUptedﬂ,J
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ProXimate aggresonn,,as described above, maf havg
L N |
Jprov;ded a simple and flexible set of rules by which the

actxons of mother, and offs‘s’ng were attuned to ultimate

v [

forces impingaing on‘them. Maternal home ranges and burrow
B - Al ' .

systems can be viewed as ‘spatial units related to

reproduction within ground squirfel colopnies; if all
-

yeapl;ngs were retalned within the .maternal home range, the

~
K v,

v # .
QSUGQQSSgOf,SUbSEQUEHC }1tters would .be jeopardlzed through

depletlon of resodrces just as surely as the “fence effect”
(Krebs et al '1969) dép{eted resources of voled that could

> . ' : *

not disperse,. Some animals must leave, or the inclusive

i

fitness of the motherfand her offspring"wouid suffer. In.the

: LIt
\ »

event of reproductxon /maternal aggre551on from lactatang o
females provided a de?ended space to 1mprove the SurVIVal of »

vulnerable juvenxle lltters When adult females did not. " -

Y . )

become pregnant, thxs spac1ng mechanlsm was not acsfvated

..

1

and yearl1ngs could rema1n, depeﬁdlng on 1nteractlons,amoqg*
N ‘ . 4 »
" . . . . ! . + (> '
-littermates. | , ‘ S ' .

\ . Any mechanzsm that résults in dxspersal b&

~

bredomlnately one sex has the theoretlcal aéyantage of

e

5&3}d1ng 1nbreed1ng among close kxn. In fhls system female

4

/yéé?llngs tendeg to remain phxlopatrlc unless they were

an

outcompeted by a 51ster' male yearlxngs tended to dlsperse'

“unﬂess they had ho mother or sister to compete wlth The

,.x

e

L ultxmate conseguence vas. that‘the chance of inbreeding e

fbetween mothers and sons, or sxsters and brothers,_was much

R
o RS '.’." L . . . s
N . .
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Aveidance of inbreeding might be accomplished whether
P ‘ .
males or females were the predominant dispersers; for.

example, birds typically exhibit female-biased dispersal

(Greenwood 1980). In the case of ground squirrels, there are

'

several benefits associated with a mechanism that encourages
yearlxng males to relinquish the maternal home range to a
surv1vxng mother or sister. One is that females have much to
sgain through.philOpatrX and littlegto»gain through
_dispersal. From a female viewooint a maternal burrow system
and assocxated home range are essentlal to reproduction.
‘Dunford (1977) thought that ground squlrrels could dig -
burrows quite easily, but Phillips (1984) has shown that
costs of pregnancy delay the onset of the prehibernation
“beioht.gain pefiod by appfoximately.GQ days leaving a very '
narrow safety margin for reproouctive females; the |
additional cost of time and energy incurred by diéélng new

burrows would :likely be detrimental to female reproduction
‘ ?
and survival. Furthefmore, females 1nher1t1ng a burrow

{\
system on or near the1r natal site have advantages of ¥site

familiarity and.kin-related cooperation (Shermah 1977;11981,
. N 1 X

.
£

Waser and Jones 1983).to improve litter surviyal. Thus -,

females should be selected to remain phllopatrxc, and MNey
compete aggre551vely to do so (Pfe1fe{\1980 1982, th1sw

’

lstudy).

o

Males have no s1m11ar requxrement for an elaborate
2
burrow system attain h1bernat1on wexghts w1th COmparat1ve

-edse (Ph1111ps 1984);'and are not dlrectly 1nvolved in the -
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sureﬁval of litters (Sherman 1981). Moreover; there may be
'someyadvantages to male dispersal. Ground squfrrels are
polygynots and’a reproductlve Wale has the potential of
mating with as many as 11 females {Sherman and Morton 1979).
1f brothers and fathers fertilize the same females, or if
brothers and fathers inrerfere with each other while
competing for matings, they are wasting their inclusive
reproductive potential. By dispersing to invest their |
related genes in different females and more litrers, aad by
not impeding the reproduction of males to which they are
clqsely related, male kin may‘be able to increase the spread
‘of.their éehes'through the surroundiﬂévpopulation. In
coAtrast, whether a female is fertilized by one mate or many
(Han&en and Sherman 1981),'she_produces one litter;
preSQmably, ‘her best'strategy is to maximize the survival of

that litter through her control-over resources and location.

Yearlxng male S. columbxanus that emxgrated were able to

gain more wezght than nondlsper51ng maLes, which could be an:
advantage in terms of recruxtlng into the breedlng " N\
populat10n° dlspers1ng females achxeved no comparable wexghti
advantage (Paper 2). s & '.;

A number of authors have proposed evolut1oaary~
hypotheses vo explaln sex related dvfferences in dispersal.
Greenwood (1980) hypothes1zed that the predomlnant
occurrence of male’ ghllopatry in blrds and male b1ased
‘d1spersal in mammals was a result of d1f£erences in mating

systems. Bzrds ateitypacally.monOgamous and territorial, and
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4
under these conditions males should gain advantage by
defending resources to attract females- they can best: defend
. Mo
resources on familiar ground where kin- related advantages or

at least "dear enemy" recognitionﬁgwilsonj1975, Jaeger 1981,

Muriey and Harris 1984) could reduCe their costs Mammals are‘

typically polygynous and defend mates. Since intrasexual

competition is more intense among males than females

(Trivers.1972), young males may be forced to disperse dn .

order to reproduce, or-may gain an advantage by dispersing‘

. to encounter more females. Dobson'(19$2) continued the above

theme, but emphasized the importance of competition fo
mates as a force influencing the dispersal of male m mmals'
from polygynous mating systems. Dobson thought that
aggress1on from territorial males limited the reproductive
opportunities of ]uvenile males and suggested that young
males should disperse 1f they were not dominant enough to

1

procure a part of the natal territory - provided that

territories could be&found elsewhere. Liberg and von Schantz-

~

(1985) also recognized the importance of mat'ing systems but

[pointed out that‘the tyo former»arguments were based on
1nd1v1dual selection advantages conferred upon young
dispersers and nondispersers..They found it more‘reasonable
to\assume that the: parents were 1n ‘a posgtion to eV1pt
offsprlng and proposed the "Oedipus hypothe51s whereby the
sex . that could cuckold either parent would be driven: out. by

that parent. R

-~

,



males to delay d1spersal unt11 the followlng spr1ng in case

- an adult male should d1e overw1nter. Dlspersal appeared to .

167

The aboVe evolutxonary hypotheses have prox1mate

'predxctlons and assunpt1ons that I would like to address in

‘terms of Columbran ground squxrrel dlspersal There was no

.ev1dence that natal dlspersal by yearling males resulted 1n

1mmed1ate exposure to more females- mogt yearlzngs settled

- on edges of forest or shrubland where hlgh predatlon
lprov1ded empty burrows and a sparse populatlon largely

. ™
cons;stxng of other yearlxng maleS'(Paper 1). Yearllng males

were not expelled by adult males as . 1mp11ed by Competitlon
for Mates, and expllcxtly requlred by the Oed1pus | |

Hypothesis; dispersers emigrated almost a year prior to”~

adult male territoriality. If competltxon for mates were the

only consxderatxon, 1t mlght be advantageous for yearl1ng ‘ j
1 ﬂ . {

be dependent on the survxval of mother and siblings within

~

the patal home range, not on the occurrence of potentlal

\errztorxes elsewhere as suggested by Dobson (1982); there °

S an abgndance of low den51ty edge area nearby,lbut male
-

; yearlxngs remained phxlopatr1c if the1r natal home range was

:notgpccup1ed by the1r mother or. s;ster. Dobson (1982) d1d

51 - f;.‘\ A

not“%on51der that costs of female reproductlon hao a bearlng.

- xunfemale phzlopatry although he prev1ously showed resources
‘fto beﬁdf part1cu1ar 1mportance to female Callforn1a grouqd 2
.:squ1rrils, S beechez (ﬁobson 1979) 1981) Columblan ground
HSqu1rr dxspersal appears to’ support several of Greenwood' ‘

‘1deas 1n gpat the advantages to phllopatrxc females and

- - v X ot (R .a_‘

M ) . . . . vy . v
: ! ‘ . oo i e . L . N P . ., ! v A N ’ N = St . * " . -
: N R e, . B . . . . . . . N -
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i

dlsper51ng males (dlscussed earller) are largely a
consequence of the mating system and result in reduced
probabilities of. close 1nbreed1ng . ™ S

A paper of great relevance to dxscusslons of ultimate
hypotheses is that of Cockburn et al (]985) Those authors
lstudled a dasyurid marsupxal AntechxnUs, that exhxblts the
'maleﬂblased dlspersal typzcal of’ pOIYQynous and promxscuous
mammals, but is unxque in havxng dlscrete generatlons of |

‘

adult males. As such, the’ Competltlon for Mates and Oedxpus

\

hypotheses appear to be ruled out The conclusion reached by‘

o
A

the authors was ‘that 1nbreed1ng av01dance was sufficient ‘h'f*'“

explanation for malerb1ased d}Spersal.'I suggest that thef:
Antechinus findlngs‘haVe similarities‘to results of the
\present study, although we differ in 1nterpretatlon.

-

Cockburn et al. (1985) reported that young males dxspefsed
, abruptly; that‘male dispersal from within-littersrwas often
complete, and that juvenlle females were hlghly phllopatrlc.
When the mother was al1Ve, all SOns dzspersed upon removal
;of mothers, sons c¢ould be phzlopatrlc (1 e. mothers had a’

';d1rect 1n£luence‘on dispersal). In the absence ot‘the

motherJ‘one male or'female 5uvenile inhErited the homé'range
'ywhile all others dlspersed or dled (i'.e. there may be

' yearllng competltlon) The authors speculated about whether

1s1sters or brothers’ were dom1nant based on body 51ze, but

provlded nﬂ‘behav1oural data°'ma1e S columblamus and . :ii.}ff“

!

Antech1nus were both larger than the1r 51sters, but females
s .

“were more domxnant and s1te teq§c1ous 1n the case of S.,:*

T
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(

”columbianus In short there are dlfferences in the blology

of Columblan ground squ1rrels and Antechlnus marsuplals but.

sxmxlar1t1es in d1spersal ralse the pOSSlblllty that cues

such as - adult female aggression and competxtlon amongr

»

offsprlng may be 1nvolved 1 agree that there are llkely

ultimate advantages to 1nbreed1ng av01dance, but this alone
would not indicate which sex should be the predominant
[ : . . . e

. disperser; 1 suggest that the benefits to females through‘“
philopatric behavioor Qfamiliar restrces,,presence of kin,
a&oven‘nesting sites)‘~and advantages gained by‘malesiin
1ncrea51ng the1r 1nclus1ve reproductxve potentlal through

‘. ‘dxspersal may have both contrlbuted to. the evolutlon of

male—biasedydlspersal in this species.

Recent‘studies af yellow—bellied marmots  and

black talled pra1r1e dog!bbear anaiogles to Columb1an ground
sqplrrel dxspersal Brody and Armltage (1985) found that 6/6

(100%) female yearllng marmots’ and 1/4 (25%) male. yearl1ngs

rema1ned phllopatr¢c in an adults removed colony untll

m1d August (the male later dlspersed) 1n contrast only 1/4
(25%) yearrrng females and zero (0/1) male yearlxngs v

:i_remalned on, a reference 51té They concluded that agonlst1c

-

1nteract1ons between adults and yearllngs were not negessary mf
for dlspersal to occur, and that the proxﬂmate causes of '%_57
d1spersal vére not the same for both sexes. Certalnly, the‘f

Loe g
.dl‘

‘jabsence of adult*females had a. large effect 51nce 6/6 female

rema1ned Phllopatrlc 6n the area dur1ng 1964 81 I suggest ffaf

TEL
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.that maternal aggre551on xn the reference colonv may ha e
ﬁsynchronlzed dxspersal and forced young marmots to.co pete

(.for space, with the result that only one yearllng female
remalned The lack of adult females in the experxmental |
colony meant that more yearllngs could stay, and 'the space
was then occupled_by site- tenac1ous.temalelyearl1ngs, ‘the
late male diSperser was«similar to some;male ground"
'squlrrels (sedatlon plot or no mother) that dlspersed late.

"It is not esseiitial that proxlmate causes of dxspersal -
differ for.males and females, provided that the two sexes
react differentlv; as“seems;to-be the case‘for Columbian

/ ground‘Squlrrels; Garrett and Franhlin (1986).proposed‘that

dlspersal of yearllng black tailed pralrle dogs was
prlmarlly 1nnate but that males mlght be 1nfluenced by aay

0

lack of,related females, whereas female d1spersers might be

Fe3 ' "
attemptlng to secure adequate resources for reproductzon.
They“found that’most“1ntercolony'dlspersal occurred w1th1n

)the flrst two weeks of June and speculated that the- t1m1ng

7'of dlspersal«may have evolved to c01nc1de w1th abundant food

, ‘and cover _wh1ch would llkely 1mprove surv1val durlng

~ .

long d1,~ance travel Whlle acceptlng the loglc of thls'

”f;p01nt, I suspect that favouraﬁle cond1t10ns fo: d:spersal

"fare not as predlctable and t1me 11m1ted as seems to be d_ﬂn '
‘j.1mpl;ed by’a concentrated annual‘dlspersal perlod‘1nlear1y S
VSLJune. Most Columblan ground squirrel d1spersers emlgrated L
ﬁf w1th1n a few weeks 1n m1d June, yet cover appeared to """1‘?




galn we&éht‘until just before hihernationn(Paper:é)
.1nd1cat1ng that food was still abundant. Intercolony
dlspersal of Yearl1ng pra1r1e dogs‘occurred at approx1mately
the tlme of Juvenxle emergence eaph year (Garrett and o
: Franklxn 1986) I suggest that thlS emlgratlonrmay have}been“\
llnked to the reproductlve cycle of adult.females, as” o
appears fo be the case for at least two species of”marmots
(Johns and Arm;tage 1973 Holmes 1984) and Columblan ground
squirrels (Festa{hxanchet and King 1984 present study)
‘.In‘thisdstudy, there was no ev1dence of 1nnate
dlspersal (Howard 1960) whereby certaln 1nd1v1duals
-“emlgrated regardless of external factors and no. 1nd1cat10n
» . of genetlcally predetermlned dlspersers and nondxspersers as
‘envisioned by Krebs 64978) and others; d1spersa1 of both
se;es appeared to be related to ex;ernal local cues.. It
would llkely be maladapt1ve if dlspersers were rigidly
preprogrammed to abandon uncontested natal sates or to
overburden crowded maternal home ranges. The ‘only

Y.

"behav1oural polymorphxsm that could be 1nterpreted froﬂ
thlS study was\the tenden&y of female: to rema1n phllopatrlc
o unless OUSted and the prﬁdlsp051tlon of. males to yleld to”
female sxte tenacrty..Such\tralts may stem from ba51c sexual
d1fferences 1n behav1our est;hl1shed hormonally durlng thelj‘

neonatal per1od (Phoenlx et a1 1959 Holekamp 1983) i.g

may provzde the raw mater1al upon whlch natural select1on ﬂfe
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In conclusion, disperSlng Colunbian‘ground‘squirrels o
‘appear to respond‘to'simple‘proXimate cues ‘related to- “3 o
maternal aggression and yearllng‘competxtxon, whxch reflect
hthe reproductlve opportunltles avallable w1th1n maternal
home ranges. The resultxng dispersion of. closely related
1nd1v1duals appears to 1nvolve male and female dlspersal
‘ dadvantages yearllng surv1val yearl;ng selectxon retentxon:

of the maternal burrow among close k1n phy51ca1 protect1on )
© of vulnerable juvenlle lltters and some adjustment of
numbers ‘to the f1n1te resources of}a maternal home range; as‘-j :

such thlS system may maximize the 1nclus1ve fxtness of

.

mother and offsprlng beyond that whlch selflshly act1ng
‘.1nd1vxduals would attaln if not: d1rected by rellable Tues.
" Presumably,‘ancestral Columblan ground squ1rrels that

responded to approprlate cues rece1ved reproductxve_k

,advantages, which when passed to progeny and selected
through tlme resulted in a proxlmately tuned d1spersal

'fsystem Tpe ‘ultimate . forces behlnd Columblan gr0und squarrel
3 3 f
dlspersal appear to be ‘a balance of not over explo1t1ng

f}resources wh1le ga1n1ng reproductlve advantages of female

‘phllopatry, real121ng male reproductlve potentlal, and

‘vvdecreas1ng-the poss1b1lfty of motherrsoa end SJSter brother

. .\ ' . . . v f . - Yd . ' .
Y L. R . . W o - ' . . S . g ol -
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‘Table 3. 1 - Sprlng den51t1es/of adult and year ling
Columbfan ground squirgels per hectare on the four

-study sites over three years. E o : k

__-_-___-_--__;_t__-________,__,_-_e_;____ 'ﬁg"
| Site A

Year TR 3 4 |
982 22 o - 30, ‘
1983 .25 - | 52 24 30 K |
1984 33 32 21 30 R

, C L

Table 3 2 - Percentage of year11ngs dispersing from
~each site”in each year (total yearl1ngs present '
~in parentheses) \ .

‘{982 BO-.17 — - . - 100 50
wﬂim - (3) ()

1983 " 62 S50~ 100 O 60 O 80 -0
T (8) (4) \\(5) (2)a (5) (1) (5) (2)

1984 100 670 60 0 0 0 100 33 | |
" m)(ma\/w)(n ,w)(mb (2) 3 ﬁ

a Adult females were. sedated.
‘b - Adult females were. ster1llzed
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" Table 3.3 -~ Mean and ﬁedian (parentheses) diépersal
 dates of yearling male Columbian ground squirrels.

o
N , R
—'-f—\f--‘—-ﬂ—\—~\v-—»-~ﬂ—~—~—~—~———~~~—-\-—:|— ——————————————— ‘
Site "~ : :
’;:_"""'“"‘"“""""" ““““““““ Fom =
Yeanr 1 2 3 4
..................................... gmmmmmn
o ' . : ) —
1982 - 54 (54) N - (66)
4 S E o . -

1983 - 49 (49)  68.(57)a és (57) 60 (61)

1984 60 (60)a 55 (55)“; b . 59 (59)

{ ' .
~a  Adult females were sedated L ‘
b No Blspersal from the Mestranol treatment.
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; ' o
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L Fig. 3,1 ~ The timing of dispersal relative to the date of
initial juvenile emergepce, ﬁay 50. A, All years combined,
B, Separated b;.fears and study sites (nuﬁbers 1-4). This
figure represents 30 male Qisberéers and 8 female dispersers

whose exact'day of* dispersal was known.
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Fig. 3.2 - Frequency‘of chasing by adult females on Site 2

in 1984.
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b

Fig. 3.3>~ Chases among adult females on Sites 1.and 2.
Reference and sedation treatments are indicdted by "R" ahd.
"S". Intervals during which adult females were sedated are

shown with horizontal lines. N
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Fig. 3.4 - Chases among,aduiR féhéies on Sites 3 and‘4;

Reference And‘MéstraNOI'tféatments are.indicated by "R" and:

"M". .v ' , — Lo ,'

v
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Fig. 35 - Chases of. resident yearlings by adult females on.
_Sites; 1 and 2.‘Symbois‘ as in Figure 3.3.
N - e o ’
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Fig. 3.6 - Chases of'fesident‘yearlings‘by adult'femaleé on

»

,Sites’ﬁ.ané 4._Symbolsfastin‘Figuré 3.4.
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‘Fig”7 7~ Chases per hour present, and attendance, of y
‘ ! ‘
dlspersers (D) and nendlspersegs (N) ‘on 1984 Sxte 2

, :
h (reference’?lot) Solld lines are rates at whlch 1nd1v1dual

"

-

L

yearlxngs were chased wh;le on the s;te, grouped accordlng
. .
to dxspersal status. Broken 11nes are attendance

1 b

(scans seen / total scans) o
/‘ ’
S e N

L ot : . : . . s
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Fig. 3.8 - Chases per hour present, and attendance, of

dispersers and nondispersers on .1983 Site 2 (sedation plot).

Symbols as in Figure 3.7.
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Fig. 3.9 - Chases per hour présent, and attendance, of
dispersers and nondispersers on 1983 Site 1 (reference

" plot). Symbols as in Pigure 3.7. .



207

FONVANI L1V |

20

v0

901{-

80

o't

Ot 6 , S

aoiy3d

/NI'TZ

1e1

6°0

- ONIMYVIA /LNISIUA HNOH /SISVHO

“0eC -



1

Fig. 3.10 - Chases per hour present, and qtténdénce,.of
dispersers and nondispersers on‘1984 Site 1 (sedation plot).
Symbols as in Figure 3.7. Horizontal line shows sedation

interval.
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;Fig 3,11 - Home ranges'and‘burroﬁs of adult femalé #77 and
her flve yearlxngs. Burrows are~ M, ma1n maternal burrow, J,
natal burrow where Juvenxles flrst emerged Y] burrow where
'yearlrngs usually slept before.;he birth of new litters; ¥2,
burrow-QhEre yeariinge slept efter the birth of new'litters.d“
Home ranges of #77 (thick line) and her numbered yearllngs
(dashed l1nes) are shown for three éer1ods. A, Perlod 2; B,
. Per1od 4 C, Perlod 6. Home ranges of some ne1ghbour1ng

adult females (thin lines) are shown for Perlod 4. Arrows

are chases by adult female #77. Scale in metres.
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'l‘.Fig, 3 12 - Example of a yearlzng overlapplng the home range

- of its mother, but avoxdlng the defended area where
‘tjuveniies were located ‘Yearllng female #19 (sol1d llne)
‘malnta;ned much the same home range throughout the summer,
‘ hut avolded the central part of her mother s home range

(heavy ‘dashes) durxng Periods 3—5. Dots‘and numbers‘

represent #19fs loeations during'Period 3.‘Home ranges of = .

.-

o »surroundlng adult females . (lzght dashes) and thelr Juvenlle

‘emergence burrows (J) are shown. Scale in metres

\ ' . : . .
o N
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o
'/ Fig. 3.13 - Seasonal pattern of wounds obénged‘on Columbiah
zic‘jround.sc‘.{ui‘r‘rgl‘s from Sites 1-4'in all years. Horizontal
lines shoh the“dispérsal"pefiod.fop male (M) and‘femalé‘(F)

‘yearlings;E
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example, competition for space on the natal area in June

(Murray 1967 gﬂaser 1985)"

& N . - 1

. .
&ith V. CONCLUDING DISCUSSION

I believe that the aims of this project were'fuifiﬁied;
\\\4 A -~

brecise details of yearling Columbian -ground squirrelf’ !

dxspeﬁsal were quantxfged usxng known dxspersers (i.e.

~ '

dxsbersal was dlstxngulshed from on-site mortality). The

fp0551bllity that the mid-June dispersal of yearlxngs is

trxggered by attaining.a critigal'weight was explored and
! Lot . )

rejected. The role of aggression as a proximate factor was

investigated and found to operate in two ways: maternal -

aggression of reproduetive adult females appeared to
. . R T,

synchronize dispersal of "surplus" yearlings from their

natal home ranges; competition among yearlinés apparently

1
-

determined Whicﬁ yearlings remained philopatric. Although

. . /.
different types -.of data were emphasized in each of the three
Y '
papers (radio-locations, body weights, and behavioural

'observatiéns), the results were mutually supportive. For

i

seemed to be 1nd1cated by high rates of chases, defence of ‘53 &%1

/

space by, adult females aggressxve yearlxng 1nteractxons,

L]

vaubterranean spacxng of yearlxng groups, the t1m1ng of

wounds, the loss of wexght by yearllngs, and the reasonably
close fit of dlspersal distances to competition madels

In view of the above flndxngs, 1 suggest that there “are
several avenues that mer1t further exploratlon Competxtxon

\
among yearllng groups should be studled in more detall -9

'pattlcularly on 51tes where adult females do nbt 1nterfere

218
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with yearling interactions (this may require female
. .

removal). Specific details within maternal home ranges -

locations of existing and evolving burrow systemﬁr sleeping

~quarters of radio-collared mothers and offspring through
each season, ownership of maternal burrows and home ranges

 among years, and use of space by any accumulating

L)

philopatric kin - should be monjtored in a longterm stud}.
Finally, lifetime reproductive prospects of dispersers and
nondispersgrs should be quantified and compared.

A :
This project was limited in scope to one species of

‘ground squirrel that disperses as a yearling in part of its

-~ l .
range. -However, delayed dispersal is found among a variety

of animals including marmots (BaraSh 1973, Downhower and

\

- Armjitage 1981, Webb 1981), blackjtailed prairie dogs

(Garrett et al. 1982), sloths (Sunquist 1986), and primates

(Packer 1979, Pusey 1980, Lyon et al. 1985) and attention

should be focussed on the role of behav1oural cues affecting

those spec1es The pOSSlblllty that adult aggression may be
1nvolved in dispersal of juvenxle ground squirrels has been

largely dismlssed (Holekamp 1984); however, the work of

Michener (1981) and Pfeifer (1980, 1982) suggests that

juvenile competition and térritoriality may be associated

-3

with dispersal. A number of. papers dealing with species
f - p - .

s

other than ground squirrels have pointed to”possible

relationships among competition, territoriality and

dispersal (Rusch and Reeder 1978, Randall 1984, Whitworth

and Southwick 1984), or served to emphasize the role of

P
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adult females in spacing behaviour (Savidge 1974, Hansen and
Nixon 1984, Graf 1984). I suspect that further'dévelopments
in these areas will be forthcoming, |

There has been much discussion in recent literature‘
about ultimate forces that may underlie dispgrsal (Greenwood
1980, Moore and Aii 1984, Liberg and von Schantz 1985). Many
agthors have usea deductive reasoning or_ extrapolations from
laboratory work toiarrive at their conclusions; few have
used fieid~demonstrated proximafe factors as stepping étones.
to approéch their evolutionary argumehts. Krebs and DaQies'
(1981) have pointed out that proximate and ultimate factors
must be viewed‘on separate levels, but an'understanding of
the more tangiable proximate factors m;y be useful in
aetermininnghat is reasonable to prgpose in terms of
evoluiiohary arguments. Bésed‘on tﬁe results of this study,
1 suggest that there is no neeé go,envisioh animals
assessing abstract qualities’such as relatedness én hatal
areas before "deciding" to disperse in avoidance of close
inbreeding, or in order to settle at suitable distanees to
achieve optiﬁal inbrgediﬁg. Columbian grodnd squirrels
apparently responded to simple proxipate rules such as:

1) "move to avoid aégressién“, whiéh:was typically
:assb&iatgd,with a defensivé moﬁhef“q; a competitive
sistgr, and 2) "travél only as faf’as”the‘first vacant home
rangg" (Paper 1). Animals responding to any cues that
‘évenfually‘resulted‘{n evoiutionary«benefitsfwould
. r 4 NS

presumably prospef, leaving progeny that would also tend to’

qQ

a
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focus on appropriate proximate cues. The stimulus used as a
cue might have no direct relationship to the ultimate
advantage ach%eved; For example, the simple act of

delivering, or moving to avoid, an immediate "bite on the
. \ . t
butt" might resdlt in increased inclusive fitness for a

mother and her.offspring because they responded in wayé that
) | ‘
eventually decreased probabilities of close‘inbreedingf

(PuSey'1980, Hoogland 1982, Cockburn et al. 1985) achieved
a degree of benefi%ial inbreedlng (Smith 1979, Sh1elds
1

1983), solved pmwbleéms of competition f&r resources

(Lidicker 1975, Boutin'et al. 1985), or increased their
inclusive reproductide potential (this study).
In terms of h15tor1cal prox1mate explanatlons my

conclu51ons appear to SUpport some features of Christian's
: A
(1970,197]).Socia1 Suboﬁdination Hypothesis in that
[ \ ) . E
yearllngs‘were apparently encouraged to emigrate through

aggression and tended to Settle in suboptimal- areas.
\ o
Yearling Columbian ground ?qulrrels were not subordinate to

juveniles~but since motherg\protected juveniles, yearlings

‘were most subject to the soc'ial .pressures 1n effect and many
(Paper #3) Chrxstxan proposed
' |

that dens1ty and adult male a gre551on were related to

‘solved the problem by leavin
dlspersal, I found that den51t was a crude estlmate of a
more'lmportant variable;.the number of offsprlng shar1ng the
maternal ‘home range, and that ad 1t female aggre851on
apparently played a key role associated wlth\the t1m1ng of

"dlspersal. ‘There was no ev1dence of "innate" dzspersers —

3
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leaving‘with0ut cause (Howard 1960) or of
genetiCPbehayioural3polymorphisms predisposing certain
‘individuals to disperse (Rrebsh1978)Aexcept in the sense
that femaleé‘tended to be more site-tenacious. A few
features of Lidicker's (1975} Presatu:ation—Satnration
Hyéothes}s seem applicable in that subplns yeatiings wefe
“not petmitted to endanger'the finite”resources’of maternal
~ home rangesv(i.e.‘they night he.considered'"saturation
dispefsers" that emlgrated in response to pressures
assatiated thh new lxtters) however, Lidicker's ideas are
stated in terms of density-and carrying capacity,hwhich
'teveal little of the proximate mechanisme described for P
Columbian ground squ1rrels. Bekoff s (1977) Soc1al Cohe51on'
'Hypotneszs suggests that social 1nteract10n prior to -
emlgratxon is more important than agonistic 1nteract10n‘at ~
the'time‘of dispersal; this hypothesis proposee the .
existence of social and asocial individuals; and emphasizes
‘the role of avoidance rather'than aggfession' Yearling"
Columblan ground squirrels conpeted aggressxvely before
dlsper51ng (Festa Blanchet and King 1984 165 th1s study)
"whereas earller 1nteract10ns had been playful Sqme'
av01dance was seen, but»thls-appeared to be. the'result‘ef
"learn1ng from aggress1ve 1nteract1ons rather than an’
v1nd1cat1on of asoc1al 1nd1v1duals. In shert elements of
eseveral hlstorlcal hypotheses seem to apply to Columblan

‘ground squ1rrel d1spersal but none of the’ four prov1ded an

jadequate»explanatlon-by 1tself I have outllned a prox1mate
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~ explanation that describes the yearling dispersal I observed
(Paper #3), and which may have applicability'to a number‘df“

delayed dlspersers 1nclud1ng marmots and black- talled

prairie dogs
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VI, "APPENDIX 1 - An Improved Radio-‘collar ‘For‘SciuridS'

Some scxur1d rodents can be d1ff1cult to study usxng

telemetry because of thelr abxllty to remove radio- collars
“(L S. Dav1s and J O Murle, pers. comm. ; Madden and

‘Glacalqne-Madden J. W1ldl Manage 16 1 525- 5?5 .‘In 1982,

._I outf1tted 25 yearllng Columblan ground squlrrels | '. .

r

[(§Qermoph11us columbxanus) with R type collars (a loop of

-.wlre serves as both the transmlttlng antenna and neckstrap)
",manufactured by the AVM Instrument Company of Dubl1n,‘~ |

,-Callfornla. W1th1n two weeks, more than half of the ground

squ1rrels had lost thexr radxo collars. Recovery of some
collars showed" that the wire neckstrap had been bitten .

through (apparently by another squ1rrel) or. had fat1gued

where the solzd core w1re of the neckstrap enters the dentalf

‘ acryl1c surroundlng the- transmltter.and battery. These

problems are not normally assoc1ated w1th R collar5° ‘I have

used s1mlllar collars on rodents such as the eastern

‘Chlpmunk (Tamlasustr t s) and least chxpmunk (Eutamlas
fm1n1mus) w1thout suqh losses.. ‘ D”‘ | RO

Rather than rlsklng changes in d1spersal dates and

!hvhlbernatlon success by surg1cally 1mp1ant1ng and remov1ng
*1nternal transmltters atnsens1tive p01nts in the season and”
‘1'1n order to av01d the 1ncreased cost and 11m1ted

"tadjustablllty of collars employ1ng a SOlld brass band

dy

: a*mod1f1ed some R~collars 1n the followlng way. The thlnlh"

4

'f?;solld-core w1re neckstrap was replaced w1th a flexlblei.‘”

20 gauge multlstrand w1re. Fatlgue at the w1re acryllc“‘f.

S
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interface of the transmitter package was prevented by

reinforcinéithe‘vire with a.1-=cm length of 3/16hinch

, diameter polyolefin‘heatshrink‘tubing potted intoAthe

‘ transmltter casxng The antenna/neckstrap ‘was theh wrapped

“in. coloured PVC tape to minimize wear on the anxmals fur,

P

"to guard agalnst chewxng, and to make vlsual 1dent1f1catxon

90551ble. Collars were ﬁastened‘usxng three;nylon cznches
> ‘ . - © ‘

‘v("cablthie fasteners") rather than ‘with the‘conventional

sleeve of heatshr1nk tub1ng, c1ncheswprov1ded better
‘purchase on ‘the supple multxstrand wlre and permltted
frequent changes in order to accommodate collar size to the
'rapldly growxng yearlings.‘After testxng these collars on
-captlve anlmals, I had 40 more mod1f1ed R- collars
manufactured by the AVM Instrument Company~

C

The radlo collars performed well in the follow1ng two

'

May August seasons. Only’ one collar was known to be chewed
off by another squzrrel' I.was aware that the neckstrap was'
be1ng chewed for several days, but I was unable to capture

the an1mal 1n t1me to save the collar. Another four

radlo collars were severed durlng f1ve cases of predat1on by

}not damage the radlo collars.“

Entlre packages 1nc1ud1ng SM1 transm&tter,,HgG?S

ffg - approx1mately 2 to 3% of the wezght of yearlxng

'H‘Columblan grqsnd squ1rrels A standzng observer w1th afd

antenna iould recezve slgnals from an -

‘-\

)

d,'battery, and modlfzed neckstrap (mlnus tape) welghed 8 to 9

u

l fbadgers. Predat1on by weasels, m1nk coyotes‘and;raptors d1d-
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'1 aboveground an1mal at a range of approxlmately 300 m
ﬂd1stan¢el(occaszonally up to 600 m), belowground anlmals
could be detected from about-]OO m dlstance.‘Radlo receptlon
of’gréater than | km could be obtalned from atop rldges 9Qd
foothllls overlooklng surroundlng meadows o
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l‘Murxe and L.wDavis for the1r personal communxcatlons “to
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J.o. Murle, .an NSERC predoctoral grant to D.F. Hackett ‘and

a Boreal Instltute research award to D.F. Hackett..
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e severlng collars, and our W1despread attempts to recelve

VII. APPENDIX 2 - Predator Assessments

-~
~

N

'

- Badger predatlon - Two cases of mortallty were

attrlbuted to badger;predatxon‘because‘the burrows in
guestion*werelcompletely dug’up, coincident with the

disappearance of the squirrel and loss of radio contact; .

' blts of fur were ev1dent 1n both cases and a tall was found'

A

in one case. A thxrd case also 1nvolved massxve dlggxng and
fdisappearance of the squ1rrel but the collar contlnued to

transmlt from below oround unt11 recovered Several famllxes

"y

' of badgers llved in the area, and much ev1dence of badger

act1v1ty.was;seen.‘ o o 'f;',)
. A number of above-ground badger'attacksjwere witnessed
"in which‘aibadger7Charged at a ground-sguirrel, trylng for
LY

overtake the squ1rrel before it reached its, burrow Two of

six such attacks (on ugbarked anlmals) were successful both, ;
N * : .

1n tall grass that prov1ded cover for the badger.‘When two .

radio- collared yearllngs suddenly dlsappeared 1n tall grass

», .

‘habltat where surface huntlng badgers had been\seen for

crm
P SR

several days preV1ously, badger predatlon was -uspected The

';facts that radio contact was lost suddenly 1n the L e

1 t ' . ) t

‘ fpost dxsgersal phase (late July) and that both ground ‘l R

‘jsqu1rrels h@d been radxo located near_bhelr burrows hours
:earller supported the 1dea of predat1on. Badgers were the ﬁ‘fﬂ

| . [
t

‘only predators known to d1srupt rad1o transmxssxon by

ﬂ;51gnals from atop surroundlng footh1lls agd r1dges wezghed A\\"”.

“’faga1nst the poss1b111ty that the yearllngs were’carr1ed off ,;mj@

e \_r,,_. L
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o ‘ Q

by local‘predators. o

A

Weasels or mink - 1f predation occurred below ground

with no disturbance to the burrow system, I concluded that
weasels or mink were responsible. Both mustelids wepe seen
in the area, and weasels weré‘observed investigating ground
squifﬁel gu:fows gﬁ several e;enings, Some cases involved
intact squlrrels with pdnctured skuilg? in other cases, only
. bits: of”fur remained. One dead yearlxng was radio- located in
a beaver dam where a protectlve mink was guardxng it.
Raptors -~ One radio-collared yearlxng was found
dapgling in a bush where it had apparently been dropped from

above. 'The carcass was largely intact, but: the thorax had

been picked open. I drove a Swainson's hawk from a freéhly

‘killed ground squirrel later in the summer and noted that

the thorax haﬁ‘been picked open in a similar manner.
Coyotes —'A number. of collars were found under low

bushes in the woods typically with no carcass but with bits

of fur in ev1dence. The collars were relatively unscathed
and appeared to have been licked clean. Often a tail,
A

)awbone or stomach were present. I attributed such ki1ls to

coyotes because,?§>the c1rCumstances and locatlons of the
remalns and befause coyotes had recently been sean stalklng

{\

3round squxrrels in those areas.
_ .
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VIII. APPENDIX 3 -~ Behavioural Categories Used to Classify

Visual Observations

\ Single Squfm;el Categor ies

"‘feeding ' self~grooming

— _ cheek~marking/
standing ergct (on hind feet) | ‘twiét—marking
sitting erect C ventral drag
sitting slouched (curved back)

standing on four legs, head up lookifg

standing on four legs, head down sniffing

crouched (like a sphinx) | ‘ scraping
lying down | ‘aigging
rolling . 2 collecting nest material
stretching , | v carrying nest materiai‘

disappeéred.frOm view

near burrow - , defecating

on mound or in burrow opening climbiné
entering burrow ‘running
leaving burrow o - : Qalkiﬁg , )

loping, bounding, hopping"‘

233"



234

Interact jon Categorjes

cohesive ' . agonistic

allogrooming ‘, : - fighting (two combatants)
mounging : ' - attacking (one éggressor)
playing : éhasing (chaser_and‘chaSee)
kissing‘ - . | running at'

followéng , . displacing?

appr&éching ' , running'pafallel.i

leaning against : o spénding broadside

sniffing | . jumping back |
toleratizg within 3 m : 'retreatiné (rapidly

withdrawing without pursuit)

&

social signals

.o }ail*flick
" tail-bush
chirp
growl
2 squeal
”;“;. | » T ﬁoothchafter

alarm call

1 - One animal runs at another,. resultlng in further .°
aggre551ve acts or no obvious interaction or (rarely)
cohesive interactions, dependlng on the 1dent1t1es of thé '
two squirrels 1nvolved ‘ ‘ \\v[
2 - Animal A approaches .Animal B but B sllps away, L
‘surrender1ng its prev1ous locat1on to A. SN . .

14



' ' IX. APPENDIX 4 - Demographic Information
‘ : | L .
Table A1 summarizes adult and yearling populations of

. \
stddy sites, which were used to calcula;eVSpring densities‘g‘
(Table 3 2)" All sites were flagged as one-hectare grxds but‘
the growth of shrub and grass cover on Sxte 4 limited clear
' observatlon\to thoose squxrrels lrvxng on an aree of 0.5 ha:
Ivisib}lity'Was excellent on Site 2 but the squirrels there
confined most'of their activities to an'area of 0.5 ha
‘areund several clusters of burrows, ‘as mentioned prevxously
tn 1984, only 0.7 ha of Site 1 could be rxgorously
controlled with seda;xves, therefore residents of this.area
were considered to be the study population. |

I suspect -that t%e number of adult males that were
truly occupants of study sites was lower than shown below
}Adult;males ranged over large-areas.relatxve to the one-ha
grids. Some adult males did not appear to have sieeping
burrows on study sifeﬁ,_but thefTwere observed regularl} rn

i -~

scans and were thus included.

»

Table A1 - The number of adult and yearl1ng ground squtrrels
on each site in May after spring emergence. Adults are in
bold type. Symbols "F" and "M" refer to females and males

- e e e A e e e e e E e e M e e e e e e e e em e e o m mom

Year Site 1 Site 2 Site 3 Site 4
Fom FooM Fo. M FooM
-“’—--—"°“—--"—-"----“‘-—‘-"‘-;-'--":‘-----‘---“----"".‘f-"',
1982 8 3. - - - 5 . 2 /
’ 6 5 - - 4 4
1983 6 4 12 3 ‘7.5 5 20
. 7 8 3 '8 .5 7 3 \ 5. ¢
1984 11 3 7 .3 9 T 6 -4
6 3 1 5. 2. -3 L 2

I il R et it et et T T N R N e K R O N N Gy



4

X. @PPENDIX‘S -~ An Example of Dominance Assessment
Dominance within spring groups of yearlings was
determined by ranking'indiViduals'according to the number of

timeS‘they'chaSed or were chased by, other members of their'

.f’ﬁ_ * group. Thxs was straxghtforward in groups of two or three o

yearllngs in more complex cases,: yearlings were arranged 1n

~n

a domlnance matrix (Lehner 1979)’ according to chases ngen

and recelved; In the example shown (Table A2), dominance

\ - ¥

decreases from left_to right. Yearling female #2 . chased alls‘

others and‘was not chasedAherself whereas yearlxng female

#73 was chased by all others and 1n1'1ated no ?hases. The

three fights (g versus 9,.1 versgs 73, and 9 versus 5) were,
Qoniby the underlined contesrants and supported the
dominaﬁce'hierarchy shown by Table A2. After Period 6, the

\ dominant individual (#2) remaxned and all other group

‘members dlspersed

v

TABLE A2 - A dominance matrix of five yearllngs
from the ‘Same spring group ‘

Chasee Chaser
2 9 9 NI .
9T 4 0 0 0 0 ’
7 2 - - 0 0 0
a Y 4 - 0
.73 ~§“ 3 3 6 -

it il i R I i T T T i S U SO

3 - Lehier, P.N. 1979. Handbook of EtBological Methods.
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