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Abstract ‘ o
- Richardson‘s gro'und squirrels were" examined \for behavioural asymmetries based upon -
kmshrp at two field sites (1. 3 ha each)'in Alberta, Canada durrng a three year study All
‘ squlrrels on and within the vrcrnlty of the study areas were |IV€ trapped and marked SO -
that they were mdnvndually rdentlﬁable Sex and age class were known for all squrrrels,
and uterlne km relatlonshlps (e, mother offsprmg and sibling relatlonshnps) were
determlned when litters emerged at weanlng Scan sampling at 15 minute mtervals was
‘used to record locatlons and actnvmes of mdrvnduals Behavioural mteractlons were |
‘sampled by notmg the temporal sequence of behavnours the ldentztles of the partncnpants,
. the beglnnlng and end Iocatnons and the outcome of lnteractlons In all, 731 squirrels
. were caught and marked and 6;6 hours of observatlon were conducted
- Adult male Rlchardsons ground squlrrels were terrltor:al during the breedlng
season in places where’ females emerged from hlbernatlon Males were not terrrtorlal
where asynchronous emergence of females, whnch was correlated with the persistence |

of snow ‘cover, produced a sparse and unpredlctable dlstrrbutlonpof females Some males

moved after the breedlng perlod but some remained in areas(%/:whgc they had o

' presumably snred some of the offsprlng These males gave alarm cﬁﬁs/and chased ~
weasels durmg the perrod when females were: pregnant and Iactatlng
- Adult females were also terr:torlal and uterlne km tended to hve in greater
' ' proxnmrty than dnd non uterme k|n nelghbours or females that had been nerghbours for
~ more than, one’ season However effects of’ spatlal prox1m|ty to kin on activity budgets _

M~

and reproductlve success were not dlscernlble A _
The association of uterine— k|n resulted from the perseverance of natal burrow . 'v
assocratlons after weanmg Male- blased dlspersal of Juvemles however reduced the o
potentlal for. krn dnfferentlal behav:our to occur between adult males . |
v Asymmetr:es based upon klnshlp were apparent ln mteractlons Those between iy
; uterlne kin' contalned a relatxvely high pro;iortron of appeasement and’ |dent|f|catnon
behavuours and alow proportton of chasrng and fleelng behavi0urs compared to ;
. mteractxons mvolvnng non-‘uterlne km As a result uterlne km usually dld not: dlsplace '
v each other from the srte of an mteractlon whereas most then |n encounters between

non- uterlne -kin one par’ucnpant was dlsplaced

t "



Kin d|fferent|a| behavmur was also examlned in arena tests where

cross’-fostermg experiments demonstrqted ; t 2n abuhty to dnstlngunsh blologlcal siblings

’ so«bn after birth. Familiarity also affected
*4

.from non- mbhngs was. determmed W&nag@
: 'recognmon but its effects wer&{e'ss’ b\ti@u‘{g «».}g 1

i
Alarm calhng ehcnted by natu?igl stlmuh “and experlmentally was not equally

»

probable for all age/sex classes. Squvrrels were most likely to call when they had

. offspring or siblings nearby. It did not appear that callers would endanger themselves by

i ! : " . 4
calling. - .

Fmally females in kin clusters oh an experlmentally treated area where females

w:thout uterine—kin had been removed, showed tendencnes 10 feed more, be alert less,

‘ suffer reduced -predathn of htters, and have greater reproductqve s\gccess than ,d'd v

- females Withet UtEFRE-Kin on an adjacent area = m o L

———— . .
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1.:Introduction

: 1 Ratlonale o

Socxal groups are not random aggregatnons 0af anlmals Socnallty the assocnat:on P

&

. of conspecmcs m tlme and space that is manntalned by communlcatlon among them

':'(Carl 1971 Hoogland 1981b Sherman 1977) protectlon from mtraspecuflc kllhng

B should only be selected for when md:vnduals I|V|ng in groups do not experlence less
‘- fltness than osoJutary Ilvmg mduvnduals The beneflts that may accrue from group llvmg have
- :-been su,mmarlzed (Alexander 1974 Bertram '1978 WI|SOI’1 1975) and chlef \among them
{":are defense from predators and enhanced utnllzatnon of food resources Soc:allty may
- ialso have varnous costs assomated W|th |t such as mcreased likelihood of detectnon by
- ~g§redators and mcreased lntraspecmc competltlon (Bertram 1978) | / R T
e The North Amerlcan ground dwﬁng\scnunds (Rodentla Marmotlru) are composed )
v:.of llttle more: than 30 specnes that vary in the degree of socxallty fro esseﬁ'ﬁ"atly sohtary“ »l
,spemes (eg woodchuck Marmota monax Bronson 19&4) to specues that hve in’ groups
,7‘ share the same space and exhxblt malnly coheswe behavnourbet\weencall group members

| "vv‘(eg black talled pralrle dog Cynomys /udov1c1anus Hoogland 198 ‘lal\Advantages of

o sécxallty in ground squnrrels have been varlously suggested as defense from ' e“d_ato'r.sl.

g ‘,‘(McLean in press Sherman 1981) and extended care of slow maturmg young (Armltage T

1981)

Recent rev'ews (Armntage 1981 Mlchener in press) have proposed that "kln - ;

A »selectlon (Hamnlton 1963 1964 Maynard Smlth 1964) is the prlmary mechamsm that |ed

"3 to the evolutlon and malntenance of socnallty |n the ground—i‘dwelllng scuurnds When aid to '
- close relatlves may mcrease an mdnvndual s own mclusvve fltness" (Hamllton 1963) th‘e
~‘,.“»~theory of km selectlon preducts that such mamfestatlons of socnallty will.be favoured
;.'Due to the proxnmvty of common ancestors relatlves (kln) héve'} greater proportlon of
the|r genetvc make up (genes) in’ com \than do the less related mdlv:duals of the

- "‘»vpopulatlon at Iarge Selectnon whlle«operatlng on mduvnduals nevertheless expresses

| ltself as dlfferentlal survmal of genes in the populatldn gene pool and not of mdwnduals
per se (Dawkuns 1976) so that behawours wull be 'selected for even if they promote the

reproductlve success of another as long as the beneflt to the rec1p|ent |s k tlmes the

Rl -
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cost to the performer where’ k is greater tHan the remprocal of the degree of genetlc

, relatedness (rl between the two e k>1/r (Hamllton 1963).

=

“For km selection to be a sngnlflcant selectlve pressure relatives must be able to.
inf’luence each others survsval or'reproductlve» success, that is, there must be some

0verlap in tlme and space (Sherman 1980). The common denomlnator of socnallty »

throughout the Marmotlm is the assoc1at|on of adult female kin (Armltage 1981, McLean A

1982, Mlchener 1979a in press, Sherman 1980) so for adult females at least, there is

a potentlal for mfluencmg kln and the possnbll‘ty of asymmetrlcal behavnour based Upon

the relatedness of the partncrpants ' SR SR

Also correlated w:th mcreasmg socnallty in these specnes is the extent to WhICh

: vclusters of females are assomated wnth adult males (Armltage 1981 Mlchener in préssl
‘The greater the assomatlon and ’the more excluswe hlS access’ to ‘those females the more

- llkely should a male be to exhibit, behawour Wthh favours the females and their yOung

: The ground dwelllng SCIUI’ldS and Rlchardson s ground squnrrels in partlcular are

°

-go‘od subjects for a study. of somallty They can be easlly observed in the wild; belng
| dlurnal qwte Iarge relatlvely msensmve to an observer and occurrlng at hlgh enough

. 'densltues that many can be observed from a smgle locatlon Rlchardson s ground squurrels

. :,{ f breed when they are one year old so length of generatlons is short and the female

g

1972) of Spermoph//us r/chardson//

e seven parts

.populatlon at. least is phllopatrlc resultlng n the perslstence of mduvud'jals at a smgle S

' locatvon over tlme As well there is a srzeable background llteratune on aspects of the: S
'reproductlve blology (Nellls 1969) demography (Hansen 1962 Mlchener 1979a 1979b s

: _.‘Mlchener and l\/llchener 1977 Schmutz et a/ 1979) and soc:al behavnour (Clark and-

Denniston 1970 Mlchener and Sheppard 1972 Quanstrom 1971 V\lghrell 1973 Yeaton

<

lt was the aim of this: study to examlne the potentlal role of kln dlfferentlal

S f'behavuour in the socuallty of Rlchardson s ground squlrrels The study was d|v1ded into-

&

[

1 .‘-'Male behawour = l examlne adult male behavnour and movements to’ determlne how o

o »closely males e assomated W|th females and what if any potentlal they may have

" to. mfluence the surwval or reproductlve success of close kln

B 2 B Spatlal organlzatlon of females - It necessary to show that there is spatlal overlap :

R
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.between kin for th_ere; to be a potential for kin select'io ' to medlate‘behaviour,i and
as well it could be instructive to dlstinguish‘ between any\ asymmetries that result -
“from spatlal relatlonshlps themseives rather than as a consequence of dlfferentual
behaviour based on genetic relationships. | analyse dlsper5|bn patterns to calculate
such relatlonshlps by comparlng the effects famlllarlty and lllnShlp on the use of
"_space-v L - IR .
3 Socualuzatlon - l examme the: behaviour and dlspersmn of Juvemles fot evudence of
s asymmetrles based upon klnshlp and sex, snnce early associations could lnfluence
later mteractlons as adults and dlfferences in dispersal’ could lnfluence the potentlal

to mteract

A lnteractlons = if socnallty is medlated by kin selection.in S. r/chardson// then a-

' predlctable outcome should be asymmetrlcal behaviour based on klnshlp ln thls part

! compare behavnoural lnteractlons between uterlne kln and between Iess related
anlmals for ev»dence of kln effects

5. Recognltlon - lf kin dlfferentlated behawour occurs there must be a mechanlsm -

" vnot but could be an abillty to recognlze genetlc relatlves wuthout requvrlng prior -
experlence of them otherwuse the mechanlsm might’ be based ‘on famlllarlty through

o assocnatlon at some crltlcal tlme | tested for. effects of post partum famlllarlty ina

crossfosterlng experument

. 6.. Alarm calling ~ Smce a Ilkely advantageof. sociality ih'ground squirr'els is p'rotectlon

from predators alarm callmg in encounters Wlth both real and sumulated predators
is looked at for any asymmetry based on the |lke|lh00d of havmg kin nearby.
,'Prednctably anlmals W|th close kln in the vncmltyo should be. more llkely to call than

anlmals wﬂhout kln around them.

7. Costs/Beneflts - The advantages if any of assocxatlng Wlth km and the

.

' »dlsadvantages of not. assoclatmg with kin, were measured by a removal experlment
: that Ieft one area with all adult females surrounded bwon kin or dlstantly related
g nelghbours and ahother area wnth all the females havmg at Ieast one uterlne kin . -
o ¢

female as a nelghbour If kln assomatlon |s benef:cnal r’eproductlve success and

factors that may be related to lt should be greater ‘on the latter area.

L,f,_ .

that allows the ground squrrrels to dlstlngwsh between km and non—km There need
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The relationship'betwee’n the parts of this study are as follows. A mechanism for
recogmtlon of km is necessary for there to be qsymmetrles in behaviour. The latter in

turn affects, andvls affected by the mating syst m, somallzatlon and spatlal organization,

upon Wthh wilt rest the hkellhood of kin overlapping in tlme and space and thelr potentlal'
to behave nepotistically. Given that there is a meichanism for. determlnmg relatedness that

_does result in asymmetrues based on kinship, the selective advantage of such a system of
socidlity is that it might provide better predator efense (alarm calling) and should result

in mcreased repro/ductlve success (removal exp rlment) ' ‘ L

1.2 Perspective »
' Km selectnon has become a bandwagon While | ‘accept. that kin selectlon is-an
' ,ymev:table consequence of natural selectlon ! remam uncommltted as'to its 5|gnrflcance in
: influencing animal social behavlour, generally. The purpose of this :study was to determine
. vth’e 'significance if any, of 'kin selection to the sociality of S. richafdson//' ‘To accom‘pllsh '

thls task | had: to concentrate on the potentlal role of kin selectlon but my- preoccupa‘tlon ,4

B wuth these ldeas was not a pr/or/ endorsement of them [ attempted to survey the road

not nde the wagon \ <

. 1.3 Defmltlon of Uterme k|n i s
Uterine—kin (UK) mother offsprlng and Ilttermate sxbllng relatlonshlps in effect these are
| v squurrels that have shared a natal burrow v

. ’ Non uterine—kin (NUK) squnrrels known not to be uterme kin. - i- e

- Although non uterlne kin. could include. some related mdlvnduals on average the
’ members of this group wull bé much less closely related than uterlne kln Comparlsons

- between uterine—kin and non—uterme_—,km_ are used to lnvestlgate kln—dlfferentnal

5 behaviour.throughout, this‘dissertation.': . e . | o

. : B Ty .

A
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2. The Mating‘System and Behaviour of Male Richardson’s Ground Sduirrels:

territoriality, vfariability, and sociality

2.1 lntroductlon

/

Levels of soccallty among specues of North American Marmotlm correlate wath the
extent that adult males are associated spatlotemporaX:/ with adult females (Armutage
1981, Michener in press) Yet, wuth a few exceptlons (Armitage 1974, Barash 1975
1981, Dobson 1978, l\/lcl.ean in press Murie and Harrls 1978 Sherman 19786), the role
of males in the socual organlzatlon of ground- dwellmg scuuruds has received little dlrect
study. | l ' , ‘
" In general, ground squnrrel populations are typical of polygamous’ mammallan g
matlng systems, exhlbmng a female—biased adult sex ratio, female phllopatry and male
dispersal (Greenwood 1980). However, the degree to which males defend an area and
‘protect females from access by other males, is a characteristic of-the matrng sys\em that
is variable between species (Armitage’ 1981, Nllchener in press) and perhaps even within
a SpeC|es {Dobson in press). ' o ' : o S .
: In the more soc1al species (e. a. Spermoph//us co/umb/anus S. parryii, Cynomys
/udovm/anus Marmota f/avrventr/s M. o/ympus) dommant males defend a terrltory
during and after the'breedlng season that overlaps the r-anges of several females {Murie |
' and Harrls 1978, McLean /n press, Hoogland 1981 Armltage 1974 Barash 1973) and
| may even exhibit paternal or nepotustlc behav:our (McLean in press Barash 1975
“ Hoogland 1981) L ‘
| By contrast amongst the less soelal species (e. g S. be/d./‘_r;g/ S. teret/caudus S
armatus S. tr/decem//neatus) males -do not defend terrltorles after the breedlng perlod
“and ut|l|ze areas separate from those of females (Sherman 1981 Dunford 1977 Balph .
o and Stoke 1963 Schwagmevyer pers. commi It is into this group that S. r/chardson// has
‘been oast (Armltage 1881, Michener /n press). Adult males of these species are said hot. " -
to dnsplay paternal (Mlchener 1979) or nepotlstlc (Sherman 1980 Dunford 1977b
Schwagmeyer 1880) behawour o T e

: ! &
" The behaviour of males in this latter group has beén studied in detail only for S. -

beldingi. Belding's ground squir’r_el males do not form te‘rr‘itori'es during .the- breeding



period, and instead have 2 lek’~type mating system, ‘with males travelling extensively
.during the breeding period (Sherman 1976). Michener and Michener (1877.366) and
Mic'hener,(197‘9: 128) concluded that males of S. richardsonii also range over'é targe
afea before and during the b;’e‘eding seéson, and do ’not actively defend an area (Michener
- 1979:134). By antrast, Yeaton (1972:14 1) reported that Richardson’slgr‘oi.mg squirrel
males establlish,ed territories wﬁiéhv encompassed the nest bx;lrré;’ws of three to five
 females; although he did not present any evidence of territorial behaviour. |
- The é.ims of tHis study were to determiné the nature of the Richardson's grouhd
..quirrel métihg"system by‘ examining male behaviouf particularly during the breeding
' period, to assess the .deg’ree of association of males with _femalés r_eIaﬁve to other
“,g'r_ound—dw‘e'lting sciurids, and to look at the potential fp"r’pat‘e'rnal or nepotistic behaviour.

in th'i.s paper | present the’ results of direct observation of 20 S. r/'chard_son/"/: '

(4]

males-during the breéding periodvaf ,twoflocaljties in Alberta, Canada. | examine home. o
' ranges, evidence for territoriality, access to females, activity budgets, and overlap /
between breeding and post-breeding ranges. L ‘ ‘ ]

C i 1 - . | . ) /
. 2.2 Mettiods R ’ ST / :

Squirrels on the 1.3 ha Highw;oo’d River_étudy area (HRSA, situatedr on flat fescue
, gfassland 6 ljm nérthwest of ;Lbr/xg\iiew (‘3‘30"-34’N, 114°18'W; eleva"ci.or(\”‘1”235m), were"
observed from 20 March to 20 August 1978, and '_17 Makch to 13 August 1980, 4he 1.3
ha hoi L‘akesc study area (RQSA) Was lqcated ina ’roiling, grassy clearing amid aspfen fqrést .
12 km northwest of Stony P’Iainv(53°3§'N, 114°05'W; elevation 730m), and studied
‘between '1‘1 May to 14 August 1980, ana 15~Mérchto 9 August 1981. Both areas ‘w'erel

‘sometimes grazed by cattle. ' o ////

: , t g . R S
All ground squirrels on or near the study areas were live-trapped and marked for *

‘ indiQiduéJ'identification, 'using"r|1um:bgred metal ear tags, coloured plastic discs or strips

‘ atta‘che,d’ to one éar tag, ahd:dye~marks _made vx;-f{h hUm'an hair—dye 6n their f'u,;nSquirrel;s -
were weighed (£5 g) with a spr‘ihg balah_ce,'. an '/reléa'sed at‘ti?e point of capfui’e. |
Thereaft?r .squir,r.els' were retrabped usually 6,'Iy as Anece_ssavry to renew their dye—r’na':'*ks;. ’
In all, 447 -squi'rrel‘s were ca_Ugh"c and rﬁarked/bt the HRSA and 284 at the RLSA.

/.

!
i
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Numbered flags or stakes were used to mark the co-ordinates of a grid with
10m x 10m squares on eaph study area.-Squirrels were observed using 10 x 50
binooulars from a'2.5m observation stand (HRSA) or a chair situated on elevated ground
(RLSA). Squirrels could be observed at the HRSA in a further 5 ha that was marked with a
grid of 50 x 50m squares, .and at the RLSA over a further 2 ha Overall, 636 hours of
behavioural observations were made.

‘ The ‘breeding period was defined after Michener (197b) vand was taken as the
two weeks ,follov&ing the first emegence of females frorn hib%rnation. In both 1980
“(HRSA) and 1981-(RLSA), females first emerged from higernation on 26 March, and
consequently the 'breeding period for both years was taken as be/mg from 25 March to
7 Aprll e ’

Dur;ng, the breeding period | followed tne movements and activities of adult rnales ,
(n=11HRSA, n=9 RLSA) from daily instantaneous 'scan sampling (Altmann 1974) taken at

15 minute intervals (n=101 scans IHRSA] n=93 scans [RLSA]. Four of the males at HRSA -

PR

~ were fitted wuth small radio transmltter collars (AVM SM1 transm;tter w:th "R collar
welght =4 g throughou{ the breedmg period, and six of the males at the RLSA were .
fitted with radios from 4to 27 April. Locatnons of radio~tracked squirrels were noted to
the nearest 10m at about 1400h (HRSA) or 1500h (RLSA) daily. Interactions observed
durlng the breednng per»od were recorded usmg sequence sampling (Slater 1978) and |
noted the ndentmes of the initiator and responder, the startmg locatlon {defined as the
location of the responder when the interaction was initiated), the2 end location flocation of
,the;resg‘gnder when the interaction terminated), and the outcomf :
All home ra ges were calculated using the minimum polygon method (Mohr and
Iunless .otherwise indicated comparisons between groups were made

using the non- parametnc Mann-Whitney {~test. Means are given with plus or minus one |

standard dewatnon throughout
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2.3 Results

2.3.1 Mating system and male territoriality

n spﬂng Richardson's ground squirrel males erﬁergﬂ from hibernation before
fornales Males were first caught on 17 (HRSA)‘an 15 (RLSA) March Thereatter the
number of emergent males increased rapidly, and 78% (HRSA) and 85% (RLSA) of males
on the study area emerged by the time the first females appeared on 25 March Females
came up as the snow cover receded At RLSA snov:r melted quickly so that by 31 March
the area was complefely snow-free By contrast at HRSA the melt was slower and
dampened by two heavy snow falls (10.0 ¢cm on 23/24 March and 75 cm on 29 March),
so that by 7 April-a quarter of the area was still under snow. As a result, female
emergence was less synchronous at HRSA than at RLSA; whereas 98/0 of females at
RLSA emerged by 7 April, only 39% had emerged at HRSA (Fig. 2.1). ‘ \

Sizes of male ranges during the breeding period varied cons'nderably, 0.18 -)
16.57 ha at HRSA and 0.16-~ 0.76 ha at RLSA (Table 2.1). The sample was biased
towards those males with restricted ranges of movements that could be observed
throughout the breeding period. Seven (HRSA} and 10 (RLSA) males emerged from

. hibernation on the areas trapped and disappeared soon afterwards. Five of these males
were sighted subsequently, and it was likely that many of these rr\ale§ were simply |
moving over wide ranges that took them beyond the |irHits of obsérvabjlity in this study.
The two largest ranges (HRSA} were those of radio~tracked individuals {1657 and 358
ha), but as the ‘other two radioed squirrels had small ranges (0. 18 and 0.57 ha). it seems

unlikely that the radios were responsible for the animals’ movements.

Yeaton s (1969 10) largest male territory size was 0.57 ha', and | arbltraruly
categorized males as |ocal|zed in thns study if their ranges were less than or equal to
0.57 ha Localized males tended to feed less, move about more, be alert more, fnd
mteract agontstncally more than did non— |ocahzed males (Fig. 2.2). Localized males at RLSA
spent much less time feeding, anddmore time on the other three activities than did their
counterparts at HRSA. RLSA males lost welght at an average rate of 3, 9 g/day during the

breedmg penod {SD = 1.2, n = B). At HRSA, where there was a broad distribution of

'The ﬁgureuof 0.058 ha quoted in Yeaton (1972:14 1) is in error by an order of magnitude

<
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T Rig 2. -Vei;ﬁaly_emergénéé»fro:lhj'hibérﬁ'a't'ioh of male'and female Richardson's ground . "
‘squirrels at the Highwood River study area (HRSA) in 1980 and'Roi'Lakes study area -
{RLUSA} in 1981. Dots show the pércentage of males that had emerged by a given date (n - -

. =23 HRSA, 20 RLSA), and triangles show the percentage of females that had emerged (n:
= 38 HRSA, 40 -RLSA). At HRSA males and females were trapped on 256 and 2.40 ha:

- respectively, and at RLSA on 1.98 and 1.83 ha respectively,-The solid linés show the ~ ~  *
percentage of the study: area that was free of snow cover.” Lo o



- Table 2.1, Breedmg perlod ranges of adult male Ruchardson s: ground squxrrels at HRSA in’
-~1980 and RLSA in 198 1. Each'range is calculated from a mean ‘of 48+ 17 (HRSA) or.
49+23 (RLSA) observations per lndlvndual : ST ]

% HRSA

' Male
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?'_1 radlo tracked throughout the breedmg per:od
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T radlo tracked from 4 to 27 Aprnl
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" “Fig. 2.2. Percentage of aboveground time during the breeding p;‘r'idd.spen'i‘f_eedi'ng; SO
moving, alert, and interacting agonistically for’ non-localized males (HN, n:= 6) and. -

 localized 'males {HL, » = 5) at HRSA, .and localized males at RLSA (RL, n'= 8). Number.of "

observations per individual averaged 35+23 (HN), 48+17 (HL), 45+23 (RL). Differences

" 'between HL and RL were either significant (Feeding and Moving, A<0.01; interacting, .-

- P<0.05) or nearly so (Alert;"0.05<P<0.1). Between HN and HL Alert (P<0.05) and Feeding
{0.05<P<0.1) were different or nearly so. . Gl R R



‘ range snzes range size was sugnlflcantly correlated wuth tlme Spent feedlng (r = O 63
fP<0 05 n= ll)and movmg about ir= ‘-057 P<O 05 n= ll) S RN :
‘ . v 1 The proportlon of a Iocallzed male s total range that overlapped wrth the range of
‘ ’hlS nearest locallzed nelghbour averaged 37+l’8 % (HRSA) and 30+17 % (RLSA) The smalln‘ “
: amount of"overlap suggested Iocallzed males were spacmg themselves out. Range area
was related geometrlcally to ‘usage (Flg 2. 3) gle that the area where males spent 80% of .‘
‘.thelr tlme was approxrmately only half that. of their total range sxze lO 18*0 08 ha (HRSA),_’,‘
O l4+0 04 ha (RLSA)] There ‘was llttle overlap between 80 %o usage polygons of locallzed 1
| _.',males and locatlons and dlrectlons of :nteractlons (Flg 2. 4) reveal that the re5|dent was
domlnant wrthln hlS 80 area and repelled other males from lt by chasmg them out
Locallzed males chase other males w:thln thelr 80% usage areas more often than they arev 3
chased by other males whereas the reverse is true outsnde thelr 80 ‘areas (Flg 2 5)
: Further when Iocallzed males chased other males that had lntruded lnto thelr 80% areas
B .lthe mtruders were chased out of the 80% area on 72 2% (13/18 HRSA) and 79 6% - :
' ‘~(43/54 RLSA) of those occasrons ln those rnstances where Iocallzed males that were |
'v’out5|de of thelr 80% areas began chasnng other males lOO% (5/5 HRSA) and 80 6%
(25/31 RLSA) ended in the other male belng further from the border of the Iocallzed

jmale s 80 area than lt was at the start of the chase

REREIN . -

w0 2 3 2 Spatlal assoclatlon of males Wlth females
At RLSA locallzed males spaced themselves evenly across the entlre area
‘_ .whereas at HRSA these males were found only on ‘the southern and south eastern flanks -

,"of the study area Yet denslty of males emergung on the two areas was about the. same

-‘:forHRSA © males/ha) as RLSA(‘lO males/ha) TRy f' .

As noted above there appears to be: a relatlonshlp between snow cover and the '

rate of female emergence (Flg 2. 1) At HRSA durmg the two weeks arbltrarlly deflned as

- ,the breedlng perlod females emerged along the southern and south—eastern flanks of

- _the study area as these were the areas frrst to lose thelr snow cover Smce |t was in

4 these snow free areas that Iocallzed males establlshed thelr terrltorles the Ilkely
-resource they were protectlng was access to females {Fig. 2 6). There were males in the

snow covered areas but faced wnth few females they moved over Iarge areas often S
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: g 24, Locatuons from whnch males N and X chased other males durmg the breedmg
. period ‘at RLSA. The direction and length of a chase are shown by the arrow.:

- Double-headed arrows indicate "reverse chases”, where males alternatively dusplaced

each other: 80% usage areas of N (Iower) and X (upper nght) are outhned with dashed
lnnes : R . : \ ‘
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F|g 2 5 Percent of mteracttons in whnch localized males chase, and are chased by other
males inside and outside their 80%,usage areas during the breedmg peruod at HRSA and

‘RLSA Numbers of mteractlons are gnven atop the bars o
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~ Fig. 2. 6. 80% usage polygons of Iocahzed males at HRSA and RLSA durmg the br:
period. Dots indicate locations at which. females emerged from hibernation on or
-7 April. Triangles show locations of those females that emerged after 7 Aprul Lo
“were the sute at which the female was first cabtured)

A
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trying to challenge established locallzed males for their territories. By contrast, at RLSA
nearly;, all temales (98%, n = 40), emerged within the two—week"’breehding period' and
were spread throughout the study area (Fig. 2.6). '

Densuty offfemales at RLSA (22/ha} was 38% hlgher than at HRSA (16/ha) ThlS
may have accounted for the shghtly smaller terrltory size (1 e, 80% usage polygon) of
males at RLSA (although th|s dlfference was not s»gnlflcant U =289, P>0. 1),"since males ;
at'RLSA still had twrce as many females (x = -44,SD=24,n= 8) emergnng within their
terrltorles compared to HRSA (x =2 2 SD 08, n= 5) The higher densnty and
. synchronous emergence-of females at RLSA may, explaxn the mtensnflcatnon of male‘—male
conflict at RLSA relative to HRSA, as the increased densnty of the resource (le females) ,
would be harder to defend from other males, requlrlng more alertness and moving about,
and resultmg |n there bel'ng more ago'h:stlc interactions an’d less tlme for feedlng (Fig. 2:2).
Male male mteractlon rates averaged 0. 90 lnteractlons/hour/male aboveground at RLSA
' durlng the breedlng perxod compared to 0.25 mteractlons/hour/male aboveground at
| HRSA. | T

Only some of the males remamed resident.on the study areas in the .'

post— breedlng perlod ldeflned here as beginning on 21 Aprll or approxlmately the tlme

- of blrth of young on ‘the area) At HRSA 7 of the males were not seen on the' study area

r,after 21 April, and presumably had moved away Four. remalned resident. At RLSA one
male was kllled bya hawk two days after the end of the breedlng period, another
| dlsappeared (perh’aps-to the same fate) ‘and had hlS terrltory taken over by a new
.'Iocallzed male, 78% of whose range overlapped that of hlS predecessor s. Two males ! ,
v{rmoved off the study area and estabhshed post breedlhg ranges that did not overlap their |
breedmg perlod ranges and three others were seldom observed durlng the -
post— bneedlng period, presumably having estabhshed resndencnes near, but not on, the ‘
e study area Three males remalned resudent For those males that remalned resldent on the ‘
Vstudy areas, the nest burrows of an average of 4 5 fema)es lSD 2 6, n=6) were |

included in thelr home ranges

’

s
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2.3.3 Are males likely to reside near kin? |
Of th‘é four males resident at HRSA, one had a post—breeding period range that

did not,overlap at all the area he ovccu'pi.ed during the breedlng period, and can therefore .
be included with those that established post br,eed,ingperlod residencies off‘ the study
; area. On average,._ 4§i22%' of the post—;reeding ranges of the oth‘.er three resident’ males
‘ at l:lR~SA overlapped their breedin‘g period ranges and for resident males at RLSA vthe
ov‘erlap was 90+ 10%. During the post- parturmon period, these males spent 66+33/o
(HRSA) and 97+3% (RLSA) of thexr tlme in areas they had occupied durmg the breedlng
period.‘HehceZ if males s:red at least some of the progeny within their breednng.pernod
‘r-anges, itis likely that those males‘that remained_after the breeding peridd had some of
their.progeny nearby. ‘ R ‘ o . g o |

‘ Actlwty budgets in the post breedmg period were snmnlar for males, at both HRSA
“and RLSA (Flg 2 7), further suggestmg that dif ferences between the two areas durlng the
breedlng perlod were the result of differences in the intensity of male male competmon .
for females and not'due to physwgraphnc dn‘ferences However tlme spentalert
remamed hlgh for males at both areas, and perhaps these males alded the survwal of
young belng raised on the area by keeplng a watchful eye for predators and excludlng
strange ground squirrels from the v1cm|ty Data were “available on the post- breedmg L
: actlvmes of only one male whose post breednng range dld not overlap his breedlng
period range He spent only 9% of his time alert Three of the post—breedmg residents
‘had been locallzed and three had been non- Iocallzed durlng the breelng period, and the
locallzed males.tended to spend more tnme alert.(16.013.5%) than did the non—locallzed
. residents (1 2.'013.0%). During the same perio_d adult f‘emales 'spent on average 15.v0%
lHRSA)iand 182% (RLSA) of their time alert (see Chaptérs 3 and 8) |

if males spent the breeding period either near theur natal areas or the previous

- year s breedmg range, the potentual for mbreedlng would exnst Male ;uvenlles dlsperse in

the fall of their'first year (see Chapter 4), The ‘dnff‘e_rence in we:ght between Iocallzed'and.
- non-localized ‘male_s (Table 2.2) suggests that noln—local‘iz'ed males were probably | v

) 'yearlings since'yearlings "usually weigh less than older males at emergence'(unpul data) i

.'the number of male—male mteractlons in whnch a male chased another male minus the |
number of lnteractlons in wh:ch it was chased is used as an mdex of dommance then

=
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H R H R  H R H R
' Feeding Moving 4 Alert ' Interacting

~ ACTIVITIES

/o OF ABOVEGROUND TIME

Fig. 2.7. Percentage of aboveground time during the post-breeding period spent feeding, .
moving,- alert, and interactiing, for adult males at HRSA (H, n = 8) and RLSA (R, n = 3). - -
Observations/individual averaged 206%170 (HRSA) and 13038 (RLSA). Differences
between HRSA and RLSA were.non—significant for all activities. '
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Table 2.2. Weights (in grams) of localized males and non-localized males at emergence
from hibernation at HRSA (n = 8 and 10 respectively) and RLSA {n=5and 13

respecttvely) 4 ) , \ R

N . Lo'caliz.ed‘ Non-localized P
HRSA ‘x\ 33042 . . 27642 %
RLSA 48523 40349
*P 0.05, Mann— Whltney U—test (2- talled) G

ek P<0.01, Mann= Whnney U-test (2~ talled)

Table 2.3. Numbers of adults caught and tagged on 10 ha at HRSA m the sprmg of 1979
and the number - recaptured in the spring of 1980.

.

- |
# Tagéyea L # Recaptured v L% Recaptured ‘\ '\\;,
. . : _ — T : \“*\
 Metes s -
Females 76 . s 7 a9

X2—013
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|ocalized males’ (x = 49255, n = 14) \Lvere more dominant {{/ = 107.5, £<0.01} than
non—localized males (x = 40.7128, n = 9). The low dominance of non—localized males
{many of which were probably yearlings) and their tendency to be chased may correlate
with spring dispeksél of some yearling males. However, recapture rates between years
" ona 10 ha area were the same for adult males as adult female\s (Table 2.3), and all 15
‘males recaught in 1980 were less than .100m from their Iecation during the breeding
'pertod in 1979 Further seven males that’ had been trapped on the area before 1978
were caught in 1979 or 1980 less than 200 m from their point of initial capture Thus,
most adult males appear to remain in the same general vicinity in successive breedmg

1

.seasons.

'2.':4 bi‘scussion .
~“Two main points arise from the résults of this study. Firstly, theﬂmating ‘sy'stemvin

Richardson's ground squirrels and individual mating strate‘gies of males are var.'iable,_ and
the behavioural va_riab>ility observed had ecological correlates. Secondly, the behaviour of
_ male S. richardsonii more closely resembles thayt of the more sociel species of -
ground?dwel_ling'sciurids than those with which it traditionally has been eensidefed to be
similar. : , : S - L _ -

2,4.1' The matingrsy‘stém |
| buring the hreeéing period dominant male'Richardson's ground ,squirrels' spaced
themselves out. ‘Spa‘cing‘}i was maintain.ed through Q\V/ert‘ defense, as localized meles w‘ére _
Iikely to repulse intruding males fhorh an area in{vhich they spent 80% of their time. The
b‘reversal of dommance in relation to site, coupled with the active expulsuon of male
intruders from the area of domlnance is unequwoca! evudence of terrntonahty (Wllson
1975 | | S

| The resource being defended-was unlikely to have been food (Murie and ! Harris
1978), as |s the function of territoriality in many mammalian specnes (Wilson 1975), but
“was access to females Copula‘nons are rarely observed in Rlchardson s’'ground squurrels »
(Davus in press) but each ‘dominant male probably had priority of access, although not

-exclu_snve access, to the females that eme-rged w:t,hmv his territory. Hence, the mating



system of S. richardsonii can be described as male defense polygyny (Emlen and Oring
1977).

Male defense was most evident at RLSA, where territories were small and
distributed throughoui the study area; rfﬁule at HRSA over halt of the males studied
adopted a non~defense strategy. This \gariatnon in the level of male~male competition
cannot be attributéd to differences in the density of males. as has been suggested for
other species of vertebrates (LeBoeuf 1874, Bradbury 1980, Davis 1979). The longer
mating season at HRSAF,"ré'sulting from the asynchronous eme;rgence of females,
produced a patchy and unpredictabie spatiél pattern of the resou’rce (ie., females) For
those males on areas without feméles, the benefit of territorial defense would be low
relative to the cost, and it was probably more adaptive to range widely seeking either to
displace residents territorial in areas with females or 1o obtain sneak copulations 4
{Dawkins and Krebs 1978) Such behaviour has been referred to as a ‘satellite male
/strategy' (Emlen 1976}, and as ‘gallivantin"g’ (Barash 1981). The observation of a
;\on—localized"male at .RLSA cbpulating aboveground (Davis /n ipress) s[uggest's that
non—localized males are able to successfully obtain copulatiéns,

‘\Nhile the gsynchn;onobs emergence of females at HRéA increased the operational *
‘sex ratio (ie., the number of males Eela;cive to the number of fem'ales), the differenc;es
Betwéen the two study areas did not support the predictions of the theory (Dobson in
press, Emlen 1976), since where females did emerge along the southern and
south—eastern flanks of the HRSA, dominant méles still maim;ained territories inste?d of
evir;{cing alek—type of mating system as found in Beiding"s ground squirrels (Sherman
1976, . | | |

Some quality of the habitats may have influenced the form of the mating system.

B Squrrels at RLSA were heavier than those at HRSA, despite a sthter'growing season
(unpub[.pdata) and higher densities This implies fodd quality was perhaps better at Roi

) Lakes, ultir'r;ately accounting for the density of females emerging upon the area. Thué, if

" 'male behaviour during the breeding period is dependent on the distribution and abundane

of females, this will bé affected by: |

1. the synchrony ofhfe_méle emergence, which is influenced by snow-cover, and -

2. the density of females. which is influenced by habitat quality.
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'séason that overlap the ranges of several fernales and some contlnue to manntaln

'af?-

S,

‘|' . Adult male Rlchardson s ground sqwrrels defend terr:torles durlng the breedlng

post breedmg ranges that encompass the nest burrows of several females Thls '

assocuatloh of adult males with adult females resembles the pattern found in Arctlc

:.ground squlrrels (McLean in press) Columblan ground squnrrels (Murie and Harrls 1978)

black= talled pralrle dogs (Hoogland 198‘() hoary marmots (Barash 1981) and "
jyellow bellled marmots (Armltage 1974) Such an assocuatlon is characterlstlc of hlgh

: _levels of somallty in'the North Amerlcan Marmotml (Arm(tage 1981 Mlchener in press)

:‘:' _By contrast a lack of male terrltorlallty and post breedlng assomatlo\h of males w;th

i,"females is characterlstlc of the less socsal speCIes of ground squlrrels (Balph and Stoke

,’:»1981 Mlchener in press) is lnapp’roprlate

1963 Dunford 1977 Sherman 1976) The results of th|s study show that the :

B classnflcatlon of Rlchardsons ground squurrels as belonglng to the latter group (Armltage

RN

In the less socnal ground sqwrrel specnes males compete for access to females

: (Sherman 1976) and in Beldlngs ground squ1rre|s females usually mate wtth more than

R ione male and most Iltters are multlply Sll'ed (Hanken and Sherman 1981) As well as A

£

i ensurmg access to females male terrltorlallty in the more socual specues probably

» A} ,.25.,

o

S : ‘

,.fUnctlons as mate guardlng" (Barash 198 ‘l) so that the mcudence of multlple matlngé lS S

‘ freduced Nlate guardlng could- then provnde some assurance of patermty such that a

‘o

fterrltorlal male that contlnues to resnde in the area where it bred is hkely to have sired at '

least some of the offsprlng in that area leen a Ilkellhood of paternlty there is the _

, ‘;potentlal for paternal lnvestment (Grafen 1980) Wthh could be expressed through

~in the more socual specues (Barash 1975 1981 Hoogland 1981 Nchean in press), but
: not in the Iess socml specnes (Dunford 1977b Schwagmeyer 1980 Sherman 1977l
Adult male Rlchardson s ground squxrrels do alarm call and chase predators from areas m

v ‘whlch they are Ilkely to be related to<sthe young present there (see Chapter 7)

- watchlng for predators and glvmg alarm calls. Males do alarm call and/or chase predators L

-0
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) 3. Terrltorlallty Famlllarlty and Kmshlp |n Adult Female Rlchardson s Ground

~ -

! , Sqmrrels Spefmoph/ lus r/chardson//

31 lntroductlon »
The common denomlnator of somallty throughout the Marmiotini is the assocuatlon -

of adult female kin (Armltage 1981 Mlchener in press) and Kkin selectlon lHamllton 1963, ,

.' Maynard Smlth 1964) has been proposed as the prlmary mechanlsm that led to the

evolutlon and mamtenance of soccallty |n these specnes (Barash 1974 Dunford 1977,

, ‘Mlchener in press) For nepotlsm the favourlng of relatlves to occeur, degrees of
’brelatlonshlp and the costs and beneflts of such behavnour (Hamllton 1964) are not the

only condmons upon Wthh k:n selectlon is contlngent snnce there must also be the

i

: ‘-.opportunrty for related mduvnduals to mfluence each others survsval and/or reproductlve -

I Cess. Favourltlsm |s not likely to be selected for among relatlves that overlap in tlme

| "and space 1nfrequently (Sherman 1980)

' l\/lales of the genus Spermoph//us normally dlsperse before they breed (natal

'dlspersal) and sometlmes after they breed (breedlng dlspersal) (Armltage 1981

Greenwood 1980 see Chapters 2 and 4l By contrast females are phllopatrlc,

_malntalnlng a hlgh level of s:te fldellty between years to thelr natal area As &

.consequence of this dlspersal pattern closely related adult females l| €. mother and
'daughter sastersl have adlacent and overlappmg home ranges when snmultaneously
: present in the populatlon (S be/d/ng/ Sherman 1980 S co/umb/anusWJ King pers o |
3 comm S parry// McLean 1982, S. r/chardson// Mlchener 1979 S. teret/caudus v |
Dunford 1977) T |

Kln selectlon could operate even |f km assocuatlon resulted solely from mlmmal

female dlspersal from a common natal SIte however it would be stronger ewdence forA
: the lnkethood of nepotlstlc behav:our occurrlng if it could be shown that adult. female km

= assoc:ate preferentlally Only McLean l1982) has examlned the overlap of home ranges ’
vbetween closely related females and that between dlstantly related or unrelated female o
. 'nenghbours However he consldered all nelghbours leven non-= overlappmg nenghbours)

~ together and because the dlspersal pattern made it statlstlcally more Ilkely that km would

s overlap more than any two contlguous nelghbours h|s results were blased towards
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greater overlap betWeen kin. 'The question of i‘mportance in determining prefere'nce tor
kln is, do adult female ground squurrels associate more wuth their nearest kin than their h
| nearestnon k|n7 | o o IR
Snnce uterlne kin share common ex“‘perlences in the nest burrow it'is possrble ‘
that subsequent assocwtlon and preferentlal treatment between adult female km could be K
- the result of famlllarlty (Bekoff 1981 Daws 1982) Although such a mechanlsm would
stlll permlt the operatnon of k|n selectlon a questlon that arises s, does famlllarlty
through length o? assoc;atlon of adults affect the llkellhood of preferentlal treatment7
Sherman (lSSO 1981). presented evndence that it dld not in Beldlng s ground sqwrrels
Whereas adult females of Beldnngs (Sherman 1980 1981) Columblan

/’(Ee'sj@:gam

defend terrltorles Mlchener (1979) has argued that Rlchardson s ground squnrrel female

' round squrrrels o

~do not defend terrltorles lnstead havnng core areas in Wthh they are unllkely to be
’ submlsswe whlle bemg equally Ilkely to be aggresslve anywhere wuthln their range. Yeaton
(1972) on the other hand reported that kin of S. r/chardson// were allowed preferentlal

’ access to defended areas o SRR, 0

Thus the alms of thls study were to examlne the pattern of somal organlzatlon in

- adult female Rlchardson s ground squ1rrels and the potentlal for k|n assomatlon to
deduce the erfect of relatedness (klnshlp) and length of assomatlon (famlllarlty) on. |
behavuour towards nelghbourmg conspecnflcs and to examine evudence for female

terrltorlallty and overlap of defended -areas.

A

3 2 Methods

gt

_ . Rlchardsons ground sqmrrels were studled durmg 1979 and 1980 ata Slte (the —
' nghwood River Study Area HRSA) located on. flat open feswe grassland 6 km L
northwest of Longvnew Alberta Canada (50“34N 114"18W elevatlon 1235 m). The

‘t
T

_.area was occasnonally grazed by cattle A 1.3'ha study area- had a grld of 10 x 10 m.
E squares superlmposed upon lt by usmg palnted flags and stakes to mark the ' .

' co ord:nates In addltlon squlrrels could be observed ina further 5 ha Wthh ln 1980
- was marked wuth a grld of 50 x 50 m squares Durlng the sprmg emergence from

hlbernatlon in both years, squ1rrels were trapped over an approx:mately 10 ha area’ that
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extended in all directions from the study area. =~ . .

oo

’ AII ground squlrrels on and surroundlng the study area were live-trapped and

'marked for lndlwdual identification by usmg numbered metal ear tags'in both ears, a
) coloured plastlc dISC or strlp attached to one of the metal ear tags and letters or

numbers palnted on the’ pelage WIth ”blue black ‘human halr dye Thereafter sqwrrels

were retrapped usually only as necessary to renew their dye marks Juvenlles were

trapped at the tlme of emergence coincident wnth weanlng whlle they were stlll

assomated with: thelr natal burrow and mother From this, matrllmeal klnshlp was obtamed

for all young brought up on the area durlng the course of this study When caught all’

squnrrels were transferred to a bag and weighed (+59) usnng a spring balance Squlrrels ‘

were releas\ed -at the polnt of capture In all, 178 adults and 268 juvennles were caught

. and marked durung the two years of the study

Observatlons weré made from a 2 5m h{agh stand usmg 10 X 50 blnoculars All

-observatlons were recorded dlrectly onto paper usung a shorthand code and later .

.transcrlbed for computer analysrs lnstantaneous scan samplmg (Altmann 1974) at 15

o mlnute mtervals on the quarter hour was used to obtaln data on spatlal organlzatlon

4

: movements and actmty budgets When a squ1rrel was seen in a systematlc search of the :

~

.area its |dent|ty locatlon (locatlons were recorded as- benng wnthm a SpGCIfIC 5 x 5'm

'square) and activity at that mstant were recorded All occurrences (Altmann 1974)

sequence sampllng (Slater 1978) was used to record mteractlons the ndentmes of the

. part:crpants the begmmng and end locations of the mteractlon and the temporal

sequence of behav:ours were noted (see Chapter 5).

7 Observatlons were conducted between 8 May and 20 August 1979 and between
25 March and 13 August 1980.. In aIl 397 hours of. behawoural observatlons were made
' (1979. 80 hours, 1980:;307 »_hours), and adult fem_ales wereseen in 228 scans'in 1979 |
. ’vanvd >1 168 scans in 1980. Ob.ser"’vatlons were conducted between‘ 0700' and 1900 hours -
| --Mountam Dayllght Time, wlth the ma;orlty of hours spent on observatlon in the early
"mormng (0700 to 1 100 hours) or Iate afternoon (1 500 to 1800 hours) Observatlon
: perlods usually lasted for 2to4 hours ’ ‘

For'the purposes of analysns the actlve season was lelded into three parts Wthh '

' correspond to gugnlfncant blologlcal events taklng place in the populatuon (after Dunford

v em
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~ 1977 and Michener in press). The first phase, thelbreedling period, was defined as that‘ |
period from the first emergence of females from hibernation until,at least 96% o

females had emerged. Richardson's ggound squlrrel females usually copulate in the first 3
or 4 days followmg emergence (Michener 1980a Davis in press) The gestat/on//actat/on '
pernod was the time from the end of the breedlng perlod unt|I all litters of young had " |
emerged on the area, lt was the perlod when most females were pregnant and suckllng
their young which flrst emerge aboveground about the time of-weanlng (Michener’ 1877).
‘)’19 postemerqence per/od was from. the tlme of ;uvenlle emergence until entry’ mto '
hibernation or the end of thls study Both Dunford (1877) and l\/lnchener (in press)
' . recognized a fourth prehlbernatlon phase; but as elements of the populatlon go |nto
'hlbernatlon dependmg upon sex, age and reproductlve status, from about the time. of
‘ )uvenlle emergence lt seemed unwarranted to furthe: sub- lelde the postemergence
" phase o ' .

ln 1980 periods were from 25 March to. 16 Aprll (breedlng)f—l 7~Apnl fo 17 June

P

(gestatlon/lactatuon) and. .18 June“to 13 Aﬁg’u:st (postemergence) in 1979, observatlons
) idld hot begm until 8 May which was near the end of the gestatlon/lactatnon perlod (9
B June) Hence, for this paper, 1979 data are treated as a whole and used only for the ’
purposes of examlnlng between— year movements »

" Home ranges were computed usmg the minimum convex polygon method (Mohr

and Stumpf 1966) Area calculatnons were made for each pernod only for those females | ,
with mor.e than 20 locatlons within the perlod. A glven percentage of the most outlylngk AR
locations from the-geometric*centre of actiyity,‘ was e*cluded when calculating
perce‘ntageAUSage .areas(i.é;, the minimum.area in which an animal spent a giyenp
"percentage of its tlme) v i ‘ o E
| “ln thls paper the followmg three categorles of relatlonshlp between nelghbounng |
females are recognlzed al uterine—kin (mothers and daughters or SIsters) b) familiar
" (females that have been nelghbours as adults for more than one year) c) unfamlhar e .
non- uterlne kin (a yearling female and her nearest non uterine= km nelghbourl Female ~‘
Rnchardson s ground squurrels first breed as yearlsngs (Mlchener 1980a 1980b) s0 that _ :

any female emerglng from hlbernatlon was consndered to be an adult in thls study. -
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Non.—parametric statistics were employed '(Sokal and Rohif 1969), and‘the 0.05
\ probablllty level of a Type | error is cons»dered slgnlflcant Throughout means are given -

wnth plus or minus one standard deV|at|on

3.3 Besmts , » [

: - :
3.3.1 Home range size and site fidelity of adult females w
Home ranges of adult females ﬂat HRSA in 1980 were smallest durlng the breedlng
“period, increased durlng gestatnon -and lactation, and decreasevd again after the emergence
of the young (Fig 3. l) Hoyvever ' there was-a pOsitive correlation between number of
sughtlngs of a squ:rrel and its calculated home range m all perlods (breedlng r= O 26,

P>0. 05 gestatron/lactatlon r= O 52, P<0.01; oostemerqence r= oeé P<0 Otl SO that

. 'home range may be underestlmated for those animals sighted least frequently Small
sample S|zes occeur partlcularly during the breedlng and postemergence periods.

/’ : For females that had been resident on the area as adults |n 1979 thelr 1980
home ranges lncluded on average, 96% (SD =10, n = 11) of their 1979 ranges, and the
dlfference between thelr geometric centres of activity for 1979 and 1980 averaged

“only 86 m (SD = 4, 6 n=11). Hence adult ‘\ﬁemales were extremely faithful to the site

]

they had occupled the preVlous year. - f

/

[

332Terr|tor|al|ty . ..d_‘; S -

if females exhibit such extreme snte tenamty are they also dominant w:thln their

‘areas, or parts pf it, and do they actlvely exclude other females from their area? In other o

words is the pattern of their spatlal orgamzatlon malntalned through terrltorlal behavxour7
Females spent little tlme in the bulk of. their home range lFlg 3.2),;on average

spendlng 80% of their time wvthln an area that made up only 18 of their home range

For mnmmum areas. (usage polygons) in Wthh they spent less than 80% of thelr t|me {Fig.

-3.2), the reductlon in area was almost directly. proportlonal to the reductlon in usage (r —'

0970

'Piots of locations where fémales initiated interactions against other adult females

\ that resulted in the displaceme‘nt of the re‘sponde‘rli.e.', the respo_nder fled,'u's_ually chased

-
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- - Fig- 3.1. Home range sizes of adult female Richardson's:ground squirrels at HRSA during
- the breeding period (25 March— 16 April}, destation/lactation period (17 April=17 June) _ .
and postemergence period (18 June— 13 August). Number of females and average humber
of observations per; female are given for each period. ’
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time during the gestation/lacatation period. (n = 24, # observations/female = 224+116)
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" by the initiator) show a considerable amount of spat.ial. segrégation for different
individuals (Fig. 3.3). The areas vlrl;lere females were initiat/ing and winning interactions ,

\‘against other females were probably reﬁresentative of territories, since females were
demonstrably dominant within them and actively (by initiating the interactions) excluded
others. Visual inspection of the boendaries of usage polygons showed that for individual
females, the 80% usage polygon md"st closely approximated the area in which

,inter.actions were ini,tiated and won. Baseel uoon interactions, ,irre,speetive of which
squ‘irrel»was'the initiator, females were much more likely ;o chase other females within
their 80% usage areas than they were to be chased by them, whereas the reverse was

“ true for interactions occurring outside the -80% usage area {Fig. 3.4). A preponderance of

chasing other females within the 80% area, coupled with the reversal o

Vi ence for terrltorxallty However 80% o usage areas are only

+.

approxmatlons of the actual territory, since they are defined by the probability of

occurrence wnthln the area and not the probablllty of defense. While for some females
the ‘approximation to the ‘defended area was very close, some females dld not defend ail

thelr 80% area, and some defended areas outsnde of it. Nevertheless, henceforth in this

: paper, 80% usage areas are employed as the best avallableapprommatuons of territories.
Terrltorles were probably establlshed at the outset of the season, |mmed|ately .

{

.followmg coputation and the start of gestation, since mteracttuon rates between adult
females were highest in the breedlng perlod (O 24 interactions/hour/female ,
'abovegroundl and decreased thereafter'ln the gestatlon/lactatlon :

(0.19 mteract:ons/hour/female aboveground) and postemergence |

' (0.11 mterachons/hour/female aboveground) perlods The mean terrltory size durlng the
gestat:on/lactatuon period was 784 ms lSD 299, n = 24), and was not as dependent as
home ‘range estrmates on s‘ample size {r = 0.29, P>0.05). Also terrltory srze remained .

relatlvely constant. between the gestatlon/lactatlon perlod and postemergence period

\ .
(x = 822 m?, SD=390, n = 18). Territory overlap. between years ‘was hlgh foreadult =
females resident in 1979 and 1980, and on average their 1980 territories contained 85%

(SD = 20, n = 9) of their 1979 terrifory_.
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' K 3.3.3 Assocuatlon based upon klnshlp and famlllarlty
‘ LDOnly seven females born on the area in 1979 survuved and establlshed resrdency

on the -area a% yearlings, and for only thr‘(‘ae of these was their mother. also presentiin .

1980 One yearling had a sister present in 1980 but although she occupled a contnguous

. area, lt was off the study area An adult female moved onto the area in 1980 from about

: '30 m away whnle her daughter remalned near the natal area The mother made frequent
: i? excursions over to her daughter s area However in: both cases the sample sizes were sO
: small as 1o preclude accurate measurement of spatlal overlap Hence measures of kin
i assocnatlon are restrlcted here to the three mother daughter palrs
B The mean. dtstance between actlvnty centres of the mother—deughter pairs in
1980 was 12 7 m (range 7= ?ll By contrast, the average dlstance between the activity
centres of 26 other females and thelr nearest nelghbour was M 6 2 m (ST = 6.0). Between
v~ia female and her nearest famnllar nelghbour actlwty centres were a mean. dnstance of
184'm apart (SD 6 3. n= 18). The average dlstance between the actlwty centres of a
- : ,yearllng female and her closest unfamlhar non-— uterlne kln was 189 m (SD 68,.n= 7)
' _ ‘ Hence adult female kln tended 10 res:de near each other and they appeared to be -
closeLtogether than non- uterlne kun nearest nelghbours (sample S|zes were too small to
conduct any meamngful statlstlcal comparlsonsl Familiar. adults were no more Ilkely to be ‘

: closer together than unfamlllar nelghbours (Mann Whltney U—test U= 60 B, P>>O 05)

: vlndeed daughters home ranges in 1980 mcluded 99% (SD 2 n= 5) of their mother s

i 1979 hdme range and thelr terrltory overlapped 85% (SD 18 n 4) of thelr mothers

H i

. terrltory in 1979 lrrespectlve of whether the mother was stlll allve in 1980 R

Rad 5
@erall,’ mean overlap of home range and terrntor.les was hlgher between nearest - L
futérlne k|n than nearest famlllar or nearest unfamlllar non- uterlne kin netghbours (Flg
3 5). However dlfferences between the groups were not statlstlcally sugnlflcant because '

of the large amount of md:vndual vaPlatlon within the groups and small sample 5|zes The

"~ amount of overlap lncreased throughout the: season between uter:ne Kin, whlle remalnlng

o relat:vely constant between fam:llar nelghbours Tlme spent V"t‘t%'»ln the*gbverlap area of the

' home ranges durlng the gestatlon/lactatlon perlod was -not statlstlcally different (Kruskal

i

~ Wallis /-/ 2 50, df = 2, P 0. 29) between the groups and did not lndlcate mcreased

¥

attractlon between related or famllxar females (uternne-—km X.= 70 2% SD 29 0, n= 6

o .
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famlllar X = 63 8/0, SD = 24 7, n= 16 unfamlllar non~— uterlne kin. x =77 3%, SD = 135,
n= 12) | e | |
However when both members of a palr were sumultaneously above ground
: uterlne —kin were closer together (Re= 16 8 m; SD = lO 8. n= 3) than unfamlllar
non- uterlne kin nelghbours = 24. 9m, SD 5.7, n =7) l =2, P= O 05) whereas
) famlllar nelghbours were not closer (x = 26. 8 m, SD 4.4, n =11/ = 45, P>>0 05)
ln conclusnon when close fermale kin are slmultaneously allve in the populatlon '
they are likely to be near each other However there is only shght evxdence that they may
‘exhlblt a preference for each other b\,, assocnatmg more than do non uterlne knn o '\-
.nelghbo‘urs, or f_emales that also had been nelghbours in the prevuous yeat. .
3 3, 4 Female behaviour and reproductlve success o : -
| Adult females apportloned their tlme dnfferently throughout the actlve season ln //
'the breedlng perlod Wthh corresponded wnth the period of smallest home ranges the 7

fed nearly two thlrds of thelr aboveground tlme and spent llttle tlme mov"lnygout or

being vugulaﬁ’o (Fig. 36) Durlng gestatlon and Iactatlon time spent movung/a d bemgoalert /

o increased, whlle the proportlon of tlme feedlng was reduced Rela}me amounts of. tlme A '

v‘spent feedlng were further reduced by females after thelr y/oun/g had emerged when :

they mcreased the percentages of their aboveground time spent movnng and being
| a4 s
» .vngllant However females that dld not brmg up any young spent more time feedlng (x =

‘ v62 8%, SD.= 7 5 n= 4) tha’n dld parous females x = 404 SD = 13 5 n= ‘l4) {/ =55/
: P<O 005) in the postemergence perlod Most females that dld not brxng up young ,
v dlsappeared from the populatlon presumably mto hlbernatlon early in the postemergence
perlod so that accurate actl\uty budgets could be calculated for only four of them s ’

Tas

Females wuth "iterlune kln as nelghbour:> did not differ slgnrflcantly from the rest’ of the

"‘v populatloﬁrjor tlme apportloned to any behavnour durlng any perlod
. ’E“

Breedlng success was low 28 young per female (8D =.2.4, n'= 32) emerged at |
‘weeixnlng and lltter snze dld not differ 5|gn|f|cantly for those with- uterine~kin, those W|th .

o

famlllar nelghbours (whlch were by defmltuon all 2 years or older) or yearllngs

@
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.- and Interacting (In) for adult female Richardson's ground squirrels duririg the breeding,

gestation/lactation, and postemergence periods. Numbers of females and observations.
per female are given for each period. ' : : : v
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‘ 3 4 Dlscussmn S

Adult female Rlchardson S ground squirrels upon emergence from hlbernatlon
spent most of thelr time feeding, moved about little, and consequently confmed .
themselves to relatlvely small home ranges When pregnant and suckllng young adult
females used larger areas and fed at'a greater dlstance from the nest burrow That was
‘also a time of increased vngllance as females defended territories around thelr nest |
burrows that had been establlshed followmg sprlng emergence. The decrease in adult
B female female mteractlon rates inthe postemergence period suggests that terrltorlal
| defense is not.as vngourous then

' Michener-(1979:128) found home ranges of females lcalled ‘total ranges «by her)
were smallest durlng the gestatlon/lactatuon perlod Dunford (1977) found that in

~ round talled ground squlrrels size of home ranges of females decreased as the actlve

’ Y,season progressed ln a study of Columblan ground squnrrels home ranges of females

S perlods of equal duratlon is useful for studylng the relatlve amounts of space used pe

unit time, the home range estlmates for the gestatlon/lactatlon perlod in thls study (based

were largest during late lactatlon and Juvemle emergence (Festa~ Blanchet and Boag,
1882). The dlfferences apparent from these studles may in part be due to’ samplmg
‘ dlfferences These studles provided home. range estimates for short perlods l8 - 14
o days) whlle l chose perlods that were dlrectly related to s:gnlflcant blologlcal event :

occurrlng in the populatlon Home range estlmates 3«»@ dependent upon sample SIze _

(Owings et a/ 1977 this. study) and whule the dl\/lSIOn of the active season inio short

w

,:“on an average offover 200 observatlons per. Ihleldual) |Ilustrate that the actual area
'-frequented by femalesowhen pregnant and lactatlng is Iarger than blweekly estimates
would mdlcate (Mlchener 1979) o ‘ ' . _
‘ | The demonstratlon in this study that adult female Rlchardson s ground squrrrels

exhlblt terrltorlal behawour contradlcts Mlchener s (1979) conclusmn My results agree '

erth the impre '» ns of Yeaton l1972) Quanstrom (1968), and Wehrell {1973), that

o female S ichardsohii defend terrltorles Territorial behavnour as measured by the rate

of agonltlc mteractlons was most pronounced in the: latter part of the breedmg perlod
“and the ear_ly part of the gestatlon/lactatlonvperlod wh_en boundarles were probably being

‘est'ab’lished, Fem'ale_t{‘err.itoriality has also' been found inBelding's (S,her'man 19,80);
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Columbian lFesta Bianchet and Boag 1982) and round- tailed (Dunford 1977) ground v
quirrels The differences between this study and Nlichener s, are probably due to '
differences in definition and: sampling technique

For this study | defineva territory as "any defended area” {Noble 19389}, which is in
essence,\s“pac‘:e related intolerance (Eibl-Eibesfeldt 1870), and is evid.enced by '

site—relatéd change’s in dominance Michener (1'979) adhe'red more closely to Pitelka's

(1959 definition that a territory is an area of excluSive use, and emphasized that

Richardson s ground squirrels do not have exclusive use. of any area. However, the latter
definition supplies a function for territoriality Without being based on the mechanism of

3 spacmg behaViour (Murie and Harris 1978) and the proximal importance of territorial
L behaViour to adult female relationships is not that territorial boundaries are sacrosanct

- but that intruders are likely to be chased (Brown 1975). In female S. rv/chardscn//,_
territoriality h’asybeen demonstrated vbecause Within an 'in‘dividual’s territory (approximated :
by 80% usage areas), the reSident was much more likely to dominate and chase other
females than be chased herself whereas the reverse was true for.areas outSide the
, territory (after Murie and Harris 1978) By contrast Michener (1979) did not observe
interactions to’ completion and classed both participants involved ina fight as behavmg
E aggresswely even though most interactions between adult Richardsons ground quirrels
X 'result in displacement of one of the partiCipants (see Chapter B5). Thus by not measuring
the outcome of interactions Michener did not determine the likelihood of dominance and"‘ :
“exclusion in relationship to space : .

' The form of territoriality observed in female Richardson's ground squirrels -
'corresponds to Type A in Wilsons (1975) claSSification That is, females defended. large .
areas in which shelter nesting and most’ food gathering’ actiVities were located.

| The observations that adult females eihibit site fidelity between: years, and live |
' "near their natal area a\igrees With the results from a trapping’ study of Richardsons
“ground squirrels (l\/lichener and Michener 1973 1977). There isa suggestion from the
. results of this study albeit a: very small sample that uterine Kin may: assomate
'preferentially Michener (lQ?él‘ found that while kin were likely to be closer together than

v »non—kin neighbours whén Simultaneously active, each maintained separate 50% usage

areas My resuits suggest that assomation between uterine -kin’ is greatest after the

e
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emergence of young Association of adult female kin and their lltters after emergence

(clumplng) occurs frequently in" Arctic ground squrrrels lMcLean 1982). Whlle clumpmg of

-Iltters does not appear to be a general phenomenon in S. richardsonii, | observed it once -

- in 1879 (unpubl. datal, between two females that were pr‘obably closely related because

they exhibited extensive.home range overlap (59% and 75%, respectlvely) and engaged in

- frequent “kiss" interactions, which are most common between kin (Davis 1982, see ‘,

.Chapter 5).

The flndlng that famlllarlty through length of association as adult nelghbours dld
not lnfluence the propensity of nelghbours to assocnate agrees in substance with that of
Sherman (1880) for S. be/d/ng/. That does not, however, preclude familiarity from
having an" éffect on the 'operation of sociality There ‘is evidence that familiar neighbours
Lare treated preferentlally to non- nelghbours (Wehrell 1973 see Chapter 8)

Surprlzmgly there has been llttle work on activity budgets in ground squ1rre|s

; Michener (1979) reported that time spent feedlng increased throughout the active season

and was highest during the postemergence phase. However, breeding success was

extremely low in the year of lVIlchener s study {Michener 1980b), and the feedlng rate

may have been affected by the high proportlon of females not br_lnglng up any young and

- those with only one young (56%). By contrast Yeaton {1969) and Wehrell (1973} both

found: a decrease |n the proportlon of aboveground time spent feedlng at the time of .

Juvenlle emergence As in this study, Wehrell (1973) found that alert behaVlour was most

_'"pronounced after juvenile emergence

:f\" " The plcture that forms is that when females emerge in the breedlng season they

are reasonabTy sedentary spendmg most of their tlme acquiring energy (feedlng) in’

——

preparation for the energetlcally expewslve processes of gestatlon and lactatlon Itis also

the time when terrltorlal boundarles begln to be established. The proportlon of tlme spent .

_ feedlng,decreases durlng the gestation/lactation period as the result of time spent in

 territorial behaviour (alertness, interacti«: 1nd moving about) and perhaps increased

vigilance for,predators: Similarly, low 1 f feeding with relatively high percentages of

time spent movmg about and being’ alert, occur during the ‘most territorial phase of male

behaviour (see Chapter 2) After ;uvenlle emergence female female interactions

decrease but tlme spent feedlng is further depressed in those females with young
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1

presumably because of an mcreased need for V|g|lance to protect the young. This |s
consistent wnth thé behavnour of parous females of th|rteen lined ground squirrels,
which are usually the only adults that will gnve alarm calls, and then only at the time of
juvenlle emergence {Schwagmeyer 1980).

} There was no evidence that kin association or the presence' of farniliar neighbours
N affected activity budgets or reproductlve success. However sample sizes for |
uterlne kin nelghbours were low, and a more direct experlmental approach is warranted

“to mvestngate the effects of kin association (see Chapter 8.
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4. Socialization and Sex Differences in ;Juvenile'R_ichardson's-Grdond Squirrels

(Spermophilus richardsonii)

4.1 Introduction - . ’ ~_ / "
N Due to thelr spatlal proximity at blrth snblmgs have the potential to exhibit
extremes of co- operatnon medlated by kin selection, and competlt»on (Alexander 1874).
The development and expression of behav;oural relatuonsh|ps early in the lives of

14

juveniles, is an irhportant part of the process of socialiiatio‘h that later shapes their
.behavnour as adults (Fedigan 1982). Yet wuth few exceptions {e.g. Bekoff 1978 Berr:tan '
1982) there has been httle attention glven to the development of behavioural
relatvonshlps amongst juveniles. ’
In ground squirrels, studies of juveniles have tended to concentrate on litter size
(Murie et a/ 1980), growth rates (K'oeppl and Hoffmann 1881), and the ontogeny of
} 'behavioural motor patterns (Ferron 1981). Recently it has been found that juvenile gro,dnd '
sq‘uir.rels cyan'differentiate their biologioal siblings from non—s.'iblings even 'wtthoUt
postpartum experience of them (Davis 1982, Holmes and Sherman 1982) although in.
some, species of rodent famlharlty between juvenile conspecmcs can override the
effécts of kin recognition (Kareem and Barnard 19?2, Porter et a/ 1981). Since juvenile :
Richardson‘s ground squirrels (.S:permoph/'/us r/chafdsoh/i) spend the first 30 days
* (Michener 1977) of their lives beJow ground in a nest with only their littermates and
mother they are more familiar with their siblings“than with other juveniles, and~hence i
-could dlscrlmlnate sibs from non— s:bs whether the mechanism was based upon
' —famlharlty a genetlc recognition system or both L
» Studies in‘the field (Dunford 1977, Michener ’198}1, Yeaton 1972) and laboratory
(Sheppard‘and.Yoshida 197 1), have shown that siblings treat each other less agonisticall;r
) than do non=siblings. This is not, howeve‘r,"an universal phenomenon. Coyote siblings
engage in serious fighting when’_3v, to 6 weeks old (Bekoff 1978), interactions between
sibling Richardson's ground squlrrels are as likely '_to'vinc_lude fighting behaviours as those
between non—siblings_(see Chapters 5 and 6), and in yellow—bellied marmots periods of
‘extremely agonistic sibling inte'ractions can precede dispersal by yearlings, with dominant -

sibs remaining in the colony and subbrdinates dispersing (Webb 198 1). A similar process

a9



has beén postulated to influence ‘disper-sal in Columbian ground squirrels (Boag and Murie
1881}, and d'ominance’relationships among siblings are con':mon in other marmmalian (e.g.,
Koyama 1967) and non—mammalian (e.g., Safrlel‘lQBl) species.

The link between Juvenlle behavnour and dispersal warrants exploratlon in ground
squlrrels as n most mamrnallan species, dlspersal is male biased (Greenwood 1980).
Although some authors have suggested that dlspersal in S. richardsonii is accounted for
'mainly by spring dispersal'.of adult males’(l\./‘l‘ichener and Michener '1977), others (Schmutz .
et a/l 1879 indic!ated that many male juveniles: disperse in the summeF of. their vf'i'rst year. .
Desoite the 'obvious sex bias in dispersal, behavioural sex dif ferences among ju‘\-/enlles,
which m'ay' correlate With disper‘sal t_end'ency, have not been adequately investigated.

Socialization of jul/eniles wasl found to be a major determinantof later.
interactions in rhesus macaques (Berman 1882), but only l'n-:one study of ground squirrels
has the ontogeny of juve_nile relationships even been looked at. A preliminary study of
ju'venile”relatlonships was made byb Mlchener {1881) on 14 - eaile S. richardsonii, half

" . of which were.individu'ally identifiable for the dur'ation of the study. +

In this study; | present results on the relatlonshlps between 134 )uvenlles mai
for individual |dent|f|cat|on from the time of emergence above. ground at weaning, durlng .
four summer seasons at two localmes [ examine use of space, activity budgets and -
lnteractlons for evudence of km differential behaviour and sex dlfferences, and relate the

Alatte'r to data collected on dispersal by juveniles.

‘4.2 Methods . K

: Juvenlle Richardson’s ground squnrrels were studled during 1979 and 1880 at the
: Highwood River Study Area {HRSA) Iocated 6 km northwest of Longview, Alberta, Canada
l50°34N 114°18'W; elevation 1235 m), and during 1980 and 1981 at the RO| Lakes
Study Area (RLSA), 12 km northwest of Stony Plain, Alberta {(53°35'N, 1 14°05' wW;
elevation 730 m). Both areas were situated in grassland that was sometimes /grazed by
cattle. Each study site consisted of 1.3 ha leIded into a grid of 10x 10 m squares by
using painted flags and stakes to mark the co—ordinates. All adults on and near the study

areas were live—trapped and marked for individual identification when they emerged from

~ hibernation in the spring (see Chapters 2 and 3). At the HRSA squirrels were trapped over

»
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a 10 ha region during the spring, that extended in all directions from the study area

Adult female Richardson's ground squirrels copulate a few days after emergence
from hibernation (Davis /n press) and following a gestation;;jéeriod of 23-24 days, the
young are borp in a natal burrow from 'wh'ich they do not emerge above ground until the
time of weaning when 30 days of age (Michener 1977). Dates of emergence for all o
litters on the study area were recorded. Young were live—trapped on the day of
emer'gence or soon thereafter, wheffﬁ;)each juvenile was still’associated with its natal
. burrow and mother, so that matrlluneal klnshnp relationships. could be determined. At
capture all juveniles were weughed (xbgl.using a sprlng balance and marked for individual
identification with n_umbered metal ear tags in both ears, a coloured plastic disc or strip
-attached to one of the metal tags, and a letter or number painted on the pelage with ,
“blue-black” human hair=dye. Iri ali, 474 juveniles (HRSA. 126 [1978], 143 [1980) RLSA:
137 [1980'], 68 1198 1)) were caught and marked on or in the vicinity of the study areas.
Juveniles were usually only retrap.ped as necesbsary to renew dye marks. However, in
1881 juveniles at RLSA were trapped and weighed once per Week (every Tuesday,
weather permitting). » ‘. |

Squirrels on the study area were observed wnth 10 x 50, bmoculars usmg

/instantaneous scan sampling (Altmann 1874) at 15 munute mtervals

:he querter hour.

Each animal's location and activity? at the instant it was seen ina sy

categornes All occurrences of mteractlons were noted usmg seq

1978) |n which the |dent|t|es of part|c1pants thelr locatlons and

) e ke R "
-aé 41“\5 Ve - i

Home ranges were computed by flttmg a minimim ﬁ\gex golygon ’Mohr and

Ui o
0% %f& ts* tume) Only Juvennes that

*activities were not recorded durzng 1979 at HRSA ;
Y
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postemergence period as a whole A subsample of the ¢ individuals, with many sightings
each, was used for the bnweekly analyu of spatial relatnonships during the | :
postemergence period Unlike other studies that have divided time according to calender
‘periods {e.g., Michener 198]),‘ periods were all_oéated accordin.'g to the age of the
individuals being examined Thus, home ranges and overlap between sibs were calculated
" for two week periods from the time of emergence‘of each litter. A;juveniles emerge
when 30 days old (Mlchene“r 1977), ages of juvenile within a period could be estimated
(Table 4.1) and all juveniles included for a given period are,apr)ro?(imately the same age.

| Where data did not deviate from a normal distribution, parametrrc statistics were
: empleyed, The 0.05 probabiiity of a Type | error is tak_en.asl the level of significance

'

‘ throu“ghout this paper. Means are shown with one standard dewviation.

4.3 Results 5 Q.
Overall, an average of 3 juveniles per adult female were weaned,-except for
1980 at RLSA when breeding success was twice this high (Table 4.2). While the density

"~ of juveniles emergent upon the areas varied between years, there were consistent

regnonal dnfferences that were not affected by yearly varnatnons in breedmg success.
Mean sizes of Iltfers did not differ sggmflcantly be\ween years on either area, but were '

Ks

S|gn|f|cantly greater at RLSA than at'HRSA (Student's t~test. t = 3.24, P<O0. 005 Weights
of young at emergence were similar between RLSA in 1981 {x = 10:>+20 g 'n = 55

~ minimum we»ght =70 g) and HRSA in 1979 (x = 97+21 g n = 63; minimum

we:ght = 70 g Wenghts did not vary between 1980 (x =11 1+23 g. n =81, mnimum
weight = 65.g) and 1981 at RLSA (Student's t—test: t = 1.41, P>0.1), but at HRSA
juveniles emerged in srgnlflcantly lighter condmen m 1980 (x = 5+27 g n =90,
minimum weight = 30 g, 39 [43.3%) wenghed less than 65¢) than in 1979 (Students
t-test: =572, P<<0.001}. Coupled with a doubling in the propartion of females failing
to bring up a litter, the low weiéhts in >19§_370 suggest the females may have been affeeted
by t’he"late snowfall (see Chapter 2) and/or disease. In fact, the density of young on the
HRSA durvng 1980 was even lower than shown in Table 4. 2, since many of the juveniles

perlshed within the first few days followmg emergence, probably because of their

apparently weakened condition.

i
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~ Table 4.1.5' Ages of Ijuveniles‘ during weeks following emejr;ge'nce ab’ovegr‘ound'. "

)

_ Po's:.\, -2

emergence

B (weeks}

 Age (days)  30-43

3-4  B-6

4

R

44-57 . 58-71

}

"7-8 ¢ 9

10 11-12
w L » - ’ o “
72-85 = 86-99 100-113 .V

'Y( '.f



Table 42. Vanables related to the productlon of Juvenlles at HRSA and RLSA in the years

54

' of the 'study. - ’ , ‘ o _ , ‘ o

CHRSA . . RLSA __
1979 1ge0 . 1880 1981

.» #Adult females S Co9 28 20 19

% females w:thout young S 71_‘7 L 38 s 0 B4
Mean reproductive.success 3.1 28 . 81 L 30
(young/female) : ST e e ey

/ .Mean_ l,ltter s‘xze{at weaning : : 3.821.5 1 44217 61i30 - 6.3&2,4:' R

N

r,ﬁénge of lttersize (16 1-8 - .2-13  .2-10 "

#young oh area. 92 70 - 21 L 57

o Densuty (young/ha) 1

71 . B4 83 . 44

s

1 nof'actual dens’it‘y of fe‘m’ales‘ since rm aréas that extended b’eyond fhe 13ha o

8

breedmg success’ was ﬁ%obably/'n part related to the removal (see Chapter 8)
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4. 31 Postemergence Splat;al Relatlonshlps Betvl?‘een Juveniles
| Foliowing emergence above ground at weamng the famlly unit malntalned its
vdnstnnctnveness Juvenlles~cont|nued to be active closer to thelr sibs than their non—sibs~
(Table 4.3), and wuthm their mothers’ terrltory {Fig. 4.1). Brothers were as llkely to be near
each other as were sistérs (dlstances betvseen actlwty centres of brothers averaged
7. 7+57 m, /7 =53, and those of snsters averaged 65+4 4 m, n=50,1= ‘I .25, P>O 2),
) and where Juvenlles had both a brother or 4sister preser\t they were no more likely to '-
' _be nearer to a snb of the same sex than one of the opposne sex (distances between |
. factnv:ty centres of nearest kln of the same sex, x = 6.3£5.1 m; between t_hose of neare‘st
klh of the opposute sex, X ’6 344 8 m; Paired t—test: 1 = 0.02, P>CQ n =-78 pairs).
‘Dlstances between centres of actnv:ty of nearest llttermates were not- greatly affe\:ted by
: density at either study area, however actlvuty centres of llttermates were closer together
at RLSA than at HRSA (Table 4:3). ' |
Home range 5|ze of Juvenlles was sngnlflcantly larger in the year of lowest densuty f ‘.
. (1980) at HRSA but that was not true at RLSA (Flg 4. 2) In all years on both study areas,
regardless of: denstty overlap of home ranges was greater between sibs than non- snbs . :
""(Flg 4. 3a) ard juveniles spent more of thelr aboVeground time in thegareas of overlap

wrth thelr Ilttermates than in the areas gx overlap wnth thenr non -littérmates (Fig. 4. 3bl

3 2. Actlvmes R

Juvenlles apportloned thelr aboveground time in a relatlvely sumllar manner
between years and study areas (Fig. 4.4); although some dlfferences wereg apparent

Durmg 1980 -at RLSA the year of hlghest densuty prOportlon o‘ﬁ.tlme spent feedmg was

less than that at either RLSA (=7 00, P<<O 00 1) or HRSA {t = 7 12, P<<0 OOl) in years |

of low - denslty Pla flghtrng between Juvemle -was. more prevalent at RLSA than at. HRSA

(t =6.81, P<<L0. 0 l) perhaps as a result of the closer assomatlon of Jtlvenlles at Roi
nghwood Rlver (Table 4 3)
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Table 4.3. Comparlson of dcstances to actavnty centres of nearest littermate. and nearest ,
non-littermate’ (metres) A ‘

1
 Area Year. ' ARV B Sib. | Non-sib P
HRSA 1979 15 . 97:43. 155560 .- 335 %
HRSA 1980 - 12 . . 84242 19.144.6: 1043 wwx
RLSA 1980 . B9 - 4944 . 10536 = 666 *wx
 RLSA . 1981° 26 56231 126569 563 wun

o P<O 01 panred t- test
*** P<O 001 palred t-test
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~ Fig. 4.1. Locations of juvenile activity centres during the postemergence period for four
litters at HRSA in 1979 in relation to their mothers™80% usage areas. Members of a litter
are all designated by the same letter. . :
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Fig. 4.2. Size of home ranges of juveniles during the postemergence period:#ithe-
Highwood River study area (HRSA) in 1979 and 1980, and at the Roi Lakes study area
(RLSA) in 1980 and 198 1. The number of juveniles (n) and average number of '
observations per-juvenile (obs) are given. o : :

* P<0.001, Student's t—test t = 4.03.
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Fig. 4. 3. a) Home range overlap of juvenile Ruchardson 3 ground squirrels durmg the

postemergence period’ with their nearest littermate and their nearest non-littermate. .
- b) Time spent.in the area étfoverlap with nearest littermate and nearest non- httermate
L P<O 05 o P<O 01, ***‘ P<O 001, paired t—tests.
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Fig. 4.4. Percentage of aboveground time of 'jU\'/eniles during the postemergence period
" devoted to feeding (Fe), moving about (Mo), being alert {Al), Interacting (In), play fighting
" {Pl), and gathering nesting material or digging burrows (i.e. nest building) (Ne). ’
+ 0.05<P<0.1, ¥ P<0.01, Student's t—test (2 tailed). Numbers of males and females (n)

and the average number of observations per individual (obs) are given. -



“interactions than did female juveniles (Fig. 4.4).

4.3.3 Ontogeny of Sibling Spatial Relationships ) : s
| Home range size increased during the first two weeksabove ground, reaching a ‘
peak in the érd and 4th week. Males cons'istently had larger home ranges than did-.females
{Fig. 4.5).'Simil>arly, mean dlsta‘nces frohw the nest burrow i.ncreased d‘uring weeks 1 and 2
above ground, and average distances from the nest burrow we_‘_re somewhat greater for
males than for females. in nearly all periods (Fig. 4.5). Females tended to remain a constant
distance from the nest burrow between weeks 3and 10 (s = 0.417, P>O;5, slope = 0.25),
. while males increased their distance from the nest burrow during the same period
(r =083, P =0.07, slope = 0.73). This implies that in some way‘the females had _
‘StablllZEd their movements as the season progressed ‘and in fact from weeks 3-4 to
"~ weeks 11= 12 their home range size steadlly decreased ir= -0 96, £<0.01) while that of
: the males remained more consta’nt except for a decllne in the 1 1th and 12th week’ perlod
A{r=-0.34, P>086, for weeks ? 4 to 9-10) (Fig. 4, Sa). Overlap of core areas (80% usage
_areas). decreased throughout the season, but this decrease was much more dramatlc
between sisters than brothers and fron‘l’weeks 7 8 sisters showed sngmflcantly less
overlap of core areas than did brothers Fig. 4. 6) This is consnstent with the development
of territorial behavnour between slsters about their 7th and 8th weeks above ground

(unpubl data) Distances between brothers when snmultaneously active tended to be less

than between sisters, further suggestlng greater mutual avoidance on the part of juvenile . .

- sisters (Fig. 4.6). : T ‘

 4.3.4 Dispersal

Evidence for juvenile dispersal was examined in two ways. First, trapping records

show a significantly greater loss'of male juveniles from the ﬁopdlation‘than female -

_juveniles, between their emergence at weanmg and emerge? j’\effafter thelr first .
' hlbernatlon (Table 4.4). Secondly, at RLSA in 1981, all Juvem e's born on the area were
monltored ‘each week until they dlsappeared either because of death dlspersal or entry
into hlbernatlon Surv:val and hazard functions (Fig. 417) show- that for both. males and-

females & similar loss occurs durmg the first and second weeks aboveground, and that
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natal burrow (bottom) since emergence at weaning. :
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Table 4.4, Rxchardsons ground squarrels tagged as juveniles in 1979 (HRSA) and 1980
(RLSA), and recaptured in trkne spring followung the|r first hibernation.

# tagged # recaptured % recaptured
HRSA
Males : 70 5 B 7
¥*
“Females . 56 12 : . 21
RLSA |
. Males e T SRR
» ' ‘ ! HH
Females T 21 30

|

% X = 4.28, P<0.05
% X? = 5,06, P<0.05

i
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i
the risk of loss is‘{ vary shght in the seM¥nd week. This early loss can probably be
attributed to the death of the Weakest individuals during their "first week abovedround.
For fem%}es the Iikelihood of disappearing from the population remains near zero until»
the end of their eigtht week aboveground During the ninﬂh week the probability of
disappearance increases and peaks during the tenth and eleventh weeks, after which all
females have disappeared from the population. The disappearance of females during their
9th to 11th weeks aboveground was due to their going into hibernation, since during a
Iirnited amount of trapping on the area on 23 April 1982, the time of spring emergence
from hibernetion, six of these females were caught that had disappefared in their 9th (1),
10th (4),\‘or 1 1tmh {1) week postweaning. By contrast, there was a hign probability that(
males wouid disappear from the population during their 3rd and 4th weeks aboveground,
';ﬁd’by the end of the fourth week, 70.4% of the males that emerged at weaning on the

' 'area had dnsappeared This period of d:fferentnal loss of males from the populatnon
compared to females can probably be attributed to d:spersa! by the male juveniles. In

\"support of thns conclusnon 8 of 9 (89%) juvenile immigrants onto the study area were

’ «males Of those males born’ on the area that continued to remaun there after their fourth

» week aboveground the probability of disappear-ance was almest nil during the from the -

. Bth until the end of~the|r 1 1th week postweamng The probabul;ty of dlsappearance was

. Very hngh durcng their 12th week by the end of whnch all- males born on the area had

o ’:‘gone This loss of males from the populatlon durxng their 12th week .aboveground can
probabiy be attr;buted to entering hlbernatlon as thenr female contemporles did during the

- precedlng three weeks.

4 4 Dlscussmn

le

" Richardson's ground squ1rrels after emergence at weanlng associate preferentlally
R wzth the|r sibs compared to their-non- subs The perseverance of close post-weaning Q
relat:onshlps wuth both mother and littermates has also been noted in'two other studies @
of juvenile ground squurrels (Dunford 1977, Mnchener 1881). Somahzatlon in Richardson's
ground squirrels appears to be a process ‘that preserves and promotes affmatlve bonds - j@ r
‘between members of matrilineal k:nshlp groups (Michener 1981 Yeaton 1972, see

Chapter 5), as occurs among primates (Berman 1882, Fedugan 1982, Kurland 1977) The
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preservatlon of natal burrow assomatlons into adulthood together vylth an ab|l|ty to

dlstlngmsh bnologlcal k|n from non- km (Davis 1982 l;lolmes and Sherman 1982) would

- allow for the preferentlal treatment of closely related adult (c’;r}spemflcs (Dunford 1977 .

McLean 1982 Sherman 1989 see Chapters 3 and 8). Such ?ssomatnons could then forrn :

4

- the baSIS for altrunstlc behawour medlated by, kin sele(r/:(o\‘ﬁrman 1877). and the '

degree of socnallty charactemstrc of the specnes {(Ar |tag 1 Mlchener in pressl;

. ‘ _ lt is apparent from this study that whlle certal trends may characterize the
‘ behaVlOur both between dlfferent localltles and be/t/weEn dlfferent years Slmllarly
varlablhty has been observed in Columblan ground squirrels at dlfferent elevatlons lF.S.

Dobson pefs comm l\/lurre /n press Murie et a/ 5980) Thus generallzatlons about the:

s early soclallzatlon of Rlchardson s ground squlr‘ ts need to be approached wrth cautlon
Nevertheless some general and conslstent trends are elumdated by\thls study Whnle

. '_ durlng the postemergence perlod lltters contlnue to malntaln their lntegrlty the ontogeny '

o

of spatlal and somal relatlonshlps demonstrate v .' S _ & .
ot lee-d process of dcfferentlatlon wuth juvemles becomlpg lncreasmgly mdependent of
their natal burrow and'siblings, and R - : _ Ml o

":2’." Jwe early expression of sex dlffereﬁces SIS 8 A . k Ty

Dunng the |n|t|al four weeks abov ground JuvenLle males and females behave

/
s»mllarly mov:ng frorn the vucmuty of the natal burrow almost as: lf they are famlharlzung
l
themselves wuth thejr surroundlngs Females then occupy lncreasmgly dlsparate areas

from those of thelr snsters and other Juvenlle females and*conflne their moveménts to

smaller and smaller areas By contrast males continue to roam over Iarge areas malntaln

[ LIS

e consuﬂerable overlap in the|r movements W|th thelr brothers spend a greater proportlon

of \tQalr tlme engaged in’ agonlstlc lnteractlons and a smaller proportuon in feedlng than do .

3

females The ocourrence of such dlt\ferences at an early age suggests that they. mlght be L

o

precursors 10 the observed sex dlfferences ln dlspersal

~

B

S ' The spatlal and behawoural dlfgerences betWeen the sexes are conS|stent wnth

d| ferénoes in the post hlbernatlon behawour of males and females Females are

— -{-

tph;lopatrxc contlnumg to spend thelr hves in the v;cmlty of thelr natal burrow (see

B

PN =
éhapters Ig—and 8) Males on the other hand dlsperse before breedlng elther as ;uvenlles
L \ RN ‘e i L ~.“‘ i i b L K 3

IR L
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’ (Schmutz et a/ 1979 thls study) or as yearlings (Mlchener and Michener 1977, see

Chapter 2). Adult female Rlchardson s ground squnrrels are terrltorlal (see Chapter 3), and

* the prehlbernatlon behaviour. of Juvenlle females may be an early expression of their

establlshment of terrltorles the next spring. Juvenite female \Wyomlng ground squurrels

{S. e/egansl are also thought to compete in the summer for areas they W|ll use to breed

, the next year (Pfelfer 1980) Areas defended by yearling=S. r/chardson// females show

o great overlap wnth areas occupled as Juvenlles (see Chapter 3) On the other hand there

.~ would seem to be little value for male juveniles to defend areas in the fg’l that they will

© funpubl. *data) : -

not use the followmg year Thus males mlght be expected to def‘end an ﬁ'ea only so as to
ensure the seourlty of an hlbernaculum and accg,ess to an adequate food supply The larger

ho?ne ranges of males may ln part result from excurSIons that precede dlspersal sunce

.males were often seen to travel cons:derable dlstances and then return to thelr natal area

R

4

Juven:le sex dlfferences are common i polygynous’ prlmate specnes (Fedigan

1982 Koyama 1967) They are expressed early- and therefore may be under hormonal

>

, control Perlnatal gonadal hormones are’ known to be responsnble for sex dlfferenoes n

. behavnduf of rodents and prnmates including man (Ouadagno et al l§77) Androgens

Chae : Dy

. ‘8roduce g%ater aggrea‘ﬁlveness ih males (Bra[n 1972) and could aooount for the greater..

o I

propensnty of male Rnchardson s ground squurrel juvemles to engage in agonustlc

K mteractlons Female Beldmg s ground squvrrel mfants that \were lnjected with testosterone _
' soon after bnrth nnmated more. mteractnons than untreated females and dnspersed as.

‘-Juvenlles(KE Holekar‘np, pers comm) v o R o O A : N -

Aggresswe behavnour has been suggested to lnfluence male duspersal in-.

, yellow bellled marmots (\Nebb 1981) and Columblan ground squurrels (Boag and Murle

~

1981), but was not fqund to be ah lmportant factor in the dlspersal of round ta:led L

. squxrrels whereas Juvemle dlspersal appears to be the norm for the latter three spec:nes ‘

v,

- ,squxrrels Dlspersal is characterustlc of yearhngs ln marmots ‘and Columblan ground : -

: and hrchardsons ground squlrrels Autumnal dlspersal in spruce grouse lS sard to be

(Dunford 1977b), Beldlngs (Holeka;np pers comm) or Wyomlng (Pfelfer 1980) ground

N \ R

c‘&g;»..‘

. . _!é\\'{g

under mnate control whereas spring dlspersal of yearlmgs is medlated by agggesswe
behawour lAIway and Boa_g ElS?QlA _Rlchardson s grou‘nd squurrels.@ay be snmllar{,smce

v
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~

» whlle juven le dlspersal of males appears to occur lrrespectlve of densmes and | ' ’
’ proportuon of time: spent mteractlng those males that-hibernate on the area and emerge
in spring as yearllngs usually lose interactions with other males before dlsappeanng (see
Chapter 2). ’
ln conclusronfe ontogeny of Juvemle relatlonshlps resulting in the retentlon of-
, SIbllng tles female pitilopatry, and male dispersal, has |mportant genetlc consequences
" (Bekoff 1881) for th\>somallty of Richardson’s ground squnrrels Due to thelr spatlal and

_ ‘temporal proxmlty dlfferentlal behaviour medlated by kin selectlon lS likely to/occur "

- v_olusters of adult female uterlne kin (see Chapter 8).

, R . ) :
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5. Behavioural Interactions of Richardson’s Ground S‘g.uirrels: asymmetries based

| upon kinship |

5.1 lntroduction‘ ‘ ‘

If kin selection (Hamilton' 1963 Maynard Smith 1964) is an importa\nt medlator of
sociality in ground squ:rrels as ﬂas been suggested (Armitage 1981 Barash 1974 )
-Dunford 1977 Michener in press) then predlctably behavuoural lnteractlons should
dlffer between kin and non-kin, as lndlvuduals shouid treat Conspecn‘lcs accordlng to
‘their degree of relatlonshlp leferentnal treatment of close relatives compared to distant
i and non-relatives has been welI docurﬁented m msects le.g. Hamllton 1972 Noonan _
1981 Strassman 1981, West Eberhard 19/5 Wllson 1971) and birds (e.g., Brown
1970, Craig 1880, .Wolfenden 1975}, Amonf;fx mammallan spemes behavioural
asymmetrues based ‘upon klnshlp have been rep>orted partncularly in, prumates e.g.

Chagnon 1980 Kurland 1977) ahd ground dwellnng sciurids. (eg Dunfordg>1977

' Hoogland 1981 MclLean 1982, Sherman 1977) However not all behavuoural asymmetrles

_ are related to klnsh_lp {Ligon and ngon. 1978, McCracken and Br bury 1981). Also, when |

_examihing behavioural interactions, degrees of relatedness should not be the sole

. consideration, since sex, age, experience, dominance, and reproductive value of the

participants will also differentially affect the costs and benefits associated with partloula‘r ,

R
iy
it

_behaviours Emlen 1981). “
" The aim' of this study' was to examine the'behavioural interactions of Richardson's
ground squtrrels (Spermoph//us r/chardson//) in the field for any evidence that the
degree of- relatedness between partlmpants may affect 'the nature of mteractlons In both |
| field (Mlchener 1973 1981, Yeaton 1972) and laboratory (Michener 1974 Mlchener and
Sheppard 1972, Sheppard and Yoshida 1971) 5|tuatlons Rlchardson s.ground squwrels
, ‘that are uterine—kin (e, mother offsprlng and snblmg relatlonshups henceforth referred
to as UK) have been found to treat each other more amlcably than non- uterme kin=
‘ (NUK) LT T :
However in these and-other (e. g Armutage 1974 Holmes and Sherman 1882,
~McLean 1981) stu_dles of the ,ground%dwellung SClUl’ldS it has been common practnce to -
sub jectlve_ly interpret the motivational states of hehaulours and assign interactlons to

RN
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"agonistic”, "cohesive/amicable”, or “neutral" categories. Comparisons of interactions
between kin and non-kin using such categories leaves any differences that are apparent
interpretable only within the limits of the observer's classification. A
| chose to analyse all observed interactions in a field~study of Richardson's
ground‘squirrels wtthout any a priori atternpt to categorize the “type"' of interaction.
!nstead, the sequence of behavioursv'occurrin‘g'in interactions were recorded. Gr0upvings
"an_d associations between behaviours were determined o_bje"ctively using faotdr'analysis |

f

(Comrey 1973) and transitional analysis (Fagen and Young 1978}, respectively. The pattern

.toéf behavnours occurring in interactions betWeen UK and those between NUK were then

ompared in a multldlmensmnal contlngency table analysns (Colgan and Smith 1878), using -
the groupings obtarned by the above method Funally post hoc mterpretatlon of the results
of the analyses were made in light'of’ the observed outcomes of th nteractnons

5.2 Methods

5.2.1 Study area and subjects
Interactlons of Rnchardsons ground squnrrel were: observed durnng 1979 and
1980 at the Highwood River. Stux Area, 6 km northwest of Longview, Alberta, Canada _

{50°34'N, 1»14‘?18’W; elevatien 1245 m),land‘ during 1981 at Roi Lakes Study Area, 12 km

northwest of Stony Plain, Alberta (2 3°35'N, 1 14005'W' eievation 730 m) Both study sites
vvere 1.3 ha in area, diviced into a grld of 10 x 10 m squares, and were sometnmes
..grazed by cattle Maximum densmes of adult squurrels on the areas averaged 27/ha (range
= 23—31), and the maximum densities of juveniles averaged 66/ha (range = 44-93).
Al squirrels on the study areas were marked so that they were individually
identifiable, by using numbered metal ear tags wuth a. coloured plastic disc or strup
“attached to one tag, and by pamtmg letters ‘or numbers en ‘their pelages with "blue black"
‘human harrfdye. Age class (Juvengle'/adult) and sex were known for all squirrels, and often
matrilineal k'ibshjp relationships were known as well. The latter vvere determined by o

‘live~trapping litters when they emeréed from their natal burrow at weaning.
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5.2.2 dbservations

Interactions were recorded using sequential sampling (Slater 1878). Observations
were written on paper in a short—hand code, and later transcribed for computer analysis.
Whenever possible, the identities of the initiator and responder, the starting location (this
was defined as the location of the responder when the interaction was initiated) and the
end Iocation {the location of the responder when the interaction was terminated) were
noted as well as the temporal sequence of behaviours in the interaction. Sequential

sampling of interactions waés conducted for 454 hodfl of observation. Observation

periods :usuallyllasted for 2 ~ 4 hours and were conducted between 0700 and 1800

e hours'ﬂvlountain Dayiight Time), with the majority occurring in the eariy morning

(0700 - 1 100) or late afternoon {1500 — 1800

- 5.2.3'%\ﬂé]y5i5 )
The frequency of occurrence of 15 behaviours in 1774 interactions were
arranged in a matrix and R- type factor anaIySis (Aspey 1977, Harris 1975) was used to
determine underlying associations between’ the behaViours by reducing the data to a set |
- of uncorrelated factors. Factor analySis was carried out using the SPSS program "Factor”
{Nie et a/ 1 97B) A matrix of correlation coefficients between the 15 ,behaviours Was
computed, and the elements of .the rnain_d'iagonal replaced with co'mmuniality, estimates,
which were initially set as the squ‘ﬁ’ed multiple correlation between a given behaviour and
“the rést ot the behaviours in the matrix. Factors' were then extracted itera’(ti"vely until the |
COrnrnuniaIity estin'iates of one"or mOre of the_ behaviours exceeded 10 | :r the fact_or
anaiysis perfo_rmed here 5 iterations ‘were needed, Only those factors with eigenvaiues‘
(measures ‘of the \iariance accounted for by each factor) greater than 1.0 ’v'vere then -
rotated usmg Kaiser's normai Varimax method which maximized the variance of the
squared loadings of the behaViours on each factor Factor Ioadings indicate the degree to
A ‘ which bepaviours are assomated with each factor. ‘In this study posmve factor Ioadings
of greater than 0 32 were considered. to represent eVidence of association of a "~
behaViour With a factor and according to Comrey (1973) values below 0. 32 indicate very
poor aSSOCiation (<“iO_% of variance in common With the factor)_j Factors _wer-e considered

B interpretabie only if they accounted for at least .10% of the total variance in the original ’



data {in this study only»the first four factor%were considered therefore). For the sake of
grouping the behaviours, any behaviours that did not load at greater than +0.32 onto any
of these four factors was included with the factor onto which it loaded most highly, but
was not used for interpretation of that factor. | LR |
Factor analysis has been criticized as being unsound for many practical situations
{Chatfield and Collins 1980), but it remains a useful tool in beha\)ioural research for
seeking underlying structure in a set of observed variables (Aspey 1977, Chatfield and
Collins 1980, Cooley and Lohnes 1971, Harris 1975
' Transitiona1'!’a'nalyses (Colgan and Smith 1978, Fagen and Mankovich 1980,1[—_agen
and Young 17978)vwere/, carried out by arranging into contingency tables the freduency

with which behaviours followed one another within an individual. Analyses were’

| ~ conducted using t?é BMDP program "P4F” (Brown 1981). ' \w\

)
5.3°Results and Discussion

Flfteen r.eadily recognlzable mutually excluswe and vnrtually aII mcluswe

behavuours were mutnal!y descrnbed (Table 5.1} All behawours were described in strlctly

phys:cal operatnonal terms without any atiempt to |mply a motlvatlonal state orr allocate e
them to a functional groupmg Other behavnours {e.g., ano~- gemtal smffmg allogrooming)
occurred at such extremely low frequencnes that the ethogram could be treated as
'complete wuthout them (Fagen and Goldman 1877). As well, the inclusion of such rare

acts in the behax;noural catalogue would have sernously undermined the robustness of any
cont:ngency table analyses by introducing too many cells with small expected? values e

(Colgan and Smith 1978). The behaviours recognlzed in this study were in many instances
S|mular to those described elsewhere (Table 5 1), and the basic behavnoural postures of ‘
Rnchardson s grouhd squurrels (Clark and Demston 1970L Michener and Sheppard<1872,
Quanstrom 1971, Sheppard and Yoshida 19711, this study) are similar in forim to those of
other ground squurrels (Betts, 1976 Owings et a/ 1977 Stelner 1870, Watton and
Keenleysude 1974). ‘ :
 R=type factor analysls (Aspey 1977, Harris 1975) was used to determme
whether there were any underlying assomatlons between the behavnours that could be

~ used to.group them in a non— arbltrary manner. The varimax rotated factor matrix of the

.



Table 5.1. Ethogram of behaviours of Richards
interactions. Names given by other authors tc equivalent behaviours in
are also shown. T
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on's ground squirrels used in social
ground squirrels

Move away

Sicie
' Ris_e

Box

~ Forward

Lunge.'

~ Standover

. Supine
Roll fight
Kiss

ny

No reaction

" with forepaws extended, the ani

~ withdrawal by orientating the body away
from an opponent, without Jeaving the
vicinity of the interaction . " ‘

- the back is arched, with the arimal turned
sideways, presenting its flank to an
opponent._There is piloerection of the hairs
on the back-and tail, and the mouth is often
held open b '

- the anterior of thé body is raised so that

the front paws are iifted from the ground.
The animal is facing it opponent, one paw is
often extended towards the op t and
the mouth is-usually open ,
- standing upon hindlegs facing

nent
kes
at its oppongnt with adductions of the
foreleg. The mouth is usually open.

- the animal is crouched facing its opponent.
There is some piloerection, the mouth is
usually open, and sometimes a single
forepaw may be extended towards the
opponent. ..

—'the animal leaps. at its opponent,
forequarters first. May sometimes be

. accompanied by biting.

- standing upon its hindlegs, the animals has
its forepaws resting on its opponent.

" Frequently this posture is held for several

seconds. . ‘

~ the animali is lying upon’its back, ‘with legs
raised upwards and the head and neck tilted
forwards. o -

~ the animal tumbles over with its opponent,
striking at it with adductions of the legs

~ the neck is extended towargds an opponent
and the head tilted slightly to one side. The
mouth is open and contact is made with the
nasc—oral area '

- ilthough in contact with or beside an
opponent, no reaction is discernible in
response to behaviour of the opponent

Behaviour Description Equivalent
Chase - pursue an opponent by running after it chase'v!
Flee — rapidly run from an opponent flee
Run towards - rapidly approach an opponent - running
, approach’
Move towards ~ approach an opponent by walking towards walking
it : -  approachy

arching*.back
arched? flank to
flank’,lateral
approach’

warding®

sparring?,.
standup fight?

@

»t‘hreaﬁ

s 6"

attack®, lunget?

full submission®

fights, rolling
fight
greeting®,
kissing,.

. nasal-nasal’,

nose-nose®s,
nose-to-cheek*

2

Betts 1976, :Dunford 1977, *Michener and Sheppard 1972, ‘Owings et a/ 1977,

sSheppard and Yoshida 1871, ¢Steiner 1975, "Watton and K

<

E
- 4

K3

eenleyside 1974.
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frequency of occurrence of the 15 behaviours in 1774 interactions produced fo-
factors that together accounted for 83.4% of the total variance (Table 5.2). Twelve of the
behaviours had positive factor loadings on one of the four factors that exceeded 0.32. '
The groupings were interpreted, post hoc, as: .
1. Factor 1 Chase—fl‘ee’ behaviours. These often occurred in interactions in which‘
dor'ninance/'was obvious from the outset, being dependent largely upon the location
of the participants. Such behawours were common in territorial disputes (see

]

JChapter 2), mtrusnons by non—neighbouring conspecifics (see Chapter 8), and

N

interactions between unrelated adult females and juveniles {see Chapter 3).

2,‘ Factor 2: Appeaserhent situation beh'aviours. These tended to bring about a
cessation of the interaction, and often stemmed from the following group of
behaviours.

3 Factor 3 anhtxng behavnours These behaviours frequently occurred in interactions
where- dominance. was not immediately obvnous and was determined in the cou\\gse
of the interaction. They are similar to the behavnours used to assess social rank| in
other species of rodents (DaVIs 1979). . . \

4. Factor 4: Identlﬂcatlon behav:ours Naso- oral contacts, which were often preceded
by passive approach and resu!ted in no further mteractlon, have been interpreted as

most hkely having an ldent:fncatnon function (Steiner 1975). \ ¥

The. frequencues with which behav:ours follovg}ed one another within an mdnwdual
were organized into a contmgency table (Appendix Eﬁ) of two—act transmons occurrnng
during 177,4”|nteract|o_ns. In all, there were 5420 sueh transitions, which farl\exceeded
the recommended sample size of at least 10R? (R = repertoire size) acts (10R? = ._’2250 in |
this stud.y)that is desirable when conducting traneitional analysis (Fagen and Young 1978).
Expected values for each two—act transition if the occurrence of a behav»our wg

mde endent of the nature of the prec din behavnour were calculated in the.same o .
P preceaing )

manner as for cells in a X? test for mde\pendence ‘

Those transmons that occurred s}gnuftcantly more often than expggteg@" "
were determlned follownng the method of Ainley (1974) so that the magmtyd 3

| o
posstnve standardlzed re51duals (observed - expected/square root of expected) were e

used to ldentlfy the most important transmons The standardized resuduals were regarded o



Table 5.2. Varimax rotated factor matrix based on the frequency of occurrence of 15

behaviours during 1774 interactions of Richardson's ground squirrels.

0y

FACTORS

Behaviour : d F1 F2 F3 o Fa4

Chase .0.84 / o

Flee . 0.95

Run towards 0.61 “g

Move towq,rdé 0.58

Move away 0.41

Side . 053

‘Rise . "' 0.49

Box . 040 .

Forward 3 | 016

L'.Lmvge ‘ 0.3% ’

Standpvef | a ( _ 0.78. .

- Supine 0.80 ‘

F&)ll fight 0.25

~Kiss 053

No reaction 0.39
% Total Variance 409 26.7 158 100
9% Cumulative Variance 209 7 676 |

83.4 . 934
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A

N . : ‘
as approximate standard nofmal variates. However, when using a relatively large

behavi0ura| catalogue the observed f?a*e‘quenc"ies of rom.e cells will differ significantly
from chance eXpectatnon (P<0.05) through random sampling error. Hence | adjusted the
probablhty level at which a behavioural transition was consndered to occur at a frequency
sngnnflcantly wayward from chance expectatqon by duvnding the 0.05 probability level by
the repertoire size (0.05/15 ='0.003) (Aspey pers. comm.). Transitions were considered
sngmﬁcant then if the magnltude of the standardlzed residual was' +3 0 or greater

(P<O 003, since +2. 96 glves P=0. 003).

: Il .Several rejationships are apparent from a flow dnagram of sngmflcant transitions

in interactions of {Richardson’'s ground squirrels (Fig. 5.1). The "chase- ﬂee (Factor 1)

%

behaviour's werehnked in'a pattern of "run to” - "chase” - "lunge” - “flée” ~ “run to.'\-‘ that -
is consistent with a pattern that ‘would “result from reversals of dominance as seen in .
reverse‘ chases pver territorial boUndaries The "appeasement. situation" behaviours .
P (Factor 2) were preceded by a flghtlng behaviour (" boxmg Factor 3) involving physncal
contact and |ed to passive w:thdrawal or No response on the part of a standlng over!
~ animal. This suggests that "standover” is the domlnant posture and that ’ ‘supine” is the
appeasement submissive posture of the two (Grant artd Chance 1958). Apart from rise”
and "roli fight”, ‘ﬁghtung behaviours often tended to be foliowed by " mov:ng away’,
while none were sxgnlﬁcantly likely to lead to fleeing. Hence, "fighting” 7ehavnours need
not result ih a dlsplacement of the participants, if both terminate the interaction by
orienting-a ay {" movnng away") from the other Also f|ghtmg behavn urs are oftén
followed y more of‘“the same or other flghtmg behaviours. The s//de posture [

[
precedes ther 'fighting” behavnours and because itis often follov(/ed by wuthdrawal o

without le d:ng to other ‘fighting” behavnours that mvolve physnca{ combat (u e., "box" and
“roll fig't;t it may be reasonable to mterpret this asa threat behavnour (Sheppard and
~Yoshida 197 1), However |t also ant1c1pates the contact "flghtmg behavnours $0 cannot

be said to |always prevent aggression as is generally supposed to be the adaptuve f

‘advantage of threat postures (Alcock 1976 Dav:s 1979)
Amley s (1974) method of assessmg S|gn|f|cant behavnoural transmons is relatuvely
msensmve to significant’ transxtlons occurrm@ between rare acts (Fagen and Young 1978}

3NB. thls is not necessarlly the sequence of. behawours as they occur in any glven Co
interactjon;: smce it is derlved from two- act trans:tnon probabllstles only. © .

L . , i "

[ . B i N . o ——
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to Run Towprds

MOVE

TOWARDS

v

Fig. 5.1. Flow diagram of intra—individual significant transitions between behaviours used
in 1774 interactions of Richardson's ground squirrels. The area of the square is =
proportional to the frequency of the behaviour, and the wigth of the arrows showing

. direction of significant transitions is proportional to the fmagnitude of the standardized
residual. Dashed lines enclose factor groupings. (S/O = Standover) . L

<



Fagen and Mankovich (?0) recommend a method bas&.ed upon an algorithm of Brown .
(1974) that calculate srgmflcant transmons ina stepwnse manner by sequentially
/ldentlfylng those cells ina contungency table that contrlbute most heavnly to the X?

/ statiatic. This method plcks Up many more Slgnlflc}ant transutlons (Appendlx 5.2) mvolvung
" the rarer acts (59 versus 34 for the above method). However, its heurlstlc value for
interpreting the patterns of behaviour when the behavuoural repertoire is relatlvely Iarge

as in this study, is I|mlted as so many transitions appear as significant. Since rarely - |
occurrlng transitions are robably not so lmportant for understandmg the general
patterns of behaviour, the method of Amley (1974) and others like it (Andre\N 1956
Aspey 18977, this study) would appear to be more useful for mterpretatlon precisely
because of the conservatlveness of the test Howsver, the method of Fagen and
l\/lankovnch (19801 is useful for illustrating the complexity and varnablllty present in-the
patterns of behaviour of Rlchardsons ground squlrrels

To examine whether the mteractlons between uterine— kln and nonr-uterlne kln

differed in complexity, transrtlonal analysxs was r\epeated separately for mteractnons
between UK and interactions between NUK. Complexnty was measured by the number of
B behavaours that were followed sngnn‘rcantly by more than one behavuour The rationale for -

this was that when behavuoural patterns were completely stereotyped, and he’hce least )
complexga glven behavrour would always be followed by only one other. Twenty two
transitions in interaetions between UK were srgnlflcant and 28 among lnteractlons of ‘
NUK. Only 12- significant transitions were common to both groups so that 68 4% (26/38)

~ were uniquely significant in either UK or NUK mteractlons Slx of the 15 behav;ours in

| mteractlons of UK had sngnlflcant transmons leading to two or more behavuours ' '
compared to 10 of%'the 15 in interactions of NUK (X2 = 1. 21 P =0.27) Thus lnteractlons
between UK are not more complex than those between NUK,-and there is even a
suggestlon that there is a trend towards greater complexnty in interactions involving

non uterlne kln
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%
5.3;1 Asymmetries based upon kinship
Behaviours were grouped according to the factor greupings obtained above, and
the frequencies with which the categories of behaviour followed each other within the
same individual during 1161 {27 1{UK], 890INUK]) interactions were arranged in a 4x4x2
three—dimensional contingency table, with the degree of relatedness as the third
dimension (Table 5.3}, The hypothesis tested was whether the sequence of behaviours (P
and F) was independent of the. relatedness R) cf the participants. Hypotheses are most
easily tested in three—dimensional contingency tables by fitting a hierarchical set of¢
log linear models to the data The fit of a particular model is tested by, comparmg
estimated exp/ected cell frequencnes with the observed cell frequencies using a
chi- square statistic (Colgan and Smith 1978) The fits of all models are- shown in Table
54 Smce all sub—models of the saturated model (ie., the complete model which has a
perfect flt as_it lncorporates effects of all varlables at all levels) have significant X2
values none of the models adequately explain the data This means that there are

extremely complex mteractlons mcorporatlng 1st, 2nd, and. 3rd order effects between.
the variables (precedmg behawour following behaviour, and relatlonshlp) in the agonistic
mteractnons of fochardson s ground squirrels.
The partlcular mode! of mterest (R.PF) has a highly sngmflcant X? value (X?

Z152 85 df = 15 P<<O 001), md;catmg relatedness of the participants is not mdependent
“of the sequence of behavnours in interactions of Richardson s ground squirrels. The
hkellhood ratio statistic can be further partltloned into components to evaluate the
conditional significance of individual terms in the models Thus, the sugnlf“Ft:ance of the
mteractron effect between preceding behavuour and relatedness (PR) is examined by
tak\ng the d|fference ln the Chi-square statistic for ’models (FR PF) and (PF,PR FR) (X2 =
33. 63 df\ 3, P<0.001). Slmllarly‘,the sugnlflcance of the FR term (X* = 265.60, df = 3
| P<<0. 001) and R\term ()(2 = 595, 81, df =1, P<<O 0on are evaluated. Thus, relatedness

has a hnghly S|gmfncant effect in terms of the sequence of behavnours EXhlblted during
4

\

. mteractuons Rlchardson s ground squ:rrels act differently in how they behave and how

they contmue to respond, depending upon whether they are closely related (UK) or not

(NUK) to the other partncnpant in an interaction.

J
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Table 5.3. Three dimmsiohél contin

within an individual during interacti

(NUK). Behaviours are grouped according to the,
"Identification”, "Fighting”, and "Appeasement".

84

gency table of Preceding by Following Behaviours
ons between Uterine-kin (UK) and Non~Uterine-kin
factor groups: "Chase-Flee",

PRECEDING

. 447

13

RELATION FOLLOWING Ch.—-fl. Ident’ Fight. | Appease. Total
TUK Ch.~fl 33 4 32 2 7
~ Ident. 53 85 20 3 161

Fight 75 56 80 13 224

Appease. 5 5 7 2 19

Total 7 16 150 139 20 475

NUK . Chfl 629 24 155 ‘2 810
' Ident. 21 29 14 2 66
Fight 274 108 - 267 9 658

Appease. | T4 1 11 0 16

, =

Total. 928 162 - 1550-
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‘Table 5.4 Hierarchical set of all models of the varaibles Preceding behaviour (P), ‘
Following behaviour (F), and Relationship (R), and their fit to the data in Table 5.3 using the
likelihood-ratio chi-square. '

Model df X3 P
P ' 28 " 289841 0.0000
F h . 28 2869.82 0.0000
R . 30 3659.84 00000
PF ,\" 25 151287 0.0000
£ R ‘ N 27 2274.00 0.0000
RP o | 27 230259 0.0000
PER T 24 91674 0.0000
PF . 16 104866 0.0000
PR | 24 . 214508 0.0000
FR . - 24 . 188452 ~ 0.0000
. PFR EC 21 52728 *0.0000
F.PR | , 2 ) 75924 10.0000
RPF o ‘ 15 . 45235 | 0.0000
PF.PR | R 12 29534 ' 0.0000 -
PRER . a8 369.76 © 0.0000
FRPE . . B o2 6337 00000

PEPRFR - 9 2974 0.0005

n
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These differances in interactions between UK and NUK had marked q;allocts on the
outcoma of interactions. Wheraas 81.29% (/'23/8’9()l of interactions. batweon NUK
resulted in the displacement of one of the participants (ie, one fled the area, usually
chased by the other), only 31.7% (86/27 1) of nteractions betwedn UK ended in
displacement of one of the participants (Fig 5.2). This difference was highly significant
(X! = 24096, df = 1. P<<0.001), and was |ndependem of the age or sex ?f the

participants (Fig 5.3) .
The differences in outcomes cannot be attrlbuted to less agonism or “fighting’
behaviour between UK than NUK, as has been tra.ditionally held (e g. Michener 1981),
since "fighting” behaviours (Factor 3} were as likely to occur in interactions between L.ll<
as those between NUK (Table 5,5l, However, "appeasement sltuatlon" behaviours (Factor
2) and "identification” behaviours (Factor 4) were more common in interactions of UK
compared to NUK. Naso-oral contacts {"kissing”), which perhaps is used to reinforce the
-bond between two squirrels, and appeasement postures ("supine”} served to minimize the
conseguences of agonlsm between uterine~kin. By contrasx the paucntV‘Bf such
behaviours in interactions involving ron-uterine—kin, meaht that agomsm was often
escalated, resultnng in a greater preponderance of ' chase flee behavnours (Factor 1).
The resultant effect of the differential treatment accorded close kin compared to
tess— related conspecifics, is that UK tolerate more spatial overlap and greater proximity
with each other than do NUK (see Chapters 3, 4 and 8). Such space—sharing behaviour
can be vnewed as nepotistic, and adv/hntages may accrue from a s@a;\ng of resources
within the overlap area fie, food and bufrows) However, the advantage of sharlng a
boundary or overlap area with a close relatlve may simply lie in reducing the costs of
aggression. Not only can fighting resylt in wounding (Davis /n press, MclLean 1981l, it is
" also energetically very expensive. H’eart rates of free—living Uinta ground squirrels (S.
agmatus) freduently exceed 400 beats/minute during combat, compared-to a basal I_ev'el
of 284 beats/minute, and this increase in energy output occurs irrespective of whether
the animal mvtuates the encounter (or is the responder (Ruff 1971).
Behavuoural mechamsms that reduce the Ievel of aggressnon between UK, would
. also reduce the physiological costs for both,partlvc,lpants. Hence, behavioural asymmetries
observed ln this study cannot be regarded as altruistic, since it is likely that both '

¢

' -
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Fig. 5.2. Percentage of interactions between uterine—kin (UK) and non-uterine-kin (NUK)

that resulted in displacement or no displacement of the participants. Numbers above the
bars indicate the number of interactions jnvolve : :
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Fig. 5.3. Percentage of interactions that result in no displacement of the participants in
interactions between uterine—kin (UKJ and between non-uterine-kin (NUK) grouped by sex
Class {top) and age class (bottom). (M = male, F = female, A = adult, J = juvenile). Sample
sizes are given atop the bars. - ‘
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5.4 Concluding Discussion
Tne use of multivarate analy ses hau Do omo more Commoruiace o pehiayogr al

studies winte Vviepkema (196 11 apphed *actor analysic 1o the anaiy nie Of IS Detay Oy

I studies OF ground -dwelling sciunds muitivanate technigues have bear ased 1o gnalye
responses of marmots (Svendsen and Armitage 19730 and ground squirrels iBaltour

1979 to mirror ~image stmu‘.natmn, to analyse tactors correlgted with soCality tArmitage
1881} and to analyse differences n acoustical behaviour between species (frﬂoei:;)p? S
1978) Data gathered in behavioural studies rarely satisfies all the underlying assumptions

of most multivariate techriques. but fortunately the techmques are robust enough to

[V
A}

often withstand departures from the assumptions (Harris 1975 Even s¢ care needs to
be exercised in Nterpreting the resuits of multivariate analyses
The advantages of the objective approach used here are

1 t avoids subjective a prior/ classifications of what constitute ‘agonistic’ or
"amicable” behaviours For example, "alert’ {Armitage 1974, 1977, Johns and
Armitage 1979) and “avoidance behaviour' (MHolmes and Sherman 1882, Johns and
Armitage 1378, Michener 1973) have been classified as “agonistic” behaviours; but
is an animal that is watching another or moving awéy from another really behaving
agonistically?

2 It avoids classifying interactions as a whole, which are often composed of elements

of more than one category, and represent paths to resolving the opposing
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From the analvses used in this study it can pe con
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between uterine~iin aiffer from those Mvolving usualiy i85S CI0se y reiatea conspec fire

non-uternne-kint These d.fferences were due 1o a greater preponderance of pehgv.ouTs
interpreted. in hight of the analyses as appeasement and identification behaviours n
interactions of UK. that resulted in less chasmg and fieeing behaviour. and ultimately
less displacement of the participants in interactions of UK The cutcome of the
behavioural asymmetries based upon kinship was the same irrespective of age class or

. A

sex class Hence the results are consistent with the occurrence of favouritism of

relatives (nepotismi in Richardson's ground squirrels that is med:ated by kin selection
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Appendix 5.1. Frequencies of observed intra—individual behavioural transitions during
1774 interactions of Richardson's ground squirrels. Behaviours are: Chase (A); Flee (B),
Run towards (C), Move towards (D), Move away (E), Side (F), Rise (G), Box (H), Forward (I},
Lunge (J), Standover (K), Supine (L), Roll fight (M), Kiss (N), and No reaction (O).

FOLL = Following, TOT = Total, y
; T PRECEDING .

FOLL A B C D E F G H I J K LM N O TOT
A 78 .28704 13 3109 11 36 16 .20 3 4 38 5 17 1099
B 276 .95 20 8 1Q :37 61 48 '40 53 1 17 43 7 42 75
C ,-1310°26. 0 18 4 74 1 2 0 0 3,1 0 8 378
b0 0 3 6 2 6 1 + 5 1 0 1 0 15 0 41
E 25 1 30 29 5143 40 88 57 39 30 15 35 96 ‘16 649
F 0106 81 84 7217114 .9 32 10 30 1 ‘2 12 2 19. B9
G 20 73 21 20 6 .20 46 23 9 4 0O 5 14 6 23 290
H 35.34 25 7 284 93 53 24 18 "1 1 10 8 10 . 411 .
|22 40 31 21 4 8 2 7,40 8 2 2 1 .0 18 208
J 99 947 8 7 42 11 5 18 2 0.0 0 0. 4 953
K5 010 1 82 15 0:2 277 5 1 4 a4
L 102 4 1 4 1129 12 0 21 8°2:10 108
M 33 .34.11 4 4 15 10 24 4 15 0 0 31 0O .1 186
N 2 1,58 8 0 12 40 2713 .0 1 3 0 23 41 282
o 19 10,12 8 6 4 4.4 117 6 1 1 31 23 147
. _ . . e
6 610 351 368 240 211 76 199 196 227 5420

. TOT. 722 7261075286 . 8

B -
N

o
.
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Appendix 5.2. Ranked list of significant positive intra-individual behavioural transitions in

1774 interactions of Richardson's.groqnd squirrels, using the method of Fagen and
Mankovich (1980). : ‘ v ‘ \ ‘ .

. \\
Transition . . Xt ‘ P af !
f
Flee=Run to | : 4358.33 0.00000 _ 195
Run to—Chase 2967.56 : 0.00000 © 194
. Moveta-Kiss- ! T 279621 0.00000 . 193
- Supine-Supine -+ | : "2723.00 - - -0.00000 © 192
Move away—-Run to - 2658.23 ’ 0.00000 181
Chase-flee - - 243821 .- .- 060000 . 180 .
Chase~Lunge ;’ 12309.38 ~ 0.00000 189"
Kiss-Move away [ ' 2186.50 - 0.00000 : 188
- Kiss—-No reaction ' 2103.98 ‘ 0.006000 187
Kiss—Move to : . 2037.91 . 0.00000 186 .
Kiss—Kiss | . 1879.19 0.00000 = 185 °
. Rise~Box i . 1883.30. - - -0.00000 ' 184
No reaction—Kiss = | ~1.824.82 0.00000 ' 183
Run to—-Kiss N - 173896 ’ 0.00000 .182
‘Rise—Kiss | - 164049 0.00000 oo 181
‘Standover—Move away:  © 1530.89 0.00600 . 179
Forward-Forward =~ . 1304.43 0.00000 176
No reaction—No reaction * 127260 = ™~ 0.00000 . 175
. Standover—No reaction - 125265 ~._0.00800 174
Box—-Supine o T 1218.70. o - 0:00000 173
Move to-Side ©1170.15. - 0.00000, 172
Roll fight-Roll. fight C 113884 - 0.00000~_ -
Forward—Kiss oo ' 1114.31 . 0.00000
Rise—Rise o L 1016.20 .. 0.00000
Move to-Forward R 847.85 . . 0.00000.
.. Flee—Rise -. v - 81166 o 0.00000
- Hee~Forward’ : " 766.44 - . 0.00000
- No.reaction=Forward ‘ © . 740.37 . -~ . 0.00000
Move to~Move to ' - 727.21 . 0.00000 -
Box—Standover R 707.84 ‘ - 0.00000
- Standover-Standover - 70024 - 0.00000
" 'Lunge-No reaction S 68290 ~ 0.00000
" No reaction—Rise - . ¢« 663.96 o 0.00000 -
- Move to-Rise "+ - 643.47. - 0.00000.
No reaction—Supine © . 628.10 °  -0.00000
Rise-Supine -, .. 80568 © 0.00000
- Roll fight-Supine - . B71.60 - - - 0.00000 -
" Move to-No reaction - - ..63460 . . . 0.00000
- Move away—No reaction ~ - 524.38 _-. 0.00000
-Box—Box : -."510.09 ©.-0.00000
Forward-Lunge »o0,498809 - o 000000
. Forward-Move to \ 491.02 - ~0.00000
. Standover-Forward @ ° 465.76 ¢ .. 0.00000 °
Roll jght~Standover . ' - 43817 . 0.000Q0
Maqve away~Lunge '~ ~. a, * 43131 0.00000
‘Move away—Move o - 426.69 ‘0.00000
No reaction—Flee ™ . . ‘39879 _ 0.00000
- Roll fight-Rise - . = '~ 38381 .+ 0.00000
- Box—-Rise . : 37378 ° . 0.00000 -

Move away-Rise 35204 ™ 000000



“Move away-Side
Move away—Forward
Box-Move away
Supine-Rise’
Flee-Side.
Flee—Roll fight
Box-Roll fight
Forward—Move away

Roll fight-Move away '

Supine—-Move away
‘Supine-Move to
Forward—Box

34201~
335.81

290.27

269.44

$ 23759

22872
21897
197.93
162.42
156.27
153.86
142.20

0.00000

0.00000
0.00000

0.00000
0.00000
0.00000
0.00000
0.00000
0.00028
0.00070
0.00087

0.00435

Uy
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6. Sibling Recognition in Richardson’s Ground Squirfels (Spermophilus richardsonii)

6.1 Introduction ‘ ' : . \'\“ _ )

For kin selection (Hamilton 1963, 1964, Maynard Sn’l‘ith 1964) to operate,
individuals must be able to distinguish, on average, betweenlkm and non—kin if there Is to .
| be any asymmetry in behavrour directed towards them. Where anlmals are predlctably
- more likely to associate spatlally and/or temporally with kin, or more likely to be familiar
with kin than non- kin, such a mechanism need not involve an ability to recognize genetic’
relatives, per se (Sherman 1980, Bekoff 1981)- ' - .

Behavioural ‘asymmetr.ies based on kinship have been found in field studies of .

Richardson's ground sqwrrels Spermoph//us r/chardson// (Mlchener 198l see Chapter
| 5) and other ground dwelling sciurids (Barash 1975, DUnford 1977a 1877b, Sherman
1977, 1880, 1981, Hoogland 1981, McLean 1982). Sherman l1980) concluded that
'dlscrlmmatlon between kin and non—kln in S. be/dingi took place by smgllng out kin from
among other conspecn‘ncs rather than through a mechanlsm based on spatlal proxlmlty or
length of association of mdlvnduals | -

In ground squrrrels dlscrlmlnatlon between conspecifics seems to occur about
l(Sherman 1980, Holmes and Sherman 1982) or just before (Mlchener 1874) the. time of
weanlng comcndent with the development of olfactory mvestngatlon of littermates

.(Ferron 1981) and emergence from the nest, when encounters cary first occur among
non- nestmates Recognltlon in ground squurrels then could be based on preweanlng
famlllarlty lie., experlentlal lnfluences of shanng a nest burrow) and/or an ablllty to-
recognlze genetlcally related conspecuflcs even without prlor experlence of them.

| Holmes and Sherman (1982) concluded that the mechanlsm for dlscrlmlnatlon of

‘relatlves in S. be/d/ng/ and S parryi was largely through preweamng famlllarlty although
recognmon was demonstrable between Slsters even when they had been reared apart . \
.from soon after blrth and between full- and maternal half~sibs reared in a common nest.
Ewdence for recognltlon between unfamrllar S|bl|ngs has been found in sweat bees
Laswg/ossum zephyrum (Greenberg 1 979) Cascades frog tadpoles Rana cascadae

. (Blausteln and O'Hara 1981), pigtail macaques, Mac‘aca nemestr/na (Wu et al 1980) and

white— footed mlce Peromyscus /eucopus (Grau 1982)
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The purpose of this study was to di ,tm()umh the contrnbutlon to sibling
' recoqnmon in Richardson's ground squirrels, |f any, of association beforc and about the
time of weaning ("familiarity component”), and of an ability to dlsttngursh genetically
related individuals from non-sibs irrespective of postpartum rearing experience (t_ermed

« "prenatal component” in this paper, although immediate postpartum effects cannot be

excluded).

6.25Material‘s and Methods

6.2.1 Crossfostering
| During early April 1981 18 p'regnant adult female S. richardsonii were
live— trapped on a grassy clearing approx»mately 12 km northwest of Stony Plain, Alberta
‘and brought into the laboratory They were kept individually in large cages (48 x 38 x 21
cm) provided wuth nesting maternal (wood shavings). Young were crossfostered: w:thln 24
hours of birth, and only between litters born less than 24 hours apart. ln all, 36 young
were crossfoster\ed between 5 palrs of- I:tters Dams of reciprocally crossfostered
young were trapped at a mean dlstance of 1 15m apart (range"‘ 82 - l~57m) It was'
unlikely that pairs of fostered Iltters were sired by the same male, or that dams were
closely related, because the average male home range during the breedlng perlod was
only 0.33 ha (SD =.# 0.18), and closely related females had overlapplng and ad}acent
areas (see Chapter 8). Mean litter size was 7.2 (SD =+15, range = 5- 100 .
. The crossfosterlng prooedure took aboutal 0 minutes per pair of Iltters and was
* as follows Mothers were put in holding cages and a lxke number of young was removed
from each nest (this number ranged from 2~4 and was always less than half of the
“smaller Iltter 5|ze) These young had their Ieft front index toe chpped and were then
transferred to their- foster nest. Thus,, Intter sizes remained the same and wére now
composed of uterine sibs (uncllpped) and foster sibs (cllpped) 1Al young were handled
W|th surgical doves] Dams were then returned to. thelr orlglnal nests and appeared to :
treat the fostered young snmllarly to their own young in all cases. Hence there were four
possble pair—types" based upon genetlc relatedness and post partum experlence sibs

reared together (SRT) SIbS reared apart (SRA) non— S|bs reared: together (NSRT) and
' "

N
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non-sibs reared apart (NSRA).

Litters were woaned at 30 days of age by removing the adult female from the
cage. Litters remained caged together until 37 days of age, when all individuals were
_ eartagged and placed in separate cages (46 x 24 x 20 cm) Cages were kept onracks in a
room (3.8 x“ﬁj*m) which was maintained on a 12:12 LD cycle and at 21°C. Food ("Wayne
mouse/rat diet” and "Wayne dog food" in .a 3:1 mixture) and water were provided ad

v

libitum. ‘ . . : ' .

6.2.2 Test Conditions
Testing took place within an arena (1.6 x 1.6 mj that had a moveable partition

dlvndmg it in haif. Three walls-of the arena (51 cm highj were constructed from 1.8 cm
plywood and the front wall from 0. 6 cm plexlglass F!oor tiles divided the floor of the
arena into a grid of 100 mdnvudually numbered squares (each 16 x 16 cm). Between trials
the floor was swept of faeces and the walls and floor were wuped with vinegar (acetlc
amd)

; At the begmag of each ftrial, a pair of ground squirrels was placed in the arena
~ on elther sude of the partition by an assrstant After 2 mlnutes the partition was ralsed via
la pulley system operated by the observer from outsnde the testing room. The behavuour
of the dyad. was then recorded for 10 minutes. For most trials observatlons were
recorded directly through one—way glass windows. | recorded all behavnours whlle an
assrstant observer noted the posmons of the: squirrels at 15 second intervais given by an
electronnc, metronome. When an assistant observer was not aVaxlable encounters were
recorded by a video camera mounted on a stand bes:de the arena at approx1mately the’
same height and angle as that when observations were being made- through the one- way
g!ass Operat»on and momtorlng of the V|deo equupment was done outs1de the testmg
room, so that durmg trsals squirrels were alone in the room After testlng the video tapes
were played through twice (at normal speed, w:thout stops). I recorded’ Iocatlons using
the electronnc metronome on the first run, and behav:ours on the second run. Hence data
‘ were recorded in the same manner as for trxals for which there were two observers
. ldentical results were obtamed when both the assnstant and | recorded Iocatnons on a test |
run. Approaches and contact between the ammals were used to classnfy behav:ours and

2 . -
[ .
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these were clearly discernible on the video tapes as well as through the one way glass,

The video tapes also provide a permanent record of representative arena trials.

6.2.3 Test Procedures
Based on field (see Chapter 5) and laboratory (Sheppard and Yoshida 1971)
studies of interactions between sibling and non-sibling Richardson's ground squirrels, as
well as preliminary testing in the arena of field-trapped ground squirrels of known
. relationship (unpubl datal, five a priori predictions were made concerning recognition In
both the field and Iaboratory siblings tend to associate more closely than do
non-siblings, and engage in more contact, including naso-oral contacts. Hence, it was
predicted that squirrels recognizing each other as sibs, compared to those that did not.
would: a) be closer together on average, b) make more approaches to each other, c)
engage in more "kiss" interactions* (naso-oral contact, see Betts 1976}, d) contact each
other more often, and e) spend” more time in contact.
Locations were recorded every ‘15 seconds Lsino instantaneous” sampling
(Altmann 1874) by noting the grid square each squirrel was ln I carrled out
, all—occurrences samphng (Altmann 1974) of’ approaches {an approach was defined as
one s_qmrre! moving dire’ctly towards the other and comlng within one grid square of it),
"kisses”, contacts {any contact between the two squxrrels involving the head or -
forepaws of at least one of them) and cumulatlvely recorded the length of all such
) contacts using a stopwatch o
Agomstlc behaviours, defined as archlng wardvng sparrlng” “attack”, and
"fight" by Sheppard and Yoshida (1871), were also recorded Holmes and Sherman 11982)
' had found agonlstlc behaviours provnded the only measurement that varled consistently
during arena tests and was asymmetrlcal between sibs and-non-s:bs of S. beldingi and
S. parryi. Howeuver, in thns expenment no a priori predlctnons ‘were made concernung the

[

effect of recognltlon on agonlsttc behawo\ur between Richardson's ground squnrrels and :

A

_lnteractnons between uternne kin and non uterine—kin of S. r/chardson// showed that the

' proportnon of agomstlc behav:ours did not dif fer markedly (see Chapter 5).



10

A blind” expernmental mothod was omployad Prnior to testing a et of pairs to be
u'.nd was qivan to an assistant. The assistant wae ignorant of the “parr type’ to which
each test pair tf).‘(zlt)ngnd, boing given only the squirrel cartag number 5, and pars of i
least two different ‘pair - typos” were tested on any grven day The assistant randomly
assigned the order‘ in which pairs were to be presentad, assigned dye marks to
individuals (a redundant system of dye marks, usually an O, X, or J. made with Lady Clairol
blue~black .hair~~dye :yvas used so squirrels could be distinguished during trials by the
©observer}, and randorn‘ly assigned the individuals of each pair to either side of the arena,
all without my knowiedge Trials were numbered consecutively and corresponded with
records kept by the assistant in which th’e identities of the test squirrels vyere noted
Individual identities of the garticipants were not matched to each trial until after data from
all trials had been collected
A paired- experrment design was used so that one md;vndual {the "test subject”)

. was always tested in separate trials with two others (the “test objects”) of d;ffermg
"pair-types”, and the results of the two trials compared. For example, within ‘a _particular
set of paired trials "test sub;ects" were tested wnth uterine-sibs with which they were
familiar (SRT) and, at another time, with uterine—sibs wuth which they were unfamnl;ar
(SRA). "Test objects" were always matched for sex and age. "Test subjects” were used as
subjects only once within each set of paired trials, but could be used again in other
'combunatlons of ‘pair— types" Each squirrel was tested in the arena for an average of 35
trials (range = 1 =7). and whlle squurrels could be tested only.once on any given day
testmg usually took place on consecutive days where squsrrels were used in more than
.one trial. However, there were no sxgmflcant correlatlons between the measured
'varnables and the number of times a squ1rrel was used in the arena (P>O 2 in all cases). As
well, the order of ‘triats was randomized, so that had there been any effect fr‘om prior
experlence of the arena it would have been dlstrxbuted evenly across all "pair= types
Sample sizes varled for each set of palred trials as the number of pOSS|ble "test
subjects’ was hmlted by the ava:lablllty ‘of "test obJects of the appropruate relatedness
and rearing expernence ‘The mean age of squ1rrels when tested was 110 days (SD =+21

each set of palred trials the ratio of male male female female and male female trials

Y
R}

s ) - . .
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wils about the same

6.2.4 Anulysixn

In expoerments f;;UC?; as this it s otten necesaar y tor mdividuats ta be commaon to
more than one treatment (1o par - type’) in sevoral studies analyses of varanee have
been usad to tast for dif ferences between troatments. oeven though ANOVA dosome
residuals are of equal varance and mdependent {Chor 1978 By contrast the randomised
par design” (Finney 1980) employed i this experiment permits the use ot
panreé«ﬁ:fference tests (pared (—tests) which do not assume ndependence betwoen the
parings fle. paired trials) or equahty of vaﬂances (Chor 1978) Hence n this case.
compartsons are vahd within any set of paired triais. but would be mvahd between sets of
paired trials because some squirrels are common to more than one ‘par—type’ As a
priori predictions were made concerning the nature and direction of the measurements

. should recognition occur, significance levels for one-tailed tests were used

6.3 Resuits

6.3.1 Control ] ‘

If thé five variables chosén a priori are valid measures of recognition, they must
differ between arena encounters in whach the "test subject” is with a related, famshar

test object” (SRT) and those in which it is with an unrelated unfamiliar "test object’

(NSRA), since in the latter case there is no possibility for recognition. For all five variables
-the“di‘fferences were significant and in‘the' direction predicted (Table 6.1). Therefore, the
variables represent valid measures of the abnlmes of Rachardson s ground squ:rrels to
discriminate between conspecnf:é)s based on recognition. By contrast, the number of
agonlstlc behav:ours was highly varlable between trials, and did not differ significantly in

trials between SRT and'NSRA (P(two talled) 0. 20) Hence, agonlstnc behavuours were not

used as a measure of recognition in subsequent analyses.
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6.3.5 Does "genetic relatedness’ affect recognition between familiar juveniies?
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" #P<0.0] paired t-test (onetail) -

“Table 6.‘2.'—Comparison of behaviour in paired 10-in trials between

(SRA) and.non-sibs reared apart (NSRA).(n = 16 pairs of- trials),

»\U

108

sibs reared apart

Variable K » o SRA

 NSRA

X

J$D

o : . ! S

(x16cm) "~ .

o ‘Mean distance épart ] s 4.8 .15

Approaches ot192. - a7

Kisses . B4 3

Contacts . 221 90

Contact time (s) .. 822 s28

61

148

5.1

108

‘348

{

1.2

7 2 ~ ,/.

228

- 36

1.5

0.3

37
27

ns
ns
Hi

W

3

e



Table 6.3. Comparison of behavnour i
{SRT) and sibs reared apart (SRA) (n

=13 palrs of trxals)

n paired 10—min trials between sibs: r

»

- ¢109

eared together

/«\ .
4
.
" Variable SRT * SRA
| " %x.. SD. X SD t
) :
. Mean distance apart’ 49 '1.7 50 ‘51‘5 02 ns
- (x160m) 0 ‘ .
'Approaches - 228 6.8 175 92 21 "%
Kisses 58 - 24 48 22 1.2 ns
* Contacts 189 107 212, 94 06 ns
666 697  .727 02 ns

" Contact time (s)

54.8‘ .

% P<0.05 paired t-test (one-tail) -

e
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‘ Table 6.4, Comparison of behaviour in paired 10~min trials between non-sibs reared
together (NSRT) and non~ snbs reared apart (NSRA) {n = 17 pairs of trials).

Varigble . NSRT . . NSRA | IV

» . ' X SD o - X SD t
Mean distance apart B 5.3 23 . 5.8 15 . 07 ns
{x186cm), C T e Lo .
Approaches - 185 87 136 78 16 ns

. Kisses 39 24 a8 31 06 m

Contacts - 206 107 121 1102 21 o«
~ Contact time (s) 702 508 . 471 387 . 13 ns

* P50Q§ paired t-test (one~tail)



Table 6.5. Cdrhparisén of behaviou‘r' in paired’ 10-min trials between sibs reared tbgether‘ :
(SRT) and non~sibs reared together (NSRT). {n = 15 pairs of trials). ’ o

Variable ~ SRT - . NSRT -
' ' x. . SD g ix SD t -

Mean distance apart - t 46 . 14 _ © B2 2‘.3 _ ' 1>.2‘ ns
{(x16cm) - ‘ 3 : S - e

_ Approaches_ R R 83 t 182 7.7 24 %
Kisses - . 88 a1 a1 23 23
Co\ntacfs o oo 1-7..1.‘ 87 212 '.. 102 o 15 ns
Contacttime (sl = 636 513 744 526 09 ns

c

¥ P<0.05 péined t~test ('on‘e,-itail) -



6.4 Dlscussmn v ]
| The results are c:onsnitent w:th the exlstence of a genetlc recognltlon system for
snbl!ng recognmon ln Rlchardsons gr0und squlrrels However, the pOSSlblllty of .
lmtra uterlne eplgenetlc effects or nmmednate postpartum |mprtnt|ng cannot be ruled out
lrelther That is, Juvenlle S.. r/chardson// dlsplayed an ability, determmed prenatally or soon
after blrth to recogmze thenr btologncal siblings. Famlharxty based upon assocratnon
- before and at the tlme of weanlng “also affected dlscrlmlnatxon between conspec1f|cs .
although Iess strongly . _ v , _'

By contrast Hoimes and Sherman (1982) found famlharlty to be the pnmary
component of recognmon in arena tests wnth S be/d/ng/ and S. parry/ Thls dlfference
|n the relatlve |mpor’tance of the two components between the two studues may be due
to dlfferences in experlmental des:gn In thenr study S. parryf ;uvennles in the reared -
together groups were kept together w:th their dam until 20 to 30 mlnutes before -

’ t,estvng when ttl‘te mean age was 51 days and S. be/d/ng/ Juvemles were kept. together
until they weni into hlbernatlon at 3 months of age, and were: tested soon after .

) emergence frch h:bernatlon when about 8 months of age (Holmes and Sherman 1982)

: Thus ‘the pre—~ t‘rlal famlharlty bemg measured mcluded much post weamng famlharlty

'_whereas in thns\study ‘only the effect of assocnatlon up to: about the time of weanmg was

4
' measured

3
it

Famnllarrty has been demonstrated to be the major component of recogmtlon in

. 'splny mlce Acomys cah/rmus {Porter et al 198 . However recognmon ablhty is Iost If

the animals; are separated for 8 days (Porter and Wyrlck 1878, Porter et aI 1981) ‘
) AHence to be effectlve asa means of dlscrlmlnatuon famnlsarrty may need to be CQntnnually
R remforced ‘: " s 4 ‘ '( | |
| In the field, famlllar:ty between Ilttermate Juvemle Rnchardson s ground squlrrels
v‘ would contunue to be relnforced after weanmg as S|bhngs assomate much more than

non-*sublmgs (Mlchener 1981, see Chapter 4) No conclusmns; can be drawn here

therefore concermng the relatnve contrnbutlons of famlharlty or prenatal—components to , 5

: s:bhng recognltlon of Rlchardsons ground sqwrrels in the wrld
The lmportance of this study I|es in its demonstratron that m the absence of

famlharrty R|chardson 5 ground squnrrels can st:ll recognlze thelr s|bs The exnstence of a

4 s < R ER . e
d . S .
Dola .
. g

<



' ,relatlonshlps Recognltlon in the absence of famullarlty has been demonstrated for '

113

genetic recognmon system has |mportant lmpllcatlons for the operation oqun selectlon
within the ‘social system of S. r/chardson// If close kin can be discriminated without
prior experience of them, there is the potentlal for behaving dlfferentlally towards them
in"a manner that beneflts the behaver s lncluslve fltness (Mamiiton 1964) Among
Rlchardson s ground squnrrels classes of such close relatives that do not share any

pre= weanlng experlences lnclude father- offsprlng relatlonshlps non Ilttermate siblings,

»paternal half-sibs, aunt- nexce relatlonshlps and grandmother granddaughter R

: non llttermate snbllngs in whlte footed mice Peromyscus leucopus (Grau 1982) and

dlscrlmlnatlon has been shown between littermate full- and maternal hatf- subs of

v"Beldmg s ground squlrrels reared together in the fleld that cannot be accounted for by

-.snmple dn‘ferences in famnllaruty (Holmes® and Sherman 1992)

- An ablllty to. recognlze blologlcal relatlves wuthout prior experlence of them could '

_occur, most plausubly vra a system of phenotyplc matchlng lBarash et al. 1978 Greenberg y

o 1979 Blausteln and’ OHara 1981 Buckle and. Greenberg 1981 Holmes and Sherman '

'1982) Evvdence mdlcates that pheromones are |mportant for lndlwdual identification in

7

some mammals lBrown 1979, and possnbly in ground squirrels (Harrls and Murle 1982)

_Perhaps closely related ground squ:rrels produce s:mllar odours and'if an anlmal coud .

jdetect odours similar to lts own, the potentlal would eX|st for dlfferentlatlng those

_ anlmals that smell S|m1lar to it: from those that do not. ln essence such a phenotypuc S
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7. Alarm calling in Richardson’s Ground Squirrels (Spermoph//us richardsonii)

7.1 Introduction

An advantage of sociality in” many animal spec;es is the increased detectlon of

‘predators that it affords (Bertram 1978). Ind;vnduals within a’'social group can beneflt

from the vigilance of other group members, so that earlier detection of predators is
enhanced and predator success is diminished (e.g.,‘ Kenwa'r_d 1978). However, for group

members to profit from the perceptions of their companions, a group requires some .

‘system by which the detection of a predator by one individual can be transmitted to

3

others. Among the North Amerlcan ground—dwelling sciurids this is most frequently

accompllshed by the detector emlttlng a call WhICh alerts its conspecuflcs to the presence

of danger. _ | _
Intuitively, there is a probilem in expla:n(ng the evolution of alarm calling behawour

and the. selectlve advantage that calllng mlght be to the caller.-Why should an animal that

has detected a predator invest tlme and energy mto glvnng alarm calls ‘that seemingly

benefit only |ts conspecifics, and therefore potential competxt@rs and’ may. even

Jeopardlze its own safety7 There is ev1dence that in Spermoph//us beldingi, at least,

’callers are at greater risk of being preyed upon than are non— callers (Sherman 1977

Ostensnbly then, it should pay an animal that has detected.a predator to be qu:et and not.

- indulge in.what appears to be altrunstlc behavnour

Hypotheses for.the evolution and malntenance ‘of alarm—calling have been

summarlzed (Harvey and Greenwood 1978, Sherman 1977), and fall into two categories.

The flrst malntams that alarm calllng is, in fact selfish behawour that reduces a caller's

chances of bemg preyed upon lmmedlately or in the future (Trlvers 1971, Charnov and

",<Krebs 1975) The second group of hypotheses (Hamilton 1963 1964, Maynard Smlth

1965) argue that alarm callmg functions to warn genetlcally related conspecifics of |

danger, thereby increasing the caller S inclusive fltness Although the latter hypotheses

can account for the evolutlon of alarm calllng even when there is danger to the caller in

calling, they need not.invoke risk to the caIIer (Harvey and Greenwood 1978), for kin-
sélection wxll favour alarm calling as long as it improves the survival of conspecuflcs

where there is a llkellhood that some of the conspecuflcs are related to the caller (Barash

R

L[4
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' 1975) indeed, for” round-tailed ground squirrels (Dunford 1977a) and miarmots (Barash
1975, Noyes and Holmes 1979) there is no_evidence to. suggest callers are in greater
'danger of belng preyed upon-than non-callers. _ ‘ ) S
The predlctlon f’rom these kin selectlon hypotheses is that those animals most
likely to have close kin within thelr vocal range will be most inclined to alarm call. InS.
teret/caudus (Dunford 1977a) S: beldingi (Sherman 1977) and S. tridecem/ineatus
(Schwagmeyer 1880} adult males call less often than do adult females and in the Iatter
| two specnes as well as S. beechey/ (megs and Leger 1980) females with.
| post emergent young are more likely to call than non- parous females Since male ground
squirrels tend to disperse before and after breednng (Armltage 1981) they are less likely
to be resident near closely related kln than are the more philopatric females and females
with' young clearly have close kin nearby whereas females wnthout young may not. Thus
for those speCIes of Spermop/w/us studled so far, the results are in accordance with the |
kin selectlon hypotheses. " ' . ‘
lt was the aim of this study to examine Richardson's ground squlrrels for
evidence of asymmetrles m the likelihood of alarm calllng based upon the probability of
havmg close kin nearby to assess the relevance of calls and the responses to them with

~ regard to the context in Wthh they were glven and to evaluate whether callers place

- themeselves in jeopardy by calling.

The acoustlcal repertonre of S. r/chardson// has been described as con3|stmg of

chzrps whlstles and churrs, any of whnch may be. glven in alarm (Koeppl et a/ 1978)

7.2 Methods
1
7.2.l_Observations of naturally elicited alarm ¢alls
' Responses of Rlchardson s ground squirrels to naturally’ occurrmg encounters

‘with potentxal predators were observed during 1979 and 1880 at the H:ghwood Rlver '
Study Area (HRSA 50"34'N 1 14018W elevation 1235 m), and- durlng 1981 at Roi Lakes
| Study Area (RLSA 53"35 N, 114°05'W; elevatlon 730 m), in Alberta, Canada Both study
sites were 1.3 ha and situated in open graSSIands that were metlmes grazed by cattle

All sqmrrels on the study area were marked so that they were mdwndually ndentlflable by

P
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usin"g numbered metal ear tags with a coloured plastic disc or strip attached to one tag,
and by painting letters or numbers.on their pelage& with "blue~black” human hair~dye.
. Age class (juvenile/adult) and sex were known for all squirrels. In this paper, a
:Z’non—parous female” is one that failed to bring up a litter.”

instantaneous scan sampling (Altmann 1974) of the squlrrels present on the area
was conducted at 15 mlnute intervals, so that the number and composition of squlrrels
.abovegrou‘nd was known for each quarter hour period. When a potential predator was
observed on or near the study area the species of the predator, its behaviolr, the
reactlon of the squirrels, the type of alarm call given, if any and the outcome of the
attack were recorded ln the case of a terrestrlal predator a qunck scan of the area was .

_Mmade to locate callers, who could be identified by the pumping of the thorax and openang

. -and closmg of the mouth in encounters with aerial predators callers could be ldentrfled

only if they were being observed at the |nstant the bird appeared or if they happened to,

& .

be the only squirrel aboveground in the dlrectlon of the call (calls to aerlal predators
were. qunte Iocallzable see below) | seidom found it poss‘rble to identify the first squlrrel
.to give an alarm call, snnce calls were often given s:multaneously or very close togetherl
from several dlfferent sources. In all, 138 natural encounters with predators were
observed during 454 hour's of observation, and the ndentmes of 136 squnrrels glvmg
alarm calls-were noted during 64 of these encounters - e 'L\-
7.2.2 ‘Exp'erimentally elicited alarm calls  ~ . - /
Alarm calling was experlmentally studled at RLSA in the postemergence perlod
fie., the peruod following the emergence of Juvemles ab veground at the time. of
“weaning). An assistant and | approached to an average distance of 20.3 m(SD = 7. 5

n= 73) from a squlrrel The squ1rrels were accustomed to our presence and did not
alarm call at our approach, nor remain alert once we stopped. When the squnrrel had
begun feedmg my assistant. flicked an orange frisbee so that |t passed 22m(SD = 19,
n=73) over the subject squirrel, while | observed the subject through 10 power _
iblnoculars | noted whether or not the squirrel alarm called when it called whether it ran

to a burrow and if so, how far the burrow was from the sub)ects position at the

: beglnnlng of the trlal ‘The frisbee was silent, could be thrown mconsplcuoasl/ts flight
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path could be directed accurately, and it elicited responses QO the squorrels that did not
differ qualitatively from those observed during natural encounter s with aerial predators
Seventy- three trials were conducted on 35 individuals (2 adult males 6 parous and <
non-parous adult females. 7 juvenile males. and 16 juvenile females) Each squirrel was
tested in an average of 2 trials (range = 1-4), and the mean time between trials was 11

~days (SD = 9, n = 35) All trials were conducted between 23 June and 4 August

7.2.3 Sonograme |

-vRe‘cordings of-vsome alarm calls were made using a Nagra IV tape recorder and
dnrectuonal microphone, at a tape speed of 10 cm/s, Sonagrams of recordings were
produced with a Kay "Sona—Graph” model 66 1A. Sonograms were made of calls
‘considered to be representative of the types of alarm call given by Richarson's ground

squirrels. Inter— and intra~individual variation were not measured.

7.3 Results

7.3.1 Natural Encounters with Predators

Potential predators fincluding non-predators that elicited alarm calls) and their
rates of appearance on or near the study areas during 454 hours of obsdrvation are |
shown in Table 7.1. Observed rates almost certainly underestimate the rate of natural
encounters since the presence of an unconcealed observer probably dascouraged
several predators frorn frequenting the area during the hours of observation. Even SO,
the ground squnrrels e_ncountere,d srtuatvons involving a potential predator approximately
once every three hours. . . ‘

. There were at least two types of alarm call, and possibly three empioyed by the
squarrels These calls were readily distinguishable to the human ear A short chirp (duratlon
= 75 ms) of relatlvely low pitch and highly frequency modulated (8 kHz to 3.5 kHz) was

g:ven in response to an aerial predator (Fig. 1a). For terrestrial predators the alarm call |
was a Ion'g‘whistle (duration = 0.40 s) of high frequency (10 kHz) and with little frequency
modulation (Fig. 1b). Although the call given to badgers was similar to other whistles, it

could be distinguished by the human ear. A sonogram revealed it to be a high pitched
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‘"']"Eig,‘7;."1.«Trac:'_i"hg_s"' of 's'oncgrams"bf' alarm calls-given by Spermiophilus richardsonii: a) °
-chirp (“aerial”) alarm call, elicited by a frisbee; b) whistle (“terrestrial”) alarm call, elicited by
- adog;.c) whistle alarm call, elicited by a badger. = L R S
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whlstle of 8.5 kHz ‘and 0.22 s duratlon with V|rtual|y no frequency modulatlon (Flg 1c).

‘ Alarm calls glven in. the presence of badgers el:cnted amore mtense response from

conspecuflcs than did those glven to weasels. Squurrels would stand erect and look in the )

, dlrectlon of the predator, for up to 75 - 150 m from a badger compared to only 40 -

70 m from a weasel.

Calls appeared to contaln rnformatlon about the, type of predator and the context .

of the danger Flrstly of 88 mstances in which alarm calls were glven and were classrfled

‘by the type of call, only thrps were given to aerlal predators (25/25), while only whistlés

were grven when the predator was a terrestrlal one (63/63) Furthermore in five cases

wheré a bird landed on or near the study area. (two Swainson's hawks, three common

with potentlal predators

ravens), ground sqwrrels contlnued to give chrrps while the bll’d was on the ground:
Secondly the responses of squirrels in 86 situations in which alarm calls were glven
were also dlfferent dependmg upon the type of call and srtuatlon (Tabie 7. 2).

One hundred and thrrty—snx callers were rdentrﬂed and classified according to age
and sex class. The numbers of e?ch age/sex class present on the area durlng encounters

S,
N«
S

ciy ) obtamed from the scan sample taken lmmedlately prior to
e

the appearance of the predator Expected numbers of observed callers for each age/seX'

-

class were calculated upon the baS|s of the null hypothes:s that the |Ike|lh00d of calling

was equally probable for edch class, so that the numbers of observed callers should have‘

“been in dlrect proportlon fo their: relatuve abundance inthe aboveground populatlon at the

time of the encounter (Table 7. 3) The overall llkelnhood of callmg was not the same for all

age/sex classes lX2 = 8 27 3df P<0 05) Due: to the early lmmergence of adult males

’ lnto hlbernatlon they were not present during most of the postemergence perlod and no -

, mstances of an.adult maie glvmg an. alarm call ‘after all lltters of young had emerged on - ﬂ

the area were recorded Durlng the gestatnon/lactatlon perlod however adult males- were -

srgmflcantly much more lrkely to glve alarm calls. than were adult females (X2 =. 7 26 ldf

'P<0 o1 (Table 7. 3) Adult’ males were also more likely to chase weasels ‘than were adult

females (X2 6. 89 1df P<O 0‘ll (Table 74«) All adult males that alarm called and/or

chased weasels durmg the gestatlon/laotatnon perlod had elther been present durmg the

‘jbreedmg perlod on the study-area and had contlnued to resnde in the area they had

’occupled durmg the breedrng perlod or were yearllng males that had not dlspersed from

paet
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Table 7.2. Responses of*Richardson’s ground squirrels to chirp ("aerial”) and whistle »
("terrestrial”) alarm calls given by conspecifics to.aerial and terrestrial predators, -

respectively.

Response " -

Typé of Alarm. Call

Chirp Whistle
Ran imfnediafely to burrow ‘ _13 .
Ran imhjedia_tely to b‘urlroyv then stood erect ) 1
; Ran immediatély to and ihtoburrow ) 4 _
; ,éto'Od erect . | | 2 58
: Stood\erecfv and ‘flédv _frdm predator when abproache_d 8.
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Table 7.3. Incidence of alarm calling by age/sex class for Richarson's ground squirrels
during the overall study, gestation/lactation period, and postemergence period. See text
for method of calculation of expected values. o c ‘

H R A " %

E Ag@/Sex Class » o PreSen't" _ . Call Expected'» ' _C'allv '

bv_erall _ _ .

Adult male - L  6(1 " e - 120 262
‘Adult female 33 59 657 176
Juvenile male - o .0 183 24 320 14.7
Juvenile femalf-_:‘ R ¥ o 37 " 364 . 274 '

| Gestation/lactation . ‘  R S o o : | : ‘
~ Adult male’ . B 38 14 R - 368 .
Adult female S .3 . 25 o3ie 183

' Porskte_rh'ergéncie, . ‘
4 Parous adult female'_ o - 88 24 230 come 24.2
Non-parouis adult female ~ - 39 .8 90 208 "

Jovenllemale 163 24 334, 147
‘ilevfem‘a‘le_' B DY ‘;_13’5' 37 278 "1:27.4".:
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Table 7.4. Sex of adult Richardson’s gr'ou'nd squirrels observed chasing long~tailed
weasels during the gestation/lactation. period. : ' :

......

T %

Sex - S . Present : Chase Ex‘pected ' ‘Chase

Male a4 137 286
. Female L ' .83 " 3 87 g
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their natal area and jshared overlapping ranges with their mothers"

| in the postemergence perlod the probablllty of giving an alarm call was not A
statlstlcally dlfferent for females of dlfferent ages or reproductlve COhdlthl’l (Table 7 3)
although the proportlon of non- parous females that called was sllghtly lower‘ thah fg_r
other females (As well whlle parous females were seen chasing weasels on 8 occasnons, .
no non— parous female was ever observed to chase a weasel) Juvenile males, however
called slgnlflcantly less often than dld ;uvenlle females (X2 = 5.85, ldf P<O 025) Some |
, Juvenlle males dlsperse and the number of ;uvenlle males present mcluded several
lmmlgrants that were unlikely to have been related to any of thelr nelghbourlng
conspecrflcs These lmmlgrants were never observed to glve alarm calls although an .
‘ lmmlgrant was present 27 times durlng encounters W|th predators lf such males are
excluded from conS|derat|on there was no S|gn|f|cant dlfference between the: llkellhood |
,‘ of juvenlle males and Juvenlle females born on the area to glve alarm calls (X’ = 2._86, o
.:‘1df P>0.08). - B
“ing lnstances predators were observed to be’ successful A golden eagle 7 _
_Swalnsons hawks and ared- talled hawk kllled one adult two adults and ohe Juvenlle B
| respectively. Long talled weasels entered the nest burrows of four females and’ carrled
: A'thelr lnfants to -another. burrow after klllmg the lnfants A badger dug up a nest burrow
: and emerged chewmg the contents of the nest. Successful badgeﬁ predatlon wa°s also

lnferred from badger dlggmgs at the slte of two" females nest burrows and an adult

male S hlbernaculum

v7 3 2 Experlmental Observatlons

A

Aerlal“ alarm calllng to a thrown frlsbee was not equally probable for all age/sex )

vclasses (Table 7 5) All testlng was carrned out durmg the postemergence perlod and adult )
."-males never called although males were tested on only three occas:ons No adult females
- ‘without' young called whereas adult females wuth young gave alarm calls in 55% of the }
trlals thlS dlfference was statgstlcally sugnlflcant (X2 = 5 73 ldf P<O 05) The proportlon '
‘of Juvenlle males calllng (35%) was not dlfferent from. the proportlon of Juvenlle females :

j .calllng (34%) (xz = 001, 1df, P>0, 9.
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’

Squlrrels reacted to the stimulus in a manner approprlate to an aerial attack and
ran to a ‘burrow in 78% (57/73) of the trlals The Iack of calllng ln non- parous females
dld not. result fromalack of a response to the: stumulus object as a source of danger ‘
smce non- parous females always ran to a burrow when tested. Nor could lack of calling
by non~parous- females be attrxbuted to thelr belng more exposed or vulnerable since on

average non- parous females tended to_be closer to a burrow than other age/sex classes

-
e

~ (Table 7.5). o o g

| it appears unllkely that calllng would mcrease the danger of an xndlvndual being

' caught by a predator In 11 of 22 cases (50 the squirrel did not call until it had reached

the safety of a burrow, and on a further 6 occasnons (27%) the squarrel called as it was

_ runnlng to a burrow. Only 5 times (23%) did a squirrel calI either w1thout runnlng or

‘, before runnlng 10 a burrow. In all 5 instances the distance of the frlsbee from the o
.squvrrel (x = 6 1 m SD = 3. l) was sngnlflcar/ltly greater than in the other trlals in Wthh the’

squurrels called as or after they had run for a burrow (x =1 6 m, SD = l 4) ‘ o
: (lVlann Whltney U-test: U 81 B, P<OOll and probably represented a less lntense : .

- 'stlmulus

f7.4biscuss’ion' : | v S ’ RN - ‘ Vo
Although S. tr/decem//neatus (l\/latocha 1977) S. te}’et/caudus (Dunford 1977a
" pers. comm) and possnbly S co/umb/anus (Betts 1976, Murle and Harrls pers..comm.)
"v,appear to have no- specn‘lc aVIan alarm call dlstlnct calls for terrestrlal and aerlal '
;-predators have been noted in S armatu.s (Balph and Balph «966) S beechey/ (Leger and A -
: ’megs 1978) S. be/d/ng/ (Roblnson 1981 Sherman 1977 Turner 1973) and S.. parry/.. ‘
(Melchour 1971) In contrast to thls study Koeppl et a/ (1978) dld not note'any .
: "dlfferentlal use’ of the: whlstle and Chll’p calls although they recorded malnly calls of - v
squnrrels caught in live— traps (Koeppl pers. comm) As wellbthey stated that the prlnC|pal o
f"alarm call of S. r/chardson// was the churr calI Durmg this study I found that squirrels-.
' churred most frequently to an approach by humans and then usually when they were in E _>
gvthelr burrows (personal observatlon) '

Hypotheses for the: evolutlon of alarm call types in blrds (eg Marler 1955)

: suggest that calls for aerlal predators should be dlfflcult to locate since they are of hugh»

e
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“Table 7.5. Responses of Richardson's ground squirrels by age/séx class to 73 trials in
which a frisbee was thrown so that it passed above them.. .. . "

j
. No - Runto Distance to

Age/sex o ~call  -Call burrow  burrow (m) = a b? ¢

Adult male - 3 0 1. 05

Parous adult female -~ 5 6 9  .08:07 . 4 2

Non—parous_édult female 7 o 7  0.420.6 .

~ Juvenile male » St 6 14 1ex1s 2 1 3

Juvenile female 23 12"

.26 12515 3 1 6

a! - called before running to burrow
b? - called as running to burrow

¢ = called after reaching burrow

-
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‘ k and S. r/chardso' ({_{this study) show that the calls are hlghly frequency modulated
: makxng them easily Iocahiab)e Avran predators probably hunt by using visual cues, and a
diving raptor has probably already’ selected its target. Unlike birds, ground squirrels can
-escape into burrows 50 that selectlon has favoured instead of a non-— localizable call a.
: short Ioud and plerclng chirp (Koeppl et al 1978), which unamblguously alerts nearby
‘conspecifics of the imminent danger yet requ)res httle investment of time by the caller.
That Rlchardson s ground squirrels, and indeed, many ground squnrre) specnes
have dn‘ferent calls -that vary cons:stently with the situations in which they are emitted,
and hence provude mformatlon to conspecufvcs about the situation’ (Ownngs and Leger
1980), speaks against one of the ’ selflsh hypotheses for the maintenance of alarm
' bcalllng i.e. mampulatuon of conspecnflcs e.g., Charnov & Krebs 1975, Dawklns ‘and Krebs
1978) Dawkins and Krebs {1978) 3uggest that any mformatnon shared is likely to be
false, but the dlfferentlal and approprlate reactlons of Rlchardson s ground squlrre)s to
_ the aerial and terrestrial’ alarm sntuatlons lndlcates conspecrflcs can extract correct
information concermng the context or( these calls. Playbacks of alarm cav?j)to o .
th;rteen hned (Schwagmeyerv\%nd Brovi/n 1981) and Co)umblan (Harrls et a/ n press) S
ground squnrrels also mdlcated the transmlssxon of true information, since responses |
were: more approprlate for the dete/cnon and evasnon of predators than were responses
to -other calls or sounds ' |
“The dlfferentlal responses were approprxate to the context When danger was
from an aerlal predator there was often no- tlme to ascertaln the dlrectlon or posmon of
‘the bird, and lnstead the best evas:ve actlon was to run lmmedlate)y to the safety of a
burrow By contrast, the threat from terrestrlal predators was Iess lmmedlate There was
tlme to stand up, look around and locate the predator and then react further if ‘necessary.
' Terrestr:al predators could either enter burrows (weasel).or d:g them up (badger and
possxb)y coyote) so that burrows did not represent a haven of safety as in the case of

an attack by a raptor. Therefore the appropnate response to the c)ose proximity of a

terrestr:a) predator was to flee. from the predator wrthout going into a burrow (Table
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The finding that during the gestatlon/lactatlon period adult male Rlchardson s
ground squ:rrels are the most likely to give alarm calls is opposne to the situation
observed in Belding's (Sherman 1877), round talled (Dunforld 1877a), and thirteen— llned
(Schwagmeyer 1980) ground squnrrels However in S. be/d/ng/ {Sherman 1976), S. |
teret/caudus {Dunford 1977b) and S. tr/decem/meatus (McCarley 1966 SchwagmeyerEj\/7
' pers. comm) males do not defend terrltorles during the breedlng pemod and dlsperse
. after breedlng In contrast some S. richardsonii males defend terrltorles during the
‘ breedlng period, and contlnue to resnde there during the gestatlon/lactatlon perlod (see
Chapter 2). Such males had probably sired young within their range. Also, some males do
not dlsperse from thelr natal area and remam in an area that overlaps thelr, mother's
terrltory as yearllngs (see Chapter 2). ' _ / |

Trlver,s (1972) predicted that thev parent which ‘inve‘stsleast in th/e offspring (in
this case, the male), should be tempted to desert and not give parental care. However 4
‘parental behaviour should be optlmlzed to maximize reproductlve success (Maynard Smuth '

1978l Paternal care in Rlchardsons ground squurrels would be favoured if the female

- alone. could not ensure the suerval of the offsprlng and the male could act.in a way to

contribute’ to the survivak of the young ‘that gained him more than through desertion.
~ Selection for the evolution of male protectlve care could occur without the male belng
assured of paternlty so Iong as there is a hlgh probabvllty he is the father (Grafen 1980l

| . Because female ground squrrrels breed only once per year foIIowung emergence

from hlbernatlon in the spring (Davis in press), a male cannot |ncrease his investment by

msemlnatlng more females after the breeding period, so that the main advantage to

desertlon is the avoidance of mbreedmg in subsequent seasons (Wade 1879, see Chapter

' 2).In thls study, weasels. were the most frequent predator present and the largest known
cause of infant. mortallty durmg lactatlon when the mfants were below ground Females

_ plug thelr nest burrows at this time (DaVlS unpubl. data), and this may well be in parta i
_defense agalnst mterspec:flc predatlon rather than lntraspecmc predatlon as suggested

. by McLean (1978) for Columblan ground squirrels. Males could contrlbute to the surv:val

~of young within their range through alarm calllng (warmng the females and perhaps -

lnformlng the weasel that it has been seen) and chasing weasels. Females are much

s



132
». " _
llghter than males at this time (unpubl. data) and probably would be at greater risk if they
were to confront a weasel After the juveniles-are weaned, females increase in weight,
and'the llkellhood that they will chase weasels also increases. Thus adult males may be
;able to invest in the survuval of offsprlng or half-sibs by remalnlng in the area where they
bred or remalnlng wnthln their. mother's area, respectlvely '

* Paternal care has been demonstrated in Arctic ground squurrels (S. parry/'/') where
some males defend their likely offspring agalnst intraspecific lnfant|c1de ll\/chean in
press) During the period when the infants are below ground adult males aiso spend a
greater proportlon of their aboveground time vocaluznng than do adult females (lVchean in’
.press) S ' B _ ' _ _ ,,’. '
Further eyidence that alarm calling is most proncunced when it can warn relatives
~ comes from the experlmental trials. My results agree with those of Sherman (1977) and
Dunford (1977a) since adult females with young were the most likely to call, non— parous
females did not call, and Juvenlle males and females called equally frequently That -
immigrant. juvenile males did not call under natural condltlons also supports the
predictions based on kin selectlon as lmmlgrants were probably unrelated to any of thelr
vnelghbourlng conspecifics. Calllng by non— parous females under natural condltlons does.
" not necessarlly contradict the kin select:on hypotheSIs snnce non-— parous females may
well have had adult SIsters daughters or mothers near to them. In the experimental trials,
non- parous females did not have any close adult female re&atlves as neighbours (see
Chapter 8). - ' » . . R B ’

ln conclusnon alarm calllng in Rlchardsons ground squ:rrels is cons:stent W|th the
prediction of kin selectlon theory, that animals wnll be most Ilkely to call when they have
close relatlves nearby Calling appears to be nepotistic but not altruistic behavnour

because there is no evidence that it involves a cost to the caller. )

!
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" 8. Is Kin Clustering Advantageous for Adult Female Richardson’s Ground Squrrels?:

©

> an experimental study

G

—mr

8.1 l‘ntroduc'tion R - o c

-4 A substantiai body of theory (Barash 1982 Dawkins 1976, Hamilton 1963 1964
1972 Wllson 1975) elucndated the posmbnllty indeed the lnewtablhty {Dawkins 1979)
that 'kin selectlon (Maynard Smith 1964) is a consequence of natural selection. The
“prlnc1ples of km select:on provlded a novel perspectlve for the study of animat
‘ behavnour lnstead of seemg adaptlve advantage only in-how behavuour mfluenced the
" individual's reproductlve Succe'ss, behavnour could be vuewed in terms of its effect on the
| ,'surv:val and reproductlve success of kin; and hence the lndlwdual s mclusnve fitness' |
' (Hamnlton 1963) A bandwagon resulted (Dawklns 1979), and a rash of studies soon’
documented the occurrence of kin—preferential behavnour in WIld populatlons eg.
Bertram 1976 Dunford 1977a, Hoogland 1981, Kurland 1977 Sherman 1977, Wllson
197 1) More recently studlcm have attempted to ndent:fy mechanisms for kin= dlfferentlal
. jbehav1our i.e., how animals distinguish their Kin from non kin (Blaustexn and O Hara 1981,
. Dav;s 1982 Greeneerg 1979, Folmes and Sherman 1982 Waldman and Adler 1979).

’ ln the rush to quantlfy where and how kin preferentxal behawour occurs w/7y it
'occurs has most often been overlooked Hamiilton' s (1963) formula for the evolutlon of -
' valtFUISth behavnour Dredlcts that nepotism will occpr only when the ratio of the beneflt .

“'to the | recxplent over the cost to the actor exceeds the recnprocal of the coefﬁcnent of
, ul‘genetlc relate‘dness between the two. Yet whlle consnderable effort has gone into
T derlvmg relatedness between conspeCIflcs (eg Hanken and Sherman 01 981) little
.attentlon has been ,paid to estabhshmg costs and beneflts of behavsours Notable

exceptlons have been éttempts to measure. the effect of behawour on mclusnve f;tness

dlrectly (Packer and. Pusey 1982) or lndlrectly through experlmental manlpulatlon (Barash‘
1 980 Brown and Brown 1981\ An advantage of cur’rent socnoblologlcal theory is that it
s predlctlve (Barash l980) and wh:le many of its predlctlons may be dlfflcult to test i
: (Pulllam 1981), experlmen{s should be desighed to test the hypotheS|s that S ;
kin— preferentlal behawot"Jr is mdeed beneﬁcual to the reclplent and may therefore

' mfluence mcluswe fltness
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in many groundFdwelling sciurids -adult females live in Kin clusters and behave
differently towards thelr km than thelr non—kin (see Armltage l981 and Michener /n
) press fmr revnews) As adults female ichardson § ground squirrels reside near Kin
' (Nllchener 1979 1981) and it has been. proposed that kin clustermg |mproves surv:val
and reproductlve success through nncreased |lke|lh00d of predatordetectuOn and a
sharlng of resources (Mlchener in press). 70 test the predlcted advantages of kin
clusterlng l experlmentally manlpulated a field populatlon of S. r/chardson// éo that on
| one half of the area all females were members of kin clusters while on the other half
females dld not have Close relatlves as nelghbours It was predicted a pr/or/ that on the
ared wnth Kin clusters: , Y v H
1.0 fermales should share more space with their k|n than females on the other area -
~shared with their ne,lghbours - - . R h
2. females should spend less tlme alert for predators and hence, be able to devote
more- time to feeding, L ‘ ' ‘

3. mteractlons between kin should be less severe than those between non= k|n and

4 there should be a hlgher survnval of young to weanlng (reproductlve success)

» ‘8.2 Methods )
The study site was situated at R0| Lakes (53035N 1 14005 W elevatlon 730 m),

12 km north west of Stony: Plam Alberta Canada The study area was 1.3 ha of rolllng
‘.grasslands amid a clearmg surrounded by aspen forest A grld of palnted stakes marked

‘the area mto lO x 10m squares and the area Vﬁas sometlmes grazed by cattle

Thls study was lmtlated m‘May 1980 at WhICh tlme all. adult ground squnrrels on. or

near the study area/were llve trapped eartagged and dye marked wnth human halr dye

: fd’r individual ldentlf:catlon At the tlme ‘of weamng yot’:ng of all lltters on the area were

. llve trapped and similarly marked on or soon after emergence while the: young ‘were stlll
assoc:ated /Mh their natal burrow and mother Hence matrllmeal kmshlp was determlned

' ln all, - 168 squrrrels were tagged n 1980 lncludlng 137 Juvenlles 71 of Wthh were -

: females : : L~

|
ln the sprmg of 1981, squxrrels were re= dyed as they emerged from hlbernatlon

/, .

_The study area was divided in half and followmg the-end of the breedmg peruod en 7

. 9
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Aprll (by Wthh time 98% of females had emerged [see Chapter 2]) females were
- removed from one half of the area $0 that all those remaining had at least one uterine— kln .
female (i.e, a mother daughter, or suster) as a contiguous nelghbour ‘This was called the

Kin Cluster Group (KC), and.in fact each female had on average 2.8 uterine- kin females
~(SD 0.5, range = 2-3, n'= 8) as near nelghbours representing all or part of three
“matrilineal kin-clusters. (At the outset of the experiment another female from another kin
| cluster was included in the KC group, but as her two daughters, although both v

nelghbours resided off the study area, they were seldom seen and insufficient data were

‘available to make val|d estimates of amount of space shared Hence the mother was not

lncluded in the subsequent analysns of the experlment s results) On the other half of the
’ study area, females were. removed so that those remalmng had no uterlne kin as. |
contiguous nelghbours (the No Kin Cluster Group NKC). Elght females were removed,
' four from each half of the study area and densmes remalned approxamately equal at 15
females/ha (KC) and 14 females/ha (NKC). ' A
& Squ:rrels were observed usmg instantaneous scan sampllng (Altmann 1974) at 15 - ‘
mlnute mtervals The location. and actlvxty at the instant each squirrel was seen in"a:
‘ systematlc scanmng search of the study area were recorded As. well all- occurrences

- sampling. (Altmann 1974) was conduc ed for mteract;ons from which the |dentrty of the -
partncnpants the Iocatlon of the lnteractlon and the outcome of the rnteractlon were -

noted. Durlng the two years 239 hours of observatlon were made of the squirrels.on the

} study area (1980 100 75 hours, 1981: 138 25 hours) The actlve seaso, ' .a“y 5'd"‘

W

, _83 scansduring the breeding perio_d; 2_06 scan‘s during the gesta\g , dtion pericd,
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' 8.3 Results

é.‘3.1 Control
ln 1980 breeding success, as measured by the number of young successfully
weaned per female was not significantly different for the two halves of the study area
-(x'“ 5.8, SD 3.1 n=12; X = 65 SD 29 n=8; Studentst test t— 054 P>05) All_v
females on the study area brought up young Durlng the breedlng perlod |n 1981, no

~S|gn|flcant dlfferences ex:sted in the behawour of females on the two halves lFlg 8. lal

! Therefore there was no a pr/or/ reason to suspect that the two halves of the area were
,dlfferent before the experrmental treatment .
< : , 3
8.3.2 Gestation-Lactation Period (8 April - 27 May) | o
This is the period follownng breedlng untll the emergence of all young. above

‘ ground at the time of weannng Durlng thls perlod females in the NKC group tended to be .

alert more often and spend Iess time feedlng than their counterparts |n the KC group (Flg;. B

8.1b). “The amount of time spent alert increased S|gmf|cantly for NKC females after the
removal (palred t test t= 3 l4 P<O 05 n = 6) whereas KC females spent snmllar B
amounts of time alert durlng the gestatlon lactatlon perlod as durlng the breedlng perlod
t=0.10,P508,n = 6) A
Geo\metrlc centres of actrv:ty were calculated for aIl females durlng the 3
' gestatlon Iactatlon perlod The m M';zedlstance between actlwty centres of females and :

their nearest nelghbour in the NKC group was l7 6 m (SD 4 7,n= lO) sttances

- between actnvuty centres of KC females and theur nearest uterme km nelghbour averaged

o ‘l5 9Sm (SD = =.6.5, n=8) However for only four of these females was therr nearest kln

o also thelr nearest nelghbour -and, |n these cases the dxstance between their actlvnty

centres (x = 125 m, SD = 2. 0. .n= 4) was sngmflcantly Iess than that between nearest

: ‘nelghbours in the NKC group (Mann Whltney U-test U = 4 P<0. gs). ; , ,
' Home range sizes were S|mllar for KC (x =0. 15 ha, SD = O 07) and NKC x'=0. 1 1

'ha SD O 086) females durmg the gestatlon lactatlon pernod = 25 P>O 2). Average

‘oVerlap of home ranges between KC females and their: nearest uterme kln (47 1%) was |

-'only slsghtly hlgher than overlap between nearest nelghbours in the NKC group 39 4%

N
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. Fig. 8.1. ‘Percentavg.e of‘-,abo;veg‘rbund time spevnt"f.’eedirig (Fe), moving about (Mo), alert (Al),
and interacting with ‘consp

ecifics (In) for adult female Richardson's ground squirrels on

' r (NKC) area and the Kin Cluster (KC) area during the breeding {a),
- * gestation/lactation [8 April = 27 May] {b), and postemergence (c) periods. Each female -
~.was seen on average 3512 times during 83 scans (a), 9939 times during 206 scans (b), _

‘and 4820 times during 127 scans (c). -
+ 0.05<P<0.1, Mann-Whitney U-test.
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- but, consnderably hlgher if only kin that were also nearest ne:ghbours were used 63. O )
albelt non—significant due to the large variances (Fig. 8. 2) The same pattern held for the
* amount of time each female Spent in. the overlap zones lFlg 8.2). These dlfferences were
accentuated if core areas lthe mlnlmum area in. Wthh a female spent 80%, of her time).
were! consndered Overlap of the core areas of uterine— kln that were also nearest -
nelghbours in the KC group (x = 45 0% SD = 35 7 n = 4) was s:gnlflcantly greater (U =
5, P<O 05) than the overlap between’ the core area of NKC nearest nelghbours (x =
16.6%, SD = 89, n=10 i
* Thus, uterlne kin appeared 1o share more space than did females whose .
vnelghbows were not closely related However the average dlstance between KC females
~and thelr nearest neighbouring kin when both were smultaneously present above ground
(x=21.6m, SD 5.0) was not d:fferent = 32 P>0.5) from the mean dtstance |
‘between NKC females and theur nearest nenghb0ur (x = 20 2m, SD 6 8) QOverlap of.
space between kin ,need not imply mutual attract:on then but rather mutual tolerance
-.’since: there was not a concommltant temporal overlap in the use of the shared space '
| 1 As uterme kin did not spend more tlme in close spatlal proxlmlty than dld
nonmbterune kln the potentlal to: mteract wnth conspecmcs sh0uld have been the same ',
for KC and NKC females and lndeed the groups did not dlffer in proportlon of time
- spent mteractmg (Flg 8 1b).: But proportlon of tlme spent lnteractlng WIth conspec:flcs
'_was a gross measure that did not take into account dlfferences in the qual:ty or type of
| mteractlon Mean female female lnteractlon rates (# mteractlons per hour that each
female was: seen above ground) dnd not d:ffer = 35 P>O 6) between KC (x = O 30
unteracttons/hour Sp=0. 15) and NKC (x = 032 mteractlons/how SD =0.17) females
However mteractlons between uterlne -kin seldom resulted |n dtsplacement (l e, one .
squlrrel fleemg the area of the mteractuon usually chased by the other) of the ' ‘_
‘part|C|pants whereas one female was usually dlsplaced in |nteract|ons involving other
- females (Fig. 8. 3): But in those mteractlons where the partICIpants were not closely
| related non-nelghbourmg females (|e females W|th core areas that were not contnguous) ‘ R
| ﬂwere always (19/19) chased away whnle nelghbourlng females were. only dlsplaced 73% -
A (37/5 1) of the tlme (X2 6 5 P=0. 01, with Yate s correctlon for contunurty) As well, -

“when chases dld occur, non- nelghbours were chased further (x =138m, SD =v6.4; n= ,
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HOME RANGE °~  ABOVEGROUND
OVERLAP . TIME IN OVERLAP AREA

dkemNN. | | ke NKC

dAnz4 : 2 n:=8

- Fig. 8.2. Overlap of home ranges during the gestation/lactation period, and time spent in
the overlap area for NKC females and their nearest neighbours; KC females and their :
' -nearest uterine—kin, and KC females and their nearest uterine—kin which were also -

" nearest neighbours (KC/NN), : e ‘ o : E

e
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Fig. 8.3. PrOportiCn of adult fen(iale—female interactions, with uterine—kin and others,
initiated by the 18 study animals during the gestation/lactation period that resulted in
displacement or no displaceme"\t. Numbers of interactions are given atop the bars. .
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¥ 16) than were neighbours (x = 84 m, SD = 5.2, n =°’.29) (/= 1175, P<0.01). Thus, while
ute"rine—kin seldom chased each other, proximal association affected interactions‘ 'among
non-uterine-kin, such that non—uterine-kin nelghbours were chased less often and for
shorter dlstances than were non- nelghbours |
Breedlng success, measured as the mean number of young wea'ned per female,
was much greater for KC females (5.3 young/female) than for NKC females (0.2
‘y0ung/female) Whereas only 2 KC females failed to brlng up a lltter 9 NKC females
failed to wean any young and the other one brought up only two. It seems unreasonable
to attrlbute such a disparity in breeding success entlrely to the effects of the _ s
experlmental manipulation, especually given the relatlvely small behavnoural differences
‘between the: groups. Predatlon probably contrlbuted in large part to the dlfferentlal
success between the two areas. For 4 Nl(C females the cause of their litters’ dernlse ‘was
known In one case a weasel entered & female's nest burrow and removed 10 young and
on another occasion a weasel was observed in the nest burrow of a female. Badgers dug
up the nest. burrows of two other NKC females By contrast, no: KC htters were lost to
badgers It seems unlikely'that the presence or absence of relatives could do much to
avert predatlon by badgers and the. effect of such predatlon on breedlng success in this
~exper|ment should probably be wewed as random samplmg error. '
R : .
8.3.3 l’Iost-Ernergeﬁ"be | |
Following emeégence of the juv.enilles on the area, KC a‘nd NKC females spent
their time 'slrnilarly, despite the -absence of young on the NKC area (Fig 8.1c). Most
' “females wnthout young disappeared early in the postemergence perlod (presumably they
had gone into hiberpation as several of these dlsappearlng females were recovered on
the area the followmg sprlng) and detailed examination of their behawour was not

pOSSIb|e S O, - )
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8.4 Discussion

The close assoc:atlon of adult female uterine—kin has been documented in several
‘species of ground dwellmg sciurids (S. pe/dingi: “Sherman 19813 S. co/umb/anus WJ '
Klng pers. comm S parry// MclLean 1982,'S. richardsonii: Michener 1979, S.
tereticaudus: Dunford 1977b, /l/larmoza flaviventris. Johns and Armitage 1979)
leferences in alarm calling (Dunford 1977a Schwagmeyer 1980, Sherman 1977) home
A range overlap (McLean 1982) interactions- (lVchean 1882, Sherman 1981a) and use of
burrows (Dunford 1977b, MA. Harris and J.O. Murle pers. comm.,, Johns and Armitage

1979, McLean 1882) between uterme kin and non=-uterine— k|n has led to-the aSSGFtIO;;
‘that kin clusterlng lmproves surv:val and reproduct:ve success through lncreasmg the
likelihood of predator,detectlon and a sharing of resources (Michener /n press) With the
exceptxon of MclLean's (in press) experlment to measure the effects of the presence of .
‘ presumptuve fathers on the uncndence of infanticide, in Arctic ground squ1rrels there have
been no attempts to measure the actual costs/benefits of these behavnoural asymmetries
ln the l\/larmotlm . . ' ‘

In this experiment the a priorj predictions were generally upheld, although not
always strongly. Female kin did share an area of greater extent than that shared between
non—,kin,'partivcularlv when the related females were also nearest neighbours. Females
, V‘Wl‘l'hOut closely related nelghbours spent more tlme being vngnlant while females. in kin
‘Clusters were posslbly able to devote more tlme to feeding as a result of a reduced need
for v:gllance Although both groups of females interacted wrth COI’lSpelelCS to the same
extent and female- female |nteract|on rates were the same, interactions between kin
most often reSUIted in no dlsplacement while the majority of mteractlons between
non- utenne Kin ended in chases Flnally reproductlve success was greater for females
in km clusters i ‘

The difference in the outcome of lnteractlons between uterine—kin and
non-uterine-kin may have. accounted for the greater space sharmg by kin. Overlap was
not the result of actlve attractlon since uterine—kin were no more likely at any instant in
' time to be closer together than any neughbourlng conspecifics. Spatlal overlap may have |

occurred through pass:ve mutual tolerance between close kin, such that females were

less llkely to be chased away ‘when detected by the resident |f they were related to the

‘F?



J B 146

resident,‘ and hence females /earned that they could trespass with impuhity.

There is probably a high cost in terms of energy expenditure involved with _
~flghtlng and chasing (Ruff 197.1). This cost is often reduced to near zero in lnteractlons
between uterine— kln and this reduction together wrth the greater amouryof tlme
devoted to energy aqunsmon (feeding) in the KC group, may have positively lnfluenced the -
c females abilities to provide nourishment for their embryos and young.

The greater wgnlance on the NKC area may have been due to a reduced llkellhood

that surrOundmg conspecifics would emit alarm calls (see Chapter 7). requiring more
‘alertness by lndlwduals to detect predators or it may have been due to'a greater'need
for attentnveness against intrusions by conspec;flcs Without a common border shared
with a close relatlve all sides of a female s territory would have to be actlvely defended.
Known instances of predation were h: gher on the NKC area and predatlon was the smgle
most important, |dent|f|able feature responsnble for the dlfferences in breeding success
between the two areas, suggestlng the vigilance was a response to their litters’ greater
':vulnerabllty to predators. The lncreased vigilance and poor reproductlve success of
females in the group thhout close kin, would also be consrstent wnth the hypothesis that
mfantlc;de will occur ‘between unrelated sciurids (Sherman 198 th), although there were
no observatlons nor ewdence of lnfantlcnde in thls study k

‘The varlablllty apparent among the uterlne kin in how they behave, may in part be
due to the dlfferent types of relatlonshlp represented. In defining the limits of ground -
squurrel nepotism, the cutoff has generally been made so as to inciude mother— daughther
and suster relatlonshlps ln the favoured group (Sherman 1980. 188 1a, McLean 1982).~
Since the likelihood of a partlcular gene being present ina daughter or sister is 0.5 for
both, kin selection would seem to predlct that daughters and snsters should be favoured
' equally (Hamilton 1964) Yet there are good theoretical. arguments for 1nvestment belng
greater in offsprlng than in s:bllngs (Charlesworth 1978 Rubenstem and Wrangham
1980), and this would espeC|aIly be true if mult!ple paternlty occurred, thereby reducing
the certalnty of relatedness between llttermates Evndence of multlple paternlty has been
found for . be/o’/ng/ (Hankerr ahd Sherman 1981), although current electrophoretic
" research on S. r/chardsom/ has not produced any similar evndenc:e to date (GR Mlchener

pers. comm.). ln addition to the irguments of Charlesworth (1978) and Rubenstem and
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Wrangham (1980), | believe investment in of fspring rather than siblings should be
favoured for the foliowing reason; Natural selection, the differential survival of genes
(Dawkins 1976), is based upon the re/ative frequencies of genes in the gene pool. In
_diploid individuals, production of two nl@t’,es or nephews while contributing the same
. amount of a particular gene to the gene pool as if the individual had produced one
» offspring of I’(S‘Own promotes the survival of a greater proportion of genes not shared
with the individual Thus, the re/ative frequenmes ‘of the individual s gene in the gene pool
would be less than if it produced only its own offspring '

ln this experiment where uterine—kin were also nearest nelghbours they were
| usually mothers and daughters, whereas sisters most often had a non-uterine- kin as a
nearest neighbour. ' )

Finally, this eXperiment indicates that social interqactions ‘are‘ controlled by factors
other than just kinship. Among females that were not /closely related familiarity appears
Vi to reduce the likelihood and severity of chases in agonistic_encounters. Sherman (1981a)
deniecd ':.' length of association affected the outcome of interaclti’ons within his various
classe: oi relatedness, but some of his correlations were very close to being statistically

,*‘ B

t.indicated evidence of a relationshlp between

¢

sngnlficant le:g., £ =007, and pe"

length of association and the prob&mlity of flghts or chases As well Sherman's results '
(Table 1. 1981a) show that m two of four groups of unrelated conspecmcs neighbours
were treated preferentially compared to non— neighbours |

} In conclusion, the results of this study suggest that clustering of adult female kin-
'in Rlchardson 5 ground quirrels can have measureable effects upon the females
behavnour and breeding success. The results are a preliminary indication only, and there is
a press:ng need for more studies to investigate..the adaptive advan_tage, if any, of

behavioural asymmetries based upon kinship.

£
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' 9. Conclusion !

Socnallty in Rlchardson s.ground sqwrrels is characterlzed by the promlnent role of
familial bonds. Conspemflcs treat%ch other dlfferently dependlng on thelr level of
- relatedness (Chapter 5). The ers:stance of natal burrow assoc:atlons (uterlne kinj, elther
| through a mechanlsm of famlllarlty and/or an ablllty to dzstmgunsh blologlcal km (Chapter
6), after weanlng (Chapter 4) and mto adulthood (Chapter 3) shape the behawoural
predllectlons of S. r/chardsonu Uterlne kin are llkely to overlap in space, and are
unlnkely 16 dtsplace each. other durlng encounters Squ;rrels are most likely to glve alarm
calls when they have offsprlng or snbllngs nearby (Chapter 7. ThIS mcludes some adult

)

bably sired some offsprlng w1th|n thelr post- breedlng ranges The proximal

whicH because of the terrntorlal nature of. the mating system (Chapter 2) have _

‘ advantages of kin assocuatuon an /kln preferentlal behav:our n Rlchardsons ground
squrrrels appear to include: v _ ‘

. reduced costs of aggressron through de-escalatlon of confllcts

' 2 reduced chances of pred /tlon and :

< 3. f' mcreased tlme avallable for: food acqunsmon through reductlon in the amount of- - -

~time needed to be devo ‘ed to vrgllance

| Thus the flndlngs of his study are consnstent W|th preductlons of kin selectlon m

_ as much as dlfferentlal trea /ment of k|n occurs in Rlchardson s ground squurrels in a

ollowing two pomts o o - [ -

)

should be. quallfled by the

Rl

The famlly unit is & lgey aspect of group llvmg in S r/chardson// but that is: not to- - |
say that group Ilvmg would not be selected for in the absence of: the pr0x1m|ty of
' close relatlves The advantages of group llvmg (Alexander 1974 Bertram 1978l
may stlll apply to unrelated groups of conspecnflcs as occurs in the bat SRR A
, Phy//ostomus hastatus: (McCracken and Bradbury 198, 'l) Km selectlon alone is” o I - |
_unllkely to be responsnble for the evolutlon of socuallty in Rlchardsons ground |
E squnrrels but rather has medlated the form it has taken 4 , ‘
: 2; ,Whlle selectlon has favoured preferentlal treatment of related conspecnflcs |n S
’r/chardson// there is no evudence to suggest there is a c0st |nvolved Nepotusm |n

o - . . - J
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i f"d*r

? ~ this species appears not to represent altruistic behav:our but rather benefncer’\t '
‘behaviour, (West Eberhard 1975) from vyhlch both the anlmal performlng the

behavnour and the rec:plent probably proflt Coe
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