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. Abstract ' .

FETIE SRS

The behavioural ontogeny of the Columbian ground squirrel (Spermophilus

Lova
)

K

columbianus) was. exammed usmg live- trapped and marked mdrvrduals ina populatron in

o

southwestern Alberta, Canada. Observatrons using scan and all- occurrence samplmg recorded -
the activities and locatrons of mdrvrduals in orderr to study the development of spatral and
behavroural patterns, with emphasrs on socral play

Differences between'sexes in the movement of juvenile Columbran ground squrrrels
were apparent after the f irst 10 days from frrst emergence from the natal burrow. Males -
‘travelled further from the natal burrow, had larger ho_me ranges and shi.l.r ted their activity
centres more than did females. Fernales remained nearest their sisters and rates of play ‘
between srsters were the highest of all mteractmg pairs. Although there was no, dif ferene"e in
. the mean drstance from the mother for males and f emales females greeted therr mothers three

'

times more frequenrly than did brothers,

> -
N

1

The structure of play varred wrth age sex and relatedness of the mteractors Only.in
intrasexual play.were dif ferences apparent in srblrng and non- srblrng play Male male
non- srbhng play had fewer contact behaviours than sibling play female- female nomn- srblmg

play had escalations in aggressrve behavrours Yearhng play was longer’ and more aggressrve

LY

than Juvenrle play. As well, reversals in wrestlmg were more common in yearlmg bouts
f rly

These results suggest, that.males arid females have different socra] experiences i
deyelopment The consequences of such different experrences are drscussed in light of female
site f 1de11tymd male drspersal The possible benef its of socral p{ay are considered f or the
:various-categones of sex, age and relatedness. The.drff erences noted betw.een sibling and_

non-sibling intrasexual play suggests that more than just exercise or prac.ti'ce is involved,in the

social play of Columbian ground sduirrels.

iv R

"
&
.
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/ ~. L General Introduction

The social organizatior of a’spec'ies can be described in terms of the social interactions-
among members of a population relative to spatial and temporal characteristics of their
environment (fltelka et al l974). As animals differ in their life history characteristics and
habitats occupied, tpey"also differ in their social organization: Evolutionary and ecological
| constrairits on social orgamzatxon can be. exaxmned ina number of ways, oné of. Wthh is the. -
“study of the mtegratlon of young 1nto the social group. The ontogeny of social patterns among
immature ammals may reveal some of the mechanlsms mfluencmg soc1a11ty

Somalxzatlon is the sum of all soc1a1 experiences ‘that alter the development of an
individual (WllSOI’l 1975). In many mammals early social expenences often mvolve play Most
likely play has both physxologtcal and social consequences. The suggested beneﬁts of social -
play range f rom simple exe'rclse to social bonding laetween individuals (Bekoff 1984; Fagen

. . , \
1981). These benefits may vary depending on the age, sex; and relatedness of the participants

and on en.vir'onmental condi_tions (Bekoff 1984; Fagen 1981). Play ‘has been studied in a variety
of mammals, including cats (Caro 1981; West 1974), canlds (Bekoff 1982), ferrets (Biben
1982), bighor- shec» (Berger 1980) and many species of primates (Fedxgan 1982; Lee 1983)
- (see Fagen 1981, for a review). Many of these studlgs involved the study of captive animals.
Research quanti‘ving play between kin and non-kin are, however, rare in both field and
laboratory studies. ’ |

The grouﬁé#:c)lwelling sciurids (Rodentia:Marmotini) range from solitary species (eg.
woodchuck, Marmota monax) to highly social speeies (eg. black-tailed prairie dogs, Cynomys
IudOVicianus)'(Michener 1982). The social sciurids are ideal am'mals for studies of behavioural
ontogeny. They f‘are diurnal, easy to observe, and individuals can be easilylmarked and
identif ied'frOm yea: to year. Due to the proximity of littermates and their mothers
relauonshlps among groups can be determined (albelt patermty is umgally unknown) Thus not |
only can the development of behaviours of individuals be studled but compansons between

sexes and relatedness can be made:

.
257



The Colunrbian ground squirrel, Spermophilus columbianus, of western North America
is A relatively social species (Miehener 1982). As with many sciurids, Columbian ground
_‘ squirrels are characterized' by sex-differential dispe.rs‘a'l; in which females have greater éi.te.
f idelity than males and of ten remain near the eite of their birth (Murie and Harris 1984).
‘ According to King (1984), nepotism is an important conrponent of the social organization of
adult female Columbran ground squrrrels Michener (1982) suggests that famrlrarrty through
pnmary socrallzatron is lrkely to be a proxrmate rnechamsm through ,which.kin selectron
operates. Play is an rmportant part of the socral repertoue durmg the first two summers (as a
Juvemle and yearling) (Stemer 1971 Betts 1976) ‘However, m this specres in which female kin
groups (King 1984) and sex dif ferentral drspersa] may be characterrstrc little is known about
. development of such patterns. l
| The airn of this study fs to investigate the development of behaviour in the Columbian
grotmd equirr,el In.‘th'is thesis If irstly describe .the deveiopment of spatial and be_txaviourai- |
. patterns in juveniles‘.‘“T.he deveio . ent of sex differences in these patterns, and ttre possible
effects that these dxf férences lrave on opportunities-for social interactions witlr other ground
' squirrels is exammed (Chapter 2). NextI. analyze the structure of play, concentratmg on |
differential play between sexes between srblmgs and non- srblmgs and between juveniles and |
-yearlings. The potential benefits of such play are-discussed in light of the social organization of ‘

the species (Chapter 3).



1.1 Literature Cited

" Bekoff ., M. 19.72.fThe de#elopme,nt of social interaction, play and metacommunication in
mammals: an ethological pefspeétive. Quart. Rev. Bioll;l47:412-434. |

Bekoff, M. 1982. Functional aspects of play as revealed by structixral components and .sq‘cial

- interaction pattern's.;,Beha\./. Brain Sciences 5 :15‘6-“157.

Bekoff, M. 1984. Social»f)lay behavior. BioScience 34:228-233.

" Berger, J. 1980. The ecology, structure and functions of social play in Bighorn Sheep (Ovis
canadensis). 1. Zool. Lond. 192:531-542. |

Betts, B. J. 1976. ‘B'ehaviopr i;l a pqpuiation of Columbian ground squirrels Spermophilus
columbiunus. Anim. Behav. 24:652-680.

Biben, M. 1982. Sex differences ing the play of youﬁg ferrets. Biol. Behz;v. 7:303-308.

Caro, T. M. 1981. Sex differences in the termination of social play in cats. Anim. Behav.
29:271-279. | I e

Fagen, R. 1981. Animal play behavior. Oxf ?rq Upiversity Press, New Yorl;.

,Fedigan, L. M. 1982. Primate paradigms. Eden Pzess, Montreal. 386pp.

King, W. J. 1984.. Demography, dispersion and behaviour of female kin in Columbian ground
squirfels. Uvnpubl. M.Sc. thesis, Univ. Alberta, Edmonton, 68pp.

Lee, P: 1983. Play as a means for developing relationéhips. “In Primate social relationships.
Ediied by R:-A. Hinde. Sinauer Assoc. Inc., Sunderland. pp 82-89. ’

Micheper, G. .R. 1982‘. Kin i.dentification, matriarchies, and the evolufion of sociality in
ground-dwelling sciurids. 7n Advances in the Study of Mammalian Behaviour. Edited by

| J..F. Eisenberg énd,D. G.Kleiman. Am. Soc. Mammal. Spec. -Publ;_ No. 7.

“furie, J.)O. and M. A. Harris. 1984. The history of iﬁdividuals in a population of Columbian
.grbund[squirrels: Source, settlement and site attachment. In The biology of A
ground -dwelling squirrels. Edited by J. O. Murie and G R Michgner. Uniyersity of
Nebraska Press, Lincoln. pp. 353-374.. |

Pitelka, F. A., R. T. Holmes and S. A. MacLean, Jr. 1974. Ecology and evolution‘ of social -



"

Jorgan.ization in arctic sandpipers‘j1 Amer. Zool. 14:185-204. ) \\
Steiner, A. L 1971. Play activity of Columbian groun& squirrels. Z.. Ti'erpsychol_.\‘
8247261 - N\
West, M. 1974, Social play in the domestic cat. Amer. Zool. 14:427-436.
'wilson, E. O, 1975. Sociobiology: the hew syn;hesié. The‘ﬁglkn'ap Press of Harvard ) 0

University. Press, Cambridge. .




2. Behaviour and use of space by juvenile Columbian ground sqhirrels

2.1 Introductlon

Thc social orgamzauon of ammals is often analyzed in lrght of the spatial organization
‘ ,and social behaviour of adults. However this orgamzation is marnta_med by the mtegratron_of
-young mdtvrduals mto already existrng social groups (Bekoff 1972, 1977, 1981, 1985). Clearly,
in order to evaluate the sxgnif icance of adult socral behaviours, it is 1mportant to understand the

ent of such behaviours in-immature animals (Tmbergen 1963, Bekoff 1978, Bekoff and

v

7

' The Columbian ground squirrel (Spermoplii[us co[umbiaizus) isa polygynous species,
hvmg in colomes in western North America (Manvrlle 1959). Squirrels hibernate in

4 underground burrows most of the year, emergmg in the spring to breed, grow, and build up fat .
stores in a four month period bef ore immergence in late summer (Boag and Murie 1981a).

Sexual dif ferences in behaviour and use of space are prevalent in the adult population. In the
early sprrng males usually mamtarn a territory which encompasses the ranges of more than one
female (Murle and Harrls 1978). Females defend areas during gestation and lactation but their |
‘ active defense of space dechnes upon emergence of the young (Festa Blanchet 1982, this -
study) |
| Mrchéner (1982) suggests that amrcabihty between neighbouring, most hkely related,
htters is 1mportant in the formation of cohesive. multtple family clusters of female kin. She
suggeSts that thlS is the basis of the social organization of females. Thus, interactions between
“female littermates, and related non- lrttermates may be important in estabhshing and remf orcing
amicable relationships among kin. The young of Columbian ground squirrels meet Bekoff's
(1981) four criteria for the promotion of sibling interactions by familiarity. .There is u"sually
more than one mdrvrdual per litter, and individuals are relatrvely immature at birth. Litters

remain intact and isolated f rom other litters (f or the first 30 days an mdivrdual remains in the



natal burrow, interavcti‘ng only with other siblings or the motner), and finally, social groune are.
relatively closed to outsiders and juvenile emigration is rare. King (1984) exammed the spatlal':
and social re]anonshxps in Juvemle Columbxan ground squ1rre1 females and found evidence to ”
suggest favouring of kin. Harris and Murie (1984) found that females often inherit the nest
site of their mother. Asa consequence of this inheritance, and the greater site fidelityiif ,
: females (compared to males), related f emales would be apt to settle near each other .
Favourmg of kin would be unlikely in males which disperse as yearlmgs (Boag and Murie A
1981b) and thus face future social interactions with unknbwn and usually unrelated animals.
They would not be expected 1o promote sibling interacticns to the same extent a[s f enaales; ,

. The aim of this study was to describe the spat“ial patterns and social behavionrs of‘z
juvenile Columbian gfound squirrels and examine tne deve‘lopnient of sexual differences within

them. The effect of such sex differences on the on the social organizationv of the (‘Zolur_nbian‘

ground squirrel'\were considered in light of female site fideiity and male dispersal. -

2.2 Methods

.The study site was located 15 km southwest of Longview, Alberta, Canada, in the %
foothiils of the Rocky Mauntains (50"33'N. 114°33'W; elevation 1295m).. The 2 ha area was
surrounded by‘s'pruce ( Picea glauca) and aspen ( Populus tremuloides ) forest. D_orninant

plants n the area varied throughout the season, but were mainly comprised of various grasses,

windfl wer ( Anemone globosa ), sticky purple geranium ( Geranium viscosissimum ), prairie
crocus/( Anemone patens) ,-“shrubg_c‘inquef cil ( Potentilla fruﬁcos’a ), yellow pucoon |

( Lit}; spermum ruderale ), stra/nb/e’fry ( Fragaria vesca) and long-plumed avens (Geum
triflorum) (Moss. 1967). The area was gr:azed‘regularly by both horses and dairy cows,
Tesulting in relatively good visibiﬁty for observiné squinele throughout the summer.

All squirrele on or adjacent to the etudy area were iive-trapped using National live

traps (15x15x§0cm) baited with peanut butter. Individuals were marked for identification

sing numbered metal ear tags (National Band and Tag Co., Monel #1) and dye rna;ks on the



body‘using' hair dye'(Lady'Clalrol Nice N'Easy blue-black). In addition coloured plastic strips

were attached to one eartag of each juvenile and yearling to aid in identif ication. All squirrels

were weighed ( :th) with a Pesola sprmg scale exammed for sex and reproducttve status, and

»

released at the place of capture In the first year of the study the approxrmate ages (ie. either

asa yearlmg or an adult) were. estrmated by weight based on Boag and Murre (1981a) In order

»to mark litters before they could mtermrx juveniles were trapped W1thm 3 days of frrst

emergence using wire mesh traps placed over the burrow

Y

The study site was drvrded mto two observatron areas or‘ one ha each Coloured
. surveyors flags were used 10 mark the coordmates of a 10x10m gnd Squrrrels were observed

‘ w1th 10x50 and 20x60 bmoculars or a 20x60 spottmg scope from- etther a 3m (aréa 1) ora2.5m

~

‘(area 2) observatron stand Observattons were made from 1 J une to 17 August m\1982 and 5

.
~ 3

May to 11 August i m 1983 ‘In total 576 hours of behavroural observattons were recorded.

( In both years the 1dentrty locatlon and aétrvrtres of all squirrels were' recor\ded every
1/2 hour usmg scan samplmg (Altmann 1974 Lehner 1979) Due to good vrsrbtlrty most

nerghbourrng squirrels could be srghted wrthm 1 mmute of each other In 1982, scans at 15

w

‘mmute intervals were also used to observe Juvenrles only In 1983, all social mteractrons were

_recorded by all occurrences samplln&(Altmann 1974) Behavrours for scan and all occurrences
samplmg were based on descrrptrons by Stemer (1970a 1970b) and Betts (1976) Nonsocral

-~ behav.ours mcluded f eecllng srttmg groormng (included, all scent markmg) and nest
Na

mainten: “izging and collectmg nest material), Social behavrours included play,
"grees'ng” . ; (another individual), andtbemg chased by another mdwrdual.
Sizes :C ranges were calculated by the minimum polygon method (Mohr 1947) -

using an ARl or. ~ written by D. Fulton and W, Klentier of the University of Manitoba,
Win'r‘tipieg. tneni. ' oo range'is usually 7{ ined as that area covered in normal daily
activities (Lehner “979,. To calculate the 1.c 7 Tange, the approximaate percentage of the

* outermost points whtch. wer. cutside normal daily usage areas had to be estimated and
AR 4 » .

-eliminatéd. By plotting area size dgains. the percentage of outermost points dropped, it was
X - PR d

%,

- T
2 LR . -

ST



&
apparent that at 80% the rate of decrease in area size was relatively small (see Appendix I).
ThlS iﬁdicated that an.irnals spent most of their time with‘in this range.and tl;us 80% was used as .
- an estifnator of home fangé size. This is“ cov'nsistent»\with f iﬁdings By Davis (198.2a) inf*
Richardson's ground squirrels, and King (pers. comm) in (féiumbian ground squirrels. The
area of 6vgrlap between adjacent squirrels was calculated as the area of their home ranges. that
“was rr;utual. Thé percent of their total home range that this encompassed was then calculated,
as well as the percent of all sightings of each individual in the area of overlap.
| - Rates of play over the summer were calculated on the basis of individual pairs (dyads)
in which the number of _ interactions of tﬁ: dyad (from scan data) was divided by the number
of times the two individuals were seen together in a scan (Michkener 1980). Howevér, 'y order
to account for variability among dyads, rates were divided by the fraction of total time a
squirrel sp.crn in the ared of overlap of the dyad.
| Because activity levels declined throughout the summer, data were analyzed using 10
day intervals, the minimum amount of time necessary to obtain 20 sightings per in&ividual.
Where data were .foimd to be normal and homoscedastic, paran‘n_et:ic statistics were used (Sokal
aﬁd Rohlf 1981; chinbaum and Kupper 1978) ; ofherwise non-parametric statistics were

employed (Siegel 1956; Conover 1980). The 0.05 probability level of a Type I error was

considered significant. All figures are mean +standard error, unless otherwise indicated:

2.3 Results

[v2

2.3;1 Demographic characteristics v

The number of squirrels on the study area was sirhilar in both years (Table 2.1). In
1982, the first litter emerged on 17 June and the last on the 10 July, a 21 day interval. In 1983,
the first litter emerged on 13 June and the last on 25 June, a 13 day interval. Only two litters

in 1982 and two litters in 1983 had mixed before being marked due to squirrels emerging on the



aamé day and in neighbouring burrows. These soquirrels were all on the periphery of the study
sitc and were not included in sibling analyses. Inall 72 juveniles (23 litters) emerged ia 1982
and 86 (28 litters) id 1983. Mean litter size did nofdiffcr between years (1982. 2.781+0.83;
1983, 3.04:t0.96.; Mann-Whitney U-test P=0.75). The 0\'/erall sex ratios of jdvepiles favoured
females in 1982 (56.9% female) and males in 1983 (43.1% female) but did not differ
significantly from a 1:1 ratio, nor did they differ significantly between years ( X* contingency
table,P=0.08). The pércent males per litter, a measure indicating sex ratio within litters, did
not differ between years ‘(1982, 45\.‘5:*:6.6%; bl983,. 53.8% 6.1%; Mann-Whitney U-test

P=0.41)

2. 3 2 Use of space

The first day or twodrom initial emergence, juveniles usually remained within a few
metres of, their natal burrow (or an adJacen_t b~urrow). Within the first 10 days they pegan to
move an average of IOra from the burrpw (Figure 2.1). At this time there was no difference
between sexes in the distaaces travelled from the natal burrows (Mann-Whit;ey U-test,
P=0.112). Sex dif ferences in distances appeared after the first 10 days and existed for the rest
of the summer (Mann-‘Wh'iméy U-test, P<0.001 for all intervals in both study years). The
average dlstanc§, that both males and females were observed f rom the natal burrow increased
over the summer (1982: males 1= 0 473 P= 0 001, females r= 0 375 P=0.001; 1983 males
r=0'.575 P =0.001, females r=0.381 P=0.01). Movements were analyzed using a three way
analysis of covariance to examine sex, year and seasonal effects. The inctease in distances from
| the burrow-were much higher.fdr males than femalesv(ANCOVA, F=21.07 P <0.000,
N=331). Individuals of both sexes tra\)elled further in 1982 than 1983; however the difference
was greater for males than for females (ANCOVA, F=4.64 P=0.03, N=331). As resuit of

these movement patterns, distances travelled from the natal burrow increased as the summer

progressed, males moving farther than females.
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The léngcr excursions of. males were rel lected by the.size of their home ranges. Over
the entire summer, males had much larger home ranges than did femaleé (Table 2.2). As there
were no differences between years, (3 way ANéVA, F=0.216 P=0.643, N=167) data were
pooled. Examina{tion of the cha'nge in the size of home ranges over the summer indicated only
a trend for males to have larger home Tanges than females, but this was not significant ‘
(ANOVA, F=2.04 P=0.102, N=167)(Figure 2.2). Iioth males and females more than
doubled their home range size over the f iJrst twenty days above ground. Male ranges were the
largest 30 to 40 days after emergence, and decreased just before inﬁmergence t6 a similar size as
females. | ’

Throuéhouf the summer juveniles continued to return to their mother's burrow system
and cenircd their activities within the mother's home range &Figure 2.3). Although males
travelled further from the natal burrow than females, their overall activity centres were not e
further from their mothers activity centres than females (Males: 5.63 + 1.07 (N=24); \?

p
fernales: 7.09 + 2.12(N=11); Mann-Whitney U-test P =0.82). There did not a;;pear to be ( |
much mdepen:j\ence‘ from the natal area and the bulk of the juvenile activities ‘Temained fai ily ﬁ
close to thgxr first centre of activity. However, males shifted their activity centres further rom
their initial activity centre than did females l(A'NOVA, F=6.67P =0.00§, N=252)(Table 2.3).
Thﬁs, females seemed to cgntre their activity centres closer to the natal burrow than did males.
Asa re/sult of remaining closer to the natal burrow, fhe distances between sisters during scans
were smaller than those of brother or brother-sister dyads (3 way ANOVA, 1;“=14.23

P <0.0001, sz 4319)(Table 2.4). These distances did not increase 6ver time (ANOVA,

F=2.031 P=0.154. N=4319) even though home range and distances travelled increased over
time. ThlS indicates that md1v1duals espec1al]y males, were maintaining short distances

between themselves and their smlmgs even as they moved farther from the burrow. Females in
1983 were found closer to each other than those in 1982, possibly a.resplt_ of small sample size.

The lack of statistical independence among data for brother, brother-sister and sister groups

necessitates cautious interpretation of such results, however.
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Even though the overall home range size of males was larger than thatkof females, there
was no difference in the percentage of home range overlap between brother, brother -sister end '
- sister dyads (Mann-Whitney U-test P=0.37)(Figure 2.4). Thus, there‘appeared to be equa]

opportunity for a juvenile to interaci with siblings of both sexes. The percentage of heme
range overlap with non-siblings was considerably less than that of sibli}lgs, regardless of the
sexes in the dyads (Mann-Whimey U-test P<0.0001). However, the number of non-sibling
.‘ juveniles overlapped with tended io be greater for malcs than femeles_ (Table 2.55. Males in
1982 overlapped more non-sibling males than did females, (Mann-Whitney U-iest P= _0.04).
Although the trend was similar in 1983, it was not significant (Mann-Whitney U-test P=0.18),
possibly because of the small number of females observed in 1983. In‘sur'pmary, althoﬁgh the
percent overiap with non-siblings was a‘s great for females es males, the ebsolute number of

non-sibling individuals available to females to interact with was less than that of males.

‘.2.3.3 Behaviour

Comparisons of activity budgets for 1982 and 1983 revealed sigﬁificant differences in the
percent time spent in locomotion (12.0 £ 0.8, N=69 for 1982;21.6 £ 1.4, N¥62 for 1983;
- Mann-Whitney U~te.st P<0:0001). There were no other significant differences dnd data on the
other behaviours were pooled for both years.

Feeding was the main activity of juveniles throughout the s'ummer, ranging from 40% ‘
of the time budget at emergence to 64% near immergence (Table 2.6). Anoth_er 15 to 27% of
the time was spent sitting and resting. Comparatively little time was spent in grooming or nest
mainte.nance, at least above ground. - o . '

The most common social behaviour amongst juveniles of both sexes was play. The first
10 days above ground juveniles spent approximately 10% of their time in play activity (Figure
2.5a3; 'The time spent in play declined throughout the summer, as time spent in non-secial

- behaviours increased. During the first twenty days after the emergence of the first litter, rates
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of play were higher for sibling females than for any other dyad (Figure 2.6). Brothers had the
lowest rate of sibling play. Non-sibling play occurred inf requently. Both sexeé sperit similar
amounts of time in play or chasing other juveniles (Ngure 2.5a,c). However, during the first
twen\gy days a‘bovg groynd, females spend more time being-chased by other squirrels than did
males (Mann-Whitney {U-test, Interval one P =0.003; Interval two P =0.009)(Figure 2.5d).
Males spent more time fhan f emales in "greeting”, significantly so in intervals 2 and 4
(Mann-wmmé‘y.p-zesz; 1-10days P =0.013, 31-40 day:s P =0.04)-(Figure 2.5b). Males
engaged in more juvenile "greetings" than did females (X? contingency table, P =0.006)(Table
2.7). Males "greeted" brothers, sisters, and non-sibling males with approximately the same

f requency, whereas females only "greeted " brothers.‘ Feméles greeted female siblings less often
_lhat either sibling or non-sibling males, and néver greeted non-sibling females. However the
proportion of "greetings" between a juveriile‘and its mother are Lhr(;e times greater in females -

than males.

2.3.4 Activity and weather conditions

Some of the differences in the use of‘ spafe and bghgviours of 1982 and 1983 may be due
to the small sample size of females in 1983, or o the shift in the sex ratio. However,
differences in the time spent moving (and.the spatial aspects associated with this) may have .
been the response of the squirrels to differences in the weather. Compared to 1982, 1983 was a
much hotter and drier year (Figure 2.7). Such héat tends to reduce the hours of activity of"

squirrels, as well as possibly altering their behaviours.
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2.4 Discussion

'Overall. juvenile home ranges and distances from the burrow increased over the
summer. As well ther;: was an increase in the time spént in fceding and a deqrease in fhe time
engaged in social jnteractions. Actvivity centres af)peared to ;eﬁain in the area of first
emérgence, and individuals did  ~ appear to become greatly independent of their m))ther’s
’home range.

De-xvis (1982a) found that in ,Rikcll"lérdson 'S ground squirrels, diff erehces in movenicnts
between sexes were not apparent until the fourth weék after emergence. Simiiaf dif fér_encés
between males and females in the Columbian ground squirrel werle apparent after the first 10
days above ground. Richardson's ground squirrels not only breed as yearlings (_in contrast to |
Columbians where few yearlings breed) bﬁg ,théy .spend a longer time above ground in their first
summer than do the more montane Columbians. Thus they are less restricted than Columbians
in the amount of time in which to prepare for the winter. Davis (1982a) and Mlchener (1981)

[ ound that juvenile Richardson’ s become independent of thelr natal burrow ThlS was
especially true of the females who begin to establish their territory \as juveniles, and breed the.
following spring as yearlings.' The;e was little evidence of such behaviour in Columbians,
although females rgmained closer to the natal burrow than c.iid males. Findings by Harris and
Muriei (1984) indicate that in many cases, females inherit the nest burrows of their mothers |
when they breed. The greater movements of maiqs may reflect preliminary exploration of their
en\;irbnmem in preparation f or'dispersal (Davis 1982a). These sexual différences in the
movement patterns of juveniles seem to correspond with the adult spatial system. However fhe
differences 'seenlbetwée‘n the Sexe§ at such early stages may have more than just spatial |
influences. Males, at an early stage, begin to move ml;ch farther from the natal burrow than
do females. The result is that males have larger home ranges, greater shif th in their activity
centres (away from their initial activity centre), and overlap a greater number of non-sibling

juveniles (as well as other age classbé). Females, on the other hand, with shorter travelling

distances and smaller home ranges, remain closer to the natal burrow, stay closer-to their sisters



siblings. Holmes and Sherman (1982) suggest association with relatives, as well as phenotyprc :

5]

than to brothers, overlap with f ewer non- srbhngs and interact more than males with srblmg

f emal;i Not only do females have the opportunlty for greater exposure to their srsters but

: also to their, mothers and to other close nexghbours (who are possnbly related). If

-

non- httermate sisters have settled on nearby areas they may be able to 1dent1f y their juvenile

sisters through their spatral and social prourmty to therr mother (Sherman 1980).

chhardson s ground squirrels (Davrs 1982b), Arctlc ground squirrels and Belding's

{

ground squirrels (Holmes and Sherman 1982) have all been found experimentally to recogmze .

d

matching, are important in the ontogeny of sibling reeognmon. OtheT species have been foun_d
to only discriminate siblings on the basis of amiliarity (Porter et al 1?79; Porter et al 1981;
Kareem and Barnard 1982). In Columbian ground squirrels, siblings Taised I or the first 30 .
days isolated from non-sibling juveniles, may learn to recogniae each other bylassociation.

Porter (1981) found that not only was associationi.important for recognition«in Spiny mice, but ..
‘ p I pin)

that this recognition was maintained by frequent reinforcement (i.e. during Tequent meetings).
. . : " ) - PR
By remaining in close proximity, juvenile f emales may reinf orce theirl.recognition. -In males,

>

who usually disperse as yearlings, 1t would be less advantageous to maxrmrze their famrltarrty

with srblmgs as they will be unlikely 'to associate with kin as aduilts. The evén spread-of

G

~ 147

“

"greeting" behaviour across both sibling and non-sibling Juvenrles may indicate that either .

i N t EERTI

males are less familiar with the individuals around them and/or that they are less exclusive I

about whom they interact with than females. -

3 B

The higher rate of play between fi emale siblings in the fi 1rst two weeks af ter emergence

B

can be mterpreted in a number of ways Play mrght funcnon to remforce bonds between

- individuals, to assess ablhtres as exerctse or even as competltlon (Bekoff 1978, 1984 Fagen )

1981; Smith 1982). If srsters lrve to be yearhngs Or even two year. olds there may be .
competrtron for the natal burrow of their mothers Such competrtron might be settled by these
early interactions. Even though two year old srsters are rare (King 1984), the possrbrhty f or

such competition still exists. - Two palrs of srblmg sisters were still alive on my study area as -
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two year olds.

f

Although generalities in the spatial and behavioural.patte'rns of juveniles m‘a,y be. Yo

drawn, the variability in the space use: and behavrour between: years and mdrvrduals warrants

caution. Immediate and f uture ef f ects of the weather on the behavroural and spatial patterns
(A TR

must be considered The hot, dry summer of 1983 was characterrzed by réstricted movements

'-by both sexes, but espec1ally males as. well as an 1ncrease in. locomotion This most likely was

due to squirrels remaining closer' to tthe 'burrow, 'and movrng to and from the burrow ;more

[y

often, in order to avoid the heat. The long ter‘rn effects of these.vw-eatherchang.es especially on .

males, 1s unknown If may be that such ef f ects reduce the amount of experience that ]uvenlle

males obtam in their first summer. In a specres lrke the Columbran ground squirrel whrch can .
p

live ina variety of habrtats wrth variable erlvrronments the ef fects of weather on ammal

behaviour on just one study area mdi(:ate that any generalrzatrons about 50c1a1 development

should be mterpreted cautlously C - S .‘,""

~

ln conclusron sex dlfferences in use of space and soclal behavrour develop relatively

~

early ln Columbran ground sqmrrels Such drff erences could mﬂuence the reSponSes that

v

mdrvrduals make m lmmedrate and futuse spcral contacts Females have more gpportunrty than
do males ‘to become-ﬁamrliar with their kin as well as 'to remf orce assocrations wrth therr

- sisters. Males by greater exploration of the area around them and by ﬂnteractmg wrth more:

L

‘non-sibling mdrvrduals may become better prepared for therr f uture dispersal and settlement o

w \

,among strangers elsewhere O\?\ .‘“ R o “ )
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Table 2.1. Density of Columbian ground squir?els on study area by age class and sex

(1982-1983).

' Both
1982 - 1983 ' Years
Age- - Numberof Dénsity Number of Density Average
Squirrels (indiv./ha) Squirrels (indiv./ha)t Density -
Adults: |
male 12 6.0 2 .60 6.0
female 35 175 37 . 18.5 ' 18.0 -
Yearlings:r
male 13 ' 6.5 12 6.0 6.3
female 14 7.0 18 9.0 8.0
Juveniles:
males 31 15.5 49 245 - 200
5 19.5

females 4] 20.5 37 18.




Table 2.2. Total home range estimates (m?) for male and female juveniles ( 1982-1983).

- 20

Year \' Males N Females N
1982 74274688 0 , 441.5455.9 29
1983 537.9+69.7 26 396.4+110.5 19

2- way ANOVA, N=94, no difference between years (F 2.72, P>0. 1)
difference between sexes(F 8. 86 P 0 004)



, , o 2
Table 2. 3 Dlstance (metres) f rom the fit5t.10-day acuvxty centre, of later actlvxty centres
(over 10 day‘ mtervals from emergence) for Juvemles

\" " ‘ N , ’ _
' ' ST Days from emergepce (N)..
‘ R T
Sex - 11-200 L 21-30‘ . 31-40 ‘ ~ 41-50 P
:Females | 5' SiO Ky (28) F 7 2+1 2 (}&7) 8.3+1.4 (27) 8.7+1.3 (21) ‘
: : : 0.003 -

: M'ales’ o 69i06(40) 921;0’9(37) 11.2£1.0 (37) " 13.0£2.0 (32)

’3 way ANOVA F -6 67, N 252 P<0 OOOl’\be,tween all intervals; no dlfference between
years SN .

b
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Table 2.4. Average distances (metres) between juvenile siblings during individual scans.

Year . Brothers N Brother- N Sisters N p!
‘ R Sister :
1982 12.1£0.5 509 11.3+0.4 /i130 10.240.5 665
- ' <0.25
1983 11.9+0.4 12.3+0.6 597 4.5+0.7 62

1356

'(2-way ANOVA; F=1.324 N=4319,

log transformed)



Table 2.5. Numbcr of non-siblings overlapped within the home ranges of male and female
juveniles. ' ‘

Number of Non-siblings overlapped

‘ (MeantS.E.)

Males N Eemales : ‘N
Males ' 44403 45 ‘ 3.0£0.3 45
Females © 31404 36 . | . 26104 36,




Table 2.6. Percent of total time s

(1982-1983).

24

pent in different behaviours by male and female juveniles

Days after Social
Sex Emergence N  Sit/Rest - Feed Groom Dig Interaction
Males 1-10 23 26.8+28 419427 1.5+0.4 0.4+0.4 14.7+1.7
11-20 32 159+15 48.1%2.3 4.4+1.0 0.5£0.3  13.6%1.1
- 21-30 24 19.0%£2.2 50.3+£3.0 4.8+0.9 1.21+0.4 6.2+0.8
. 31-40 24 15:7+1.2 58.8%2.6 3.6x1.0 1.010.6 4.8+0.8
41-50 22 17619 64.712.7 3.1+0.6 0.1+0.1 1.9+0.5
Females 1-10 15 21.24£2.7  49.5%4.6 1.1+0:5 0.01£0.0 13.612.7
- 11-20 0 21 17.0%1.7  46.0%2.5 - 4.4+1.1 0.1+0.1 13.8+1.3
21-30 22 178425 47.2%29 6.0+1.5 26%+1.2 7.8%1.1
31-40 21 16.6x1.1 60.8%2.7 32407 0.1%0.1 2.8+0.7
41-50 14 21.74+2.3 64.612.3 3.5+0.9 0.0+0.0 1.2+0.5
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Table 2.7. Percentage of "greetings" initiated by juvenile males and females with siblings,
non-siblings and- their mother. :

Initiators (Frequency)*

(Mean+S.E.)
Recipients  Males : -\ females”
Non-siblings: ‘
Males o . 22.2+3.4 (13) ' 16.2+1.8 (6)
Females 11.1%£1.4 (6) 0.0£0.0 (0)
.Siblings: , . , o A '
Males 20.4%11.3 (13) 51.5+5.4 (20)
Females . 38.9+12.5 (20) . 10.8£1.2 (4)
Mother: ) 7.410.9 (4) : 21.642.4 (8)

'Based on %"greeting" per individual
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Figure 2.1. Movements from the natal burrow for juvenile males and fernales (1982 and 1983).
N=number of individuals. Regressions equauons 1982, Males Y=0.357X +11.4 Females
Y=0.182X +10.43; 1983. Males Y=0.30X +8.93 Females Y=0.195+9.14. “
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Figure 2.2. ] uvenile home ranges (mée_miS.E.) over 10 day intervals after emergence, 1982 and
1983 pooled. N =number of individuals;n=number of observations/individual (meanxS.E.).
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Figure 2.3. Representative example of the activity centres of 5 litters, within their mother's
home range. Members of the same litter are represented by the same number. All juveniles, in
both years, had activity centres within their mother's home range.
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Figure 2.5. Percent of total time spent in each of four socnal behavnours by Juvcmles over 10

day intervals af ter emergence.
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28,

Temperature (°C)

e 1982
1 o 1983
ol__ ‘ .
17-26 27-6 7-16 + 17-26 27-5
June July August

Figure 2.7. Average high daily temperature over five 10 day intervals of the summer
(corresponding to the 10 day intervals used in behavioural analyses). Only the fourth and fifth
periods were signif’ icantly different (Mann-Whitney U-test, P =0.02 and P =0.03 respectively).



3. Social Play in the Columbian ground squirrel

A\

3.1 introduction
The development c;f an individual's behaviour can be modified by early social

interactionsv(Bekof {1972). In mammélé and some birds a great deal of this e.arly socialization
involves play. Although play scems energetically costly, it presumably has arisen by natural
selection (Fagen 1981) and therefore influences the inclusive fitness of animals. The study of
pla_y‘,‘ has been hindered by controversy over the definition of pl'ay and by unclear hypotheses.
Re;iews of the various definitions of play can be found in Fagen (1981) and Bekoff (1978.
1985). Play is of ien defined és lacking immediate purpose or in some other [ unctidnal context.
‘However, as the function of play is uncertain, it should not be included in i£s definition (Grier
1984). Perhaps a more appropriate approach is to describe the common characteristics or

def i’ning critefia that help identify playful behaviour from non-playful behaviour. Bekoff
‘(1985) lists five defining characteristilés of play, including: activities from a variety of contexts
linked together sequentially; T_the presence of play signals; the a‘bsence or rarity of g}gtain
behaviours such as threat énd submission; role reversals and selrf -handicapping; aﬁd détectable
changes in an individuals motor activities and differentces in sequencing compared to non-play
_situations. Definitions such as this help to clarify what play is, as opposed to what play does,
which seems more appropriate for studies éxamining the benefits of play. |

fagen (1981) listed six overlapping.hypotheses of the benefits of play to young

animals: play deyel()ps physical strength, endurance and skill; regulates developmental rates;
yields specific experiential information; devélops cognitive skills necessary for behavioural
adaptability, flexibility, inventiveness, or versatility; develops behavioural tactics used in
intraspecific competition; apd establishes or strengthens social cohesion in a dyad or group.

Most researchers of play agree that through the locomotor responses of play, muscle

and neﬁr‘al coordination imprlove (Bekoff 1984; Fagen 1981, 1§82; Smith 1982; Poirier 1982).

3
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Howev"er, anén (1981, 1982).and Vandénberg (1982) point out that exercise and practice (of '
spécific Behavinn.rs) fail an sole explanations of 'éncial play. ‘Also gentle play (co_nsidered a poor
exercise) anc{ diff éréncné notéd in n}ixed age; sex or kinship groups are not explained
(Vandenberg 1982). o
The way in which play rnighﬁ regulate developméntal rates is, at this point, unclearv.
. How:eilier',.like exercise, the benefits that accrue to the individual if play does af fect
develqpment, would not explain dif 'f erences in play due to age, sex or relationship.

The learning of specific information essentially covers everything not included by the

_other hypotheses. The benefits of social blay involved could be learning the identity of kin

~.
~

(W.ilson and Kleiman 1974) or the assessment of the abil-ities of others relative to one's own
abilities (Fagen 1974, 1981). Differences in mixed age,. sex and kinship play would be expected
if this was a benefit. .

Developing flcxihility ( increasing the ability to handle future, novel or. unexpected
events) suggests that inciividuals who play would increase théir experiences prior to dispersal.
Individuals would not be expected to pref er\ particular individuals in play, on the basis of sex or
relatedness, but to increase théir experiences by playing with anyone.

The idea of play as a damaging bé_havioural tactic has been suggested as a form of
aggressive competition (Fagen 1981)_. Geist (1978) suggested tnhat soliciting play in an a’micablé
fashion, and the_n attacking one's opponent and causing harm, would be oné metnod of
reducing f uture competition. Thus individnals would be expected to elicit attacks on future
cnmpetitors. In rnan)j species these competitors would be individuals of the snme sex thus
s;axual differences could be expected. In species in which kinship plays a role in structuring
social relationships, animals would be unlikely to harm relatives.

Tne last major hypothesi;, that of social bonding or cohesion, suggests that play is a
form_of reinforcing, in an amicable fashion, the interactions between individuals. Bekoff

(1977,1978,1982,1984) suggested that individuals who play more may‘défer dispersal (exactly

the opposite to the flexibility hypothesis). The social bonding hypothesis predicts that
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individuals may discriminate with whom they play‘, if kinship is important, by reinforcing
associations with kin. ~ |

Thus the exercise (and practice), as well as the regulation ot developmental rates and
flexibility hypotheses predict nothing about asymmetries in play between different sex, age or
kinship!groups_. However, the assessment of .,_ahilities, aggressive competition and social
bonding hypotheses do allow predictions to be made with regard to these asyrnmetries.

In the Columbian ground squirrel, Spermophilus columbianus, individuals are usually
non-reproductive in their first two summers (as juveniles ahd as yearlings)(Festa-Biarichet N
1982). Itisin these age classes that play is common in the activity brrdget. Play makes up 62%
of all juvenile and 30% of all yearling social rr;teractioné (Waterman, unpubl. data). Although -
the importance of other interactions should not be qverlooked, the predominance of play in the
social repertoire suggests that it is likely important in socialization.

Michener (1982) haa described the social system of the Columbian ground squirrel as

- that of female kin clusters with male territoriality. Males are essentially territerial in the
sprlng during the breeding season (Murre and Harris 1978). Females become more aggressive
and appear to be territorial after breeding until the juveniles (young of the year) emerge -
(Festa-Bianchet 1982). Litters remain relatively intact and isolated from other litters for the /
first thirty days after birth (Murie and Harris 1982). ‘As yearlings, male Columbian ground
squirreTs usually disperse from the natal a"rea‘,,;whereas females usually remain on the area
(Boag and Murie 1981b; Festa-Bianchet and King-1984; D. Hackett pers. comm.), often
inheriting their natal site from. their mother (Harris and Murie 1984). During their lifetir\ne,
females have much greater site fidelity than do males (Mune and Harrls 1984) |

In Columbians, future cornpetrtors would most likely be 1nd1v1dhals of the same sex. If
the benefit of play were assessment of others, squrrrels would be expected to prefer individuals
of the same sex. Differences in littermate and non- httermate play could also be explarned as
litters are 1solated sfblmgs may already know the abrhtres of each other and may thus play

/ differently with unknown individuals.
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Aggressive co'mpetlition wohid a‘lscv)vpredict differences in f)lay Squirrels w0u1d be
expected to prefer parmers of the same sex (possible fi uture compeutors) As well, it would be
unlikely that they would harm 31b1mgs so dif ferentxa] treatmem of S1blmgs and non- sxblmgs |
could he cxpected. - \ ‘

If social bonding wére a major benef it 6f vp'lay,. f errlales would be expected.td blay with
| individuals of the same .sex',' and if kinship is important, to préf er to play with relgtives. Malés
would be unlikely 0 réigf orce bonds with eijther's‘ex in particular, as it is uhlii(ely that théiy will

remain on the area. 'However‘, if play is the "bond" that delays dispersal of maies untjl
mid-summ‘ef, decreases in pla}; may initiate disper_sal. ‘However, no preferences in sex or
;elatedness would be expected in males. l A R

The aim of this study was to describe the struéture and sequences of juvenile and

yearling play and examine any dif f erences in different age, sex-or kinship gfoups, as they relate - '

* to the relevance of the aforementioned hypothes%g, _ ) 3\

\
3.2 Methods

The study site‘was located 15 km southwest of Longview,.Albena, Canada, ‘in pﬁe
foothills of the Rocky Mountains (50°33'N, 114°33'W; elevation 1295m). The 2 ha area w-as
grazed ‘regularly by horses and “dairy coWs, resulting in relatively good visibility for ob_serv.ing
squirrels throughout the summer. ’
All squirrels on or adjacent to the study area were captured using National live traps
) '(15X15x50cm) baited with peanut butter: -Ind!i\‘/iduals were marked for identification using
numbered metal ear tags in each ear (National Band and Tag Co., Monel #1) and dye marks
on the body using hair dye (Lady Clairol Nice N'Easy_blu_e-black). .In addition 'colourecii
pléstic strips were attached to one eartag of each juvenile ’and yearling to aid in’identification.
All squirrels wére weighed (£ 5g) with a Peso]a spring balahce,rexamined for'sex and

‘ reproductive status, and released at the place of capture. As 1982 was the first year of the

study, the approximate ages (ie. either as a yearling or an adult) were estimated by weight
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based on Boag and Muric (1981a). However, only known aged yearlings from 1983 and 1984
were usgd in analysis of yearling behaviour. In order to mark litters before they could
intermix, juveniles were trapped within 3 days of first emergence u‘sing wire mesh traps placed
over the burrow. Coloured SUTVeyors flags were used to mark [ht\? coordinates of a 10x10m
grid. Squirrels were bbseryed with 10x50 and 20x60 binoculars, or a 20x60 sﬁém’ng scope from
. either a 3m or a 2.5m observ;nion stand, Obscrvations were made from 1 June to 17 August in -
1982, 5 May to 11 August in 1983, and 1 May to 1 June in 1984. In total, 620 hours of
behavioural observations were made. |

‘ All play interactions were recorded in detail on a cassette tape, and later transcribed.
The identity of all interactors, location, time, and the duration and sequence of behaviours
were fecord;:d. All behavioural units were derived from Steiner (1971), Betts (1976) and Davis
(1982), and the opera{tiohal definitions are described in Table 3.1. In order unt for '
variation in—duration of bouts, all behavioural comp_oneﬁt f reéuencies for e: . were
divided by the total time of the bout, resulting in a rate per second of occurrence of each\J
component.

Data were not normally distributed so were analyzed using non-parametrié statistics

(Siegei 1956; Conover 1980). Th‘e-0.0S probability level of a Type I error was considered
significant. However in cases where many univariate tests were used,' the significance value of
0.05 was di§ided by the number of tests used in each analysis (Snedecor' and Cochran 1980). In
these cases, 21 tests were ruﬁ per analysis, thus 0.0024 Was used as the signifiéance level. This

reduced the "chance of Ty;')e I errors, but increased the chances of —Type II error.

3.3 Results

A total of 950 play bouts were observed during the study years. Play was seen in

yearlings from 5 May to 16 June in 1983 and'from 1 May to the 1 June in 1984. Play of *

juveniles was recorded %r(')m 19 June to 13 August in 1982, and from 13 June 1o 28 July i 1983.
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Most bouts occurred during the morning, especially later in the summer when activity was
restricted, possibly due to hot weather (see paper 1). On the first day juveniles emerg;d from
the natal burrow, they were reasonably coordinated and play did not appear to differ from play
later in the season. In juvehiles, rates of play declined towards the end of the summer (see
paper 1’). Play ceases in yearlings around the time of emergence of the juveniles, and
~ approximately when yearlings dispersc (Boag and Murie 1981b; Festa-Bianchet and King 1984;
and D. Hackett pers. comm.). *
In 1983, 7 of 18 yearling females raised young and in 1984, 5 of 8 yearling Temales
lactated. Females who had yearling sisters either bred or their sisler bred. No breeding female

yearling was ever seen playing with another yearling. As a result, no female,yearling sibling

play was recorded in either study year.

3.3.1 Duration of play

The a\;erage duration of yearling play bouts was longer than that of juveniies
(Mann-Whitney U-test, P=0.04)(Table 3.2). Within yearlings, male-male, male-female and |
f emale-t; emale durations were significantly different (Kruskal-Wallis, i’<0.0001). Muliiple,
comparisons (Conover 1980) between the durations of all three groups revea ed sigrﬁf icant
differences (P <0.0001). Males had the longest play durations, followed by Lmales and f inally
male-female play (Table 3.2). Sibiing and non-sibling play durations were only significantly
different in male-male interactions, in whicﬁ durations of sibling play bouts were over twice
that of non-sibling play (Table 3.2). Male-female play bouts were of similar length regardléss
of the relatedness of individuals.

Within juveniles, there were no significant differences in the average duration of bouts
for male-male, male-female and {emale-female dyad§ (Kruskal-Wallis, P=0.76). Although

there was a trend for siblings to play lbng‘er, only in male-male play was this signifiéant

(similar to yearlings) (Table 3.2).
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In order to compare changes over time, comparisons were made of play early and late
in the secason. In yeaflings, early and late play was determinec} by dividing in half the total
number of days on which play was recorded. For 1984, as pla); was not followed unﬁl 'dispersal
of yearlings, the same dates were used as in 1983. With juveniles, early and late play was
determined in the same manner. 'No changes in the éveraée duration of a play bout were seen

in any sex, age or sibling-non-sibling comparisons of early and late interactions.

3.3.2 Component§ of Play

In both yearlings and juveniles, the behaviours which initiated most play bouts were
"wrestling" (28%), "'approach." ‘(19%), and "greeting” (15.5%). '

Yearling play appeared to be much more aggressive than juvenile play. Differences in
the components of juvcnile and yearling pla§ are listed in Table 3.3 (see Appendix 11 for
detailed descriptive statistics of all behavioural components). Yearlings had higher mean rates
in ail these components than did juveniles, except for "side jumps", in which juveniles were
higher. "Chéses ", "run away", "into burrow" are all behaviours that move individuals apart.
"Fighting" was also much’ higher in yearling play.
| Differences in the frequency of components between intra- and intersexual play in
yearlings were only seen in the o;currefxce of "bites" and “pounées " (Kruskal-Wallis, P=0.001

‘for "bites" and P=0.001 for "pounces"). Multiple comparisons revealed significant
differences between all groups (P <0.05). Female-female play had the highest occurrence
(recall this was only non-'sibling:dyads) of "bites" and "pounces”, followed by males and then
male-female p'lay. In yearlings‘, male-male sibling play hathigher frequencies per bouf of |
components that involved contact (such as lv"pounce " "wrestles", "bite", "box"), whereas
non-sibling play had a higher frequency of "running away" (Table 3.4). No significant k
differences were found in any male-female sibling aﬁd non-sibling play bouts.

In juvenilés no éignif icant differences (Krusk'al-Wallis,v P>0;0024 for all tests) were

found between intra- and intersexual components of play. When the mean rate of components



wﬁre compared between sibling énd non-sibling dyads in the fhree groups, (malelméle.
male-female and female-female) no differences were found in intersexual play. In females,
"arch back", "fights" and "tail bush" were more frequent in non-siblir;g play than that of
siblings (Table 3.4). In males, only "tail bushes" were more frequent in non-sibling play.
However sibling play had higher frequencies of "pounces”, "wrestles", "bites"”, "push aWay "
-and "box", similar to the differences noted in male-male yearling comparisons. )

As with duratxon comparisons were made between early and late play bouts No -
differences were found between early and late play components in yearlmgs regardless of the
sexes or relationships of the dyads (Mann Whitney U-test, P>0.0024 f or all tests) Changes
in the frequency of a few components were seen in juveniles (Table 3.5). In ma]e-ma]e and
male-female dyads, there were changes in components in non-sibling interactions, with an
increase in "arch back" in male-femalc play, and a decrease in _"push‘ away" in male-male play:
In f emales, changes in "chases” and "wrestling” occurred bem"een early and late sibling play.

Nowicki and Armitage (1979) suggested that "flips" in pjlay wrestling may be an
indication of a dominanck Siruggle between inglividﬁals. They defined "flips" as an exchange of

.whomever was on top during a iwrestle". The numbgr of times a "flip" occurred during a bout

where wrestling occurred .v'vas calculated. This frequéncy was then divihed by the duration of
‘ 'the l:Jout to reduce durational biases (Nowicki and Armitage did not do this).

| Yearlings, on aveﬁge, had higher rates of ':flipé" in bouts with WIestIing than did
juveniles (Mann-Whitnéy U-test, P=0.006). Comparison of intrasexual bouts of juvenileé
and yearlings showéd similar differences (Mahn-Whitney U-test, P=0.014 for males and )
F=0.008 for f emales)(Table 3. 6) However intersexual compansons between the age groups
were not significant (Mann Whltney U-test, P 0.055) with the trend being lower rates of
"flips" in yearling male-female play than in jgveniles. '
The avérage rate of "flipping" was not; dif ferent‘bet'w.een juvenile male-male,

male:female and female-female’ dyads (Table 3.6’). Diivr f érences were found in yearlings.

Multiple comparisons indicated significant diff efences between intra- and inter-sexual rates of
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“flipping" (male-male vs male-female P <0.01; female-female vs tnale-female P<0.025)..
Rates of "flips" were similar between intrasexual play bouts (male-male vs female-female
P>0.05). Iptrasexual yearling play had higher frequencies of "fjipping“ per bout‘than did
intersexual play, and ove‘rall yearlings "flipped" more thz;n juveniles. Howe\.'er a trend to

decrease "flipping” was noted in yearling intersexual play.

’3.3.3 Sequential Analysis

A iotal 9450 transitions in juveniles and 9183 transitiqns'in yearlings were recorded,
which was greater than the 4410 (10R?) recommended by Fagen and Young ( 1978) (where R is
the repertoire size, here 21 behavioural components). Fagen aﬁd Young (1978) point out that
transitidn analysis only indicates éigm’f icant correlations and often misses the importance of -
.rare behaviours. However the major f aciiitating (transitions that 6ccurred more often than -
expected) and inhibited (transitions that occ:xrred less often than expected) sequencehs can be \'
determined. Expected matrices and rejectioh criteria were determined using the methodoloQ
Fagen and Young (1978). Only the rﬁost significant facilitating and'inhibiti@behaviohrs were
chosen, as they are the most likély'to precede or not to precede a behaviour.

. Juvenile play appears to be sequentially very similar to that of yearlings (Figures 3.1
and 3.2). The most significantly f: ac_ili[ating transitions fell into four groups, regardless of the
sex or ages of the interactars. These groups comprised of approach-widthdrawal behaviours,
contact .behaviours,. agonistic behaviours and a fourth group of "box"- "pause". The
approach-withdrawal group involved predominately behaviours in which individuals were either
~ moving towards ("follow", "Tush"”, "apprpach ", "cﬁase ") or away from ("side jump”, "into
" burrow”, "break off", "run away" aﬁd "chased"”) each other. In yearlings, "arch back" was

also in this group. The second group, contact behaviours, wés almost identical for both age
classeé, except for the "no reaction” of yearlings following “pouﬁces". This group included

"on

behaviours where animals were touching each other, such as "biting", "pushing away",

"wrestle" and "belly~up". The third group was comprised of behaviours that in adults are



considered agonistic (Betts 1976), such as "tail bush" and "f’ ight" in ..o ages', with the , i
addition of "arch back" in juveniles. Interestingly, the ébmpenents of . this third group are the
same bebaviours as those found to occur more f requently in juvenilé female-f emale.non-sibling '
‘play. The last group is made up of "boxing" and pauses, in which blioth behaviours facilitate
the occurrence of the other. - ~ S \ »

In both Juvemles and yearlings, four behavrours were most ltkely to inhibit or decrease

|

the occurrence of all other behaviours (Flgure 3.3and 3.4). These behaviours were wrestle

"chase", greetmg/and "push away", two being contact behavrours and the other two T

|
approach- withdrawal.

3.4 Discussion

| 3.4.1 Structure of Play - . g
The play of the Columbian ground squirrel had many of the charaoteristi'cs listed by.
Bekofl (1985). "Greeting", "approach” and "wrestling” were the rrrore "cornmon initiating
behaviours of a play bout. NOWlel and Armitage (1979) suggested that greetmg in the
yellow -bellied marmot was possibly a play srgnal In the Colurnbran ground squrrrel Wresthng
" tended to be the 1n1t1al behaviour in a play sequence when mdtvrduals were already near each
_other, whereas greettng and approachrng were antecedent to piay as amrnals neared each
other f Tom a greater distance. More subtle cues, not easily observcd were most hkely also:
involved. Another characteristic that appeared to occur in Columbxan ground squtrrel play was.
that of role reversals, in which there were frequent exchanges of pbsmons in wrestling, and
changes in the 1nd1v1duals chasing in play bouts. Lastly, the transmons in play sequences were
relattvely consistent between juveniles and yearlings. Similar f’ mdtngs by Chalmers and/

Lock-Haydon (1981) and Nowrckl and Armitage (1979) 1nd1cate that play is not .simply a

random activity. In juvenile Columbian ground squirrels, a breakdown of ‘these transtuons




resulted in f our groups, - two of whrch accounted for the component dif ferences found in
mtrasexual sxblmg and non srblmg play- .

Age, sex and relatedness did appear to have ‘some 1nfluence on. soc1al play in the

. . | .Columbtan ground squrrrel Overall yearlmgs had longer play bouts wrth more aggressxve

-

components than did Juvemles Although there were sngmftcant changes between Juvemle and
yearlmg play. little- change over ttme in the structure of‘ play occurred wrthrn the age. classes

i Sex differences in play WEere more- pronounced in yearlmg play, Sex dlf ferences in play have ‘
‘ :-been noted in other ammals mcludmg cats (Car0‘1981} foerrets and many South Amerlcan -

' .‘r:camds (Brben 1982) btghorn sheep (Berger 1980) ycllow belhed marmots (NoWrckt and

: Arxhltage 1979) .and many prtmates (Pomer and Smtth 1974 see Fedtgan 1982 for revxew)
Early observatlous of krttens 4 to 12 weeks of age dld not demonstrate sexual dxf ferences (West

2 1974) however WOrk wrth older ammals (16 weeks) did reveal the development of sexual v

drfferences m play (Caro 1981) In Columblan ground squlrrels analysrs of rntra and

\‘,

'mtersexual play, on the leVel of sxblrngs and non- srblmgs patrs mdtcated that sexual differences-

{
occurred in mtrasexual pIay In both juvemles and yearlmgs no drfferences between srblmg or

© o

non- srb'ltng play were seen in 1ntersexual play Males had htgher rates of contact behavrours

L

wtth therr srblmg brothers than with non- srblmg males ln Juvemle female play fi emales .
: tended to escalate non- 51blmg bouts 1ntot"flghts" "arch back ! and "“tail bushes (components

R assocrated with adult aggressrveness (see Betts 1976)) Lrttle comparattve datafrs avarlable on

sxblmg and non srblmg play Poxr;r)ﬂSZ) states that in, hlS studles of prrmate play,
.,mdlvrduals preferred km as play p Ttners thson (1982) found dlfferences in' the socral

. mteractlons between 51blrng and non srblrng voles but these ammals drd not appear to play

o /\ . St

~

-_342Benef1tsofplay S u T cE

Precrse evaluatron of the beneflts of play were not addressed in thrs study Al the ]

o~

benef its that have been suggested ate not really testable hypotheses because they a, r)e

"overlappmg lack clear predrctrons and can be mterpreted ina number of ways Soetal

A
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aggressive interactions with males.

' banding, assessment and aggressive competition all suggest benefits most likely not to be
‘immediate in the Columbian ground squirrel. Competition for food would be unlikely in the

" Columbian ground squirrel ( Murie and Harris 1978), and since juveniles and yearlings sleep

together (D. Hackett, pers. comm.), competitiorr for burrows would also be unlik'ely.f Also.

the futtire advantaées would be with individuals of the same 5€X. The occurrence of intersexu_al

. play mdtcates exerc1se practlce or f lexibility may be 1mporta11t benefits of play No

dtscrtmmatlon between srblmgs and mon- srblmgs occurred in mtersexual play because other
benefits appear unllkely to accrue. As well, the rate of flipping decreased between juveniles

g
and yearlmgs in, mtersexual play. It would be unlikely that ruales and females would remfgrce

- assocrauon (1e bondmg) in lieu of male dispersal. As well, gdult females must compete with

.

other females in the f uture, and would gain litile by learning 10 assess males or provokmg

) e

7Howeverl, the differences noted in intrasexual pla'y b'etween siblings and non-si'blings

suggests that more than just exercise and practice is involved in the play of the Columbian

. ground squirrel. Also, as the behavioural components of adult interactions are similar in both

- Sexes‘(Betts 1976), sex diff erences_'i,n play would not be predicted, by the exercise or practice

. -
hypothesis. The flexibility hypothesis would predict play to igcredse prior to dispersal of
males, increasing their exposure to novel exper'tences. Howevcr the criteria for evaluating this

benef it are rather vague In the Columbran ground squrrrel the increased frequency and

duration of yearlmg play compared to Juverlrles supports the predrctron of mcreased play prior

. to dispersal. Yet in the short term wrthm the play season of yearlmgs play declined in

L4

frequency prior to d persal. (Festa Blanchet and ng 1984; Waterman unpubl data). The
abr v .. "hency Zi play may npt be the approprtate crlterxa in which to determine if

fle... "tv o benefrt Some aspegts of the quahty of play or perhaps certain thresholds of play

. experience (not necessary Just quanttty) ‘may be mvolved. However, even if f‘lexibility is a

benef’ it,‘ the differences noted in mixed sex and sibling/non-sibling play are still not explained."

-
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The socialbonding, assessment, and aggressive competition hypotheses all predict sex
and sibling/nen-sibling differences in play. "'l“he social bonding hypothesis would predict that
females, who will most likely remain on the natal area, will Play to reinforce associations with_
sist_ers. The high rates of sister play (paper 1), as well as the aggressiveness of non-sibling
female play,-suggests that females may prel" er sisters as play partners over brothers and -
non-siblings, and hence implicate a role for social bonding. It is difficult to see a benefit to
rnales, who dispcrsc, in reinforcing associations with cther individuals on their natal area.

’ Bekoff (1977) discusses the posslbrllty that individuals delay dispersal 1f they play frequently
(and thiis relnf orce "bonds"). A decrease in play frequency just prior to dispersal
(Festa-Bianchet and King 1984) fits the idea of the social bonding hypothesis that "bonds" had
deteriorated and this ‘_initiated dispersal. However, whether such a delay is beneficial is
questionable. Also, similar to the flexibility hypotlresis, the apprqpriate aspects or criteria of .
pla.y with which to evaluate this hypothesis are vague. .

Future competitors for juvenile Columbian ground squirrels v’vould be individuals df

- the same sex. Thus the difference seen in rates of flips and in treatmentof siblings versus

non-siblings in inter- and intrasexual play would be expected if assessment was a benefit of

play. Also aseessment may be more'important at the yearling age wlren ani?als‘are nearin;g
renroductive maturity. Increased intraand intersexual differences in yearling play ccfh;oncnts‘,
as well as 1ncreases in "flips" and aggressrveness in yearling play Sport this idea. If »

individuals already know their srblmgs abilities, higher rates of play wrth non- srblmgs would be

expected. Males had higher rates of play with non- s1blrngs (Paper 1) than did females

AN e

_However, in male-male play, confrontation with non-siblings wasvperhaps avoided by "¢ }S«r
decreasing contact during play‘. If males were assessing non-siblings, they would not be o
expected toreduce contact with them. Juvenile females did not decrease contact, and

non-sibling bouts had higher rates of aéonistic components. Therefore assessment could be a

benefit of non-sibling play among females.
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Play as a damaging tactic used in aggressive competition seems unlikely. No rﬁino.r or
major injuries were seen>in any play bout.’ Howevef the increased agonistic behaviour of
non-sibling, female juveniles may be aﬁ indication of a more subtle aggressive competitipn,

- perhaps involving the cstablishment of dominance. As females have more restricted mc;vement
patierns' than malcs, it may be that emales are just mof_e aggressive in non-sibling play because
the other indi\}idual is unknown. Males wi_th wider movement patterns, have more opportunity
from quite carly in the summer to interact with non-siblings (paper 1). However, this does not
explain the lack of discrimination between siblings and non-siblings in intersexual play. The
differences in contact behaviours between males in sibling_énd non-sibling play may be a way in
which escalations (like those in ferﬁales) a%é avoided by males. Little evidence was seen for
such aggressive competition in juvenile méles. However, the increase of aggressive components
in yearling play may indicate an increased competition in this age clasrs.v I

In.conclusion, the play of ' Columbian ground squirrels had a {)elativ‘ely.:consistent
structu-re. Tt;e differences betweeﬁ intra- and intersexual treatment of siblings and |
non-sibling; suggests that more than just exercise and increased behavioural ﬂé){ibility are

involved. The social bon‘ding and assessment hypotheses are plausible in this social system, but

the importance of such benefits are very likely to differ for different sex and age classes.
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Table 3.1. Operational definitions of the behavioural conlponents of play.

Approach -walking towards another animal.

Arch back  -upward convex bending of the spine, hi.ndlcgs vertically extended.

Belly-up . -lying on back with all four legs spread and raised upwards; mouth is held opeh.
Bite -bringing teeth into contact with another animal and closing them.
Box -two animals [ acing each other, rearing up on hindlegs with f orepaws extended,

and striking one another with forepaws.

/

Break off -stopping or diverting attention f rom }/l{e play bout (for >5 seconds) without
. either animal leaving the vicinity.

Chase -running after a moving animal.

Fight - “-similar to wrestling but.with escalated biting, kicking (with hindlimbs) and
: usually vocalization by one or both animals.

'Fo_llo_w . -walking pursuit of another animal.

"Greeting" -head extended towards other animal, often with a slight lowermg of forebody,
mouth is open, head rotated and mutual contact of naso-oral areas.

Into burrow ‘-moving either slowly or qu1ckly into a burrow entrance.
’ ™~

Mount - jumping onto other animal’s lower back and grasping it with forelimbs.

No reactlon -although in contact with or near other animal, no Tesponse to behavxour of other

animal is perceivable. p
Pause  -brief stop (<5 seconds) in play; animals still directing attention to each other.
- \
Pounce " -jumping or leaping onto another animal. '

Push away ~ -kicking using each hindleg (simultaneously or successively).

Run away  -hurriedly ru?ming from another animal without pursuit.
Rush -running towards another, with the other animal not moving away:
Side jump  -animal sitting with four paws on the ground, leaps laterally usually in a B

direction away from the other animal.

Tail bush - -piloerection of the tail.

Wrestle ~ -grasping or clinging to each other, two animals perform whole- body rolhng, with
’ no vocalization.



Table 3.2. Average durations of play bouts (s) by sex, age and relatedness.
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Duration (s)

Age Sex Relatedness (MeantS.E.) N p?
4 .
//J uveniles: “ Males siblings 44.13+£4.97 171 27 <0.05
o non-siblings . 29.67+5.57 84 43
Male/female siblings 41.60%5.79 142 24 >0.05
non-siblings 29.67+4.23 73 36
Females siblings 27.2416.18 97 23 >0.05 Ay
non-siblings - 15.57+1.96° 11 8
Overall 35.80£2:45 578 161 -
Yearlings: - | Males siblings 94.23+12.71 81 5 <0.0001
' - non-siblings 39.29+ 4.66 186 16. - :
Male/female " siblings 28.05+3.88 36 | 2 - 0.21
- non-siblings 25.921+6.50 34 13
Females non-siblings 49.88£6.79 35 4
\  Overall” 65.1149.38 372 40

'Total number of play bouts

*Total number of pairs of interactors (dyads)

SMann-Whitney U-test

3
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Table 3.3. Frequency of occurrence of seven components in play bouts of Juvemles and
yearlings. Only these components occurred at significantly different f requencxes in juvenile and
yearling play (Mann-Whitney U-test, P <0.0024).

Occurrence/sec. (Mean+S.E.)

Behaviour Juveniles Yearlings p?
Chases 0.0291+0.003 0.0451£0.005 - <0.0001
Run away 0.022£0.003 0.026£0.003 .- 0.0008
Belly up - 0.00410.001 0.007£0.001 0.0024
Into Burrow 0.006+0.001 0.019£0.003 - - <0.0001
Box 0.0171£0.002 0.035+£0.004 - <0.0001
Side jump 0.046£0.003 0.02440.003 <0.0001
Fight 0:001 £0.001 0.0170.005 <0.0001

Mann-Whitney U-test
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Table 3.4. Components that occurred at significantly different rates (frequency/sec) in sxblmg
(S) and non-sibling (NS) play. . .

Male/male Male/female - ~ Female/female
Juveniles Pounce Non-significant Arch back ,
Wrestle _ ‘ Fight S < NS
o Bite S.> NS Tail bush
a8 TR i
= ‘ i S NS
T WN'=255¢ - N=215 . _ °  N=108
- Ie T S =70 - n=60 n=31
N MRS S o , )
Yearlings - Pounce . Non-significant No female-female
Wrestle ’ sibling play
Bite ' ‘
Push away S > NS
~ Box . o .
Belly up C
Pause

Run away S < NS

' ON=267 N=70
n=21 - : n=15

'Total number of play bouts ,
*Total number of pairs of interactors (dyads) .
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‘Table 3.5. Componen[s that changed sxgmfxcantly (Mann- Whltney U-test, P<0.0024) in early
and late juvenile play.

Rate (frequency/sec)
(meantS.E:(N'))

Late .

Relatedness Behaviour Early

Males non-siblings push away " 0.013£0.005 0.001+0.001
(37 47

Male/femalc non-siblings - arch back 0.000+0. OOO : - 0.021%0.008
' - (48) (25)

Females siblings chased 0.01810.005 - ~ 0.000£0.000

(67) (30) :

wrestle 0.043+0.007 0.113£0.021

~ (67) (30)

1Total number of play bouts
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Table 3.6. Average flips per second in'wrestling sequehces of play.

55 -

Flips/second
(mean+S.E.) N p:
Juveniles: overall 0.00710.001 \ (319)
Males 0.008 +£0.002 (116)

Male/female 0.006+0.001 - (145) - 0.457
Females 0.00540.003 (58)
Yearlings: | overall - 10.01040.001 (263)
Males -0.011 +0:001 (201)

Male/female 0.002+0.001 (34) 0:01
Females. 0.009 i0.003 (28)

'Total number of wrestlmg sequences
*Kruskal- Wallls
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Figure 3.1. Transilion‘s that occurr?e{d'-;‘more often than expected (facilitated) in juvenile play
sequences. ' R o )
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Figure 3.2. Transitions that occurred more often than expected (facilitated) in yearling play
sequences. ' ‘ .
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Figure 3.3.The four moS} significantly inhibiting behaviours and the transitions that they
inhibited (otcurred less often than expected), in juvenile play sequences. .
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Figure 3.4.The four most significantly inhibiting behaviours and the transitions that they
inhibited (occurr.u ies. often than expected), in yearling play sequences. ';;2;
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4, Concluding discussion
Sexual differences in use of space and behavrour occur within the second week after
| emergence in Juvemle Columbian ground squirrels, Spermophilus columbianus. Juvenile males
_are-more likely to gain greater exposure to conspecifics than are females, owing to their greater
movement patterns. Females remain closer to their natal burrows, possibly increasing their

assocratrons with close relatives. Thes® sexual diff erences in movement correspond to later

51tuauons whcre males most lrkely will drsperse as yearlmgs and females most lrkelylel rema)n

on tlre natal #rca, often mherrtmg the natal burrow from thexr mmher (Harns and Murle 1984 :

, Murxe and Harrls 1984).

N .
‘f& (/ "—'."H

o .
Opportumtres for play are inf luenced by these movement patterhs Females remamed

7

sisters. As well, play with non-sibling females was characterized by more aggressive

components This could be a consequence of competmon or to being less familiar wrth

o

non- srblmgs because of restricted movements. Males o%urlapped with more non-siblings and
thus had more opportunlty for greater exposure to non- %gs than did females. Perhaps asa
results of this greater exposure, males appeared 1o avoid the escalations in aggressive

. components seen in female play However, intersexual play between non- siblings was not
characterrzed by etther escalatlons In aggressive components or a decrease in contact

- components as was seefi in female- female and male- male play. It may be that the beneflts (or &

costs) of intra- and intersexual play differ. - Ca ; . : tigé?

~

Yearling play was more aggressive than g'uvenile play. Increases in aggressive play over

i

time have been noted in wolves and beagles ( Bekof £ 1974), Steller s sea lions (Gentry 1974)

thesus macaques Nilgiri langurs, (Poigier andSmlth 1974), squlrrel rnonkeys (Baldwin and
: Baldwm 1974) and vervet monkeys (Lee 1%83) Steiner ( 197~1) reported yearlmg

S. columbtanus play beca\me more aggressrve prior to dlspersal In my study there did not.

appear to be an increase in aggressrveness in the ptay of yearling Columblan ground squ1rrels in e

.,\v

late spring. Rates of aggressron towards yearlmgs by adults on my s* Jd\ rea were lower than’

’

, ‘- B 60 ﬁ R T , ;
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those of simildr studies (Festa-Biancl\et 1982; D. Hackett pers. comm.; Waterman unpubl.
data). It is possible that aggressive pla)l be_tween yearlings was also lowel"than that reported by
Steiner (1971). Thus environmental factors, such as habitat ar}gi elévatiop, may‘af fect play.
Berger (1980) found that in bighorn sheep, the environment can affect p_laly greautly',‘:lnd

Nowicki and Armitage (1979) came to similar conclusions for yellow-bellied marmots.

Socialization in the Columblan ground squirrel appears to be dxf ferent in male and

f emales with males havmg m fe opportumty to interact with other squ1rrels than females.

7

Much of this souahzauon mvolves play Play in S. columblanus may benefit females by

-

reinforcing associations with close f emale kin, by facilitating lcarmng the abilities of possible’

future competitors and/or‘by subtle aggression with p0351ble future competitors.’ In‘males, ,

who are unlikely to remain on the natal area for breeding, play may be a means of :iqcreasing

?

their exposure to novel situations and/or to learn how to assess other individuals.

The variation in the use of space in juveniles in 1982 and 1983, as well as the lack of

fee

- increased aggression in late yearling play, suggests that the environment may affect the

| development of young ground squirrels. The varying degrees of sociality,%%s well as varying life

2

history characteristics, of ground d‘welling sciurids suggests that comparisons between species

’may suggest possible explanations of the constrz;ims inf luenci'ng social integration and social ..
. ‘

play. Observations of species which vary in ages of maturity, litter sizes, survivorship and

othéjr charaoteristics-'may reveal differences in olay which may hglp to determine its

evolutionary significance’ “{5 T
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6. Appendix II. Mean rates (2(» behavioural components
4.

4

Appendix 6.1 Mean ( £ SE) rates of 21 behavioural components in juvenile and yearling play
for 1983. : : : . '

3

Rate per second (Mean £ SE)

- \

Behaviour Juveniles Yearlings P!
- Arch back 0.008+£0.002 iQ).‘OO%,:*:O.OOI 10.4023
Pounce 0.009+0.002 0.01610.002 0.0042
Rush 0.002+0.001 0.00110.001 0.5598
Chase - 0.029+0.003 0.045+0.005 <0.0001
Wrestle 0.116 £0.006 0.102£0.009 0.1274
Bite 0.006+0.001 0.00710.001 0.4302
Push away 0.010£0.001 0.009+0.001 0.2922
Mount 0.003£0.001 0.005+0.001 0.0455
Approach 0.033+0.004 0.03140.004 0.2663
Follow 0.000+0.000 0.002£0.001 0.0185
Run away 0.02210.003 - 0.026£0.003 0.0008
Belly-up 0.00410.001 0.00710.001 0.0024
Greeting 0.032£0.004 0.047+0.006 0.0034
No reaction 0.074£0.005 0.076+0.004 0.3730
Into burrow. 0.00610.001 0.049+0.003 <0.0001
Box 0.017+0.002 O.dﬁ'i0.00éi <0.0001.
Break off 0.006+0.001 0.013+0:003 0.0503
Side jump 0.0460.003 0.024+0.003 <0.0001
Fight 0.001+0.001 0.017£0.005 <0.0001
Tail bush. 0.009£0.002 0.005%0.001 0.9129
Pause 0.008 £0.001 0.0885

'Mafifi~Whitney U-test

0.013£0.002

%



Appendix 6.2 Mean ( £SE) rates of 21 behavioural com

and non-sibling play (1982-1983).

65

ponents in male-male juvenile sibling

Rate per second (Mean +SE)

Behaviour Siblings Non-siblings: p!
Arch back 0.00140.001 0.010£0.004 0.0200
- Pounce 0.023£0.004 0.006£0.002 <0.0001
Rush .0.0021£0.001 0.001£0.001 0.0489
Chase. 0.044£0.006 0.075+0.013 0.1696
Wrestle 0.099+0.008 0.051+0.009 <0.0001
Bite 0.022+0.004 0.006£0.003 <0.0001
Push away 0.02210.006 0.006£0.002 0.0001
Mount 0.020%0.009 0.004+0.003 0.0035
Approach 0.03210.004 0.042+0.007 0.4805
Follow 0.001+0.000 0.006+0.000 0.0269
Run away 0.022£0.004 -0.042+0.00% 0.1070
Belly -up 0.003+0.001 0.003x0.C 0.8866
Greeting 0.039£0.006 0.045+0.00 . 0.9755
No reaction 0.097+0.015 10.064+0.064 0.0070
Into burrow 0.007+0.001 0.006£0.003 0.0189
Box 0.02410.008 0.004 £0.002 0.0002
Break off 0.02710.008 0.018 £0.007 0.0966
Side jump 0.036+0.007 - 0.038 £0.006 0.8627
Fight 0.008+0.007 0.010%0.004 0.0100
Tail bush 0.00210.001 0.018 £0.006 <0.0001
-Pause 0.00310.001 0.002+0.001 0.2193

‘Mann-Whitney U-test




Appendix 6.3 Mean (£SE) rates of 21 behavioural components in male-female Juvemle sibling

and non-sibling play (1982-1983).

66

Rate per second (Mean £ SE)

Behaviour - Siblings Non-siblings P!
Arch back 0.001+0.001 0.007£0.003 ~0.0160
Pounte 0.016%0.003 0.007 £0.002 *0.4091
Rush 0.003£0.001 0.002+0.001 0.3464
Chase 0.0374+0.006 . 0.043+0.008 0.0334
Wrestle 0.072£0.007 0.061+0.011 ~0.5929
A Bite 0.018+0.002 0.008 £0.003 0.0190
¥ Push away 0.019£0.004 0.00740.003 0.0040
Mount 0.014+0.003 0.003+0.001 0.1858
Approach 0.026+0.003 0.04610.010 0.8118
Follow 0.002+0.001 0.001£0.001 ©0.1455 -
Run away 0.019£0.004 0.028 +0.006 0.8600
Belly-up 0.001+0.001 0.002+0.001 0.6058
Greeling 0.032+0.005 0.03210.007 - 0.9283
No reaction 0.069+0.005 0.0711+0.010 0.9496
Into burrow 0.009+0.003 S 0.002£0.001 0.1224 -
. Box 0.020+0.004 ' 0.013£0.005 0.1530 .
Break off 0.0271+0.004. 0.011 £0.003 0.0480
Side jump 0.022£0.003 0.029+0.006 0.9761
Fight 0.00210.001 ~ 0.001%0.001 0.2107
Tail bush 0.00140.000 0.007+0.004 0.1232
0.00510.002 -0.005+0.002

Pause

0.1767

'"Mann-Whitney U-test,
S

oW

sl
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Appendix 6.4 Mean ( £SE) rates of 21 behavioural components in female female Juvemle
‘sibling and non-sibling play (1982 1983) ' »

n

Rate per second (Mean £SE)

Behaviour Siblings Non-siblings P!
Arch back 0.0004:0.00C 0.016+0.011 0.0010
Pounce “0.013 4 0.004 0.00440.003 0.3227
Rush 0.002+0.001 0.01240.010 0.2414
Chase 0.03840.007 0.02440.018 - 0.5011
= Wrestle 0.064+0.009 0.03940.026 0.1096
| Bite 0.030+0.005 0.00040.000 9.0076
Push away 0.013+0.003 0.004 +0.004 0.2036
Mount 0.006%0.002 0.000£0.000 0.1802
Approach 0.030%0.005 0.035+0.017 0.8161
Follow 0.001+0.000 0.0000.000 0.6323
Run away . 0.014%0.003 0.04240 @ 0.2288
Belly-up 0.00140.001 0.000::0' 3" 04430
recting 0.044 +0.009 0.035+0.038 0.3189.
No reaction 0.08140.007 - 0.04140.019 0.0421
Into burrow 0.002+0.001 0.009+0.009 0.7627
Box 10.021£0:005 0.000+0.000 0.0654
Break off . 0.033+0.007 10.013£0.009 0.0646
Side jump - 0.024+0.004 “0.002+0.018 0.5853
Fight - 0.000%0.000 "0.013+0.009 0.0010
_ Tail bush 0.000£0.000 0.016+0.011 0.0000
Pause 0.001£0.001 0.000 £0.000 . 0.6323

'‘Mgnn-Whitney, U-test "
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Appendix 6.5 Mean ( £ SE) rates of 21 behavioural components in male-male yearling si'bl.ing
and non-sibling play (1983-1984).

Rate per second (Mean+SE)

“

Behaviour .. Siblings Non-siblings P!
Arch back 0.003£0.001 0.009 £0.002 0.1507
Pounce 0.021+0.003 0.010£0.002 <0.0001
Rush 0.002+0.002 0.000£0.000 0.1460
Chase 0.05740.008 0.101£0.008 0.0082
Wrestle 0.13710.011 0.093 1 0 007 <0.0001 . -
Bite 0.01310.011 0.093 £ ...007 0.0001
Push away 0.0184:0.003 0.010+0.002 <0.0001
Mount 0.004+0.001 0.007+0.002 0.4489
Approach 0.017£0.003 0.034 .0.005 0.0221
Follow 0.001£0.000 0.0024-9.001 0.4926
Run away 0.013x0.004 0.038+0.004" - 0.0002
"Belly-up 10.010£0.002 0.005+0.001 0.0006
Greeling © 0.02610.006 0.054+0.005 0.0040
No reaction 0.054 +0.005 0.076 £0.005 0.0157
Into burrow 0.021+0.003 0.018 £0.002 0.0334
Box 0.0431:0.006 0.029+0.005 0.0009
‘Break off 0.005£0.002 0.007 £0.002 0.9329
Side jump 0.030£0.004 - 0.033+0.003 0.7591
Fight 0.007£0.003 0.010£0.003 0.5009
Tail bush 0.002+0.001 0.009£0.002 0.2450
Pause 0.018+0.003 0.009£0.002 <0.0001

“Mann-Whitney U-test



69

Appendix 6.6 Mean ( £SE) rates of 21 bchav1oural com}ﬁonents in male-female yearling sibling
and non-sibling play (1983- 1984) ’

Rate per second (Mean +SF>

Non-siblings -

Behaviour, Siblings P!
Arch back 0.003+0.003 0.002£0.002 0.5467
~ Pounce 0.01140.004 0.006£0.004 0.0750
Rush 0.003-+0.002 0.002£0.002 0:3425
Chase 0.07910.018 0.071x0.016 *0.4890
Wresgle 0.087.£0.016 - ~ 0.087+0.016 0.8645
Bite 0.004£0.002 .y . 0.000£0.000 0.0470
Push away -0.010£0.004 = 0.008 +0.004 0.7950
Mount 0.002£0.001 - 0.0090.005 0.1830
Approach 0.0311+0.007 0.050+0.011 0.4388
Follow - 0.004 +0.003 0-004 +0.002 - 07349
Run away 0.021+0.006 0.027£0.009 . - 0.8801°
Belly-up ~0.007£0.003- 0.004+0.002 0.5494
Greeting 0.068+0.016 0.044+0.012 0.3456
No reaction 0.081+0.013 - 0.068+0.013 0.4962
Into burrow 0.023£0.008 0.008'+0.003 0.3506
Box 0.040£0.011 0.024£0.008 0.2582
Break off 0.021+0.007 ~.0.011x0.009 0.0832-
Side jump 0.017+0.004 0.025+0.008 0.8336
Fight 0.017+0.010 - 0.043£0.017 - 0.2425
Tail bush 0.005+0.005 - 0.000+0:000 0.5692 -
Pause 0.005%0.003 0.022+0.009 0.2072

'Mann-Whitney U-test
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_Appendix 6. 7 Mean ( j:SE) rates of 21 behavioural components in male madle
.play (1982-1983) for early and latc bouts : :

70 -

.senile sibling

. Rate ber second (Mean:t‘SE) -

Behaviou:. _Early Laic p!
. Arch back 0.000+0.000 0.000£0.002 -0.6127
Pounce 0.028 £0.006 0.013£0.003 0.0873
Rush 0.003£0.001 0.001£0.001 0.2683
. Chase 0.042%0.006 0.048£0.013. 0.7785
Wrestle 0.101%0.010 0.093£0.012. . 0.9238 -
Bite 0.026+0.006 0.015+0.003v - w 04117
_Push away 0.025+ 0,009 0.01610.004 0.3500
. Mount - -0.024£0.013 0.012£0.004 0.3283
Approach 0.030£0.006 0.036 £0.005 +0.0215
Follow 0.001£0.000 .0.000+0.000 0.1537
" Run away 0.018 £0.005 0.032£0.007 0.1119
Belly-up " 0.002+0.001 0.003%0.002 0.9952
Greeting 0.035£0.007 . 0.045+0.010 0.1988
No reaction 0.098 +.0.022 0.097+0.011 0.1319
Into burrow - 0.008 £6.002 0.005 +8.002 0.6821
Box 0.029£0.011 0.014£0.004 0.1829
- Break off. 0.034£0.012 0.012£02003 " 0.2780
Side jump' «. 0.039+0.010 0.030£0.005 0.9456
Fight ’ 0.0111+0.010 0.000D.000 0.1827.
Tail bush 0.001+0.000 0.005%0.002 0.0445
10.0031+0.002 0.3124

Pause -

0.003 +£0.003

: 'Mann-Whitney U-test

T,
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_ Appendlx 6.8 Mean (iSE) rates of 21 behav10ural componems in male- male Juvemle o
.~ non- snblmg play (1983 1984) fox early and late bouts. ‘ 5 R .
. Y . "'3"“1‘.’, - e ."‘ L ’
N Vo SRR I
o ey Rate per second (Mean £SE) R ey
S . L (IR
- Behaviour . - Early : - 'Late. . P
o . Arch back © 0.000£0.000 . *"«'5‘ 0:018+0.007
" Pounce’ 0.008£0.003 - ~0.004£0.003
Rush 0.000£0.000. 0°001£0.001°
Chase 0.971+0.019 0.078+0.017
Wrestle - .- .. .- 0.073%0.016 0.034£0.010
. Bite' W 0.012£0.006 - .0.001£0.001
Push away ~ wh 0.013+0.005 0:001£0.001
- Mount .. : 0.007£0.005 - 0.002+0.001 .
Approach .. - ~.0.03940.013 0.043+£0.007 -
Follow - v 0.0004000 0.000£0.000 ~
- Run away - o '.'0.040r0.014= . 0.044£0.009 - -
Belly up ®0.003+0.002 10.00340.002.
“Greeting. - e . 0.050£0.016 ) » 0.041£0,010.
No reaction 00771£0.016 005410010
- Into burrow " 0.002£0,001 B ’j P09 +0.005 .-
£ Box - 0.00540.003. %0310 002J
Break off < . 0.020%0.013 - "‘ 6£0.006 -
Side jump - s 70 0.035+0.010 % - 00400, 008
Fight = . + 0.008£06:004. 0.011%0.006
Tall bush, ‘say - .0.008£0.005; - 7 .%0.027£0.010
Pause e, -0 0.004£0.002 ©0.000+0.000". ,
1 Whitney U-test -~ - © o ,
. Mann"@?nme test S 5 : .
. B 53 N '
& -
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Appendlx% Mean (+SE) rates of 21 behav
pla{ﬂ(1982 1983) for carly and late bouts

Y

72

Lo

1ourql-coﬁ1ponents ’}2 male-female juvenile sibling

T ey g '’ o
BT ( - Rate per second (Mean£SE)
) Behaviour O EBarly o T Late P‘v L
Arch back 0.001£0.001 * 0 - 0.000£0.000 . 0.327L..s
%%  Pounce 0.01§40.003 | .0.021£0.007 2 0. 7462’1
*  Rush 090310001 -, - “0.005£0.003 0,7286
- Chase Gy 003380004 " -ir ©0,05140.016 Y ©0.1994
" Wrestlegy H0.075%0.008 - 0T, 0:06140.015 - ©0.4713
2 Bite Q-7 001BX0%03 . 0.01740.006. . - 049337
. Pushaway. 0021400042, . : 0011:t(§‘005’ : 0.18
. Mount 0.015£0. 004%' e ® .0.007£0.005 0. 312
"% " Approdth 0.020£0:003 V4T k. # 0.052%0.012° - 0.0091 :
Follow ©0.00320.000 By 706000, 000 010575
Runaway . .77 0073:+0.003 u 0 0.050£0.015 " ~1°0.0056,
.. Belly-up ° L oBEExo0.001 ,, Lf = 0.001£0.001 = 1 0.8048
.. Greeling . 002§+0.004 7 ~ag %mo 014 0.4348
" | No reaction . T~ 0.0614£0.005 240.017 0.0307. - -
- Into bﬁrrow ~ 0.009%:0.003 : #p4:009£0.006 . - -0.2965
Box, # 002240005 ~ 0.013+0.006" © 0.3371
Bréak off 00274 . 0.024%0.910 0.4157 °
Side jump - . , 2003320009 ., Q.2234
v " Fight e B 0:004£ 0:p04 0.9416
" Tail bush ° * °0,000£0, ooo -0.3980
. Bausg® . ¢ 000300 E 0.2915%
Mann-Whitney U-tést -~ . - - o
% e )
_%r. N\
. 'n 5@’ "% * 3
o
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Api)endmﬁ 9 Mean (£SE) rates of 21 behav1oura‘l components in male- female ]uvemle
non- sbemg play (1982 1983) for: early and latc bouts. : .
: '.«,';‘ s, v., W
‘Rate per se_cénd (Meéh isﬁ’ :a"
Behaviour, - 'Early Late P!
T Agh back ' :‘ 2 8.000£0.000 0.021£0.008 - - - 0.0061
’ Poince o “.011+0.004 0.001£0.001, - 10.0892
“Riih R 0.002+0.002 .. 10:002+0.001 . 0.4978 "
Chise Y it T o - 0%61£h.017 1 0.3501
2 /Wrestle @0 1@ .-0.034£0.013 - o 0.0579
o Bité A Y 0.003+0.002 Co0a7L ]
+ Puigh away . R TS Y 0.004%0.002 ° 0.4074 -
- Mour , . 0.00Q+0.000, - ¢ ,0.0083£.0.004 }‘?4? = 0.0229
d g Approa‘éh : L 000455001470 & 0 2004720012 T . 0.0091
ek ‘FolioW 0.000£0.000° . - 0.0020.002 02174
B Run away . ’@6) 020+Q.006 - -« L 0:043%0.012 = . . 0.0466 °
o “Belly- upe e _ 10.001£0.001 ¢ " 0.00240.002 0.3930.
S Greeting + - “¢ps \.  0.02040:008 - '0.639+0.012 0-5150 "
’ ..No reaction 0.083+0.014 .+ - .+ 0.04840.010 L1
“IntoWisrow 0.003£(:001 = &™ = . 0.001£0.001 o L 045T
. & Bax - .. 0\ 0.020£0.007 * . 0.000£9.000 © -t 0.0069
: “Bred¥off 7 .010£0.003 o 0.013€0.0068 08261
" Side‘jump ¢ 0.034+0.009 o 0.01940. OO7¢W_‘}* i £/0.1403..
Fight$ ~ ° ' 0.0000.000 " 10.4705,
~ Tail bush -~ ) . 0.014+0.010 - ’»‘{ 0.3796
Lo Pause L. ¥ 0.005+0.004" © 0.9611
"‘Mz'i'nn-\’v{fﬁmey U-test ) “, 4
N - ' "'. y i
. . &
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Aspendix 6.10 Mean (+SE) rates’of 21 \Behawoura] componcnts m f emale_emale juvenile

olmg play (1982-1983) for. earl Ay

o

L Rate per second (Mean = SE)
. - Co
—TEarly - Late

. 0.0234°

- Behaviour :
.+ Arch back ~0.000+0.000 0.00040.000 0.5034
i+ . Pounce’ 0.017+0.006 0.005 +0.003 0.1291
., Rush 0.002+0.001 , 0.002+0.001 . . 0.6469
© 7 .Chase © 0.018£0.005 0.083+0.019. Z:- 0.0003
. Wrestle. -+ - 0.043+0.007 0:113£0.021- - 0.0004
... Bite o 0.035+£0.007 0.029+0.005 0.2076
" Pushaway "~ - . 0.013£0.003 . 0.01240.004 08822
- Mount . 0.007£0.002 - e  0.0040:003
%, - Approach 0. OZSiQ 007 ... ©0.0321£0.006 . - 0.2703
: Follow 0.001+0,0QT" ,0:000£0.000 .., -THmB415
¢  Run‘away. S8 0.01940:603; , "0.024£6.006 . . 0.0335
© " Belly-up. . 0.001£Q.001 “ 10.001+0.001 ¥ ¥ 77 0.6688
<" Greeting 0.045£0:012° : 0.041£0.012 - - - 0834
.. No reaction ¢ #0.080£0,009 » - f,o 08340.083 : - "0.6776'
Imo burrow -.;8.003£0.002 - . 0.001+0.001 R "~ 0.8482
o Box 7).028 £0.007 0.006+0:004 . . .,
Breﬁc,‘off 0.040+0.009 .0.0180.006 - 0.0190 .
Side jump 0.023+0.004 0.024£0.008 "~ ' . 0.6684
Fighv 0.000£0.000 " 0.0000.000 0.5034 "
Tail bush - - 0.000£0.000 4. <®”  .0.000£0.000 1.0000
Pause 0.001 £0.00T - 0.001+0.001 0.5682
'Mann-Whitney U-test - — ;
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Appendix 6.11 Mgan ('iSE) rates of 2 ‘behavioural components in female-f emale juvenile
non-sibling play” (1982-1983) for early and late-bouts. . '

';g‘?..
\ Rate per second (Mean = SE)
v Behaviour” - - Earfly . © - Late . P,
£ : g N A
Dt Arch back 0.015+0.018 0.016£0.016 S 0.7792
»}é;. ~ Pounce . 0.006 0004 , 0.000+0.000 Tl 0.2622
¥ ' Rush ~+0.018+0.015 0.600£0.000 . - - 0.2622
Chase © - - ®0.03240.027 0.009£0.009 - 0.9043
Wrestle .. %9,061+0.040 - . 0.000£0.000. . 701493
: Bite - 0.000£0.000 : ©0.000£0.000 . - 1.0000 -
~ Piish-away : 0.006 +0006. 0.0000.000 o 0.:4497
‘Mount*® 0.0000.000 . 0.0000.000 . 1.0000-,
. Approach 0.028£0.022 0.04810.028 0.5114
e Follow . . 0.00040.000, - 0.000+0.000 . . 1.0000
- Run away o7 @9060£0.03% . 0.009%0.009
Belly-up o) g - wo. 0.000£0.000 " . 0.000£0.000
‘ Greeting. .. %+ .. 0.000£0.000 ©0.097%0.056
L - +.-No reaction %= & 0822+0.013 © 4 0.074£0.047
=¥ " “Intoburrow . - - 0.014£0.014° 7T 0.000£0.000
o © ,Box - . 0.00#0.0005 - - 0.000£0.000 .
1. Bfeak off ~ .. 0.006%0.006F 77 0:023+0.023
’ Side-jump - - 0.007£0.007 0.066+0.047 . . . .
Fight 0.021£0.014 .- "~ 0.000:£0.000 062622
o Tail bush” C0.015£0.05- w0 s 001620016 ©0.7992
Pause . ~0.000,0.000° 7 0.000£0.000 1.6000
" iMann-Whitney U-test - (D - “. ‘ ’
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Appendlx 6.12 Mean ( £SE) rates of 21 bghawoural componems in male-male yearlmg 51blmg -

"Mann- Whitney U-test

AN

ANE
N

S : o
- w) "“; L
Rate per second (Mean +SE) v
Behaviour Early Laje & @ pr
Arch back 0.00340.001 , 0?002 +0.002 -0%505 -
Pounce 0.021%0 003 0.011£0.005. 0.7020
Rush 10.000+0%000% 0.000£0. 000 7114
Chase 0.060 %:0:008 , - 9.04510. 024~ - -8143
Wrestle ,14410.011, » 0.063 +ﬁ 02%. . 0.0438"
“.:y Bite - o B014+0.007 5~ 40:01240.006 .~ 0.6312
Push away . »:.'-";fﬂ"O 019+£0.003 K 0.018£0.007 0.5750
" .Mount B et 0.0041£0.001 ~ 0.009£0.005 0.0550
Approach © o 0.018+0.003 0 01740.010 0:8861
Follow 10.001£0.000 ©0,000£0.000 1 0.4747
. Runaway, 00130004 =« 0.012+0.010. 0.7598
" 9 Beglly-upg ’ 0.010"f0.002 - 0.003£0.002 e, 0.5772
Grequng'= 0:022+0.004 ;_4:*._ 0.002 £0.002. - s 017371
No reaction ' 0.054 + 364 .o 7L 0.056£0:018 0.7536
“Into burrow,,, < D?g - ,50.01940.010 0.8317
. Box .- i 40:006 - - 0.061£0.032 : - 0.4737
s Break off 0.005 +0.005 0.000iQ;LOOO a 0.3576
Side junip 0.031£0.004 . ©0.021£0.012 - s 0.4987
Fight 0.007x0.003 0.009+0.009 0.5592
" Tail bush 0.002%0.001 0.002£0.002 0.4650
Pause . 0.01710.003 0.033%0.018 0.3334
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Appendlx 6 13 Mean ( +SE) rates of 21 behavmural components in male male yearlmg
- non- 81blmg play (1983 1984) for early and late bouts. )
¥ | .
5 ' - Rate per spcbnd {Mean£SE)
: Behé\:‘fj_o,hr : " e Q:T'x “?"Earvly‘, _ Late P
. Archback = 7 0.009£0.002 " 0.0110.011 0.7453
Pounce -+ * .+ 0.010£0.002 3 0.009£0.009 .0.4977
Rush- - -+ 0.000%0.000 - - - 0.000%0.000 0.7637
Chdse — " R O 100:1:0 008 .. Y s +0.12240.029 0.2917.
Wrestle. - L -0 O93j:0 007 o 0.089+0.047 = -0.6209 -
Bit_e L 5 0.006+0.001 * - .. 0.000£0.000., =~ " __0.2268
* Push away N - ~0.010%£0.002 - 'v“fr d. 012+0 009 - - @- 0.8429
“Mount, - -J,, Saler o :1-0.007;t0.002 I 00940, 009 - .0.8442
_ Approath A +0.035£0.003. . . 0.02740.019 . - 0.2525 * -
: Follow -t-, i o "e,-' w0 0.002£63:001 ¢ - 0. 00010.000 '0.4700 -
kun away P 0 037%£0.004° :0.044£0.015 0.4271
HBelly: “up > A Q 006 % 0; 001 - o -0,00010:000 " 0.1610 -
Greetmg TR A | 1 052*0 00s * .. 0.000£0.000" ~ Q‘ 0.3035"
" No rcaction ."; T ; "70.072 +0.005 iy 0.147+0:026 N 0.0025 .
Into burrow o 0.018%0.002 . 0.036%0.015 ° 01792 -
~s,Box o . 0.031£0.005 .0.0000.000 0.0578 -
| Break of f- e 0.00640.002 - 0.019+£0.019° 0.9639
Side jump’ . "4+ 40.032%0.003 ~ 0.055£0.023- 0.4456
Fight< .. . °0.010%0.003 , 0.011+0.011 0.9246
Tail bush > . 0.006%£0.001 ~ 0.00610.006 0.8867
- Pauwse ¥ .°v _  (:010%0.002 ~07000£0 ogo 0.1756.-
'Mann-Whitney U-test '
X (ﬂl}‘ ~
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Appendix 6.14 Mean (£SE) rates of 21 behavioural components in male-female yearling‘sibling
play (1983-1984) for early and late bouts. . '

© 05948

| _ e,
N\ N Rate per second (Mean+SE)
. Behaviour - Early Late P!
Arch back - 0:000£0.000 0.036+0.036 - 30 0068
Pounce . 3. | 0:008+0.004 0.024+0.024 - 0.5769
~Rush . e 0.005+0.004 0.000+0.000 - 0.5940
Chase . 7.+  0.100%0.026 0.054£0.054 0.8657..
Wrestle ©0.104£0.023 0.090+0.048 0.4934 -
. Bite 0.00240.002 0.000+0.000 0.5940 "
. Push away ".0.004:£0.003 '0.00040.000 0.5051
Mount 0.002:£0.002 * 0.000£0.000 - 0.7119
Approach 0.021+0.007. 0.036£0.036 0.8502
Follow i 0.001+0.001 - 10.000£0.000 ¢ 0.5940
Run away _ 5;)'” 0o 0.021+£0.006' 0.078 £0.0477- . &Ly ©0.1491
Belly -upy’ ., 0.011+0.005 0.000+0.000%,, . 03152
Greeting - - 10.074£0.018 0.048£0.048 ' . *
No reaction “# 3% 0.073£0.014 0.107£0.107 . -~ - 0.6708
Into burrow . 0.032+40.013 - 0.03640.036; - - ~.1.0000
" Box . DT 0.046£0.013 0.04840.048 11.0000
_Bréak off - 0.015+0.008 ©0:000+0.000 0.9639
“Side jump 0.020+0.005 - 0.03610.036 20.9294
. Fight 0.023+0.016 . 0.000£0.000 - - 0.5051°
Tail bush ~ 0.009+0.008 0.000+0.000 0.5940
Pause 0.008 0.004 10.0000.000 0.4320 -

7 e

, . ‘Mann-Whitney U-test




Appendix 6,15 Mean (+SE) rates of 21 behavxoural components in male female yearlmg

non- 51blmg play (1983-1984) for early and late bouts.

Pause

o \ Rate per second (Mean=SE)
AN

Behaviour Early " Late &
Arch back . 0.002%0.002 . 0.000% 0.000?,‘, 0.7996
Pounce . 0.006%0.005 ' 0.000£0.000 " 0.7522
Rush - 0.00210.002 © 0.000£0€.000 0.8597
Chase. 0.064£0.015 -0.000£0.000 0.3896
Wrestle 0.086x0.016 0.000£0.000 0.3208 -

Bite _ © 0.000£0.000 0.000£0.000. 1.0000%

Push away 0.008 £0.004 0.000£0.000 0.6395
Mount . aig - 0.010%0.005. - 0.000£0.000 - 0.6739
- .Approach ‘s /-./J 0.051+0.012 “0.000+0.000 0.3430
. " Follow 10.00440.003 ~0.000+0.000 0.7522
Run away 0.029+0.009 10.000£0.000 0.4912
Belly-up J 0.005£0.002 g 0.000+0.000 0.7111
Greeling 0.043+0.01 0.114+0.114 0.1613
2 No reaction ' 0.067;_*0.%123 et _ 0.000£0.000 0.2585
. Into’burrow . 0.008 £0.003 & 0.000£0.000 0.6395
Box 0.021£0.008 0.114+0.114 0.0506
Break off 0.0120.009 0.000+0.000 0.7111
Side jump 0.027+0.009 0.000£0.000 0.4912
. Fight 0.042+0.018 0.000+0.000 . 0.6395
Tail bush - 0.000%0.000 0.000£0.000 0.8597
0.023+0.010 0.000%0.000 0.6072

‘Ma’nn:-.Whime»:y U-test

s e
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Appendix 6. 16 Mean ( £SE) rates of 21 8¢havioural components in female-female yearhng

non-sibling play (1983-1984) for early and late bouts.

Rate per second (Mean=+SE) .

.Behaviour Early Late P!
Arch back 0.003+0.002 0.000£0.000 0.4484
Pounce 0.030+0.008 0.008+0.005 * 0.2346
Rush 0.000:0.000 0.600%0.000 Qﬂo 6698 .
 Chase 0.052+0.010 0.000 £0.000 0.0130 -
_ Wrestle 0.104£0.015 0.13640.037 0.2824
¥ Bite "0.013£0.003 _ 0.003+0.003 - 0.2970
* Push away 0.013%0.003 . 0.018+0.009 0.6004
Mount ©0.003£0.001 +0.000£0.000 0.2645
Approach 0.035+0.008 " 0,028+0019 0.4276
Follow 0.003 £0.002 10.000£0.000 0.4484
‘Run’away ©0.02110.005 0.021+0.020 - - D.5251
* Belly-up £0.0124£0.004 © - 0.008+0.005 - 0.8918
Greeling % 0.Q32i§ .., 0.080£0.041 0.1621
' No reaction f 0.084+ Sl L 0.02520.011 . 0.0044 ©
' Intb burrow ’5}:{70 008 +0 © - 0.002+0.002 - 0.5097
Box - . m :.? j% 016+0.007 ~ " 0.081£0:028 ¥, 0.0180
Break off R 1 016+0.007 - 0.002£0.002 - 0.4468
Side jump " 0,03240.006. 0.011+0.00Y 0.1799 -
Fight 0.007%0.005 0.0000.000 . 0.6698 -
Tail bush 0.0000.000 0.0000.000 0.4484
Pause - 0.006£0.002 0.04410.026 0.0689
'Mann-Whitney U-test
( _ . Cw
. . " s
R RS 5



