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ABSTRACT

I.studied the social behaviour of the Vancouver 1Island

<;Qm§:mot,,vmarmota- vancouverensis, during the summers of 1973 and
1974, vVirtually nothing was known about the behaviour of this
species at  the outset of this study. Barash {(1973b, 1974a)
‘suggested that the social behaviour and social orgdnization of
marmot species was determined by the severity of the environment
(the‘ vegetative growing season) and its effect on the growth
rate of marmots. . He predicted that marmot species 1living in
short growing season environments would be highly social but
that social tolerance would decrease as the growing season
incteased. The objective of +this study was to test this
hypothesis by observing the social behaviour of Vancouver Island
marmots and comparing this- to the 1length of the vegetative

growing season.

g{;vancouverensis is endemic to Vancouver Islangd, British
Columhia., The original colonizers of this species probably
.crossed to Vancouver Island via land connections that existed
during the Illinoian glacial period, approximately 100,000 years
‘agp,.;nd survived subsequent glacial maxima on nunataks and
éqasﬁal refugia or both.. Vancouver Island marmots have been
‘i§olated_from mainland forms for a length of time (10,000 to
_1Q0,0QQ years) sufficient to show specific evolutionary

adaptations to their Vancouver Island environment. .

Vancouver Island marmots live in small <colonies in the



sgbalpine parkland. . Social groups consisted of one adult male,
one . adult female, and variable numbers of tvwo-year-olds,
yearlings, and infants. Social groups were highly integrated
_wiph g‘large'amount of communication occurring among colony
mgabers,, Alarm calls were given 1n TrTesponse to potential
ppedators and could be heard over the whole colony._ Short
vhi%tles; were given in response to aerial predators
-(g,g.Aeagles) and long whistles were given in- response to
 ¢§§;estrial predators (e.g. black bears). Both calls are narrow
bandwidth sounds, a characteristic that makes them difficult to
locate.  The most common social behaviour that occurred among
gplogy‘ members‘ ¥as a nose touching behaviour termed greeting. .
Al;“ggejﬁex classes of Vancouver 1Island -marmots engaged in
greetings as well as other social behaviour patterns in about

_ the same proportions. .

... The .vegetative  growving season experienced by Vancouver
Island = marmots ¥as approximately the same as that of

gﬁﬁfl§yiventris but the social behaviour of ' Vvancouver Island

‘g§;99;§' most closely resembled M. olympus, a species living
wheggﬂghe'growing‘season is much shorter. On this basis I
Htéjﬁ?F%dJ Barash's hypothesis that the length .of the vegetative
‘ ggéying season is sufficient to account for the variability that
,Bg;gsthhserved among marmot species.. I suggest that vegetative
. growing season not be-used as an index of growth rate but that
'tbe time taken to reach adult size be measured directly. - The
_ng;ee of social tolerance is positively correlated with the

. length of time required to reach maturity..
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INTRODUCTION
SOCIOBIOLOGY AND BARASH'S HYPOTHESIS

Recently, there has been a marked increase in the number of
investigators who are considering behaviour as a product of
natural selection (Crook . 1970, Barash 197aaV& 1977, Alcock 1975,
Brown 1975, Wilson 1975). . Sociobiolbgy {¥ilson 1975) or socio-
ecology (Crook 1970) is the systematic study of the evolution of
social hehaviour_and social érganization in relation to ecology,
dgmog;aphy, and population genetics. This new approach to the
study of animal behaviour has led to the formation of testable
hypotheses concerning the adaptive significance (contribution to
_fitpess), of social behaviour and social organization., This

study was an ‘attempt to test one such hypothesis. .

Barash (1973b, 1974a) put forth a hypothesis to account for
‘thgtevplution of marmot societies (Marmota- -spp).. He showed that
Qiffe;ences in social behaviour among marmot species were
tcorrelated with ;variations in the environment, specifically, the
,nLengﬁh of the vegetative growing season. Barash's measure of
.growing season was the number of frost-free days in the absence
of snow cover (Barash 1973b) .. Woodchucks (Marmota monax)
inhabit environments of low elevation with long (150 day)
growing - seasons. They are solitary and relatively aggressive
animals (Bronson 1964) and the young disperse from +their natal

burrows when weaned (Vos-and Gillespie 1960). Olympic marmots

(M. olympus) ‘inhabit high elevation alpine meadows that have a



yery:$short {40 - to 70 day) growing season. They live in well
integiated colonies and are socially tolerant, that is, their
social behaviour is characterized by a high frequency of
_g;eetings (Bafash'1973b, 1974a) . . Olvympic marmots do not mature
until their fourth summer and disperse durinq'their third.
 Barash's hypothesis is that social tolerance, as measured by the
;ate.with which greetings are performed, is inversely related to
_the_length of the vegetétive growing season. He reasoned that
Ay shorier growving seasons result in lower Qrowth rates in terms
of the time required to reach adult 'sizé: 2) it is
disadvantageous for subadult marmots to disperse when they are
~still “"undersize", where size is measured as the veight of
dispgrsing marmots relative-tq the ‘weight of an adult of the
same species; 3):in all: marmot species, the minimum size for
dispersers should be either the same proportion of the adult
‘7gight or dispersing marﬁots should-be relatively more mature in
specigs inhabiting iqéreasingly sevare environments;
Q)_aggression from adultS‘causes’fhe young'tO’disperse:'thus 5)
‘the'minc;ease in social tolerance among marmots experiencing
_R;Qg;§§sively shorter growing seasons may be due to the
AJéch§§Sihg necessity to inhibit the dispersal of undersized

animals. .

';ﬁew also suggested that 1) it 1is important to have
.“wpégg}gpibn size more closely requlated as environmental severity
increases because under’éevere conditions the habitat would be
easily overgrazed, and there would " be strong competition for

food; and 2) if marmot social -behaviour requlates population



'size in a density dependent way; then 3) social tolerance should
increase 'in severe environments because the operation of such a
system ' of population regulation would require a clbser‘physical

proximity of colony members.

Barash's hypothesis is testable in that it predicts the
degree ‘of social +tolerance for any marmot species when the
length of ‘the vegetative'growing season under which that species
evqlved iS'knoyn. Barash set out to tést'his o¥n hypothesis - by
observing the social  behaviour of the yellow-bellied marmot

(4. flaviventris, Barash 1973a), the hoary marmot: (ﬂ.,gg;igggg;

Agg;g;@. 1974b), and the European alpine marmot (M. . marmota,
~Barash 1976b). - His observations of ihoary and yellow-bellied
marmots were consistent with his hypothesis, but alpine marmots
epgaged in significantly fewer greetings than were expected on
~the Dbasis of the short growin§ season of its alpine habitat.
Barash did not reject his hypothesis on the basis of this one
inconsistent résult.ﬂ He suggested that a blanket term such as
sdciality {social tolerance);.may be inappropriate in that it
obscures the differences between discrete parameters such as
g:eeting and chasing, which may vary independently (Barash
1976b), Unfortunately, he does not go on to develop a revised
hypothesis based on these discrete parameters. ' Armitage,
Dpwnhower, and Svendseh {1976) and Anderson, Armitage, and
Hoffmann (1976)"attempted to reject Barash's hypothesis because
yeiloyebelliéd marmots living at high elévations grew faster in
pq;msyof,grams per day than did yellow-bellied marmots living at

lower elevations., However, this does not constitute a test of



ngygsyf§ hypothesis since his hypothesis:is based on the growth
~rate in terms of the time taken to teach adult size. The tine
_takgn 1to reach adult size is not relatéd'solely to the absolute
.weight'gained per day, but it is ‘also a function of the 1length
qf.vtime‘ each yéar during wvwhich marmots gain weight and the
gbsoiute weight of adult marmots of the species being

considered.

At the outset of this investigation there still remained

two marmot species in North ‘America which had never been

_studied, . M. .vancouverensis ‘and M. broweri..  The objective of
this»study was to document the life history and behaviour of
Vancouver Island marmots and to provide‘anothér test of Barash's

hypothesis of marmot sociality.

VANCOUVER ISLAND MARMOTS

‘ Ihe Vancouver island marmot, Marmota vancouverensis-Swarth
a1911; ;s‘endeminto Vancouver Island, British Columbia. Living
“in ;,?Q?ll colonies on steeﬁly sloping subalpine meadovs,
“Yancqqygr Island marmots are active for only a  few months each

summer, To avoid the rigors of the mountain winters, marmots
Ahibe;nate-for about eight months of the year., Even then it may
_‘be‘ nécessary-for them to burrOW'out through many metres of snow
in the spring. = When I began this study, this was virtually all
that was known about Vancouver Island marmots. This information
vas based on ‘three very brief reports (Swarth 1912: 89-90, Carl

1944, Hardy 1955: B61) which indicated that the natural history



of  Vancouver Island marmots was similar to other species of
»alpine marmots (e.g. . Barash 1973b) and amenable to study wusing

similar methods.
Taxonomy and Evolutionary History

',ﬁﬂ-stgFth described the Vancouver Island nmarmot  as a new
Mgpgg}gg-in 1911, The cranial '‘and . external characteristics of
'13§11¥2359939£§B§i§' are gquite >different from any other marmot
‘:§peqigs;“(5warth_ 1911, Howell  1915), - The most obvious
_qhg;ég;afistics are: ‘1) the posterior border of the nasals which

_is deeply  V-shaped and, 2) the pelage which is uniformly dark

_brown to black. However, the karyotype of M. vancouverensis- is

'_ngykgimilar to that of M. caligata (Rausch and Rausch 1971).

J;n 1915 Howell designated three groups of North American

qapmots' based on morphological similarities. He included

M. vancouverensis  in the M. caligata group along with

ngfﬁggligggg and M. olympus.. In 1965, Rausch and Rausch

_ considered M. broweri to be a separate species within the

M<.caligata  group. This group appears to be a natural

J§§§gg;§§ion for biological reasons as well as the purely
tmgﬁgﬁglpéical’ones‘used by Howell.,  Species in the M, caligata -
.gfqupk_fill similar ecological niches and have similar behaviour
l(seé;gis¢usion). Their ectoparasites also reflect the close
ﬁeyqlg;ioﬁary relationships within this group. ., Fleas

is during - this

(sigggpaptera)v collected from M. vancouveren

study wére identified by Mr.. G. P. Holland of Agriculture



.. Canada as Thrassis (Thrassis) spenceri spenceri- Wagner.. This

grogp‘(stark'1970). I collected one tick (Acarima: ZIxodidea)

“fygmm gngancouvergnsis._ I am unaware of ticks having been
v g9i;ggEgd from any other species in the M. caligata group.
Singe‘ ﬁicks, like fleas, tend to be host specific (Gregson
!956)i it was not surprising to discover that the specimen from

fﬂ,ﬁvapcouverensis may represent a new species in the genus

_Ixodes (P. Zuk, Canadian Department of Agriculture, personal
communication). = Since only one subadult specimen is available

,vthe_species probably cannot be described.

M. .vancouverensis probably began to diverge from the

‘3qge§tral M. caligata stock after crossing to Vancounver Island
pé temporary land connections and becoming isolated there.  The
.‘§§¢t ‘ that the following mammal species: musk ox Symbos-
S%li££°Q§' mastodon Mammut americanum, mammoths Mammut imperator

and nggﬁz columbi, horse Eguus sp., and Bison sp. once lived on
Vancouver Island suggests that land connections with  the
mainland existed during the late Pleistocene (Harington 1975).
Ha:ington {1975) -believes that connections betvween Vancouver
Island and the mainland existed on two occasions durihg the last
(Fraéer/wisconsin)- glaciation and at 1least once during the
penultimate (Illinoian) glaciation. The most recent connection
with the mainland probably existed just prior to the time of
maximam development of 'continental ice during the  Fraser

glaciation about 20,000 years ago. . At this time the sea level

was depressed about 120 m below the present sea level and a



narrow qorridor would have joined Port Angeles and Victoria (Fig
1. 'During the Peak of the 1Illinoian glaciation‘(routhy
100,000 years ago, Wright and Frey 1965) - sea 1levels were
estimated to be 160 m below present levels and an even wider
corridor would have joined Vancouvet Island to the mainland.
~Marmots could also have crossed on the massive flood plain
| deposits that filled the whole Strait of Georgia region (Fig 1)
-during the Olympia Interglaciation about 30,000 years ago ({date

from Flint 1971) ..

Although 1little 1is known about the rate of animal
spe;iation, Mayr (1963) - has ‘estimated that even a rapidly
evolving island form would require a minimum of 100,000 years to
achieve full specific status. If Mayr is correct, it 1is nmost
1;kely that marmots colonized Vancouver Island during or before
the.;ll;uoiaqh.glaciation_ rather than at either opportunity

during the Fraser glaciation..

The Vashon Stade of the Fraser glaciation covered most of
Vancouver Island (Mathews, Fyles, and Nasmith 1970). Therefore,
if marmots crossed to Vancouver Island before this period, there
must have been either nunataks (high peaks and ridges emerging
‘gbove‘ the - glaciers) - or coastal refugia available on which the
_marmots could survive.., Geological evidence indicates that both
_punataks  (Heusser 1960, Mathews et al- 1970, Muller unpublished)
'and qoastal refugia (W.  H. Mathews personal communication)
existed.  There  are existing nunataks in Alaska and the Yukon

' which‘are vegetated (Cooper 1942, Heusser 1954) and support



Hq;g;jc',ground squirrel - (Spermophilus undulatus) populations

‘(uu;ray and Murray 1969). Foster (1965) concluded that - some
gpecies _of mammals survived the last glaciation on refugia on
?hehgggeg‘éharlotte Islands.. Thus it is not difficult to
_“imaqiqg Vancouver Island marmots surviving the-Vashon.glaciacion
.qﬁysipilar refugia. Other zoological evidence also supports the

refugia concept., No species of mammal other than

 ﬁ§.$xapcquveggnsi§-presently exists exclusively ‘in the alpine-
.‘§9pq}p;ne environment on Vancouvef Island and no other manmnmal
ﬂwépgpigs'pn.the island has diverged to the point of being
‘Ltgg?ggnized ‘as a distinct species;- In addition, white-tailed

. ptarmigan  {Lagopus leucurus) are also found in alpine

_:gnyéfonments and a well differentiated _;acé (L. leacurus-
;¢§§E§§§;i§)'°f this relatively implastic species is confined to
‘ﬁyagéqnyer Island (NcCabe And Cowan 1945). - Other arquments for
~¢3“d,59?i95t thé nunatak survival hypothesis are discussed by

Ives (1974)..

.. .M. .vancouverensis  probably crossed to Vancouver Island via

1§nqwgghhections that existed during the Illinoian glacial
_pggiq@iapd the species survived.the glacial maxima of the Fraser
4g;aciqtion -on nunataks or coastal refugia or both. As the
‘g;ac;ets retreated free dispersal was probably made possible by
_yhepsgx;stenée of "alpine habitat at the edge of-the retreating
u}qgtiigs‘the forests closed in below thenm Vancouver Island
%ggfmpﬁs mwould have - graduall?i become isolated on the mountain
”pegks-;hgt they now occupy.. A similar example of post glacial

golqpization of mountain tops has been  postulated  for the



..,,“9_9‘,191?919 hare (Lepus timidus) in Europe (Hoffmann 1974)..
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METHODS

STUDY AREAS

 'I made most of my observations at two colonies situated
ghopﬁ one kilometre apart on the southern end of Green Mountain,
on _Vgpcouver Island, British Columbia (numbers 1 and 2, Fig 1)..
The colony on the Haley Lake study area (colony number 1, Fig 1
uandIHZ) 'has presumably been in continuous existence since its
Avﬁirst»@iscovery in 1932 by K. Racey and I. McT. Cowan, since its
cha;acteristics have  not changed (i. McT., Cowan personal
communication)._ T also made brief observations on the other
GreénAMountain colonies {numbers 3, 4%, and 5, Fig 1) and on #MNt

Washington, Mt Heather, and Buttler Peak (Fig 1, Table I).
METHQDSNOF OBSERVATION

___; ~recorded observations on the behaviour of Vancouver
_;g;and marmots from 13 June until 16 September 1973 and from 30
Ap:i; ‘until 21 September 1974, The animals were observed from
selected vantage points, without the use of a blind, at
distances of between 50 and 300 m. Observations were made
vghroggh‘binoculars of 7x35 or 10x40 magnification, or spotting
scopes of 15-60 or 20-45 power.,. Only observations occurring at
least 15 minutes after my arrival were included in my results --
a time I judged to be sufficient for the marmots to habituate to
- my presence.. _Observations were recorded in notebooks, on

preconstructed tally charts or with a tape recorder.
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_ Figure ‘1. Locations of known Vancouver Island marmot colonies

1.

. 3..
b,
5"
s
gt
8.
90
10,
1 “ .:‘

12

Haley Lake study area (1976)*
“Green Mt, colony 2 (1974)
_Green Mt, colony 3 (1974)

Ski. Club, colony & (1974)

Ski' Club, colony 5 (1974) -
;Buttler Peak (1974) -
;Jordan Meadows (1930)

Mt Whymper (1971 -

Heather Mt (1974)
Shaw Creek,

Mt Moriarity (1971) :

headwaters (1944) -
Mt McQulllam (=Saunders;
..Mt DeCosmos (?)

13.

14,
15.
16.
17.
18.
19.
20.
21.

23.
24,
25,
26.

.Golden Eagle Basin (1910) -
. King Solomon Basin (1910) :
.Mt Douglas (1910) .

Mt Arrowsmith (1938)

.Cameron Lake (?) -

Beaufort Range (1968} -
Drink Water Creek (1940)

.Flower Ridge (?)
22,
Bt Albert-Edward (1970)
.Mt Strata (1955)

.Mt ¥Washington (1974)
.Comox (1968; a dispersing

Golden Hinde (?)

marmot was collected near

the

‘city)

L-_fﬂ@apgf@f-the most recent confirmation of colony existence
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.uwgigggg; 2. Photographs of the ‘Haley Lake study area

A. .Photograph of -the whole Haley Lake colony

B. Close-up photograph of the part of the Haley Lake
colony used most extensively by marmots (see also Fig
22, 23, and 24)
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- Table  I. Habitat
o colonie

characteristics

s

13

of Vancouver Island marmot

~Colony Name
and Number

1 Haley Lake
2 Green Nt
%1Gtegn'mt
| ?'Skig¢1ub
.. 3 Ski Club

6 Buttler Peak
.7 Heather Mt

.8 Mt Washington

North
Latitude Longitude

490
490
490
490
490
490
490

49o

Hest

o1
01?
02*

03¢

03

00°?
53¢

4o

1240
1240
1240
1240
1240
1240
1240

1250

191

19
20°*
20

20°

20

30°*

140

Slope
{Degrees)

Aspect Elevation

{Meters)

33-63¢1)
35C1)
33-45€2)
40€¢1)
35-56¢(1)
35-70¢2)
33€2)

20¢2)

SSE

ASW

SE

SSW

1100~ 1400
1150~ 1350
1500-1600
1550~ 1600
1550~ 1600
1500-1550
1300~ 1400

1500- 1600

————— P — - — — i . > " . — i - - - ——_ - — - ——— -~

(1) ‘degree of slope measured w1th a clinometer

~_;(2) GGQree of slope estimated

A A —— ——— —— . . - — - ————— . . — - > —— - ——— —— i W S A S by WD o D
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,:'xo} obtain gquantitative data on marmot behaviour I -used a
Afpcqlfauimal sampling method {Altmann 1974). » Focal—-animal
sanpling consisted of selecting one individual and continuously
recording its beﬁaviour.. Often more'than‘one individual could
‘be _gpsgpved at - one time, but it was never possible to observe
Ug};hgp;qgls at all times (Ad libitum sampling, Altmann 1974)., I
_was wga;ély faced with decisions on when to  terminate
qbse;vapions on a focalvindividual because focal animals usually
éisagpea;ed from view within a short time. . Some'observation
 ?eriodstere devoted to scan  sampling; - the recording of the

_.behaviour and location of each animal every 10 minutes.
ANALYSIS OF SOCIAL BEHAVIOUR DATA

. I considered a social "interaction" to be an uninterrupted
sg:ies of social behaviour patterns or "Macts" between tvwo
igdividuéls.J- Interactions ' were considered to be distinct if
they were separated by an interval of more than one minute, . I
counted a social behaviour pattern only once unless it was
sgparated by some other act other than tail raising, since  tail
;aising':always occurred at the same time as some other act.
iq?eractions among three animals (triadic interactions) were

treated as a set of dyads (interactions between two animals)..

I arbitrarily decided that a focal ‘animal sampling period
.had to beggreater than 15 minutes in duration before I would

include it in estimating the rates of interaction. ., I felt that
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by only considering sampling periods that were longer than 15
minutes I would eliminate biasses inherent in short sampling

periods,

I calculated the rate, R, that any group of animals, i,

(i.e. adult males), performed any social behaviour, B, from the

following formula:
Ri(B) = —====m=- (n

where

Si(B) is the number of all of the B acts involving or

performed by group 1 during sampling periods {s),

when individuals in group i were the focal

individuals, and

SHi is the total time in hours ({(animal-hours) of

sampling periods where individuals in gqroup i were

the focal individuals.
The rate, Ri(B)}, is therefore an estimate of the number of B
acts that animals in group i were involved in during each hour
that they wvere active above ground and in plain vievw (i.e. not
per hour that I sat observing the colomny). The units of Ri(B)
are interactions per animal-hour. The rates of behaviour for
individual marmots were obtained by considering the group as

being composed of only one animal.

The rate that group 1 performed act B with any specific

group j, is:
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Si(B)i:j + Sj(BYi:j
IR(B)izj = ====—mmeomme—cm——e e (2)
(2) (SHi + SHJ) -
where
Si(B)i:j is the sum of all B acts that occurred
between 1 and j during sampling periods when the
- participant from group i was the focal individual,
-, and-
there is a 2 in the denominator to correct for the
. fact that by watching each group independently I
effectively counted each interaction twice. .
The units of IR(B)i:j are interactions per animal-hour,_ where
énimal—hours "represents the number - of ' hours that animals in

groups i and j were active above ground and in plain view. .

Some dyads never interacted during sampling periods,
;indicating Ri(B)i:j = 0, even though they may have interacted
during observation periods which were of a shorter duration,
thus -indicating that Ri(B)i:J is greater than zZero. A non-zero
estimate of Ri(B)i:j can be calculated if Si(B)i:3j is calculated
rather than counfed directly. The total number of B acts
6¢curting between groups i and j over all observations
regard;ess of their duration is T{B)i:j, and the total number of
% acts occurring between group i and any other animal of known
age and‘ sex 1is T{(B)i. If mny observations of behavioural
interactions were unbiassed then Si(B)i:j should be the sanme
proportion of Si{B) as T(B)Yi:j is of T(B)i. .

Thus,
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Si(B)1i:j T{B)i:j
Si (B) B T(B)1i
and

Si(B) x T(B)i:j
Si(B)izj = ==m—=m=—mmm——————- (3)
T{B)1i
Substituting eguation (4) into equation (3) yields:

Si(B) x T(B)i:j Sj(B) x T(B)i:j

................. S

T(B) i T(B) j
IR(B)i1j = ==---mmmmc e e e ~{sa)
C . : (2) (SHi + SHJ)
Equation 4a is the formula I wused to calculate interaction

rates., .

It was necessary to be more explicit in the calculation of
interaction rates for some social behaviour patterns, since
socia1 behaviour patterns could be either reciprocal or non-
reciprocal. I considered social behaviour patterns to be
reciprocal if the act appeared to be a mutual exchange of
signals betvween the interactants (e.g. greeting, see also
. section on Social Behaviour Patterns). . Non-reciprocal
”bgha?iours wvere those 1in which +the interactants acted very
diffe:ently from each other (i.e.. chasing). , Only one
interaction rate estimate per dyad was <calculated for each
reciprocal act since the rate that animal i greeted with animal

. j was the same as the rate that j greeted with i, i.e:

Ri(G)i:j = Ri(G) j:1i
and
IR(G)i:zj = IR(G) j:i.

Hovwever,. in the case of non-reciprocal acts, the rate that
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”gnimal' i chased animal j is not necessarily equal to  the rate
at vhich j chased i, i.e:3

Ri(C)i:j # Ri(C)i:i.
Thus  for each non-reciprocal behaviour, two estimates of
interaction rate were calculated for each dyad, IR(B)i:j and

CIR(B) j:i.

where -
Si{B) x T(B)i:ij Sj(B) x T{(B)i:j
................. B o - n e e e
' T{B)1i T(B) 3
IR(B)itj = ==—-mmmm e e e e e
‘ : S (2) (SHi + SHT)
and
Si{B) -x T(B) j:1i Sj(B) x T(B) j:1i
................. § memmcwcnem ——————--
T(B)i _ T(B)3J

IR(B) §2i = ===——mmm oo e e - (4b)
j (2) (SHi + SHY)

mbe interaction ratés for a specific dyad can be added to
_ get.thé fotal interaction rate or-tofget the rate for any dgroup
of behaviour patterns (i.e. all agonistic acts).. There is no
simple relationship between Ri(B) and IR(B)i: ], when IR(B)iz] is
summed for all j's, because IR(B)i:j is a function of SHj

whereas Ri(B) is not. .

. The formula that I have developed for <calculating
;gpe;gction rates yield the same results as those equations used
by A;mitage (1976a) for some dyads. - However, Armitage
¢al¢u1ateé mean rates incorrectly by adding rates in "any

combination desired" (Armitage 1976a).
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Unless otherwise indicated, a significance 1level of 0.05

.vas,used for all statistical tests.
TRAPPING AND MARKING

In 1974 marmots were captured in 25x30x80 cm or 22x22x63 cnm
live traps manufactured by Tomahawk Live Traps Co., Tomahawk,
Wisconsin, U. S. A. Baits used were peanut butter, peanuts and
the 1leaves and flowers of preferred species of food plants when

these were available (Appendix I). .

Marmots were transferred from the traps to a handling cone
_similqr to the one illustrated by Taber and Cowan (1971). ©No
‘trqnguilization vas necessary. . Animals were measured using a
flexible steel millimetre tape while being held as nearly as
pqssible in an extended position.., I recorded the sex, and
yeighed the marmot with a 12 Kg spring balance (Pesola Scales,
'Basle, Switzerland) -that could be read to the nearest 100 g,
The occurrence of ectoparasites and a description of the molt
was alsq recorded, Fach animal was marked by attaching a single
‘qpmpered rabbit ear tag (style #4-1538) supplied by the National
Bapd and Tag Co., Newport, Kentucky, U. S. A..  With each tag one
or tvo coloured plastic markers of Dymo embossing tape (Dymo of
Canédq Ltd., Missisauga, Ontario), approximately 1x2 cm, were
applied. Ear tags were placed as far from the margin of the ear
as possible before the thickness of the ear becane limiting.
Tags were occasionally lost by other animals biting the coloured

markers and ripping the whole tag from the ear. Tags were most
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frequently lost in the traps or during handling. Most animals

. were tagged at least twice during this study, .

In an attempt to. permanently mark animals I tried the
“freezé;branding techniques described by  Farrell, Koger, and
‘_'_Teiirn.w.a‘;_rd‘~ (1966) , Hadow (1972) ° and Churchill and Coburn
.(qnpéb;ished). The desired result of freeze branding is a
_pggfoxthv of white hair in the shape of the brand which can be
ﬁgggqu?zed' at a distance.. This result requires that the
¢P?1599§1t95 be destroyed but not the hair follicle. In previous
w?lg?q;é;éry studies, the regrowth of white hair occurred in 3 to
Whﬁﬁygg§§ and Wwas retained through subsequent molts {Farrell et-al-
»1?§§{%$ajlor 1969, Hadow 1972, Churchill and Coburn unpublished,
‘; §§%323§ ;nd Rowe 1975). ., I used two brass branding "ifons:" one
M‘iﬂ71£§ Cmv rectangle, and the other a circle, 3 cm in outside
‘ ;@%??9??: and 1.6 cm in inside diameter, Each b:and therefore
wﬂﬁgq_ﬁgﬂisurface area of 5 cm2., Each animal was marked with a
Lh‘gnigpgw'combination 6f two brands by varying the ~ brand
;ép;§egggpion=and position on the body. Brands were applied to a

shaved area on the body for exactly 30 seconds.
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_MEASUREMENT OF MICROCLIMATE

In 1973 daily maximum and minimum temperatures were
:ecor@ed.J In 1974 all of the following measurements were
obtained. Daily rainfall was recorded with a Tru-Check Rain
Gauge‘(Tru-Check\Inc., Albert Lee Minnesota). A ‘continuous
;eco;d of temperature and humidity was obtained from 12 June
lﬁntil_3 November using a 31 day Casella thermohygrograph. The
lthgrmohyqtograph vas enclosed in a Stevenson Screen which was
sitgated on a small eminence in the centre of colony number 6ne.
Additional weather information was obtained from instruments
6perated by the Secretariat for the Environment Land Use
Committee of the Province of British ~Columbia.. ‘_These
instruments were locatea approximately 300 m below colonies 5

and‘6.?”
VOCALIZATIONS

I_;ecorded vocalizations of both’trapped and free ranging
‘?arq9t§ Qith a Uher 4000IC Report tape recorder. The microphone
,uéeq was either an ElectroVoice 644 Sound Spot directional
micrqphdne or a Sony Dynamic M136 microphone.. The recording
.spegngas‘always 19.05 cm per s. Sonograms were made from these
,Argqqrﬂings on a Kay Co. Missilyzer model 675. . Recordings of
bpgggytrapped and free ranging marmots were used in the
,calgﬁlgtions of whistle length and frequency. All other data

were from free ranging marmots only.
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RESULTS
‘HABliﬁT CHARACTERISTICS

vancouver Island marmots live in subalpine habitats that
are pharactetized by steep cliffs, talus debris, and open
meadows that are usually oriented south'éf _the east-vest line
(Table“l; Fig 2 and 3). . Below the talus, 'the slope becomes less
§tegp, the substrate becomes more stable, and herbaceous plant
,cgggggiﬁies develop. . Wbere the slope is steep enough,
_agq;apches and snow creep inhibit the establishment of trees.,
 Evidence of these forces can be seen in the form of uprooted
'sqp}iqqs and the distinct_basal crook in all established trees

(Fig 3B).,

. All of - the marmot colonies that I visited had plant
communites that were characteristic of the Parkland Subzone of
_ the Subalpine HMountain Hemlock Zone of British Columbia (Brooke,
vpgterson, and Krajina 1970).. Within thg-Parkland Subzone Brooke

t al (1970) describe eight plant associations.. Plants found on

I

the Haley Lake study area such as' mountain hemlock - Tsug

- mertensiapa, yellow cedar Chamaecyparis-nootkatensis, blue-leaf

‘huckleberry Yaccinium- deliciosunm, partridgefoot Leutkea-

pectinata, and mountain daisy Erigeron peredripus-(see also

appendix- I) vere characteristic of the Nano-tsugetum
mertensianae association, subassociation nano-tsugetun
mertensianae.  Other plant associations were also present on the

Haley Lake study area and on other colonies. Three colonies, Mt
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- FPigure 3. Photographs of Vancouver .Island marmot habitat

A. The Haley Lake colony illustrating a typical open
meadow habitat

B. .The Mt Washington colony illustrating the dense
cover of white rhododendron and alpine fir
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_QQ§§ipg§on, Heather Mt, and Central Green Mt (colony 3) differed
from»the'others in that they were not below cliffs. Open
meadows vere - characteristic of all marmot colonies except Mt
Washington. Marmot burrows on Mt'WasHington were located in an

lasiocarpa.. The area was also covered by a dense -growth of

e e s s o

Vgh;gg_ rhododendron Rhododendron- albiflorum, and Vacecinium-sp..

(Fig 3B) .

,_wTygyclimate of the Subalpine Mountain Hemlock Zone is
.characterized by cool short summers and vet winters with
_'pqnsiderable precipitation falling as snow (Table 1II).. The
;gpgth. of the growing season is Aifficult to determine in
§ubglpine areas since minimum air temperatures are often well
abqve fteezing vhile snow still persists on the site due to the
vwgpga;;gcgumulations during the~winter (Brooke et al- 1970 and
‘ Tqb;e II). On the Haley Lake study area in 1974, the number of
‘fros;ffree days was ahove average at 135 days {Table 1II), but
the.effeCtive grovwing season was about two weeks less on much of
‘gye colony (Table 1II) as a result of a ‘persistent snowpack.
Houever,lthe snow paék was not evenly distributed. The cliffs
above the <colony were too steep to accumulatg much snow and
therefore became snow free much ealier than the rest of the
colony. The - cliffs on the other colonies were also the first
areas to become snow free. K A small part of colony 2 was free of
snow very early in 1974, apparently having been kept relatively
snow free by the prevailing - wind.  Marmots foraged on these

early snow free areas until the snow melted from the wmain part



. Table II. Climatic characteristics
R area and a typical Parkland Subzone location in the
after Brooke et al- 1970

Coast Mountains,

of the

25

Haley Lake study

. —— . A - . . D . T T D T > S D T > D T VD o > T e YD W A A — i T _—— TP R VD W W WS - -

. .., Climatic
', "Characteristics

1970

- — W T W i . e e S M M R G W W S W D D TN W A P A . A e — A S O W S W D W A - - -

. annual -precipitation
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rainfall from June
mhﬁhrOQgh September {(cm) -

. mean temperature July
~through September (°C) .

~ date of the last
" frost in the spring

~number of frost-free
. days ..

maximum accumulation
~of sSnow (cm)
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" snow in the spring

Haley Lake Year
Study Area
25 1974
13.0 1973
15.5 1974
13-20 June 1973
3 June 1974
115 1973
135 1974
approximately
300 - 1974
early June 1973
late June 1974

end of Hay

114

370

late June
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of the colony. On the Haley Lake study area in 1974 marmots had
to forage on the cliffs for 6 weeks after emergence in the

spring.

~ Steep slopes are characteristic of Vancouver Island marmot
habitat lﬁecause they are susceptible to avalanches, . Avalanches
p:oyide" suitable habitat - 1) by maintaining herbaceous
communitieS/'through' the inhibition of tree growth, and 2) by
rgdu;ingfthe.accumulation of snow, relative to flatter areas,
‘which in turn:results in the meadow becoming snow free earlier

-in the spring, thus increasing the effective growing season.

The average area of 8 marmot colonies was about two

-hectares (range 0.5 to 4.0).
PHYSICALjCHABACTERISTICS

i ‘:ecognized the following age classes of Vancouver Island
mgrmots:, infants, yearlings, two-year-olds, and adults.
W;Qggpification of age classes was based on weights (Fig 4). I
ludiﬁ;not_trap any infants during this study, but infants were
gasily distinguished because of their small size (Fig 4). My
_sg&plé size was too small to compare the differences between the
wg%gh;s éf male énd female yearlings, but yvearlings as a group

Aweighed less than two-year-olds {(F=123,13; d.f.=1,16; p<0.00}. .

Some females had weights that were significantly greater

than fenmale yearlings (F=65.6; d.£.=1,13; p<0.001) but
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. Pigure 4. Seasonal changes in. the  weights of Vancouver

Island marmots

The growth rate equations are as follows:

Adults, sexes combined y

0.0245x + 2,466

Two-year-old females y 0.0259x + 1.516

Yearlings, sexes combined y = 0.0230x + 0.584
where 'y is the weight in kilograms

and x is the number of days since spring emergence
(30 April).,

1 knovwn 'aged two-year-old

2 infant female; data from a specimen collected from

Mt Washington in 1965, University of Alaska specimen
#28754
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significantly less than the iargest fgmales (F=18.7; d4.£.=1,22;
P<0.001) .. I assumed that these animals were two-year-olds. In
1975, I  captured one female known to be two years old. .  She
weighed slightly less than the'average two-year-weight predicted
from the' growth rate equation (Fig 4). This observation 'is
consistent with the -assumption that two-year-olds weigh less
Mﬁhan adults. Two-year-olds can be recognized by weiqht in

M, caligata (Barash 1974b) and M. .olympus  {Barash 1973b). .

,Fll males that were hon-yearlings had similar weights, . Tbe
absencg of any males recognizable as two-year-olds could be the
result of the absence of any two-year-old males on my study
areas or the growth of males being such .that they reach their
,Hgdglﬁ;!heayiest)~weight as two-year-olds. - In M. olympus; two-

kyeéffo;d méles are still distinguishable from adult males on the
.‘2?5%3 ”of weight (Barash 1973b). Ivassumed that the same would
. ?e true for Vancouver Island marmots and that I ‘had no two-year-
‘Iélﬁ malgs on my study areas. The term adult, then, refers to
,animals that are’ considered to Dbe at least three years old.
Adulp‘males wéigﬁed significantly more than adult females (Fig

5; F=6.87 d.f£.=1,28 p=0.014).

Growth rate appears to - be linear for all sex and age
classes throughout the  summer (Fig 4 and S)..  Analysis of
covariance indicated that the rate of weight gain did not differ

signifiqantly among sex and age classes. .

~ Barash (1973b)  used the change in M. olympus-tooth colour
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:RiQ@FQQ 5. Seasonal changes in the weights of adult marmots

The growth rate eguations are as follows:

Adult “males y = 0.0210x: ¢+ .2.561

Adult females y 0.0263x + 2.489

vhere y is the weight in kilograms

and x is the number of days since spring emergence
(30 april). .
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L‘ﬁ;gpﬁgqll white to dark orange) as an aid in separating age

éla;ses. This was not possible in Vancouver Island marmots.
since'the tooth coléur of all Vancouver Island marmots was dull
.white.,

__«H'Qpe?fresh pelage of M. .vancouverensis is black .or very dark
:hrovn,f_7This colour ‘is uniform over most of the body except for
;_conspicuous patch of white fur around the nose and mouth, a
':smail white mark on the forehead, and some white streaking on
the breast and abdomen. . The -colour of the fresh pelage
gradually  fades over tﬁe summer and foliowing spring to a light
éinnamon brown. . Vancouver Island marmots molt only once per

year. .

The progression of the molt was easily observed in the
field because the fresh pelage contrasted so sharply with the
0ld faded fur.. Animals first showed signs of molting in mid-
July. . The nev fur emerged first on the rump, or on the forelegs
and shouldérs., The emergence of fresh pelage over the rest of
the body was extremely variable, ., The last areas to molt were
qsually the~back of the head, the tail, and the rump.  Some
animals did not appear to complete their molt by the time they"
‘hihé;nafed in late September; nonetheless, molting finished at
this tiqe;. Incomplétely-molted animals emerged from hibernatiom
tbe_ next spring at the same stage of molt as they were at the
vprevious fall, and no subseguent change occurred until the next
July. . If an individual ' had not completed its molt from fhe

previous year, the molt began first in the areas having the
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A:p}ggst_vpelage. Young animals emerged from the burrows with
:.black ﬁur. They did not appear to molt during their firs£
summer but molting would be difficult to detect because of the
absence of any colour change. ‘I could not detect any other
differences in molting characteristics among different age and

seX'cLasses.,

_Davis (1966) noted that M. monax-also had a variability in
the ‘progression of +the molt, although it always began on the
rump. He also observed that some animals d4id not complete their

molt each year. . One molt per year appears to be the ‘rule among

~marmots, M. monax {(Hamilton 1934, Davis 1966), M. vancouverensis-

(this . study), M. flaviventris (Armitage 1974), and M. olympus-
(Walker 1964), although this was disputed by Barash (1973b) : for

‘M. olympus.

”_A;l freeze brands were applied oﬁ eithér the 23, 24, or 25
_-JQ;Y'797“' This was the eariiest date possible because ‘a labour
§trike prevented the production of dry ice until this time. At
?b?h,ﬁime of application, fresh pelage had already bequn to grow
’o§er much of the body. . Four weeks after branding no regrowth of
fur_had_occurred.u The branded areas were bare, the club hairs
anq avlayer of skin having been sloughed off. Seven weeks after
b;anding, the brands had still not grown in completely. The fur
_qhich, was in the process of growing in was either black, the
WMgp:malﬁcolour of fresh pelage, white, as expected, or- rarely,
»plagk with white tips. No brands were visible at a distance as

white fur in 1974, In June 1975 the brands had still not
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_Tegrown on the one individual for whicﬁ detailed observations
were possible, No animals displayed white brand markings which
were visible from a distance at this time. 1In August 1975, the
bpands on one individual had regrowh with normpal colouréd
_ingmentation. However, three nmarmots had brands that were
vidéntifiable at a distance of ‘about 100 m when viewed through a
15f60- power spotting scope. . On close observation I found that

these brands were only sparsely covered with white fur.

sihce 6n Vancouver Island marmots the white fur did not
bggqme'visible ﬁntil the next molt after branding, over oné year
later, freeze branding was useless as a marking technique for
‘this study. However, in the future the efficacy of freeze
braﬂding might be increased in two ways., One, branding could be
done earlier in the summer to minimize the time between branding
~and the beginning of the molt;.-This could result in brandé
beqqming visible in three to six weeks as in the laboratory
§tudies .fHadow 1972, Churchill ‘and Coburn unpublished, Lazarus
vand nge.1975);, A second improvenent thaf-could be made is the
1gng;h of time during which  the brand was applied. . The
apgl#ca;ion time is . very important to ach}eve good results
.(Bangell et al - 1966,  Hadow 1972, Churchill and Coburn
unpublished) . K Free ranging  marmots may require a different
b;agding time than was predicted from experiments with Abert’s
. squirrels (Sciurus aberti) and ' fox  squirrels (sciurus niger) -
”(EEQQWLJ 1973)  and  Columbian ground squirrels (Spermophilus-

gg;gggiggg§,‘Chu:chill:and Coburn unpublished)}. It is not clear

_from my results whether the branding time that I used was too
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?ime to regrow and normal pigmentation sometimes developed, the
‘application'time appeared to be too long (Hadow 1972).. However,
thg resulting intermediate pigmentation in some animals
ind;cafed that the application time was too short (Churchill and

Coburn ‘unpublished).

Lazarus and Rowe (1975) wused a commercially available
:pressu:ized refrigerant as a freeze branding agent. . Their
:;esults arebextremely;encouraging and their iechnigue appears to
be nuch more éfficient'than using dry ice, especially under
ﬁield conditions. A pressurized refrigerant available in Canada
_;imilar to the one used by Lazarus and Rowe (1975) -is Can.0.Gas

Refrigerant 12, Virginia Chemicals Inc., Portsmouth, Va. . H U.S.A.
COLONY COMPOSITION

.I%considered a colony to be a group of animals that was
I;gq;atgdv both geographically and socially from other such
;9§%;ipi§s. I knew the exact population size for two <colonies,
;:go}gqies one and two on Green ﬁountain (Fig 1),_ Thése :esults.
vﬂé;g p:esented in :Table I1I.. Since I did not +trap animals in

. 1973, I vas only able to recognize infants and older animals and
@gggﬁﬁéqéble to determine théir se#. However, I knew the status
.wﬁgfvppsg‘animals in 1974.  The average colony ' size in June,

. before the ‘infants emerged above ground, was 8.3 animals (n=4,

' y,?@ﬁle<$11f-- A1l the other colonies that I observed appeared to

‘ b§ﬁh9f_a_simi1ar size.,  The average size of five litters was 3.0
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_£.32 (SE) infants (n=5)..

rﬂapgement of marmots between colonies was very rare.. There
:ye:e pnly four occasions, that I knew of, when marmots moved
_between colonies on Green Mountain., I saw tracks of marmots in
the‘snpw.bétween'colonies one and two on 20 May 1974 and most of
the‘_wéy from colony‘'one to colony three on 11 June 1974, bne
. adult nale was observed on colony one until 2 June 1974.. On 12
,-qugJ he’ was seen on .colony‘ two. where he remained for the
dprqtion,of‘the summer, , An adult male ihmigrated»to~colonv' one
,‘fyom an unknown 1location on, or shortly before, 25 June 1974, .
Hg rgmgined there for the duration of -the sumnmer. Colony one
tperefore Was occupied by three different adult males in June
jaly;_gowever, there were only tv¥o present _at "any one time
s(rab;gleI)., I was unable to determine the sex of three marmots
ghgn_ I first captured them. 6K They were rarely seen subsequently
and were never recaptured; therefore, their sex was never

determined. .
ACTIVITY PATTERNS

‘:Ihe‘ general patterﬁ of Vancouver.Island marmot activity is
‘gu}tﬁ‘ similar to 'that' reported for other marmot species
;gggm;;age 1962, Gray 1967, Barash 1973b, Hayes 1976). . Vancouver
 151apd ‘marmots have an annual schedule made up of a summer
~activity period of 4 to 5 months and a winter hibernation period
qu 7 to 8 months.  In 1974 marmots were active on 30 April, the

,fi:st"day that I visited the Haley Lake study area. Tracks in
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"Table III, Age and sex composition of marmot colcnies one ard two

L D D . T A A > . — . —— . - - — - = > Wb —— - " — . = P & B == - - - ————

Number of Marmots cf Each Age and Sex

Ccleny Year Month A4 AF A? 2F 2?2 YM YF Y2 12 TOTAL
1 1973 June 1 11
July 11 6 17
Aug 8 4 12
Sept 8 g 12
1974 May 2 2 1 1 1 1 2 1 11
June 2 2 1 1 1 1 2 1 11
July 2 2 1 1 1 2 1 10
Aug 2 2 1 1 2 8
Sept 2 2 1 -1 6
2 1973 June 6 6
July 4 z 6
Aug 4 2 6
1974 May 1 1 1 1 4
June 1 1 1 1 1 5
July 1 1 1 1 4
Aug 1 1 1 1 4
A = Adult ? = Sex urknown I = Infant - F = Fenale
M = Male 2 = Two-year-old Y = Yearling

v e e J . R LT e
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_;¢Fh?,§n9¥ indicated that marmots had probably not been active for
yg;y'loég and all individuals had not- necessarily ended their
Qiberpation at this time. There was no sign that any anipals
vhgq yet emerged when I visited the Haley Lake study area on 17
pp;il j975._ I last saw marmots on 16 September 1973 and 21
VﬁggFgmhe:-197u. I observed various colonies for many hours, on
vﬁevgpg;vjdays after  these dates,  Naturalists recorded seeing
'Mpggggt§;on the Haley Lake study area on 30 -September and 1
ﬁQqP9§§§/5972 (Bob Morris and Ted Barsby personal communication)..
Thus ;i*considered early May to be a reasonable estimate of
pﬁpgigglgmergence'with most individuals in hibernation again by

;mid—Septgmber.

';“; .did not notice differences among age-sex classes with
;gspggt to the time of spring emergence or fall hibernation but
i;vhave ~few observations from these periods., It would be quite
unu;gai if Vancouver Island marmots did not have age specific
eﬁergence and hibernation times since this is characteristic of
_all*o§her marmot and ground squirrel species that I know of
(g.g.vVos and Giilespie 1960, Armitage 1962, Iverson and Turner
'1?12, Xeaton 1972, Barash 1973b). Both litters of infants that
vere _born» on the Haley: Lake‘study area in 1973 emerged fron
their‘burrows for the first time on 11 July. Swarth {1912)
npted that in the Mt :Douglas area no litters had emerged by the

third week in July 1911,

I compiled activity budgets for each individual in terms of

‘the percent of -the total observation time that a marmot spent
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_resting {lying or sitting outside of-the‘bufrow), feeding, in
the burrow, moving ({without feeding), engaging--in social
behaviour, and grass collecting. Activity budgets for the
months of May through September are presentéd in Figures 6 to
10.. Only the data for resting, feeding, and in burrow time are
presehted since these three behaviours accounted for more than
93% of the time budgets of allfgnimals in each month.  The data
were'hcombined- for all  individuals since there were no
significant differences among age-éex classes with respect to

these three activity patterns..

‘ ?he daily pattern of activity varied with the time of year.
Aaig;ddqy activity 1lull was not apparent in May and Septenmber,
- In June, July, and August marmots wvere much.more'actiQe in the
~mornings and evenings than at midday. The obvious decline in
middayf activity in July and August seemed to be the result of
th:eelfactots; temperature, an inherent circadian_rhythm, and a
general decline in the amount of time spent feeding as the

sunmer progressed.

S divided the day into thfee periods, morning, midday, and
_éyeg;ngﬂl based on the duration of a marmot day.. These periods
‘"vgfied-s}ightly between months “but the midday period was usually
'between.1100 and 1600.’h0urs.. The maximum daily temperature
‘occurred during the midday period except on a few unusually cool
vdays.“ The percent of time spent feeding at midday dropped off

- dramatically when the maximum daily temperature exceeded 200¢C, .
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Maximum Daily ' Percent of Time Spent Feeding
f'Témperature (°C) During the Midday Period
0 - 14,9 23
15 - 19.9 22
20 - 24.9 6
25 - 29.9 0

Also, the time spent in the burrow at nmidday was  directly
”;pr:glated with the maximum daily temperature {r=0.69, p<0.0%).
Temperatures over 20°C were much more common in July and Augqust

than in the other months. .

. When the nmaximum temperature was less than 20°C marmots
é;i}l fed sigificantly'leSS‘during midday ‘than they did during
the”jmoyning and evening periods (data from morning and evening
periodsAwere iumped and tested against the nidday period;
t;g.sp, df=63, p<0.0¥ .. Thus there was a bimodal-pattérn of

-daily feeding - activity- which was accentuated by high

temperatures. .

-.tThe total time spént feeding per day decreased throughout
')vgggnsnmmer._ This trend was probably the result of an increase
_}g:ibotb' food quality and guantity over the summer. As the
summer progressed vegetation quantity increased as the: snow
@eltgd and vegetation guality increased as more species came
into“flover.ﬂ Flowvers are more nutritious than vegetative parts
(Svoboda 1972) -and are selecﬁed by marmots when available
(Appendix I). As the time reqﬁired to obtain sufficient food
. decreased, there -would be 1less pressure to feed at midday,

further accentuating the activity lulls in July and August, The
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Figure 6. Activity budgets for May, all animals combined

65 animal-hours of observation



TIME FEEDING (FER CENT)

TIME RESTING (PER CENT)

TIME IN HRROW (FPER CENT)

MAY ACTIVITY (ALL ANIMALS)

10, 14. 12. 13- 14. 1S. 16 17-

HOLR OF THE DAY -

18. 419. 20.

10. 11. 312. 13, 14« 1S. 16. 17-

HIR OF THE DAY

18. 19. 20«

10 13. 12 13. 314, 1S. i6. 17,

HIR [F THE DAY

15. 18. 20.

39a
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,;5§ignﬁgﬂﬂ7.,Activity budgets for June, all ‘animals combined

175 animal-hours of observation



(FER CENT)

TIME FEEDING

(FER CENT)

TIME RESTING

TIME IN BLRROW (FER CENT)

JNE ACTIVITY (ALL ANIMALS)

Loa

70'&-

6. 7.

HOR F THE DAY

8- 9. 10. 1i. 12 13, 314 31S5. 16 17. 18- 19. 20. P1. 22 23e

—

g 7. Be 9. 10. 11, 12. 13. 14, 15

——

HOR OF THE DAY

16,

17.

—

i8.

19.

20.

21, 2. 23.

T

=13

5. & 9. 10. 11. 12 13- 14 1S, 16. 17 1B. 19. 0. 21. 22 23+

HOUR OF THE DAY
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__Figure 8. Activity budgets for July, all animals combined

202 animal=hours of observation



TIME IN BERROW (PER CENT)

TIME FEEDING (FER CENT)

TIME RESTING (PER CENT)

JLY ACTIVITY

(ALL. ANIMALS)

1

I_—‘l_— |

Lia

4

9. 10. 11. 12 13- 14. 15. 16. 17. 1B. 19, 50. 21, 2. =3

HIR OF THE DAY

T 1

—

9. 10, 14, 412- 13. 14. 1S. 16, 17. 18. 18. 20- @e1.

HOR OF THE DAY

2. 23.

. 9. 10 411, 12. 13- 14, 15. 16. 7. 18B. 13. 0. 21. - 23,

HOLR OF T DAY
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Figure 9. Activity budgets for August, all animals combined

114 animal-hours of observation



TIME FEEDING

TIME RESTING (PER CENT)

TIME IN BHRROW (PER CENT)

(FER CENT)

AGST ACTIVITY (AL ANIMALS)

42a

Se 6 7. B .G¢ 10. 11, 42« 13- 14s 15- 16

HIR OF THE OAY

17 18. 19, £0« 2le =0 23

I

HIR OF THE OAY

6 7. 8- 9. 10. 11. 12, 13. 14 415. 16 17. 4B 19. 20. o1. =2 23-
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‘Afiguggﬁlp.,Activity budgets for September. all -animals combined

70 animal-hours of observation



TIME RESTING (PER CENT)

TIME IN BLRROW (FER CENT)

TIME FEEDING (PER CENT)

SEPTEMEER ACTIVITY (ALL ANIMALS)

43g

10

11,

E S

2. 13- 14. 1S.

HOR OF THE DAY

16,

17

18, 19. 20. 2l.. 22

G 7. 8. 9.

10.

11.

2. 13- 14, 1S,

HIR OF THE DAY

16

17.

18. 19. 20. P1. oo,

10.

11-

2. 13- 14. 15

HOLR OF THE DAY

16.

i7.

8. 18. 20 23, 22
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absence of a midday activity 1lull in September may be an effect
_of_shortiday length or metabolic changes of upcoming hibernation

anthe basic circadian rhythn,

“Iv'saw marmots collecting the brown deaa stems of grasses
~and sedges and taking them into their burrows on 152 occasions.
I~_assumed that this material was used for bedding since I never
saw marmots eating it above ' ground. The frequency of grass
.collec;ihg decreased through the summer but there-was a slight
igc:ease in September just prior to hibernation. 'Aault females
gplleCted-more often than the other age-sex classes., 1 observed
Qa;mots collecting grass at all times of day, but it occurred
»most_qften'at the very end of the day, just before they entered

~the burrow for the night. .
VOCAL;ZATIONS
. Whistles

_ihe sound most - frequently produced by Vancouver Island
ﬁ@aﬁmq§s is a loud piercing "whistle" which  originates in - the
‘Eygég;tigpords-ﬁ The dominant frequency of ‘a whistle is the first
_¥h§;gqg§q‘or fundamental frequency. The first harmonic occurs at
‘g?jpé§§3lﬂz (n=36). . ¥histles also possess a second harmonic -at
”3§pgptf$$700 Hz and a third harmonic at aboﬁt 8400 "Hz. . Both of
.»@?esewhyarmonics ‘contain much less energy than does the
;,f??ﬁ?@???al frequency (Fig 11 and 12). . The intensity of the

‘sqgng.did not vary appreciably throughout the duration of the
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- Figure 11, Representative sonogram of a short whistle

Recording speed: 19.05 cm per s
Playback speed: 4.76 cm per s
Narrow bandwidth filter
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 $#E;gggg;12._Representative sonogram of a long whistle

Recording speed: 19.05 cm per s
Playback speed: 9.35 cm per s
¥ide bandwidth filter



(SONOJ3S) 3INIL

(HZ)

Lba
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~whistle. .

N &I;gubjectively classified most marmot whistles that I heard
_in the field as being either "long", "pediun®, or "short" in
duration.. I then used sonograms to determine the duration of

each_of>these whistle types. . The results were:

- — — . A e —— D M G D D D W D W A A T VD W S W > S YU WD o W A A D, >

_ vhistle © mean

qlassification duration (s) range (s) SE n
long 0.57 0.27 - 0.84 0.052 14
mediun 0.26 0.23 - 0.29 0.009 7
Short' 0.20 0.12 --0.26 - 0.009 17

- T — A —— - - S > ———— T —— W W . VDT A - ———— > " ————

The inability to distinguish medium whistles was not serious
- since most whistles that I heard in the field vwvere clearly
either long or short. Medium whistles were therefore omitted

from subsequent-analysis except where noted.

There was no significant difference between the whistles of
trapped and free  ranging marmots vith respect to duration

(@;1.50)-0: fregquency (t=1.05%). -

A whistling sequence was considered to be any whistle or
,ggoup of vhistles that were less than one minute apart.. Host
whistling sequences consisted of a single whistle (Fig 13). The
longest sequence of long whistles was 50 whistles in 9 minutes.
_éng sequence of short whistles lasted 28 minutes and contained
~about 400 whistles, The interval between whistles varied with
the length of the whistle., Long whistles had a mean 1inter-

wvhistle interval of 17.9 $1.59 s and short vhistles averaged 2.9
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Figure 13. A comparison of ‘the length of long and short
o whistling sequences
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PERCENT OF TOTAL WHISTLING SEQUENCES

80-_

7044

304

20.L

D LONG WHISTES
mﬂﬂm SHORT WHISTLES

L Eal

1 2 3 >5

NLMEER OF WHISTLES IN A WHISTLING SEGLENCE
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#0,08 s between whistles.

.Marmot whistles serve primarily a warning function

‘(Armi;age 1962, Waring 1966, Barash 1973b, 1975).. Vancouver

Island marmots alwvays whistled when cougars {Felis concolor),

4¢?¥§9§:;bears (Orsus - americanus), golden  eagles (Aquila-

———— P4 LA

_Chrysaetos), bald eagles (Haliaetus
wmwfﬁé}ggihawks (Buteo jamajcensis) were detected.  These species
vﬁgf¢J gpobably the major predators of Vancouver Island marmots. .

LOgmgygudgcasion I saw a golden eagie make an unsuccessful attack
lygnuggmarmot.J On anothef, I am gquite sure  that two cougars
’ ;cqqghti a marmot at a spot where trees partially obscured my

Yi9"°x-A11 of - these predators have been reported to 'preyb 6n
, pthgr“vmarﬁot species (cougﬁrs, Barash 1973b, 1975; black bears,

Bag?ieid 1974; + golden eagles, Olendorff 1976, Barash 1975,
Qg;mipgge;and Downhower 1974; -bald eagles, Beebe 1974; red-tailed

hawks, Bent 1937).., Two important: predators of other marmot

Tspgp;es, coyotes (Canis latrans) and grizzly:  bear {Ursus -

e b 4 .

_..arctos), are absent from Vancouver Island (Cowan and Guiguet

j7lwhistle5"were given only 27 of 61 times (56%) that smaller

,faptors (Faloniformes) - and ravens (Corvus corax) ‘were present

v(yable»l?);, ¥#histles also occurred occasionally for other

. causes, but I could not associate any cause for 59% of the

whistles {Table IV)..

Since such a large proportion of whistling sequences was



Table 1IV. Causes of whistling and keeaw sequences
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Whistling Sequences

Stimuli ' Num

ber

Keecaw Sequences

D . = Dl > - > > - . ———— - —_—— A — " - - Ul - i > o

Pctential Predators
tlack bears -1
ccugars
rald eaqgles
gclden eagles
unidentified eaqgles
red-tailed havks
subtotal

NN E Wi

Srall Rartors and Ravens
marsh hawks 1
sharp-shinned hawvks
Ccoper's hawks
sparrovw hawks
unidentified swmall ragtors
ravens '
suktoctal

NEDWwEO

Miscellaneous Causes
intraspecific chases
aircraft
black-tailed deer
reorple
Yand-tailed pigecns?
ccmmon flickers?
Canada jays?
snow and rock slides
sudden hail storn

subtotal

DN aNsWwEEOD

Unkncwn Causes
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27

OO QOO w w4l

Percent Number Percent
6.1 1 2.6
1.4 1 2.6
1.9 5 13.2
2.4 5 13.2
2.8 1 2.6
2.4 1 - 2.6
17.0 14 36.8
4.7
1.9
1.4
0.5
1.9
2.4 2 5.3
12.8 2 5.3
B
.9
.9
Qu 2 5.3
.5 1 2.6
.9 .
.5
.9
.5 _
10.8 3 7.9
£9.4 19 50.0
100.1 38 100.0
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not associated with obvious predators, it 1is possible that
whistles could have some other function in addition +to Dbeing
qlaxmvlgalls., Bopp (1955) interpreted the whistles of Marmota-

~marmota as territorial calls.. Hovever this function has been

.;disputgd by Armitage (1962) and Barash (1973b), both of whon
.g@pﬁas@zed the warning function of this call, . The reaction of
_ggrmot; . was the same whether or not I was able to associate a
. cause for them. Therefore, I think that the "unknown" causes of
_mapy}gizthe wvhistles I heard were due to either predators that I
'd4id not see or conmon disturbances such as sliding snow, rain,
.yiqg(;. hail, or moving fog patches that alarmed certain

individuals (Table IV)..

.,.TKY;«;ately knew wﬁich-marmot'whistled but in each case whén I
- did the individual was already at a burrow entrance. Upon
ﬁea;ing a whistle marmots usually ran to a burrow entrance or to
the top of a rock that had a burrow underneath. Marmots rarely
ran and entered a burrow directly: in fact, they frequently
gmgrged from the burrow at the sound of a whistle. . Once at a
&ﬁuppqw'eﬁtrance_marmots ~looked about for  the cause of the
Qisfg:banqe.‘ Marmots do not immediately enter their burrows
.bxhgpudiéturbed presumably because it is adaptive to keep any
.p;edgtqr in sight and avoid, if possible, the risk of having to
subseguently emerge from a burrow when the above ground
sitpation © is - unknown. . Emerging from a burrow definitely

involves some risk because ‘predators may" wait at- a burrow

entrance until the ‘occupant emerges. Coyotes (Canis-latrans)

,hgveMbgéh observed catching Spermophilus columbianus- (Don Bowen
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.~ personal communication) and M. caligata-(I. HcT. Cowan personal

communication), and foxes {(Yulpes yulpes)  have been observed
~catching S. undulatus- - (Gordon Haber personal communication)

using ;his technigue.: Spring hares, south African  rodents in
:tactics.  They apparently confound awaiting predators-- by
9mgrging- from +their burrows with a great leap (Vaughan 1972).
Marmots usually remained at their burrows only a few minutes
afteﬁ_ the ' predators had disappeared and whistling had stopped.

No "all clear" call was apparent.. .

Occasionally some marmots did not appear " to react to
vhistles at all, or they merely looked around from where they"
happened to be at the time. The intensity  (loudness) of the
whistle, and not the whistle duration or interval as suggested
by Waring (1966), Barash :(1973b), and Gray (1975), appeared to
detgrmine what action marmots would take. . Although intensity
was not measured in the field, it was obvious from listening to
yhist}es that intensity varied greatly. More intense whistles

resulted in more marmots running to burrows. .
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. Long whistles were more often associated with terrestrial
‘disturbances, and short whistles were more often associated with

aerial disturbances. .

- —— - ——— Y . - WD - - S = U - ——————— —— WS T AN > D - — v - - -

nunber of whistling seguences

- —— - — —— . WO T - —— —————

'~ disturbance type long short
~aerial 5 25
“terrestrial- 14 3

X2=16,81 df=1 p<0.001 n=47 g

- ——— D W T S e S > T . T S T D D W A W A - —— o — Y . Y -

.»Qggllyyistling sequences were dropped from the analysis because
there-vere both long and short whistles 1in the sequence..
However, both instances were consistent with the above results
if only the first call of each sequence vwas considered.. Four
sequences ~were dropped from the analysis because.the calls were

of a.medium length.

I d4id not record very detailed observations of the way
Vancouver Island marmots reacted to alarm calls. Thus I could
~ not detect any differences between responses to long and short

whistles.
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Keeaws:

_Vgncouver Island marmots produced a sound that has not
p:gvioqsly been recorded for other marmots. . This vocalization
was a. faint two-syllable call which sounded like a "kee-aw".
The fuﬁdamental frequency of a keeaw changed in two stages from
1912 139 Hz to 1109 +57 Hz (Fig 14). There are at_least two
harmonics, both less intense than the fundamental f:equency.
The mean duration of a keeaw call was 0.29 #0.016 s.. Keeavs
werg,usually given in a long series that varied considerably in.
length. On two occasions only single keeaws were given but the
mean number of keeavws per sequence was 102 #27. On one occasion
about 900 keeaws were given in 60 minutes by one ‘individual. .
The interval between keeawys averaged 3.8 10.15 s.. In long
calling sequenées the interval between <calls increased toward

the end of the seguence.

‘::Keeaws were frequently associated with disturbances and
;herefo;e also with whistles (Table IV and Fig 15). Hovever,
geeags were usually . given after whistling had stopped and the
pyedators had 1left the area,, Keeaws therefore seemed to

represent a state of "uneasiness" or lov intensity alarm.

Upon hearing keeaw <calls some marmots did not épéear.to
react at all, but many marmots ran to a <rock or burrow -and
rested there. Marmots gradually resumed their previous
activities within a few minutes after the calling started, even

wvhen keeaws continued. .  In all but one instance only one animal
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~ Pigure 14. Representative sonograms of keeaws

Recording speed: 19.05 cm per s
Playback speed: 19.05 cm per s
narrow bandwidth €filter
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Figure 15. Frequency with which whistles and keeaws occurred
e together and separately with and without a known
disturbance as a stimulus

. Light numbers indicate the number of observations

dark numbers 3indicate the percent of +the total
vocalization sequences -
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gave keeaws at any one time.
 Rapid Chirps

. On one occasion when I approached a marmot colony I heard a
rapid series of equally spaced, very short whistles or chirps.

I did not record this call, nor did I ever hear it again.
Hisses

‘w;nﬁividuals in 1live traps occasionaliy "hissed“ when I
qpprgacﬁed the trap. . When a hiss was given the marmot faced nme
,.yith”.ifs mouth open, crouched, and sometimes lunged in an
qt;empt to bite., The hiss spans a wide range of fregquencies
‘betyeen“70 and 3000 Hz . (Fig 16) ., Harmonic structure, if any, is

very weak..
‘Tooth Chatters

m<,;,A tooth chatter denotes threat in many rodents (Balph and
 ”;¥§§}Qh'1?66; Waring 1966,1970; Ewer 1968; Barash 1973b; Brooks
and‘.Banks 1973Y.. I heard a Vancouver Island marmot tooth
;cgatter'pn>only one occasion. This occurred when I ‘was handling
'tye animal, an adult male, for tagging. I did not hear either a

. hiss or a tooth chatter from free ranging marmots.
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~Pigure 16. Representative sonogram of a hiss

Recording speed: 19.05 cm per s
Playback speed: 19.05 cm per s
Narrow bandwidth filter
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Screams and Growls

~ "Screans" and "growls" were occasionally heard during play-
. fights and chases but were not recorded. A growl is a brief low
frequency sound probably with a -  wide range of frequencies. .

screams sounded like long high frequency growls.
SOCIAL,BEHAVIOUR
Social Behaviour Patterns

”; _recognized 13 social  behaviour patterns in Vanccuver
;slandhmatmots. Greeting, anal 'sniffing, and play-fighting wvere
considered to be reciprocal acts because both interactants
gehaved in a sipilar manner vhen performing these behaviours,
Cpgsing, mounting, alert, avoidance, tail raising, 1lunging,
_sgékling, social  grooming, play-fight invitation, and play-
chasing were considered to be.non—reciprocal acts because the
‘behaviour only describes the action of one of the interactants.
- The description of scent marking is included in this section

both for convienience and because of its social significance. .

. Greeting- (G).. Greeting 'consists of two or more marmots
touching their noses together, or one animal sniffing the cheek,
ear, or (rarely) side of another ‘individual.  This behaviour

,patte:n_jhas been described for at least five other species of

Marmota (M. flaviventris, Armitage 1962; M. monax, Bronson 1964;

M. olympus, Barash 1973b; M..caligata, Barash 1974b; M. marmota,


http://oly.mp.us
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..Barash 1976b) and was the most common social behaviour pattern
vatp?tAIJQbserved (Table VI),

";quABQ;' spiffing (AS). . Anal sniffing consists of two animals
n‘S;gpgipgttogether~with.their bodies parallel while nuzzling the

anal ‘region of ‘the other marmot.

(Mo).  Mounting involved one animal straddling the

'Q!%ﬁﬁgggg;from ‘behind- with its forelegs and placing its ventral
__§§§§ggg in contact with the dorsal surface of another. I never
‘ﬁépsg:ved  the' dorsal 'animal thrusting or biting the back of the
_gyﬁegfgmarmot' as was seen in  the sexual  ‘behaviour ‘of

..M. flaviventris (Armitage 1965) ‘and M. olympus. (Barash 1973b).

. _.Suckling - (S) and Social 6rooming (SG).. Both of these acts

-

. were observed occurring only between adult females and their

. infants.

.. Avoidance (Av). . I recorded avoidance behaviour only when I

. ¥as sure that an animal's departure vas in response to another
. an interaction or moved away from an approaching marmot once the
latter was within 3 m.. Avoidance does not include animals that

were fleeing during a chase.

.. Alert (al).. Alert behaviour was performed by marmots that
appeared' to be uneasy'abbut the approach of another individual.

The alerted animal watched the approaching marmot from a rigid
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~crouched stance. .

Lunging (L).. Lunging consists of thrusting the front paws

P T et

foreward toward another marmot, occasionally making contact.

;”gg;; Raising (TR). Tail raising is a graded display which
'ggp§;§ts ~of a marmot erecting the hair on the’tail and raising
_p#g_;gil;upi noticeably arched. . The tail may be raised further
_én;i}m‘;he fluffed tail ‘lies flat along the back of the animal.
‘whgqithis display is given the tail is usually moved very slowly
or held motionless at any poinf within this range of positions.
'All tail raising displays were performed at the same time as one
of four ©behaviour ' patterns: either greeting, anal éniffing,
_algpt, or pléy-fighting. However, not all of the occurrences of
_thése bggaviours were accompanied by tail: raising." Thus, one
could consider tail raising to be an optional component of each

of these.hehaviours rather than as a separate behaviour pattern. .

. Very similar tail raising behaviour was -also observed by
..Barash (1973b:184,198, and Fig 23)  in M. olympus, by Gray
£}9§2:qu and 50) in M. caligata, and by Armitage (1962:325 and

. Pig.5) ‘and Wwaring (1966:181) 'in M. flaviventris. This behaviour

is very different from the the rapid pumping and swirling that

.;shcgafacteristic>of tail movements in M. . marmota- {Koeing 1957)

_and from the "tail flagging" of M. flaviventris in vhich the
_'qrched tail is raised up and waved from side to side (Armitage
71979;293).. Tail raising in M. monax also 1involves rapid tail

.movementv(Bronson 1964:471) .
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\':g;ggigg (<) and Play-chasing- (PC). Chasing was an
Hagonistic encounter that differed from what I termed play-
éh;sing'in the following vays:

1. \quy chases wvere slower and shorter, usually_less than 7-10
metres,,' |

2,_wplqy—chases were always silent whereas agonistic chéses were
kpgga§iqna11y accompanied by whistles, squeals, or growls. .

3. plgy—chases always ended with the interactants resting or
_gggqingA close together or interacting in a non-agonistic way.
v}ggg}stic chases were rarely followed by other acts since the
w;qtergctants ‘were ’usﬁally' separate after the chase (Fig 17).
ghasiqg‘énd play~-chasing always caused the other marmot to flee,
thﬁs it was not necessary to distingquish "fleeing" as a separate

‘behaviour pattern.

‘lnylag—fighting {PF). . Play-fighting consists of two marmots

- rising dp on their hind legs and pushing with their forelimbs
. against the other marmot's chest or shoulders.  This behaviour
hgsu,falso been: described for M. olympus- (Barash 1973b),

M, flaviventris (Armitage 1973, 1974, Barash 1973a), M. caligata-

“,xgg:ash_197ub), and M. marmota (Barash 1976b)..

Play-fight Invitation (PI). A play-fight invitation was a
visual signal that appeared to indicate that the marmot
_petfo;mipg this behaviour was prepared to play-fight, This

- posture ranged from simply raising the shoulders to raising the

‘whole body into a vertical position on the back legs.
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_gg_g Marking- (SM).. Vancouver Island marmots frequently
vmade  long sweeping motions with their cheeks against rocks that
were at the entrances to burrows.. This/ behaviour presumably
_erosips scent in the form of secretioﬁs of their face glands.,

_:'ngmots‘sometimes scent marked after social interaction, but

scent marking was usually performed as an individual behaviour. .

A}l.Ng;th American»and sone, if not‘all, Eurasian marmot species

bagg fgcé;glands (Rausch :and Rausch 1971:90) and use them for

ﬂéggq§j”marking (M. caligata, Gray 1967:48; M. marmota, Koeing
12§7;519; Asian marmots, Bibikov 1967 cited in Rausch and Réusch

'1971:90; M. monax and M. broweri, Rausch and Rausch 1971:90-91;

— -———.——

ﬂgﬂiglxgﬁgg, Barash 1973b:184; M. flaviventris, Armitage 1976b).
:quinance Relationships

Three behaviour patterns, chasing, avoidance, and 1lunging,
“qlggply "indicated the dominant marmot of an:-interaction. The
,'dqminantgmarmot in a chase was the animal doing the chasing.
- Lunging was aiso characteristic of dominant animals since it
,qsg;lly caused.other marmots to move away.. Flight and avoidance
therefore, characterized the subordinate  individuals of an

interaction. ., A dominance matrix based on chasing, lunging, and

- avoidance was constructed as described by Brown(1975) and ‘is

presented in Table Va. . It is apparent from these data that a
dominance hierarchy existed in the form, adult males > adult
_females > two-year-old  females > yearling males > yearling

‘females.é
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~_Table V. Dominance matrices of age and sex classes of
DR Vancouver Island marmots

{a) .. Dominance Matrix Based on the Fregquency of
- Occurrence of Chases, Avoidance, and Lunges Betvween Age:isex
Classes

- ———— — . " W P - D n Y - - VP - W A - ——— i W — " —— —— — W > " W — " - —

- Dominant Subordinate - Row Column
T AM* AF- 2F 2? ym- ¥YP ¥? Totals Totals

. —— — > - —— —— N Y - — > A > - N ————— D . Y - - D - — R S T G " ———

3 2 2 7 1
1 2 7 2 10 2 24 4
1 1 2 4 7
0 2
1 1 2 1
0 14
0 6
{b).. Dominance Matrix Based on the FPrequency of

‘"“Gcﬁﬁiﬁéﬁpe of Eight Behaviour Patterns (C, Av, Al, L, PI, TR, N,
'SG), BétWeen Age:sex Classes

———— . e D D T — - T - D - D D A - . - - - — .

Dominant Subordinate : Row Column
- AM AF A? 2F 2?2 M YF Y? I? Totals Totals

AM 23 1 8 4 2 7 3 48 6
AP 2 2 1 13 2 10 3 3 36 29
A? 3 3 3
2F . 3 3 1 2 2 3 14 21
2? 1 1 6
M 1 3 4 4
YF 0. 22
Y? - 0 9
B 4 0 6

. ——— — —— i ———-—— . — —_— - ———— — - —— - —— . W - - - - —
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,“qqgen the other ten behaviour patternsv were analyzed with
respect to the dominance relationships indicated in Table Va, it
Qqs “qpyarent that téil raising, play-fight invitations,
mountigg; social grooming, and alert, were also status
vind§qatipg behaviours. . Dominant marmots performed play-fight
igyitafions, social ' grooming, 'and mounting, and subordinate
marmots - performed alert and +tail - raising behaviour.  The
. dominance matrix based on all 8 of these behaviours is presented
ig Table,Vh.. Of ‘the 11 exceptions (reversals), five (possibly
s;xlwuqf these occurred between age and sex élasses that were
adjgcent in the dominance hierarchy, uhére variation would be

most likely to occur. .

~_No dominance relationships were appareant among the other 5
‘behaviour patterns.. There were no significant differences
~ between ' the number of dominant and subordinate marmots that
.initiated greetings (¥2=0.78, n=33),; play-fights  (X2=0.06,
_nfjjy, or anal- sniffs (X2=2.00, n=18). . Subordinates did not
:;ermiqate any more- greetings {X2=1,00, n=2%) or play-fights

. {X2=0.60, n=15) than did dominant marmots..
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, The Frequency of Social Behaviour Patterns

&;I'qpserved a total of 785 behavioural acts occur;ing in 587
social interactions over the two summers that I observed
Vancouver Island marmots. . The frequency that each act wvas
qbseryed. between age-sex classes is presented in Table VI and
‘the relative frequencies that each behaviour occurred within
égefsex classes is presented in Table VII. The data in Table VI
do not indicate  the- aétor or' recipient -in non-reciprocal
interactions, the table just shows how freguently each dyad was
observed in a specific social behaviour pattern (see section on

Dominance Relationships)..

' ,?he,most striking feature of the data in Table VII is that
la;l,_;age—sex classes " used the same behaviour patterns in
app;ogimately‘the"same proportions., Greeting and play-fighting
were ;ﬁg‘most common social behaviour patterns used by Vancouver
;slané marmots. . They accounted for 65% of all behaviour
gg;tgrqs that I observed over the whole study and were
'IFhatgpteristic of the behaviour of all six age-sex classes that
.I repogqized.( Tail raising was usually the next most commonly
uéed ‘behaviour pattern. . The frequency of the other 10 acts
.ygpieq. among different -age-sex <classes but they were -all
relatively rare.. The degree of similarity among age-sex classes
(Table VII) <can not be compared statistically because the data
are not independent i.e.. greetings occurring between adult
males and adult females increase the greeting frequency of both

of these groups. .
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Table VI. The ffequency cf occurrence of each social behaviour pattern between age-sex classes

DYALD G AS C Av Al TR PF PC PI L Mo SG S TOTAL
AE:AF 33 4 2 2 1 18 16 2 78
AM:2F 7 1 3 5 8 1 1 26
AM:YF 6 2 2 4 9 1 24
AM:YM 4 2 5 11
AM:? 21 5 6 5 2 9 7 1 1 57
AF:AF 2 2
AF:2F 41 3 4 1 6 1 3 69
AF:YF 7 2 € 1 5 3 24
AF:YM 8 1 4 13
AF:1I 11 3 5 19
AF:? 18 4 9 4 2 7 3 1 2 2 52
2F:YF 6 1 1 1 1 10
2F:YM 3 1 1 [ ‘9
2F:? 8 2 1 4 15
YF:YF 1 1 4 6
YF:YN 1 1 1 3
YE:? 4 1 1 1 7
YM:? 1 1
I:1 16 1 13 2 32
I:? 24 1 1 3 4 2 35
?:? 70 6 28 6 31 118 30 1 2 292
TCTAL ~ 290 27 60 28 10 88 217 36 7 7 7 3 5 7185
M = Male 2 = Twe-year-old C = Chasing PC = Play-chasing
F = Female Y = Yearling Av = Avoidance L = Lunging
? = Sex and I = Infant . PF = Play-fighting Mo = Mounting
. age unknown G = Greeting TR = Tail Raising SC = Social Grooming ;
A = Adult S = Suckling Al = Alert AS = Anal Sniffing
PY = Flay-fight Invitation

- - " — - ———— " W W D D A - A = - - R " A Wn A — A - - 4 . " e
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Table VII. Percentages of social tehavicur fpatterns per ace-sex class

AGE-SEX ' ) ROW  TOTAL
ClASS G AS C Av Al TR PF PC PI L Mo SG S TOTAL ACTS
AM 36 6 5 4 3 19 23 ) 2 1 2 101 196
AF 46 4. 10 4 2 12 15 <1 1 2 2 1 2 101 259
2F s0 2 2 6 4 10 22 3 1 100 129
YF 33 6 11 4 g 30 1 -3 4 101 80
M 46 3 5 3 5 35 3 100 37

I 57 3 1 3 25 s 3 4 101 118
? 29 B 3 10 3 1 11 34 9 <1 1 1 102 751
AVERAGE 37 3 . 8 4 1 11 28 5 1 1 1 <1 1 101 1570
¥ = Male 2 = Two-year-old C = Chasing PC = Play-chasing
F = Fenmale Y = Yearling Av = Avoidance . L = Lunging
? = Sex and I = Infant PF = Play-fighting Mo = Mounting
age unknown G = Greeting TR = Tail Raisirq - SG = Social Grooming
A = Adult S = Suckling Al = Alert AS = Anal Sniffing
FI = Play-fight Invitation

S e e A S e S = - T "= = = = - -~ - A " . i = > == " = . - D "o - = 4 4
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~ The ‘similarity in the behaviour of age-sex classes on  the
ypgle ~does not reveal ranything about the nature Qf-interactions
occurring between specific dyads., It was not possible to
compare the absolute frequencies with which different behaviour
gatterns occurred between dyads because the observation times
digfergd among ' individuals (see section on Rates of Social
_pehaviqur).vvﬂowever, what can be compared are the frequencies
of occurrence of any given act as a proportion of the total

numbe; of acts., .

WMIp_order-to test*for_similarity between dvyads I compared
v}ﬁe; f§e}ative frequency uith wvhich acts occurred between
.,g}ffg;gnt dyads (Table VI) using a Chi-square test for

,:iPQQPeédénce., When it was necessary to lunmp the frequencies of
,Mcg;yg%n behaviours to avoid expected values 1less ' than one, I
,quygg@; 1 chasinq, alert, avoidance, and lunging, because of

}?he_;gpnistic nature of these acts (see also Armitage 1962,
.1?Z3t ‘f976a)i and 2) greeting and anai‘sniffing, because '0of the
. cohesive nature of these acts. TIf the total number of acts was
less”‘than twenty I - used  the Fisher Exact Probability test. .
Thirteenvof 15 comparisons were not significant (Table VIII),
thus indicating that the behaviour patterns were independent of
the.interactants., That  is, the behaviour patterns used in
infant : infant  interactions were not different from the
héhaviours used between infants and non-infants nor were the
pehaviour patterns  used in adult male : yearling male

interactions different from those used in adult male : adult
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~Table VIII., Comparisons of ‘the relative frequency with which
LR social behaviour patterns occurred between different
age-sex classes

- ——— T ——— — — - . —— - —— W — - - - -

COMPARISON n X2 af P
' : o AM:AF - AM:2F 104 2.76 4 .60 -
o AM:AF - AM:YF 102 3.75 4 <44
B AM:YF - AN:Y¥N 35 49 2 .78
AM:zYF - AM:2F 50 «35 4 .98
AM:YF - AF:YF 48 11.55 4 «02%
AM:YM - AF:YM 24 1.62 2 .45
AM:2F - AF:2F 95 5.49 3 <14
AF:2F - AF:YF 93 . 25.96 3 <.01%
AF:YF - AFP:YM 37 4,68 2 .09
AFP:2F - AP:YM 82 =17 3 .91
AF:YF - YF:YF 30 4.80 2 - «09
2P:YP - YF:YF 161 T« 96
2FP:¥YM - 2F:YF 191 JU2
YF:YP - YP:YNM g1 «21
I:T - 1I:NI 67 2.59 2 «27
* = P<0.05
» 1 = Fisher Exact Probability Test, N<20
o M = Male 2 = Two-year-old
' F = Fenale I = Infant
A = Adult NI = Non-infant

- ———————— — — —— — — — ———— — ———— T ——— Y - A - v~ -
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_ﬁgpg}ekgr adult male : yearling female interactions. Chi-square
for ;he comparisons between adult females and yearling females
and other dyads were significant at the 5%: level (* in Table
vIII, ‘AF:ZF and AM:YF) or the 10% level (YP:YF and AF:YM, Table
V;I;y,; There was more- aggression‘ between» adult  females and
ggarling females than there was between other dyads. For
example,'greetings made up a much higher proportion of the
interagtions-between adult females and two~year-old females than

betweénv adult females and yearling females (59% vs 29%), while

the opposite trend was evident with chases (4% vs 25%)..

#lfeW'dyads were sufficiently different from the general
~ pattern of behaviour that-I observed between age-sex classes.as
a whole, that statistical tests were not required. Adult nmales
wg;é‘ never seen to interact with other adult males even though
t§e§§>yere tvo individuals present on the Haley Lake study area
;hrqugygut the whole of 1974, Aadult females interacted on only
“#yQ qcgdsions, both of which were chases, Infants experienced
s;gn;fiqantly' less agonistic behaviour (C, Al, Av, L) ‘than did
“nqpfinfants {X2=13.59, p<0.01, df=i)."

\
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- Interaction Sequences

. Most of the 587 social interactions that I observed during
v_thisn study consisted of only one behaviour pattern. However,
21%]}}2& of 587) of all ‘interactions consisted of a sequence of
tgpApr pore-acts.v The average length qf an interaction sequence
V?§',2’6 acts (SE=0.12, range= 2-7)., There were no significant
diffg;egces among age-sex classes or specific dyads 1in the

average number of acts per interaction. .

~ Greeting was usually the initial  behaviour of an
interaction sequence. Greetings began 53% of all interaction
. . Sequences, play-fighting began 30%, and seven other acts

.initiated the remaining 17% of the sequences. .

The. relative frequencies with which two-act seguences
_‘occurredjis illustrated in - Figqure 17. . Since tail raising always
ocqur;ed at the same time as some other act, rather than before
qr:afte; it, it was omitted from calculations relating to Figqure
17.{'most interactions-proceéded from a greeting to a play-

fight,_

_ Some behaviour patterns occurred in interaction sequences
‘lpgg§ more often than they occurred as single acts.. Twenty-five
of 27 anal sniffs, 26 of 36 play-chases, and all seven play-

fight intentions occurred in sequences. .
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Fiqure 17. Temporal context with which two-act sequences
" " occurred :

The width of the 1line 4is proportional to the the
frequency with which the behaviour segquence occurred
The narrowest line represents 2% .of all sequences

26% of all sequences proceeded from a greeting to a
play-fight -
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738
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.Rates of Social Behaviour

- ?ield observations of behaviour rarely  allow the
:.§pygstigator to observe each animal or each group of animals for
,an_-eégal- amount of time. The rate that a behaviour pattern is
,pe:ﬁormed is therefore a more useful- parameter for describing
‘behayigur than 1is frequency. . Rates can be used to compare the
ahsplute,differeaces in the behaviour between individuals and
specie§,,§hereas counts can only be used to compare the relative
_ﬁrgguency with which behaviour patterns occurred within the

behaviour of individuals. .

The rates of all behaviour patterns varied somewhat between
qolqnies one and two (Fig 18). All marmots in cqlony two had
higher ‘greeting -rates than d4id the corresponding age-sex class
in colononne;j I-averagedﬂthe_results of the two «colonies for
gach‘lbehaviour of each age-sex class, to obtain the final
es;imate of interaétion* rates of Vancouver Island marmoté.v
There was wmore: variation in the rates of behaviour patterns
among age:sex classes (Table IX) than there was 1in - freguencies
(Tab;e- VI).. Rates of greeting and play-fighting were high in
_all age-sex class, with adult and ‘two-year-old females having
vphe :bighest greeting rates. Yearlings had the highest play-
'.fégpting rates and yearling females vere most often involved in

.Chases and lunges.

. ~The rates of behaviour patterns per dyad are presented in

. mgblglxg, Two values are presented where appropriate, for non-
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Figure 18. A comparison of interaction rates between colonies
S one and two
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Table X. Interaction rate per dyad per behavicur per thousand hours

T e e o e e e o e o e o e o v 4 = o 1 e e ot o i s e 2 8 = . " = = = A o = o o0 2 o i o e

CYAD G* AS C Av Al TR EF PI L Mo
AM: AP L) 12 2 4 1 49 28 7
AM:2F 78 [ 70 76 26 33
AM:YF 32 12 10 20 42

AM:YM 38 35 30

AF:AM - - 4 2 -

AF:AF 14

AF:2F 258 7 12 37 27 6

AF:YF 30 9 41 86 . 30 36

AF:YM 228 61

2F:AM - - - 38

2F:AF - - 3 9 -

2F:YF. 58 8 . " 15 9

2F:YH 76 15 62

YF:YP 20 73

YE:YH 8

YM:AF - - 14 -

YM:YF - - 2 -
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~@53&%§53931 behaviour patterns, but as was noted in the
-;:Q%ggqsﬁion of Dominance Relationships, there were only a few
;;exegsals i.e. :yearling males chasing adult females. K Rates
‘ “gergkg;ghest for greeting and play-fighting in most dyads.  The
RhégpgsF‘?greetinq rates occurred between adult and two-&ear-old
_,ﬁggﬁ}g§ Ehd adult females and yearling males, The dyad with the
'.g;ggﬁ§t;ﬁate of agonistic behaviour was adult to yearlinq
Afemaleg.f' Por most dyads (9 of 12) the greeting rates exceeded

the rates of all agonistic acts combined (Fig 19).

 ,;~$§9 rates of all behaviour patterns were highest in June
-n?ﬁq ﬁgg@érally declined through July, August, and September (Fig
.:29),ﬁ Greeting rates §aried less than other behaviour patterns
... While the rate of agbnistic acts varied the most, being much

higher_in June than in all other months,

"_G:geting rate was relatively constant throughout +the: day,
with increases just after emergence from the burrow in the
:_morning,Aand just before marmots entered the burrow for the

night (Fig 21).


http://'reci.pr.pcal
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Figure 19, Greeting and agonistic interaction rates per dyad
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~.Figure 20. vVariation in interaction rates among months
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. Figure 21, Variation in the greeting rate throughout the day
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~ Dispersion, Territoriality, and Scent Marking

On colony two, all four marmots had the same home range.
Tbe size of this area vas_approximately 3 Ha.. On colony one,
~the .dispersion of marmots wés more complex, -In May 197a‘there
Uwangl;arge'amount of home range -overlap among all animals.
sttzqﬁ'ﬁhis overlap occurred in the area with steep cliffs (Fig
_ 22),7~‘ﬁgtil ‘mid-June this was the only area free of snowvw, thus

it was the only area where food was available. .

. By the middle of June, most of the snov had melted from the

5,__¢p;pnywahd marmots fed on plants that were growing on the cliffs

_'chh }es§ frequently, . ‘At this time the amount. of overlap
:bgyween .the  home rtTanges of the ¢two adult females gradually

decreased. By July their ranges were completely separate and

.. they  remained that way for the duration of the summer.  Adult

‘“§9m§1ewﬁ15 occupied the lower half of the colony and adualt

fenmale #12 occupied the upper half (Fig 23)..

L‘Qne;adult male, #4, em%grated from .colony one to colony two
;ig_.?§F1Y=JU“e and the remaining adult male, #13, moved over the
_ﬂhg;g_goiony, an area of about 4.5 Ha (Fig 22).,  Howvever, a
QPQ;;é,,a@ult male, #17, immigrated to colony one at the end of
v‘q§gg:apd'occupied a similar area to adulf female #12 on the
wupp?;_uz;z Ha of the colony. . Shortly after the arrival of adult
”pale_#17, adult male #13 drastically reduced his home TrTange"
.énti;_it did not overlap at all with that of #17 (¥iq 24). From

July through antil the animals hibernated in September there
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Figuxe 22, Home ranges of -the two adult females (#12 and #15) in
S0 . HMay 1974, and the two adult males (#13 and #17) in-
June 1974, on the Haley Lake study area

The dots indictate the locations of scent markings
made by adult male #13 before the arrival of adult
male #17 (n=3).

This fiqure illustrates the same area shown in Fig
2B.



v8 .

base of Cliff




84

- Figure 23,

.Home ranges of four female marmots on the Halev Lake

study area in July 1974

Dots indicate the locations of all scent ‘marks made
by adult female #12 (n=4). .

Circles indicate the locations of all scent marks
made by two-year-old female #9 (n=95).

Triangles indicate the locations of all scent marks
made by adult female #15 (n=5)..

Arro¥s indicate the locations of ‘chases, .

#14 is a yearling female. .

#17 is an adult male. .
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L_Figgpesz..Home ranges of ‘the two adult males on the Haley Lake

study area in:August 1974

Dots 1indicate  the locations of all scent marks made
by adult male #13 in June, after the arrival of adult
male #17 (n=2). .

Triangles indicate the locations (n=13) of all scent
marks (n=17) made by adult male #13 in July.

Squares indicate the location of all scent marks made
by adult male #13 in August. (n=1)..

Circles indicate the 1locations (n=6) of -all scent
marks (n=12) made by adult male #17.
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“yggg‘;learly two main areas on the colony.. The upper area was
,_9¢69919§ by marmots #12 and #17 and the lower area was occupied
v“by gnimals #13, #15, two two-year-olds, and three vyearlings.
_d¥gq;;ing» female #14 was the only marmot that consistently used
‘ggrf; Qﬁ\ both areas ({Fig 23). One adult animal occupied

- peripheral areas and vas rarely seen..

I -analysed the behavioural interactions between occupants

_ bfrthe upper and lowver areas of colony one to determine the
_proximal causes of this pattern of dispersion. Adult fenales
#12 and(#15‘interacted only on two occasions., Both of these

;iptgfagt}ons involved #15 chasing #12 from the area normally"
,_g;e@ pqu by the occupants of -the lower area (Fig 23).. Both
_gqultblfemaleS‘ occasionally scent marked within their areas of

~ggc;u§ivg use (Fig 23). . Brown and Orians (1970) accept the
fcqncept_vof' a -territory being a defended area and explicitly
- define defense as being ‘either 1. .actual defense such as chasing
~away an intruder, ‘or 2..performing identifying acts such as
~_scent markings., Thus 'my data suggest that adult Vancouver
;s;ggd”pgrmot feﬁales afé territorial with Trespect to other

qg§91; fega1es, but that'tbeir territories are smaller than their

home range, .
el .ot ;

.. X-did not see any interactions at all between adult males
;#j?,qu #13 in 'spite of the dramatic change in the home range of
ﬁ§13qtgat_appeared to be directly related to #17%'s arrival..

There could have been some rare and significant interactions

- between these two marmots that I missed seeing but usually these
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.qubgg§mals just avoided one another.. Avoidance was probably
~enhanced by the ‘deposition of scent marks. Adult males scent
marked much more than adult females.  The two-year-old -fenmale

- was the only other age-sex class of marmot observed to scent

Y WD A T — - W — — . A T T S D D D VI R W W W WD VI MDA - A A W — -

.ége-sex class ' frequency of scent marking
.. adult males 42
/'l adult females ' 9
~.two-year-old female 5

.The distribution of #13's scent wmarks before and .after> the
~é¥FiY§1 °f #17 is shovﬁ in~Fi§ures 22 and 24, . Most -of the scent
m;;kipgﬁhthat I observed was done by #13 just after the arrival
;§ﬁ.#1}u(fig 25). . Adult male #4, on colony two, also increased
A #i§“v§a§g_ of scent marking in July (Fig 25).. This increase may
_gisqlhave been due to the presence of the scent of another adult
‘ @g;e §inqe #4 had just-immigrated to this locality. - Even though
Fhes;angés of #13 and #17 still overlapped somewhat in July they
keagh:anided the area enclosed by each others scent marks.. The
area enclosed by scent maiKS'was also the area of maximum use of

. each marmot., ,

.. .. I analyzed the amount of time that marmots spent moving but
&pqg_hggeding., Adult males moved significantly more than other
. age-sex classes and adult male #13 moved significantly more than
g@ult‘males #4 and #17.  The relatively 1large amount of tinme
sgegt~mpving by adult male #13 occurred as he patrolled his home

‘range. . ~Patrolling involved moving around the perimeter of the
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Figure 25. Rates of scent marking by adult males #4, #13, and
Tt #17 ' ’

Numbers above bars indicate the number of scent
marking bouts observed :
X indicates no ‘data
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_§9g§m ange- greeting other marmots and éccasionally scent
umq:k}pg,_ Adult male #4 did not patrol his home range as often,
Mprob;blyubecause he never came into contact with other adult
~males. . .I think that adult male #17 patrolled-less often than
#13vbecause the physical ~characteristics of the habitat allowed
him. to see most of his home range from the tops of the rocks
_:that pg frequently rested on. . Moving marmots made themselves
mp#g .coﬁspicuous than: feeding marmots by preceeding more of

_their movements with tail flicks (67% vs 28%, X2=18.,3, p<0.01) ..

These observations indicate that adult Vancouver Island
marmot - males are also ‘territorial with respect to other adult
males. . They occupied fixed areas of exclusive use that could be

considered to be defended by scent marks.

 Interactions occurred between adult female #12 and adult
‘male #13 before the:. arrival  of adult male #17.. These
interactions were similar " to those occurring between adult
female $#15 and #13, and between #12 and #17 (X2 = 2.28, p>.25)..
Thus adult female #12 did not try to defend the upper of the
Haiey Lake colony against #13, nor did she react aggressively to
#17 when he first arrived. As I mentioned earlier, yearling
female'§1u consistently moved between the upper and lower areas.
ﬁovevep,'this individual was treated guite ‘aggressively by both
#12 and #17, 6 chases (Fig 23) -and 3 lunges out of a total of 20
,;qteractions., In the 1lower area none of the 12 interactions
bg;ween #14 and #13, or #14 and #15, were chases or lunges. .

Some aggression did occur among marmots in the lower area but it
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: Q;qiwpot appear - to be rTelated to specific locations and it
appeared as if all occupants could move about freely anywhere

within this area.
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DISCUSSION
‘YQgéplggTIGNS
,w;gﬁgpﬁpggific Comparisons of Marmot Vocalizations
.v;ﬁ?¥?v vocalizations of Vancouver 1Island marmots are very
v§}g}¥§gf£o those of M. caligata- and M. . olympus- {(Table XI). .

However, there are some important differences. Barash (1973b)

never heard whistles from M. olympus that were as long as those

~ commonly given by M. vancouverensis.. Rapid chirps were often

given by M. olvmpus (Barash: 1973b) but I heard them from

M. Yancouverensis only once.

.. The keeaw of M. vancouverensis corresponds in M. caligat

o

»fo a "queeuck" call (Gray 1967) -and the ™"low freguency call"

described by Taulman (1975).. The medium call of M. olympu

i

(Barash'1973b)-a1though different in sound structure appears to
ﬁe the homologous call in this species.. In the one Olympic
mqrmot calling segquence that I heard, the first few calls
vsounded "exactly like a keeaw. . Subsequent calls were pure toned
whistles‘of a medium length as described by Barash (1973b).. The
wgyratiqpland interval of medium M. olympus calls is quite
s?gi;a;:;to that of keeaws (Table XI). .  Keeaw, queeuck, low
.g;egugﬁcy and medium whistle calls were all given 1in - prolonged

_sequences and all three calls seemed to indicate a state of

uneasiness. .
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call
Characteristics

- - ————— - ——— - ——— - > - . - —— = = NS A e " > W - . . e - sy - -

Call Nanme
Curation (s)
Interval (s)
Frequency (Hz)

long whistle*
0.57 ’
17.9
2910

long call*(1) _ -
«56-.75€¢123)
13, 6-16¢C1 %)
2800-3200¢t23)

Call BNanme

Duration (s)
Interval (s)
Frequency (Hz)

medium whistlex

0.31
6.5
2910

descending and lcng call
ascending call*(1)
0.3{to 0.5)¢1) 0.39
31 >9
3500¢1) 2700

o —— - —— = —— - — > = = P = e M - A e b W e = Em - h AL W W - - - - = = —— - - —— . - — = — - =

Call Name
Duration (s)
Interval (s)
Frequency (HZ)

short whistlex*
0.22
2.9
2910

alarm chirp*(13) medium call*
0.,1€C1) 0.2
1.3€¢1) 1-3
2500-3200013) 2700

. - - v "> - ———— . " == = = . . . = =~ - - - - - - - - - - —— Y = e b .- -

Call Narme
Buration (s)
Interval (s)
Frequency (Hz)

rapid chirps
<< 0,22
<< 2.9

accelerating chirp(13

short call*

0.1-variatle(1) 0.095
.05-variable(1) 0.36
2500-3200¢C1) 2700

Call Name
Curation (s)
Irterval (s)
Frequency ({Hz)

keeaw*
0.29

. 3.8

1900~-1100

quesuck whistle(#4) - -
0.3C1)
104)

2000-1500¢1)

* - calls used in correlation analysis cn page 93

(1) Taulman 197¢

€2) waring 1966
(3) pattie 1967
(43 Gray 1967

¢s) Barash 1973b

——— e ———— . —— ——— ——— - - — -~ " — - — " ————— -

4 e o 4 e
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. The'mean interval between whistles of M. vancouverensis,

s

M. callgata, and M. .olympus-follows the same pattern., The call
interyal'uas positively correlated with the- duration of the
wvhistle (r=0.914% n=9 p<0.01, Table XI). This relationship may
.result from the effect of vocélizations on . respiration. - More
time; may be required to recoup expended oxygen after a long

whistle than after a short omne.

o B flaV1ventrls vocalizations differ from those of ‘the
.mg&ﬂ__;ig ata group in that the call is very short. 0.037 s and
does not'vary in duration when the interval changes (Waring

._ﬁg@ﬁ)ﬁﬁ. M. flaviventris gives an accelerando chirp (personal

”opservation) that is similar to a call described for M. caligata-

x(Gray 1967)., This call was not heard from M. vancouverensis or

olympus {Barash- 1973b) . . Lloyd (1972) described two
”ngal;gatlons of M. .mponax.. One isva "short simple whistle” and
tyg‘Aother is a M"tyo-part whistle consisting of a single high
. integsity"éhriek followed by a less intehse warble,® The simple
‘thstle‘may~be quite similar to the whistles given by species in
tbe gﬂ'ggligggg group, but no sonogram was presented.= The two-

-pgrt‘_cail does not resemble any calls so far desrcibed for any

other marmot species..
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_Altruism and Marmot Alarm Calling

Altruistic behaviour can be defined as behaviour that
4 benefits another organism, not closely related, while being
>Q9§:%mental to the organism performing the behaviour. Benefit
and detriment are defined in terms of -the contribution to an
aninal's fitness where fitness is measured by the proportion of
,_éﬁ_,?9i931'54 genes left in the the population gene pool (Pianka
_1?79)f: Since a marmot giving an - alarm call may attract the
”gtteption of a predator and thereby subject itself to a greater
Wg;sk of predation than if it had remained silent, marﬁot 'alarm
uq#lling ~appears to be altruistic.. However, true altruisnm is
_Jwy;yggal;y unknown {(Pianka 1974) -and if present would be very

difficult to account for by natural selection.

There are three ways to account for the evolution of marmot
”g}a;m _cg11ing._ The first explanation is kin selection.. Kin
”gelgcxioh 'is the evolution of characteristics within an
_indiv;@uall_thaf_ favour the survival of its close relatives but
'ﬁ;§q§ g#gMnot necessarily beneficial +to- - that individual.. Kin
‘§§;ggtipp could‘accouni for the evolution of alarm calling even
:if;%;hinvolved some risk to the caller and if it incidentally
‘benefitted some unrelated individuals. Kin selection has been
considered an~important'selective‘ force in the evolutioﬁ of
_glgg@“calling in birds (Hamilton 1964, Maynard Smith 1965, Emlen
A}Q??)jf.'yhe social organization of Vancouver Island marmots is
~such that the individuals receiving the alarm are likely to be

._g;qsely ‘related to the caller.  Thus, Kkin selection could
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- account for the existence of alarm calling in Vancouver Island

- marmots, .

'_Seqondly, alarm calling may be selected for because there
‘%slaJairéct.benefit to the caller associated with calling.  The
_;ndividual .coﬁld benefit from calling if it confused the
prgdapo: {Maynard Smith 196S) or if ‘it "panipulated" other
»marmqts 'so as to make the caller less vulnerable than the other
igdividuals (Charnov and Krebs 1975).. Marmot <calls «could be-
”gagipg}ating other marmots by stimulating them to run to-é
‘?grrqw,v‘The reacting marmots thus become more - conspicuous ({to
~?9Q§B3‘Presumably to predators as well) :than the caller, who has
,.already moved to a burrow entrance. - As Charnov and Krebs (1975)
~arque, the individuals reacting to the call "use the information
‘lipwﬁ}§g¥gv own benefit, but by doing so make it possible for the

. caller to benefit even more."

(vJﬁﬁﬁgiyers (1971 presented othér arquments vwhich would
.};§E€99§§;5f°r"the evolution of alarm calling by direct selectioﬁ
lgggft§g individual’caller., He argues that it is disadvantageous
“mﬁgy an ;pdividual to have a predator kill a nearby conspeéific
Abéngsej;the predator may then be more likely to kill him-in the
pgquﬁuture.; This could occur if the predator was more 1likely
to
LN develop a search image (Emlen 1973) for that prey
Vgpecigs,
;3“ }%) learn the habits of :the prey species and perfect its

-hunting techniques on.it, and
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;;%(3)'freguent the habitat of -the prey species..
ining alarm ‘calls +thus tends to prevent a predator fronm
‘.specialiging on the  caller*s species and 1locality, thereby
fgvgnring the individual caller even though callers are
ipgidegtqlly'altruistic to their non-calling neighbours (Trivers

1971, Charnov and Krebs 1975).

. There may be another direct advantage to marmot alarm
gallipg.; It may be advantageous for an animal to have
génspeqiﬁics around regardless of how closely related they are. .
The presence of conspecifics may be advantageous ¥with respect to
fihding.'a mate- or increasing winter survival due to the
. pedpqpiéﬁ of -heat loés vhen -animals hibernate in a group. . Thus,
v;pare;ﬁuéuld be selection for alarm calling if the benefit
derived from having other animalé around exceeds the cost of

'calling.;

';vﬁyagply,. alarm calling could be brought about by group
wgg}egg;qp, which is selection favouringl the survival of the
Jgggup. as a whole rather " than  the individual (Wynne-Edwards
,,j9§2),,'Group selection could account for a truly altruistic
fygit‘tqfevolve;-houever; if group selection exists at all it is
:!Farg*W(Lewontin 1970), less efficient than individua; selection
_(5§g;n§_1976); and it should not be invoked 1if a simpler
_éqlqtiog  (direct"or' kin selection in:the case of marmot alarm

: qglli@g) exists (Williams 1966).

~ The above arguments were presented to account for . the
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M\gpggggnt cost  (loss of fitness) associated with alarm calling.
 Howeyer, no information exists for any species that there is any

net cost' involved with alarm calling {(Brown 1975). Observations

N4

~ by

_qgﬁggrmbgg species do not support the sugestion that the alarm

P

_caller: ‘is incurring any risk.,6 Vancouver Island marmots appear

n!F?ngEOF?Ft ‘themselves before whistling., In all cases I
%9§§g;ﬁe§;; the caller vas already at a burrow entrance. . Barash
INJJQ}§L+s$W‘eightf instances of predation on various Marmota-
_spgc}gs;ﬁ-Not one of these occasions was preceded by alarm galls

from th§‘victim.‘

~_From the ‘above arguments I conclude that there is no true
_altruism associated with marmot alarm calling.. If there is any
cost at all ‘associated with calling, benefits from direct or kin

seleg;igﬁ.would be strong enough to select for alarm calling. .
_The 'Evolution of ®Whistle Structure-

;;_pgpler (1955, 1957) was the first to point out how the
. péys@gé};properties of avian alarm calls could be TrTelated ¢to
‘ ?h;ﬁ;kﬁﬁpnction.; He observed that some bird - species have
convergently evolved alarm calls that have characteristics that

»,QééR§§§, t° make them difficult to locate, Konishi (1973) tested
”Qggi%gggyability~properties of different sound characteristics
;m§§%99xh??r” owls (Tyto alba), a species that is adapted for
p%qggg?@g'its prey by sound. His results indicated that barn

,éV}$\;199ate sound by comparing the intensity of sound between

ears. ,. Binaural differences in intensity result from a shadow
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‘gg}ngw qast by the head. Wide bandwidth noises are easier to
‘;ocgﬁe;than pure tones because they consist of many fregquencies,
each of which can be used for binaufal intensity comparisons.
'chatability by this method is also directly related to
f;gquency (at least between 3 and 9 kHz).., Thus, barn owls

located narrow bandwidth pure tones of 3 kHz less accurately
than any of the other sound characteristics tested with
.bandwiﬁth: being the primary characteristic determining the

locatability of a sound.

Vancouver Island marmot alarm ~whistles have the precise
characteristics of the most difficult-to-locate sound tested by
lKonishi (1973). . Narrow bandwidth alarm calls are also found in
many other (but by no means all) species of medium size, diurnal
gammals (Table. XII)s . A difficult-to-locate alarm call would
presumably reduce the risk of predation to the caller.. Thus
“p;edation" pressure could select for the evolution of such alarm
‘call gharateristics in all of the species 1listed.. The alarm
.calls vof the birds recorded by Marler (1955, 1957) all had
yaF:OV'bandwidths._ It appears therefore that  there has ~been
remark;bly | strong convergence for the same  alarm call
characteristics in both birds and nmamnals. Selection  for
diffiqult-to—locate alarm calls does not indicgte anything about
‘thegufitpess of individuals.giving difficult or easy to locate
calls relative to no call. . Thus, selection for specific call
characte:istics doeé no£ enter into the discussion of the
alﬁruistic nature ‘of marmot alarm calling (non-callers vs

callers).
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) thgpgyolution of Whistle Function

. M. .vancouverensis alarm calls not only indicate that there

Iis a_predator around but also what type of predator is present..
‘The  presence’ of situation specific alarm calls has not been
_shown for any other marmot . species.. Such -alarm callsl are
‘Felatiyely coﬁmon among ecologically related species., Avian and
terrestrial predators evoke séecific alarm calls in at least

__four species of ground squirrels (S..beecheyi, Owings

1977, . Fitch 1948; S. .armatus, Balph and Balph 1966;

- . S S W s =

S

‘g..nndulétus, meichior %9713 S. . Dbeldingi, Turner 1973y,

mountain viscachas (Lagidium - peruanum, Pearson 1948), and

pg;haps.black-tailed prairie dogs (Cynomys - ludovicianus;: King

1925, Waring 1970, Smith et-al- 1977).. M. olympus (Barash

, ]913@)!- M. flaviventris (Armitage- 1962 and personal
:cpmmgpication, ‘Haring 1966), and M. .caljgata- (Gray 1967) ‘do not

appear to have situation specific calls.

_.f;f situation specific alarm calls are communicating
.gpecigic< information then the receivers of this infoimation
, shqulduexhibit a biologically appropriate response.. Of the
‘ g%gh; species' that have situation specific alarm calls, only
“pyq, pelding's ground squirrel (Turner 1973) and black-tailed

~p?aigie dogs (King 1955) were observed to react differently to
_each call. . I think that the lack of observations of specific
_responces in the other six species 1is probably due to the
v_@igfégglty in detecting small differences between responses.

_For.  exapple, g.“vancouvérensis responds to both long and short

DI I
T
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_whi

~of the disturbance, It would be advantageous in this situation
;f_gkistle length could provide information on where to begin
”}gg¥ipg for a predator, either in the air or on the ground. 1If
Htpi§fy§$ﬁthe only variation in the response,it " would be very

§i£fi¢ul§‘to detect or to test for.

JUIAegial predators probably-.-exert the greatest selection for
;*Lgig§§gpl@¥to-locate alarm calls. 1In all five species that have
:qugh. ;ituation‘ specific and difficult-to-locate alarm calls
(2ap;g;x;l)b avian predators evoked alarm calls that vere less
:_;gqayghle than the corresponding call evoked by terrestrial
J_“R;qqggppé.; Avian predators may select more strongly for
_Nq%ﬁgiqqii—to—locate alarm - call characteristics because their
 ?3nggMaq§ speed of attaék is greater than that of terrestrial

_predators. .

@2??[ presence or  absence of difficult-to-locate and
’;§229§§§quspecific alarm calls is probably a function of the
”pgg@atiqn pressures and the variety of possible escape responses
phatv‘g prey - species poésesses.w As avian predation pressure
idcreaseSsthere is increased selection fqr difficult-to-locate
alarm calls. . Situation specific alarm calls will only be
$ele¢ted-'for wvhen there 1is selective pressure from both
terrestrial and avian:predators and individual prey can increase
their’~chances of survival by responding differently to these

different predators. .



Table XII, A 1list of mammalian

'bandw1dth alarm calls
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vancouveren51s<2)

callgatg
. -Bonax -
U spermophilus armatus¢2)
. S. richardsonii-
S. franklinii-
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species that have narrow

- — - ——— T — . > A W > T " -

- — . T W A > W D W - - - -

this study

Barash 1973b

Waring 1966

Lloyd 1972¢(1)

Balph :and Balph 1966
Banfield 1974(1)
Banfield 1974¢(1)

S. undulatus€2>
. 8. beecheyi¢2)
frock hyraxes*“Hyracoidea

Melchior 1971
Ovings et al- 1977
Mathews 1971¢(1)
Pearson 1948 and
Eisenberqg 1974
Rowlands 1974€1)
Eisenberg 1974¢1)
Eisenberg 1974€1)
Eisenberqg 1974¢1)
Eisenberg 1974¢1)
Eisenberg 1974¢1)
- Pectinator- sp. . George 1974¢1)

. Microcavia Spp. . Rood 1972:16¢C1)
, . Cavia-spp. Rood 1972:17¢1)

s g s s .

'__”Lag;daumgbox1~

. 0¢todon degus-
__Méchlnchllla laniger-
fffCapro_xs pilorides-

" 'Dolichotis-patagonum-
""'Pediolagus -salinicola-

Y A - D D A e P W - P WD T D e G WA A D Wl e " A — T T - T

‘ (1) - No sonograms were presented but the verbal
"scr1ptlon appears to be appropriate, and a narrow
bandwldth sound is relatively .easy to describe. .

S *'¢2) = Alarm calls are also predator-specific. .
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-.In addition to- warning other marmots to seek cover,
ghistlgs; may reduce predation by inhibiting attacks. If the
p:edgtqr'is avare that ii'has been detected it may abandon an
otherwise - auspicious  attack . ~because of the overall low
) p;qbagi;ity of capfuring'alerted prey. . Alcock (1975) and Brown
(127§)£ noted~ thaf" alarm calls or signals may inhibit predator
Jiggﬁagks§f‘warning calls may also function as mobbing calls in
yqpi;ﬁ§;:by-discouraging a predator from remaining in the vicinity

_(#ilson 1975)..
‘_Inng§pECIFiC COMPARISONS OF MARMOT SOCIAL BEHAVIOQUR
A Test of Barash's Hypothesis

/vﬁhf;n;prder to test the data obtained in this study against
'vﬁ§g§3§pf$.'hypothesis of marmot sociality, it was first necessary
,ftq:qbfaih explicit predictions perfaining to Vancouver Island
,V“garﬁpts.‘ The parameter necessary .to make such predictions is an
gs;im§;e of the length -of the vegetative growing season, as
_'ﬁg§sp;§d by the number of frost-free days in the absence of snow
'ggygFJ(ﬁarash 1§73b); On the Haley Lake study area the number
~of frost-free days was 115 days in 1973 and 135 days in 1974
.(Qah;ewir);; The average number of frost-free dayé in typical
spbalpigé‘parkland habitat is 114 days (Brooke et-al-1970). The
number‘ of frost-free days was eguivalent to the vegetative
,9?0"199 season in- 1973 but in 1974 1large amounts of snow

persisted for two weeks after the last frost. This reduced the

vegetative growing season to about 121 days.. Snow ‘typically
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.bRFEﬁééﬁﬁ' for about 3 weeks after the last frost in subalpine
:gqyiggnménts (Brooke et -al 1970), thus average growing season in
supa;pine-environments is about 93 .days. The 93 to 121 day
‘QFQYiPQ season 1is relatively long compared to that experienced

by other marmot species. ‘M. olympus experiences a short growing

season of 40 to 70 days, M. .flaviventris experiences  an
iq;g;mediate growing season of 70 to 100 days, and M. penax-in
Central Pennsylvania experiences a very long growing season of
_ épout_ 150 days (Barash 1974a).., Barash's hypothesis would

therefore predict that the social behaviour -and- social

organization of M. vancouverensis-should be very similar to that

_chw“g,fflaviventris.; That is, Vancouver Island marmots should

y}n_bglsocially intolerant as indexed by having: a very 1low
ngggting: rate, 2) be moderately aggressive, 3) have individual
,,®tgpritories or relatively distinct home ranges, and &) grow

<gp}ck}yugnd disperse at an early age, probably as yearlings..

.3NM ;§dividuals - belonging to a highly integrated and stable
.vd§gg;§;dlgroup would be 1likely to greet more -often than
§§Q§viQQals belonging to a less cohesive society be;ause
gfggt%pg presumably reinforces inaividual - recognition and
‘pgyhaP§4<also functions as a method of scent sharing {King 1955;
. Barash 1973a, 1973b, 1974b;  Steiner 1975).  Individual

_Fecqggéﬁion on the basis of séent-has been demonstrated in many
;ggwggéigprspecies (Halpin:197§, Shorey 1976). Scent sharing has
_p??éﬁﬁgostulated" for ‘marmots, ground squirrels (Spermophilus-
?RP;*!. and prairie dogs (Cynomys-spp., Steiner 1975) and for

_mountain’ sheep (Qvis spp., Geist 1971)..


http://la.yj.vejntr.is
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- A comparison of Vancouver Island marmot greeting rates with
. those of other marmots reveals that Vancouver Island marmots are
among the most social of all marmot species (Fig 26).. The

Ifggeet;pq;tate of M. ggggggggggg§i§~i5~much higher than all three

”#gspimgpgg of the rate at which M. flaviventris greets. - This

 ;J§g§p}p#i§.inconsistent with the prediction based on Barash's
:;§1?9§§9§is‘“ The' greeting rate of M. marmota- (Barash 1976b,
w?ép;gsﬁgi & IV) appears to be much higher than that of yellow-
_»ﬁgll;gdf’marmots {Barash 1973a, Fig3); however, Barash (1976b)
Aééa;ggﬁﬁhat‘the greeting rates of M. marmota - are significantly.

lower,.  Thus the rates of both greetings and chases in

PO ", -

,M.}gg;gggg» are somewhat suspect, at least the way I am

»intgrpréting thenm. .

‘ Jthq. only behavioﬁr .-pattern that Barash gquantified was
l_:qgas;gg;(garash.1973a, 1974b, 1976b) ‘and he did not even present
thgt_data for M. olympus- (Barash 1973b). I - assumed  the sanme
_cpasigg rate : for M. .olympus as M. marmota-since Barash:(1976b)-
states ﬁhat' the - frequency of chasing did not differ
signiiicantly- between these two species.. Thus- - the only
agonistid'behaviour that I  could compare among nost marmot
species was the chasing rate._  Species with 1less social
tolerance would likely participate in chases more frequently
than  socially tolerant species. . Chasing rate varied less among

marmot species than did greeting rates,  with M. vancouverensis-

having a relatively low rate of :chasing (Fig 27). However, the

:atio of greetings to chases is probably the most meaningful
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~ Figure 26, A comparison of greeting rates among marmot species

- Marmota-vancouverensis {(this study)
- olympus  (Barash 1973b)
..caligata (Barash 1976b)

- .Rarmota (Barash 1974b)

.flaviventris- (Armitage 1974, 1976a)
.flaviventris- - (hiqh elevation, Barash 1973a)

flaviventris- {medium elevation, Barash 1973a)
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paramater ‘to compare among marmot species. There are three
reasons for this, Pirst, socially intolerant species would be
expected‘to have agonistic acts making up a higher proportion of
their social interactions._ 6 Second, a comparison of the rate
ratios should overcome ‘the differences among authors in the
me;hods used  to calculate interaction rates., Third, a
gompari;on-of rate ratios ‘is independent of any effects of
colony _size-ﬁ When the rates of greeting to chases vwere
compared, Vancouver Island marmots appeared to be the nmost
social marmot species (Fig 28), a result inconsistent with

- Barash's hypothesis, |

_Tye_ third prediction of Barash®s hypothesis |is that
Vancouver Island marmots should have individual territories or
relatively distinct home ranges. . This was clearly not the case..
Vapcquver Island marmots have completely overlapping home ranges
within a colony or, in the case of colony one, within a section
pf - a ¢plony., Complete home range overlap among colony meﬁbers
”ga§ﬁ§}§éﬂfouud in M. olympus (Barash 1973b) and M. caligata-
_(Bapgsh ;197ub)., Yellow-bellied marmots are grouped into harenms
but may hti1ize individﬁally distinct feeding areas (Armitage
1262,“Pf57u),'while woodchucks are essentially solitary (Bronson

1968 .

The - final prediction of Barash's hypothesis is that
,LAVggcqgver Island marmots should grow and mature quickly, and
disperse at an early age, presumably ‘as yearlings. = Growth was

relatively slow, as vyearlings of both sexes, two-year-old
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Figure 27. A comparison of chasing rates among marmot species

Marmota: vancouverensis- {this study)
H. olympus (see text) .
M. caligata (Barash 1976b)

M. flaviventris (medium elevation, Barash 1973a)

M. monax (Bronson 1964)

a— —— — o .
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. Figure 28.

A comparison of the ratio of gqreetings to chases
among marmot species

1 - Marmota yvancouverensis {this study)

2 - M. olympus (Barash 1973b) - -

3 -~ M. caligata (Barash 1976b) -

4 - M. marmota (Barash 1974b)

5a - M. flaviventris (Armitage 1974, 1976a)

5b - M. flaviventris (high elevation, Barash 197 3a)

5¢c - M. flaviventris- (medium elevation, Barash 1973a)
M.

ponax- {Bronson 1964) .
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. females,  and pérhaps,‘ also two-year-old males, wére
‘{q;stinQQ§shable from adults by weiqht (Fig 4). An index of
growth rate can be obtained by comparing marmots after emergence
from ;heir first_hibernation {vyearlings) with the weight of
aqu1t§ 'at vthat time of year (Table'XIIIya Vancouver Island

- marmots grew slower than both- M. flaviventris- and M. .monax-

(wahle XIXI)."

Vancouver Island mé:mots appear to have delayed maturity
_egé;va;gnt to that of M. . olympus., Two Vancouver Island marmots
gha; .; Gas sure had dispersed {males #4 and #17) vere two years
'_91@ q;_older, while neither of the two two-year-old females on
. my . study areas produced litters. However, none :of -the adult
ggma;es on colonies one or two had litters in 1974 either. If
, gitpe; my presence -on the colony, mny disturbance through
_trapping or the late spring in 1974 were responsible for - the
;?@9?? fgpales not breeding then the same factors would be acting
'oh _po;h; two-yearéold and adult females, , If:- any of these three
__;ggsgns vere responsible for adult females not breeding then I
 39q1§:§§ve no basis for postulating that two-year-old females do
q‘pét,;brged because - they are immature, - However, these three
A3f§9§9té can be discounted: 1) Three females produced litters in
i‘1§j§¢y§e§.1»obse£ved but did not trap.. Therefore my presence on
,€R?m99;§ﬁy vas not sufficient to inhibit breeding. . 2) I trapped

°9€1:§§ﬁit female on the Ski Club colony (colony 5) in 1974 and

H}s@g.stiil produced a litter, thus trapping does not appear to be
.. sufficient to inhibit breeding. . 3) ‘The persistence of snow late

‘.;gtq the; spring of 1974 was not sufficient to inhibit breeding
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Table XITI. A comparison of the relative growth rates of
yearllng marmots

o o o o —— T — s > i o T " " -

Yearling/Adult ¥Weight

’fj”ﬁggcies in the Spring (%) Reference
;.calkigata 18 Barash 1976a
‘'vancouverensis 44 this study

ympus- 30 Barash 1973b
laviventris 50 J. Donaldson in prep
“flaviventris- 56 Armitage et al-1976
"flaviventrist? 75 Barash 1973a
‘flav1venttlsz 70 Barash 1973a
- monax 65 Snyder et -al-1961

- —— T ——— D - T S D T S A WP W W D W D TS P T W W S W D S T T A W Ao D D " AT T VI

1  high elevation colony
2 pedium elevation colony
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J;§§ggg%5§§eeding occurred on other colonies (e.g..Ski Club and
;§9F;13g;Peak) even though the snow conditions were very sinmilar
N;éwda;};;areas. The most "‘likely explanation.for the failure of
_ggg}ﬁgfémales on colonies one and two to breed in 1974, is - that

HWVQqupyéf Island marmot females may only breed in alternate
,hlga£§ﬂ¥§ﬂreproductive strategy similar to M. . olympus. Biennial
,?f??d?ﬂ?ﬁ could - account for the absence: of 1litters in 1974
:égcgnggnghree litters had been born the previous year.. Since

‘“mq;g9t§_were-not tagged in 1973, I cannot be sure that all three
.§h§§;p§p§uced litters in 1973 were the same oneé present in 1974

‘klb93$;9ge5-distincti?ely' marked individual was present in both

years. .

“Mniﬁgpne‘of the four predictions of Barash®s hypothesis vwere
~,§29§i§??ﬁt with - the observed data ‘on M. vancouverensis. .
””VQQSQHVeé Island marmots in .all instances most closely resembled
“gyiglxgpﬁg, the species with the shortest growing season..
‘{nqgnsisfent results -such as these lead one to either try to
§9n§tpgqf-a new hypothesis, having rejected the old one, or to
;_99§3£YA@6“9 or more of -the assumptions of ‘the exisﬁing one. The
mpst bbvious assumption to reject is, that vegetative groving
:sgqsgn_is a useful parameter for indicating the degree of social
nﬁg;efagée a marmot spécies should exhibit.. The fundamental
:g§¢§;;pg that Barash was trying to answer when considering
g;qy}gg.zseason 'was why some  marmot species take longer than
‘othg;s”‘JtO' reach = adult size.  He - found that  among
M. flaviventris, M. .mopax, and M. olympus- the length of the

‘:ggoviqg season correlated with the length of time marmots took
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M;q&iygture; However, - the results of this study and those of
‘Aqqegspp et al (1974) are inconsistent with this trend.
#v§ncogvef Island marmots do not appear to mature {breed) until
uﬁkeiF'fQUrth supmer with a"93—12i day growing season while

__ge;lggfgellied marmots mature one year earlier when the growing

?ﬁ?ﬁﬁé-i# only 60—100 days (Barash 19743, Anderson'gﬁ al- 1974y. .

Iihgs ﬁhen more data are considered, vegetative growing season

,§Q€§¢D9? appear to 'beA a - meaningful parameter affecting how

ﬂgg;qkly' marmots reach maturity. Anderson et-al- {1974) suggest

that the length of time that marmots grow throughout the summer
kthg'marﬁot growing season), would be a more appropriate measure
gf‘teqyironmental sevérity., However, the length of the marmot
_g;gg}ng“season does not-correlate any better with the time taken
to,:ggghfmaturity than does the vegetative growing season..
Molympiqw marmots gain weight for up to 120 days (Barash 1953b)
‘while yellow-bellied marmots at high elevations grow for only 96
uﬂggs,(gnderson et al 1974) and mature one year earlier. Neither
;yg‘p§rm6t growing season nor the vegetative dgrowing season are
sﬁque}gggd -with the age of maturity because the time taken to
peéqp_gdult size is determined by +the combination of three
;nQépggﬁént factors; 1) the rate that marmots put on weight in
.tegqs 9fJgrams'per day,  2) the number of days that marmots
gqqtipue: to gain weight (the marmot growing season), and 3) the
a§?§9%PF?‘ weight of an: adult  marmot  of the species being
qgg§§§er¢d.« These three factors varied among species but I

. cou;dinot determine any consistent unifying trends among them. .

The most obvious way to determine how long it takes a
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‘_mgfmqﬁ_‘to reach ~ adult size is to measure the growth rate
vdirecﬁly. There is a significant negative correlation between
then lpgarithm of +the greeting rate and the weight of immature
vpa:mqts 1) -at the end of their second summer, expressed as -a
‘ngceptvof'the fall weight of an adult {(r=0.86, n=6, p=0.03) and
2li&§hg'.loqarithm of the weight of yearlings after spring
ﬂ_egerggncé from their first hibernation relative to the weight of
»1399;;s;at that time of year (r=0.95, n=7, p=0.001, and Table
;gii;léjﬁlfhus, by measuring the growth rate directly rather than

, gstimating it from the length of the vegetative growing season,

‘,‘Jrgygpijef social - tolerance can be predicted for all marmot

species.

‘}”%h$hg.reason that Vancouver Island marmots take a long time
_to magufe is not that they grow slowly in terms of grams per day
or peqause'they only gain weight for a short period each sumnmer,
ﬁfor:”ﬁhey are intermediate among marmot species with respec§ to
5?9@@y9£ these paraneters. Vancouver Island marmots take a long
ﬁi@e'_to mature becauée'they have a relatively large adult body
s;zg.w A large body size .may be selécted for because it
_iqcxeasgg the chance of successful dispersal. Vancouver Island
ﬂg§rm9§§.iive in islands of subalpine habitat and the probability
_gﬁﬂ_§qg¢gssful diséersal- to new habitats 1is probably 1low.
v(Hoyevg;,. the probability of successful dispersal probably
vin;:easgs with body size..  This would occur if larger animals
'qould.tgavel further and faster, and survive for a longer period
. of time without food and éheiter than could smaller animals. . If

aggression from adults causes dispersal (Barash 1974a), then



social tolerance nust increase along with any increase in the
optimum body size of emigrants, so that undersized animals are

not forced to disperse. .
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Appendix I. A List of Plant Species Found on the Haley Lake
o Study Area Indicating Those Species Known to be
Eaten by Vancouver Island Marmots
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Selaginellaceae
jSelaginellguwallacei

Polypodiaceae
Adiantum pedatun

' Cryptogramma crispa-

_Polystichum mupnitum.

 Pteridium aguilinum.

Cupressaceae"

_ ...chamaecyparis nootkatensis-

'duniperis communis

amabilis
S lasiocarpa

s contorta .
us-monticola -
iida -heterophylla-
o .mertensiana

" ‘Bseudotsuga menziesii -

Betulaceae
" . Alpus-sinuata

Aristolochiaceas
.Asarum caudatum-

Portulacaceae
Claytonia lanceolata

Caryophylaceae
- Arenaria macrophylla-
' 'Silene menziesii-

Ranunculaceae
Actaea rubra

"Aguilegia formosa

" Delphinium sp..

’ﬁﬁgThalictrng occidentale:

- — —— - - D W R NS L A A T - W -

selaginella

maidenhair fern
parsley fern
svword fern

bracken fern fronds®

vyellow cedar bark®

dwarf juniper

amabilis fir
alpine fir
lodgepole pine’
western white pine
western hemlock .
mountain hemlock
Douglas fir

Sitka alder
wild ginger
western springbeauty

bigleaf sandwort
catchfly

banenerry
columbine
larkspur
meadow rue -

lvst, flws2

‘1lvs, flws, fr3



" Berberidaceae .
N Achylus ‘triphylla

Crassulaceae _
Sedum divergens

Sax1fragaceae
' Saxlfraga ‘bronchialis
saxifraga ferruq1nea
fraga occidentalis-
1lima grandiflorunm

Grossulariaceae
, Rihe§~1acustre.

Rosaceae

- Fragaria V1rgln1ana
' Potent111a dlver51foL;g
" Sorbus sitchensis

Lequminosae
- Lathyrus nevadensis
o Luplnus latlfollus

Celastraceae' ~
_Pachistima myrsinites

’Vioiaceae
_.¥igla glabella:

Onagraceae
. “Epilobium alpinum
Unbelliferae

“Lojatium sp..

Ericaceae

A ——— o oo o —

'fC3551ope merten51ana

j;Phxllodoce empetriformis
" Rhododendron albiflorum
?ﬁiVa001n1um~caespltosa

" Yyaccin deliciosunm
n membraniceun-
ovalifolium-
_"SPP-u

Polemonlaceae
Phlox dlffusa

}lLab;atae
Idﬁggupe;;g-vulgaris

vanilla leaf
stonecrop

spotted saxifrage
rusty saxifrage
western saxifrage
fringecup

swamp gooseberry

blueleaf stravberry
partridgefoot
cinquefoil

Sitka mountain ash

sweat-pea
broadleaf lupine

false box -
vyellow violet
alpine fireweed

cow-parsnip
biscuit-root

kinnikinnick

white moss-heather
red heather

white rhododendron
dwarf huckelberry
blue-leaf huckelberry
thin-leaf huckelberry
oval-leaf huckelberry
huckelberry

spreading phlox

self-heal
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lvs

lvs*, flus*

lvs, fr*

lvs®©

lvs, frx

lvs, flws¥
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‘Scrophularlaceae
Castlllega miniata- Indian paintbrush ns*, flus*
Castllleaa garv1flora Indian paintbrush ns, flus
’ vellow monkey flower
Pedlcularls bracteosa lousewort
stemon davidsonii- penstemon
onxca wormskjold11 speedvwell
'Rubiaceae
. gggliugﬁgorealgm . northern bedstrawv
Ccaprifoliaceae S
~Sambucus racemosa red elderberry bark
Valerianaceae -
. Yaleriana sitchensis mountain valerian lvs
Campanulaceae
. Cappanula rotundifolia- bluebell flus
Compositae :
Achlllea-g;;;gg_ligg- yarrow
T _}£l§ aurantiacaw agoseris

pearly everlasting
broad-leaf arnica

Indian thistle lvso
mountain daisy
woolly sunflower lvs©

giant ragwort
conmon dandelion

um officinale

,.Juncaceae :
uncis.‘drupnmondii rush
. Cyperaceae A
- Carex mertensii - sedge

Carex‘nlgrlcans sedge

. =R : sedge
*“fﬁcaféx“SPP-~ sedge leaf tips, ns
_LGramlnae R lvs, ns,
‘,grostgg diegoensis- bentgrass

brome grass
blue wild-rye
Alaska oniongrass

“'Phleum alpinum mountain timothy
'}‘gzgggetum sg;gaggg ‘ spike trisetun

Lilaceae
“"Alium .crenulatum wild onion

warlthronlum ‘qrandiflorum avalanche lily lvs, ns, flws
 Lilidn-columbianum: tiger 1lily lvs, flus*

" smilacina racemosa- false Solomont's seal

:”Stenanth1um occ1dentale western stenanthium

Trrillium ovatum- western trillium

" ¥eratrum viride false hellebore 1vs
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Orch1daceae
Habenarla SP. bog orchid

Lichens
..Cladonia sp..
" peltigera apthosa -
' Solorina cErocea-

 ””Stereocan1on Sp. .

carla Sp. . rock tripe ' thalli-

1 leaves
2"flowers
U U3Ufruit
"'+ new. shoots
"% preferred food
0 rarely eaten
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Appendix II. R

List of
Ccllected,

all Rnown Vancouver Island

Tctal = 30

Marmct Specimens that have bheen

Collector

R. S. Swarth

A. Peak

p. I. Walker

K..Racey and

I. ¥c1. Covan

P. %. Martin

L. B, Gatenly

F. L. DBeebe

P. G. King

P. L. Wright

J. Csman

~

D. C. Heard

Year
Collected

1929

1930

193

1938
1940
19413
1965
1968
1968
1968 ?

1978

Collection
Localities(1?

Mt. Douglas .
King Solomon Basin
Golden Fagle Basin

Battle Ht.
{locaticn unknovn)

Jordan Meadovs

Green Mountaln
colony one

Mt, Arrowsaith
Crink Water Creek
Mt., Washington
Mt. Washington
mt, Washington
Comox -

Beaufort Range

Green Mcuntain
colony one

~}

1¢3)

1¢3)

1¢a)

1(3)

1¢3>

Present Location
of Specimens

University of California, Berkley,
nurters 12090-12100.

National Museum of Canada,
Cttava, number 10333,

Pritish Columbia Provincial HMuseunm,
rurter 1260,

University of dritish Columbia,
nugters SAG1-5866 and 2928 (n=7), &
National Museum of Canada,

Cttawa, numbers 14088-14089 (n=2).

British Columbia Provincial ruseun,
nurter 2898,

British Columbia Provincial Museumn,
numter 4540,

Pritish Columbia Provincial Museun,
nunter 5021,

University of Alaska,
nunter 28754,

University of Montana,
numter UMZM 13521,

Eritish Columbia Provincial Museum,
uncataloqued.

Pritish Columbia Fish and Wildlife
sranch, Port Alberni Office

Uriversity of British Columbia,
uncataloqued.

gniversity of British Colunbia,
teaching collection.

¢1> papped cn Figure 1; coordinates in Table I
¢2) includes the type specimen with the cclmeclete skeleton

¢3) skull

crly



