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o T.. . usmor. ' K
Columbian ground squirrels (ingxmgnhilug gglumhignug) from

'“populations at different elevations (LE: 1500 m, HE: 2250 m) in south-

‘western Alberta did not differ in the amount of fat stored as an energy
& .

.source for hibernation. Within populations adult males had larger pre-

[

hibernatlon fat reserves in proportion to their body size than did adult ’

» female§~gnd juveniles, which did not differ from each other. 'Adult

! y

males and juveniles.depleted a greater proportion of their fat reéervesv

over-winter than did adult females; adults of both sexes emerged ftom'

, hibernation with a.greater proportion (25-48%) of their reserves

reméining than did juveniles (;3-23%). Yearly variation in fat reserve

depletion differed between pop lations but were similar in direction and

magnitude for sex and age classes wifhin populations. Patterns of®
» ) "~
torpor and euthermia of low elevation ;huirrels were siTilar for all sex
&

and age classes except that adult males were euthermic for a longer time
. -

immediately beforg emerging from their hiberpacula‘(7-14 days) than were
' -~

adult females and juveniles (0.5-1.5 days). The hibernacula of HE

squirrels were shallower, larger and better insulated than those of LE

squirrels. Within populations adult males used larger, better insulated

-hibernacula than.adult females and juveniles; juveniles at LE tended to

, use more shallow hibernacula than did adults. HE squirtrels experienced

—

colder seil temperatures for the entire hibernating season and spent a
) o . . . . .
\E;EEtef\proportlon of the hibernating season at below freezing'

temperatures (85%) than did LE squirrels (52%) despite deeper and more
N . -
continuous snow cover at HE. The mean minimum soil temperature was

v

lower at HE (-2°C) than at LE ( 1° C) but d1fferences in hibernaculum

/
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~I. INTRODUCTION . S

.

hany ground squirrel snec1es spend aeumuch as 6 to-9 months of‘

each year in hibernation (Davis 1976) As a consequence every aepect
. .

'of their life history is centered around and directly influenced by the
preparation for hibernation : Because of its central role in the annual
cycle the phenomenon of hlbernatlon and the need to. adapt to variable
h1bernat1ng condltlons must be a dominant factor in the evolution of
life hlstory patterns of ‘these spec1es yet llttle is known about )
hrbernatlon under natural condltlons o

Hlbernatron is' generally con51dered as a tactlc to escapevperlods

\

of 1ow food avallablllty ‘'or harsh env1ronmental condltlons when

) \
energetlc demands for normal act1v1ty cannot be met \Metapellc

. that required for a comparable perlod of normothermy

Fleharty, 1979; Wang, 1979). - Aside from the phySLOi"g_éa abllity to.
hibernate, an adequate energy supply, a 1ocat10n that{ ' B
protectlon from predators and. conditlons that mlnrmlaeuenergyu
expendltures are neccessary to surv1ve hibernation. - Usually not all
1nd1v1duals in-a populatlon are able to meet these requlrements
'resultlng in some mortallty during Hlbernatlon Sheppard and Swanii?
'(1976) conSLdered over- w1nter mortallty to be'a major capse of
dlsappearance of juvenile Rlchardson s ground squlrrels ( permogbllus
r1chardson11) Over- w1nter mortallty also appears to represent a-

significant portlon of the yearly dlsappearance of Columblan ground

'squlrrels (§, columb1anus) (Murie, Boag and Kivett,;l980;’Murie and

.
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fHafris, 1982' Murie 1985), arctic ground squirrels (Carl 1971), and
s

yellow bellied marmots (Marmgta Lgviventri Svendsen, 1974)

‘Many spermophiline hibernators qo not store food for hibernation,
but: rather rely on body reserves.of lipids as a primary source of energy
during hibernation'(Davis 1976“ South and‘HOUSe 1967). \Their.
hlbernating season oonsists of cycles of torpor and normothermy, under
negat1ve energy balance the entire time. ' The amount of energy stored as MJ>

fat, the 1ength§of‘the hlbernating season and the rate of energy use -
.determine whether‘anvindividual SurVives or not.

The amount ofyfat accumulated prior to hibernation’depends on a
varlety of env1ronmental and behav1oral condltions and may be regulated .
by endogenous set o ints’ (Mrosovsky, 1976) . . Weather, by detetﬁining
the accesshto and th 'quality of forage available and the 1ength of the
active season, affeqts‘the rate at uhich fat is accumulated and possibly

the amount of fat. The timing of spring emergenee breeding, birth and

weaning of litters lmpose some dlfferences on the amount of time

"‘1nd1v1duals have for galnlng weight. The length of the hlbernating

M

\\eason is strongly 1nf1uenced by cllmatlc condltxons although
P . .

en?ﬁgenous functions also affect the timing of immergence and emergence

(Pengelley and Fisher, 1957 1963). i

3

+ The rate of fat depletion durlng hlbernatlon is determined .

pr1mar11y by temperature (South and House 1967) and the amount”ofbtime

s_gpent in torpor.. Allow6ng body temperaturé to drop to near ambient

.. '
temperature during hibernation results in a 67-88% reduction in total

metabolic expenditure over the hibernating'season (Scheck and Fleharty,

31979; Wang, 1979). The metabolié cost would be even less without the

.ép
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'_‘,periodic arousals, demonstrated by all hibe}rnators vhich . ‘account: for
.f802 of the total energy expended during hibernation (Wang,.1979) The

pattern of arousals of most hibernators shows a characteristic decrease

f A7

“in- frequency and duration of arousal from immergence to mid season and
] ) :

then an increaSe in frequency and duration until hlhgrnation is 'ff
: . . s

terminatéd (e.g. Jameson,1964; Pengelley and fisher; 1961; Pivoron,

1976,1977; French, 1986). The frequency and duration of _arousals is
temperature dependent in golden mantled ground :squirrels (Twente and:
_ Twente 1965) arctic ground squirrels (S undulatus Drescher, 1967)

eastern chipmunks (Tamlas striatus; Pivorun 1976 1977) and Belding’s

ground squirrels (S. beldingi; French, 1982g),‘decreasing in frequency
and duration as ambient temperature decreases. Sexual maturlﬂy and

o

'\
reproductive status modify the general pattern; sexually mgture 3*

individuals generally emerge earlier than their immature counterparts
(French 1982b) and may spend more time euthermic, partlcularly.at the
end of hibernation.(Barnes et al.,, %986,1987). The amount of fat |
reserves and availahility of food may also influence arousal patterns.

" French (1982b) found that heavier individuals were more likely to
terminate hibernation in the‘absence ofvfood than werellighter
individualsz Weather conditions, ground cover and insolation determine
soil and hibernaculum temperatures. ‘The amount of snow cover, and the

insulation 1t provides, has. been suggested to affect surv1val of yellow-

bellled marmots (Marmota flaV1ventr1s Svendsen, 1974)Aand Columbian

ground squirrels (Murie 1985) But the thermal environment of the

hibernaculum may be the most easily altered 1nf1uence on hibernation

by selecting the location and depth of a hibernaculum or by altering the

A
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size and in5dlationyof the hibernaculum, squirrels may be able to-

A . L i »
hibernate under a favorahle temperaturé regime. ‘E“ N

In this study I set out to compare some of the environm;ntal,
behavioral iﬁd physiological factors affecting over-winter survival of
Columbian ground squirrels in south- western Alberta where they inhabit Gn

alpine and sub- alplne meadows from about 1100 meters to 2400 meters
above mean sea leve&»(Soper, 1964)} Previous studies haye examined
Yerious aspects of life history and behavior oE\Bopulations at dlfferent
elevations. Significant differences in over;wintet.survival have heen
noted ‘between age and sex classeg as ‘well as between potulations at
different elevations. In‘genetal'adultS-survive bettet than juneniles,
females sufvive better than.meles end all age and sekvclasses survive
better at hlgher elevatlon than at low (Boag and Murle‘ 1981; Murie,
“1985 Murie and—Boag, 1984; Murle Boag and Kivett, 1980; Murie and p
Harris, 1982; Zammuto and Millar, 1985), | » -
Populations at high elevatlon have a shorter active season (%10-14

4

days shorter) and consequently a longer hibernating season (Dobson and '

Murie, 1987). At high elevations, spring ‘emergence can occur 2-6 weeks

-

later (Murie end Harfis, 1982) and»immergenée occurs about two weeks
later than at low elevqtionﬁ Reproductive outputbis generally greater.
t lower elevations (Murie, 1985).' |

I identlﬁied three main factors as being most llkely te;effect
survinal}ithe amount of fat stored in preparation for hibernation, the
pattetn’of torpor and arousals, and the thermal environment of the

oL

/ hibernaculum. The pre-hibernation fat stores are the primary energy



-

i'a' -' !

5

souree for the hibernating season Torpor and grousal patterns, end the

ghermal environment determine the rate of fat depletion.

I attempted to account for the-differences in survival noted by
previous'investigatOrs by exemining tne,energetics‘and environmental
conditions during the‘nibernating season. The stud& can be divided into
three interrelated parts. The first compares the primary energetic
reserves before and after hibernation of squirrels from different.
populatlons at different elevatfons, and sex and age classes.that
experience differences in over-winter survival The objective of this
part of the research was to'dgfgfnine if/the higher survival rates of
some groups can be attrlbuted simply to having larger fat ﬁeserves prior
to‘hibernation. The second aspect examined patterns of arousal during

hibernation by temperature telemetry The objective was to establish

the general pattern of arousals and compare the patterns between ages,

sexes and elevations. The data collected allow determination of the

total time spent in torpor and euthermy, making it possible to estimate

the rate of fat reserve depletioﬁtand the energetic cost of hlbernation

+

. under different environmental and’behevioral conditions.‘

The third aspect of the ‘study was the thermal environment

K
v

experienced during hibernation. Squirrels may be_able to exercise some

‘control. over the‘temperature of the hibernaculum by selecting the

location, depth, size of hibernaculum, -and the amount of .frisulation

used. The hibernacula of radio-collared squirrels were examined with
respect to their thermal environment and the insulation of the nest.
Information from the three main parts of this study are combined

in the summary to produce a simple model of the energy cost of



1 )

hi‘b‘ernat‘ion‘ 4un;1‘esr different envir;nmental conditions. ‘The predictions
of this moc'l.e'l and ﬁhe information on pre- and post-hibernation fgt '
Qeséfves are examined in relafion to the survi¥al patterns observed in
this and previous studies in an attempt to identify the factors most
critical for over-winter'survival‘among Columbian ground squirrelt An
understanding of the factors affecting over-winter ;urviVal should

provide valuable insights into the ecology and evolution of variable

life history patterns in these squirrels.

e

6
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I1. LENGTH OF THE ACTIVE SEASON, POPULATION STRUCTURE,
ANQ SURVIVAL OF TWO POPULATIONS
' OF COLUMBIAN GROUND SQUIRRELS
.

<

Columbian ground squirrels (Spermophilus columbiapus) are common
in open‘mgadows of the foothills, sub-alpine, and alpine areas of the
mountains in souéhwestern Alberta (Soper, 1964): Because of the wide
range of environmental conditions experienced among populations at
different elevations the species has been the subject of several studies
investigating variable life history patterns (Boag and Murie, 1981;
Dobson and Kjﬁlgaard} 1985a,b; Dobson and Murie, 1587; Dobson et al.
1986; Murie, 1985: Murie and Boag, 1984; Murie et al.éii980; Zammuto and
Millaf; 1985). These studies have found ‘consistent differences in life
histories among populations at diéferent elevations, In general,
populatiéns at higﬁer elevations have shorter active seasons; lower
.reproductive success, and greater‘surVival than low elevation
populations. 7 |

As part of a larger study on.facfbrs influencing over-winter
survival of Columbian grqund squirre1$ I monitored the population
dynamics and seasonal activity of.one population at low g*fvation and

one at high elevation in the Sheep River drainage of southwestern

Albérta. Here I report on the population structure, length of the
\ 4

active season and survival patterns of these populations.
. ‘ :
The low elevation site (LE) was approximately 3 km east of the

- .
mouth of Gorge Creek (50°38°N,114°37°W) at an elevation of 1500 m. The

Y
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site occupied 1.3 ha of the same large meadow (72 ha) ltudiod by Boag
and Murie (1981) and was approximately 2 km east of Murie’s (1985) Gorge
Creek site. The L? study site was level to gently rolllﬁg except for‘20
to 30 mof the north side that was on a stee; south-facing slope. The
area was marked off with a 10 by 10 m grid to facilitate recording of

capture, burrow, and hibernaculum locations. Vegetation was mostly

grasses and forbs, primarily wheatgrass.(Agropyron sp.),. timo;hy (Eh;ggm
alpinum), and old man’s whiskers (Qggmkggiflo:gm). Larg; amounts of
dandelion (Taraxacum sp.) were present in June of both years and were ‘a
major food source for the squirrels. Owing to greater'than normal
rainfall in 1986 the vegétation was taller (up~to l.Smf’chan in 1985
(0.5 m). The soil is described as shallow, usually 20 cm or less deep,
coarse to moderately coarse rapidly drained orthic regesols and rego
black chernozems overiaying thick layers of gravel and cobble‘(Alberta
Energy and Natural Resources, 1979). Snowfall and winter temperatures
are moderated by periodic warm ”cﬁinook”Aconditions regulting in
inconsistent and ipterrupted snow cover.

Potential mammalian predators observed on the site included:

coyotes (Canis latrans), badgers (Taxidea taxus), weasels (Mustela

Spp.); avian predators included red-tailed hawks (Buteo jamajcensis),

goshawks (Accipiter gentilis) and golden eagles (Aquila chysgetos).

The hlgh elevatlon\51te (HE) occupied 9‘ha of a cquue on the west

-

fﬁe of Junctlon Mountain about 12 km south of the mouth of Junction
<7 .
Creek4(50°32’N,llAﬁa2’W) at an elevation of 2250 m. The site was level
to rolling with steép talus slopes and limestone cliffs on the north,
- q v

east, and south sides. Because of its large size the site was not marked



‘with a grld instead a series of reference points were marked and .

-

Mg

-mapped Capture, burrow and hibernaculum locatlons were determined by

-~

: taking the polaf co- ordlnates from the nearest reference pointQ

- noted at each capture

'llve traps (16 by 16 by 48 cm) baited w1th peanut butter, All

‘1nd1v1duals w@re ear- tagged w1th #1 Monel flngerllng tags for future

R .
’tatlon consisted of dryad mats L y . SP- ) sedges (c areg spp )

N -

sp.), and alpln f1r (kbies lasiocarpa) The 5011 1s descrlbed as
'shallow sandy regosol with large areas of exposed bedrock and rubble
'(Alberta Energy and Natural Resources 1979). Snow cover was deep and

"conslstent, usually\lastlng from September through early June

M

Potent1a1 predators on the 51te lncluded coyote long tailed

weasels (Mustela frenatg) black bears (Ursus amerlcanus) and grlzzly

o
RS N

, g
bears (Q. arctos),  the latter two 1dentif1ed by scat and tracks only

s

Av1an predators observed were golden eagles and pra1r1e falcons (Falco

: mexacanus) . S ‘ B - K .

¥ :
A Trapplng was conducted 1rregular1y on both sites. from late May
through August in- 1985 and on a bi- weekly basrs ‘from 1ate March to b
September in 1986 and 1987 . Squlrrels were 1lve trapped u31ng Tomahawk A

‘.

s

‘s- {x‘ .
1dent1flcatlon and dyed w1th a dlstlnctlve mark u51ng hair dye (Clairol

#124 blue black) Welghts were ‘taken .to the nearest 5 grams w1th

Pesola sprlng scales and zygomatlc w1dth (@XGW) and lower foreleg length‘-

(LFLG) were measured to the nearest 0. l mm w1th a mod1f1ed d1a1 ca11per

The breedlng status and occurrence of ‘any wounds or 1nJur1es were also

es, and p tches of dwarf willow ( al.' spp ), stunted spruce (Eiceav

e

A 28
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_ All trapping at LE in 1986 and 1987 was conducted during the *ﬁrstm

S

‘ 2 3 hours of activity to reduce errors in weight introduced by varying

u.,‘

am&unts of stomach contents ., 4v§ﬁ°a“se of the large area at HE trapping

ﬂwas conducted throughout the day;?as it was on both sites ih 1985.

ol
IndiViduals were claSSified as Juveniles (young of the year) or adults'
unless their actual age was known or they&ould be pOSitively
identified as yearlings (young of the prev1ous year) based on
‘differences from adults in weight andgﬁooth pigmentation To determine
the pattern oi surVival a set of ’cut- off’ dates were chosen (originally
arbitrarily and later confirmed by trapping records ‘of known surVivors)
as'a demarcation between pre-r;bernation and over-winter mortality.
Individuals' caught on or after*the cut.- off date for *h»ﬁi fe,class vere
:conSidered to have hibernated on the study areas and LNOSE isappearing
after the date ‘were assumed to have died during hibernation The cut-
off- dates at LE were 15 July for non- Juveniles and 2l July for
2

Juveniles. At HE the(cut off dates were 28 July\gor nori- Juveniles and
14 August for Juveniles

| Squirrels in both populations were active,.with breeding activity
completed when trapping was starté@ in 1985l The emergence schedules

{

for 1986 "and 1987 are shown in Fig. "II 1 Emergence of LE adult males
| was 2- 3 weeks earlier (median dates 9 April 1986, a April 1987) than

preViously reported by Murie and Harris (1982) for a six year study on a

.

' vpopulation 2 km away - (earliest median ‘date 21 April, mean median date 26

April). Adult females emerged later than adult males (median dates 22
April 1986, 24 April 1987) and slightly earlier than during their study.

Juveniles of both sexes emerged at the same time and overlapped greatly

(’ .
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with the emergence of adult femaleS‘ Determination of accurate

«emergence dates at HE was hampered by spring storms in both years ‘Ten“

" of 13 adult males were already active on 28 May 1986 as were 3 of 10

" females. 1In 1987 one squirrel was observed active on the site on 5 May
at the end of the first trapping session Two adult males and one: adult
female were‘flrst captured on 10 May 1987 and all squirrels at HE were
active by 4 June. Emergence dates were obtalned for only nlne Juvenlles r
at HE over 2 years, all emerged between 24 May and 4 June. The
'emergence dates at HE in this study were similar to those reported for o
populations at. 51m11ar elevatjons by Dobson and Kjelgaard, (1985a 9 22
May first emergence date) and Murle and. Harrls (1982, back dated from
their records of breedlng dates). o >\\\\
The date of last capture was used as an indei of immergence\dates
- (Table II-1). Squirrels of all age and sex classes in both‘populations
.immerged Ipter in 1986 thanhin‘1985 That may have been due to the
fgreater than normal rainfall durlng July and August 1986 (Alberta
‘Env1ronment PCllmate of Alberta 1986, Junction Look-out Records) which
appeared to delay fattenlng HE squirrelg of each sex and age class
' 1mmerged into hlbernation 5 10 days later than therr LE counterparts
U51ng the median dates of emergence and immergence, and suming
that Juveniles emerged from the natal nest at 58 days after the adult
females emerged from h1bernation (based on dates of emergence, breeding, ‘
:and gestation from Murie and Harris, 1982) the active ‘'season for adults
in 1986 was 108" days at LE and 93 days at HE. Juveniles had active

-

seasons of 49 days at LE and 36 days at HE. The estimates for adults

~

are similar to.those of Dobson and Murle (1987) for populatlons at

@



‘A: _ d o »ﬂ- H 16-
. correspondingpelevutions - The 1ength of the hibernating season In 1986-
87 at LE was measured dﬂrectly by temperature telemetry of hibernating

: squlrrels as 240 -250 days (Ch IV) giving a corresponding active season
of 115-125 days in 1986.. From this it would appear that trapping

records may underestfmate.the length of the active season by as much as

two

n

Trapping from mid-July.to late August alternated from LE to

, : R N
HE every 4-5 days; therefore, last capture dates may have been as much

as 10 days early for'some individuals. ‘Most squirrels also become very
inactive and difficult to trap at the end of the :eason (pers. obs )'
one radio collared aduht pale was last captured on 12 July but did not
become torpld until él July (Ch. IV)

- The number of squirrels. ;%ged'on each study area as well as
summe;, ouer-winter, and annual surviual rates are presented in Table
II-2. The survival of all age and séx classes combined was greater at
llE than at HE in both years and waigednstant betyeen years at LE
altnough there were differences among sex and age classes between years.a
.Juvenile survival increased from 1985-86 to l986¥87 while adult survival

. : . _ - g
declined. The mean annual survival of adults'at LE (64%) was similar to
that reported by Murie (1985), Murie and Harris (1982), and Dobson and
Kjelgaard (1985g); juvenile survival at LE (69%) was higher than |
reported in these studies. The LE populatlon increased in size at
emergence from 62 3/ha in 1986 to 78éagha in 1987, aThese densities were
higher than those reported by Boag and Murie (1981,,11.6-l6.1/ha) and
Murie (1985,_12.87ha) but aré similar to those reported by Festa-
Bianchet (1985) for a‘population 3 km to the south of LE at a similar

elevation. Festa-Bianchet attributed the high density on his site to
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bett;er habitat quality and optimal weather conditions The ‘LE site was
situated on part of the large meadow that: Boag and Murie (1981)
described as. having areas of high and low squirrel density. Adults at
HE had mean annual surv1va1 ‘rates (71%) similar to previous studies (71-
76%; Dobson and Kjelgaard 1985a Murie 1985) but juvenile survival was
\-much lower (35% this study; 60% Murie, 1985) The HE population was’
also larger in 1987 than in 1986 (+50%) due mostly to increased litter
sizes in 1986, recruitment of yearllngs into the adult age class, and
‘/::2ater Jjuvenile sqavival The density of - the HE population at
emergence was lower in both years (2 3-3. 6/ha) than in Murie’ s (1985)
study (11.6-16. 1/ha) Some of the differences in densities between this
and previous studies may be due to the inclusion of large low den51ty
.areas in the study areas used for different studles Although HE
squlrrels foraged and were captured throughout the entire. 9 ha the
location of burrow systems was concentrated in a smaller area
(approximately 1-2 ha).. There was some indication that juvenile
mortality was greatest immediately before hibernation ‘particularly at
HE. 1In 1986, 18 of 22 Juvenlles at HE were alive on 31 July; by 9
August only 11 were known .to be alive on the area and only one of the 7
"missing’ juveniles was captured the following year.
All adult females at both sites bred each year. Of 62 juveniles
(24 male, 3é female) tagged'at LE in 1985, 57 could be ass1gned to the
: complete 11tters of 18 females (mean lltter size 3.17, range 2- 5)
11986, 65 Juvenlles (31 male 34 female) were tagged at LE; 43 were

assigned to the litters of 17 females (mean 11tter size 2.53). EigHt

Juvenlle females from 1985 bred (as yearllngs) at LE in 1986. Seven ofr

o

ity



‘these'soecessfullj reered atlleast‘o young' The litter size of
yearling females (mean 2%28, range 1- 3) did not differ significantly
from that of older females (mean 2.70, r:;ge 1.4, ﬁilcoxon 2- sample
test, P = 0.310). Yearling females that bred were heevler and had
largerifat reserves before and‘after hibernation than non-breeding
females (Ch. III). »The low litter size at LE in 1986 compared to. 1985
may have been caused by the use of a smoke oloWer to map burrow systems
during gestation and lactationj lt-was discovered that repedated exposure
to the ‘non-toxic’ smoke could cause (lethal lung irritatione (App. C).
However, other populations in the same geographic area also experieo;ed
decreased litter sizes in 1986 (S. Hatfield and D. Wiggett, pers. |
~comm.). At HE 11 juveniles (7 male,' 4 femele) froq six !ltters were
tagged in 1985 for e mean litter size of 1.67 (range 1-2). 22 juveniles‘
were'assigned to 9 litters at HE in 1986 (mean 2.44, range l-ﬁ). The
lltter sizee observed at both populations over the course of this study
fell within the range reported b; Murie et al. (1980) for populations at
similar elevatione. Litter sizes were not determined in 1987 and both
populations were disrupted to some eXtent by the excavation of
hibernacula from April through June. Only two joyeniles were captured
at HE in 1987 suggesting an almost complete failure of"the,cohort.

‘In summary, the high elevation population in this study was

" similar to previously studied high elevation populations of Columbian
ground squirrels with respect to adult survival, emergence dates and the
length of the active season. Juvenile survival recorded over 2 years at

HE was lower than reported eleewhere." The low elevatlon population

K ¥
‘-.

differed in almost every aspect from previous studies, Survivorship of



adult:'and jﬂveniles was higher‘ emergence dates were“earlier. and a
large propo;%ion of the yearling females bred. | These‘changes in
population dynamics and life history are in the same direction as
reported for populations supplemented with high energy food (Dobson and
Kjelgaard, 19853 b) suggesting that the quality of the habitat may have
increased since previous studies (Boag and Murie, 1981; Murie 1985; |
Muptg and Boag, 1984) or that the LE study area represents an optimal
suS;!%ple of the larger populatlon High over- w1nter survival might
also be attrlbuted to mild winter weather durlng this study. ‘Records of
mean monthly temperatures from ngh River, Alberta (Alberta Env1ronment
Climate ovalberta reports for 1985,1986), which Murie and Harris 1982)
used as an index for’ temperatures at their Gorge Creek site (2 km W of
LE), were warmer than the 30 year mean for most months of the w1nter of
1985- 86 and for July to December 1986. Winter snowfall at ngh River

was lower than the 30 year mean in 1985-86 and the first half of 1986 87 .

&

as well. Temperature and snowfall records for 11987 were not available
at the time this was written. The hibernacula of LE squirrels are well
above the soil frost line (Ch. VI), s0 colder air temperatures-than

experienced in 1985-87 could potentially increase the energetic demands”

of hibernation and thereby reduce survival rates.

VJ *‘!—' ..... | . T . " . ' T ! - . ‘19 R



- Table II-1. Median and ranges of
squirrels from ‘two populations at different elevatﬁons.‘Last capture

dates were used as an index for date of immergence

age/sex year n_ median . range n_ medien range
Ad. Male 1985 26 22 Jul 16 Jul-06 Aug 1131 Jul 28 Jul-09 Aug
1986 26" 26 Jul 10 Jul-12 Aug 12 02 Aug 31 Jul-2D Aug..
Ad. Female 1985 20 24 Jul 16 Jul-06 Aug 14 30 Jul 28 Jul-09 Aug
1986 34 08 Aug 20 Jul-25 Aug 13 18 Aug 31 Jul-20 Aug
Juv. Male 1985 13 05 Aug 22 Jul-05 Aug 2 15 Aug 09 Aug-23 Aug
1986 22 12 Aug 04 Aug-25 Aug 9 18 Aug 31 Jul-22 Aug
Juv. Female 1985 25 04 Aug 21 Jut-06 Aug 2 09 Aug
1986 2111 Aug 01 Aug-25 Aug 4 21 Aug 31 Jul-22 Aug

a——

-
z

20

last capture dngpg&%;‘Columbian ground

) Low Elevation

W)

Iihto.hibernat%gn.

High Elevation
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Figure I1-1,

22

Frequency histograms of emergence dates for Columbian

ground squirrels from two populations at different elevations in

Alberta. Arrows indicate median dates, ‘%

)

indicates when squirrels

were known to be active before the start of trapping.
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}II. PRE- AND POST-HIBERNATION FAT RESERVES

OF COLUMBIAN GROUND SQUIRRELS - €

A circannual pattern of weight gain and loss is well documented
for many species of ground squirrels (Spermophilus) that hibernate
(Blake,'1972; Galster and Mérrisonf 1976; Jameson, 1965; Jameson and
Mead, 1964; Morrison,1960: Mrosovsky, 1976; Pengelley and Fisher, 1961).
Fat is accumulated duriﬁg the active Season each year and serves as ;Qf
primary energy reserve for hibernation (Galster and Morrison, 1976;
South and House, 1969) and as- supplement to scarce food supplies
immediately following emergence (Kenagy and Barnes, 1988; Snyder et al.,
1961; Zegers and Williams,:1977). Annual c&cles of weight, hibernation
and endocrine éctivity have been shown to be endogenously controlled
(see Mrosovsky, 1971 for review) and the amount of fat accumulated for
hi?ernation is apparently regulated tg a seasonally adjusted ’set point’
(Dark et al., 1986; Mrosovsky, 1976). Weight cycles vary within
species; adult males typically put on more weight than do adult females
(Blake, 1972; Tomich, 1962) and lose more weight_over wintgr (Mortqn,
1975; Snyder, et al. 1961; Zegers and Williams, 1977; but -see McLean and
Towns, 1981). Populations of the same species that experience different
climates may also show differences in the.?mount of post—hibernatién fat
réservés (Blake, 1972).

The amount of fat accumulated before hibernation and the rate at
which it is depleted determines the fasting potential of each individual
(Morrison, 1960) and theréby influences survival during hibernation.

Differences in over-winter survival between ‘sex and age classes and

25 :
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\betwnen populations ;t different elevations have been documented for
.several species of ground squirrels and m;rmots (Bronson, 1979; Bogg and
Mu;ie, 1981; Murie, 1985; Murie and Boag, 1984; Sheppard amd Swanson,
1976; SVeﬁdsen, 1974). The cause of this differential mortality i{s not
clear but may be related to the amount of fat accumulated before
hibernation (Murie and Boag; 1984) Lr the quality of the hibernaculum
1
(Murie, 1985; §vendsen, 1974) affecting the rate of energy consumption,
In this study I examined the pre- and post-hibernatién fat
regerves of Columbian ground squirrels (Spermophjilus eolumbianus) from
tw0lhigh elevation and two low elevation populations in southwestern
Alberta. The first objective of the study was to determine whether
squirrels in high surviV@l categories (adults, females, and high
elevation: Boag and Murie, 1981: Murie and Harris, 1982; Murie g;d Boag,‘
1984; Murie 1985) had correspondingly greater pre-hibernation fat
reserves or lower rates of fat depletion than squirrels in low survival
categories (juveniles, males, low elevation).l A second objective was to
develop a method for accurately estimating the fat reserves of live
squirrels. Morton and Tung (1971) found that total body weight was a
reasonable though not completely accurate predictor of fat reserves for
Belding’s ground squirrels (§; beldingi), The addition to prediction
equations of easily taken morphological measurements increased the
accuracy of fat reserve estié;tés.%GeSSaman, 1984) by accounting for

some of the variation in lean body mass.



b o METHODS

Squlrrels were collected from locations at different qﬁevations
before and after two separate hibernating seasons | In 1984195,‘:_,,g
) .';collections ‘were maden‘at the Rocking Pinch (RP), elev 1256“ m, 50 km
south of Longv1ew Chlberta and at nghwood -Pas's (HW), elev 2150 m, |
| approx1mately 50 &m west of Turner Valley, Alberta .5 km south of the ﬁﬁl
summit of - the pass : In 1987 88 squirrels were collected from areas

adJacent to the main study areas used durlng other parts of this study,
\ . :
LE: elev. 1500 m HE 12250 ‘m'(Ch. II) The timing o0f collections at RP

b " .

ghd HWf relative to the’annual cy%le was determlned from studies being
'conducted on squlrrel populatlons w1th1n a few kllometers of the
COllecting sites (D. Hackett and F. S Dobson pers comm.). Squirrels

were live trapped in order‘to select 1ndrv1duals by sex and age class
. a4 &
,Autumn collected 1nd1v1duals were also selected on the ba51s of weight

preferentlally taklng above'average weight 1nd1v1duals in order to av01d

collecting ‘squirrels which may not have surv1ved hlbernatlon (Murle and
‘Boag, 1984) ‘ Incluslon of squlrrels that would not surVLve h1bernat10n'

in the fall sample would blas any comparlson w1th the spring sample of
survivors. An attempt was made to collect flve 1nd1v1duals of each sex

1

for adult yearllng and Juvenlle age classes An 1984 85 The yearllng
 age class was later lumped w1th adults " Na Juveniles were collected at

HE 1n'1987 88 because verygfew Juvenlles were present in the population
l

. in 1987 “The squlrrels were sacrlficed by asphlxiation in the field and
2 .

placed 1n plastlc bags and kept frozen untll processed for lipid

y,'extractlon | In theglaboratory the total weight (TWT) of all squ%rrels R
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was Ltﬁeasure‘d "to the nearest 0 1 gtand a series of external morphological
‘mea*surements (HBL - head and body 1ength HF - hind foot length, ZYGW‘-
‘l_: zygomatic widthv 'LFLG - lower foreleg length LHIG - 1ower hind leg
'rlengthéxiere taken for use in. deriving a method for estimating fat
reserves on live squirrels ‘The alimentary tract with contentslffrom
the diaphragm to anus, were removed, ‘Stripped of mesenteries and fat
which vere returned to the carcass, and weighed to the nearest 0.1 §
' The heads were also remoped at the articulatlon of the occ1p1tal
.condyles ALE Wweighed, leaving the skin and any subcutaneous fat with th
‘carcass. The gut and’head‘free carcass was ueighed refrozen and ground
by two or three passes through a commercial meat grlnder Three 15-20 g
samples of the homogeniaed carcass were welghed to the nearest 0. 001 g
andldried in a.convection oven at 45°C. to a constantﬂueight to determine
water eontent.‘“The'dried samples were finely ground with mortar and
pestle‘and)a 3-5 g sub-sample,frombeach‘was}extracted with petroleum
ether in a soxhlet apparatus. for 4 hr to determine the neutral lipid and
vlean'content. TotaI carcass fat and carcass lean Weight (lean dry
Jweight + water weight) were calculated from the mean of the three‘
lsamples from each caroass The carcasses of five‘radio collared
squirrels that died during the 198&’87 hibernating season were also
~collected and processed as above to determine their 11p1d ‘Teserves.
Comparisons between ages, ‘sexes ard locations were done using analysis
of co}variance (ANCOVA) on, the carcaSS fat weight with carcass 1ean"ﬁ
weight as the co-variant;: ANCOVA removes the confounding effects of
S &

body size, reduces the co- eff1c1ent of variation within gro:;s and is

.

preferable‘to using percentages or indices when dealing with
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allometrically related properties (Packard -and  Boardman, 1987) A
regression equation for estimating fat reserves on live squirrels was

chosen by stepwise regression of the external morphological measurements

| and total weight on fat free weighﬁﬂﬁgsjalgg‘lean weight + head and gut

- weight). The difficulty in obtaining some Measdrements on live

'squirrels meant that some 6f the best predictors of lean body size (head :

; and body length, lower hind- leg 1ength) c uld not be used for an

'(r = 0.95) using easily taken measurements

equation to predict fat reserves of live sjuirrels. The best regression

(-

.

FFWT=(TWT¥O.516)+(ZYG_W*10.966)+(LFLG*2.944)-311.270 (Eq. III-1)

| . .
where FFWT is fat free (lean)'body weight (g), TWT is total body weight

(g), ZYGW is the width of the head 1mmediate1y behind the eyes (mm), and

LN TS Y
. ‘N’a

s e

LFLG is the 1ength from the proximal to the distal ends of the ulna and
radlus‘w1th the leg in a flexed position (mm). Fat weight (FWT) was

calculated ag the dlfference between the estimated FEWT and TWT ZYGW
and LFLG were measured to the nearest 0. 1 mm u51ng a modified dial
4

“

‘caliper TWT was ‘taken to the nearest 5 g uSing a. Pesola spring scale.

Pre- -hibernation fat reserve. estimates were made for all. squirrels
captured and released on or after the ’cut-off’ dates used for

determining over-winter surv1va1 (Ch. ‘ITI). For pdults the cut-off dates

;“were 15 July at LE and 28 July at HEg . Cut- off dgtes for juveniles were

.28 July (LE) and 14 Aug (HE) Post hlbernat%on fat estlmates were made

-for all squirrels at their flrst capture of the season, usually w1th1n

2- 5 days of emergence. Squirrels with unusually late first captures in

; ' ‘g"

)
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‘the spriné were exéluded<un1ess there was evidence suggesting'reCeﬁt‘
emergence (e.g. flaky skin), Over-winter enetgy consumétion was
estimated from the estimates of fat and lean weight ioss of individuals;
“The energy content ofmfat was calculated as 39.33‘kJ/g (Schmidt-Nieiseq,
1983). The amount of protein IOSF; and presumably catabolized for¥ |
‘ eherg&, was.estimated from the estimates of lean weight loss on live

squirrels assuming that 22% of the fat free.wet.weight was protein

(Galster and Morrisoﬁ, 1976). The tatio of fat'ffee dry‘ﬁass to water
. mass did not differ between pre-hibernating and post-hibernating ‘
squirrels used in the fat extractions. The energy content of estimated v‘t
ptoteinllosé was calculated as 17.991 kl/g (Schmidthielsen,"1§83). For
calculatihg'rates of energy use, the length of hlbernatlng seasons ;ere :
considered to be 240 days for adult males at LE and 270 days at HE 250
days for other squlrrels at LE and 280 days at HE (Chs 2 and 4). .All
statistical analyses were performed on PC:SAS. Because of the's@all'
sample sizes for some‘gtoups and the inability. et assumptions of
normality, non-parametric methdd%’ﬁepg used for most statistical
analyses of estimated fat reserves ﬁgihg the F:L ratio as an index.

Proportions andppercentages were arcsine transformed for analysis,

(Snedcor and Cochran, 1980).

RESULTS

All comparisons of fat reserves were made using absolute values of
. | | ; N J
fat reserves adjusted for body weight. At RP, LE, and HE, adult males

had sxgnlflcantly greater pre- hlbernatlon fat reserves in proportion to

body weight than did either adult females or Juvenlles the latter two
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being similar (Table III-1). At HW all age and sex classes had simiIar'
‘pre-hibernation fat reseryes. Adult males at HW had smaller pre-
hibernation fat reserves than those at RP, LE, or HE. Adult females

i —
showed the same pattern, but, the‘difference is only mar;T:ally

significant. Juveniles had similar pre-hibernation reserves at all

locations.

i

’

" reserves than other age and sex classes at LE and adult males at all

Adult males at LE had 51gn1ficant1y larger post hibernation

other locatlons (Table III 2) All otherhage and sex classes within and
among locations had 51m11ar post-hibernation reserves The relatlon of
pre- to post hlbernatlon F:L ratios are shown in F1g AII-1.

The radio- collared adult female at LE that died during hibernation
had fat reserves (F:L = O 075) slmllar to those of surviving adult
females (X = 0. 073)' the fat reserves of the juvenile female that dled
were nearly depleted (F:L = 0.004). In contrast, the carcasses of three

radio-collared squlrrels from HE had fat reserves close to pre-

- hibernation 1eveIs (F:L =.0.200 and 0.175 adult females, F:L = 0, 161‘

juvenile male). "-The arousal patterns of the HE squirrels were not
recorded but the 1arge fat reserves of the carcasses suggest that ‘they
dled before or early in hibernation.

Within sex and'age classes, and within locations the estlmated

pre hlbernatlon fat reserves (F: L ratios) of live squirrels did not

differ either between years (Wllcoxon 2-sample tests: all P > 0.05) or

between survivors and non- surv1vors (Wllcoxon \all P > 0. 05) With the
data for both years comblned (Table III 3), there vere no dlfferences in

pre- hlbernatlon F:L estlmates between locations w1th1n sex and age
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classes (Wilcoxon‘ all P >‘0‘05) By combining data from years,
1ocations, survivors and. non-survivors, sample sizes were 1arge-enough
to warrant the use of analysis of variance to test for differences in .
fat reserves among sex and age classes. The results of ANOVA indicate a,
significant difference anonglsex and age classes (F = 22.76, P =
0.0001). Adult males had the largest fat reserves while adult females
and juveniles of both sexes had similar amounts (Student-Neuman-Keuls

multiple Tange .test).

There were significant year to year ‘differences in the post-

hibernation reserves of adult males at LE (Wilcoxon test: P = 0.0218)

and at HE (Wilcoxon test: P = 0. 0454) and for juveniles of both sexes at
LE (Wilcox0n tests: all P < 0. 01 Table I11- 4) Other age and sex '
“classes did not dlffer between years or had sample sizes too small to be
tested. Post-hlbernatlon reserves at LE tended to be greater in 1985-86"
than in 1986-87, while the reverse pattern was seen at HE (Fig IIIeZ)
Adults at both locations had larger post- h1bernat10n reserves than did
juveniles in bogb years {(Wilcoxon tests: P < 0‘05).

The nroportlon of total weight lost over- w1nter (%TWL) was fairly
consistent (25- 35%) between sex and age classes locatlons, and years,
but tended to be‘nlgher in 1986-87 at LE and in 1985-86 at HE (Table
III-5). Juveniles at LE had greater ¥TWL than did LE adults in 1986-87
(Kruskal-wallis'fést: X* = 11.960, P = 0.0075) and-lcst‘a;greatet‘
proportion of their fat reserves_(ZFWL)’than didladults iﬁ both‘years
(K-ﬁ: P < 0.001, both years). Adult nales at bE nad’higher ZTWL and‘

%FWL than did adult males at HE®in 1985-86 (Wilcoxon test: P 320.0083

“and P = 0.0017 respectively). Percent total weight loss and %FWL were
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similar for adult males in both populations in 1986-.87 (R > 0.05). |
Adult females in. both populations had similar ZTWL and %FWL in 1985 86
(P > 0 05) Adult females at HE had lower ZTWL and %FWL than their
counterparts at LE in 1986-87 (p < 0.05). Sample sizes of juvenllesvat
HE were too small to permit statistical analysis but they appeared to
follow the same pattern of weight and fat loss as juveniles at LE

Adult males at HE pended to have greater XFWL than did adult females in
both years while the reverse pattern was seen at LE. Estimated percent
protein loss (%PL) was generally low, less than 5% pre-hibernatlon
levels (Table lII>5).

érom the estlmates of fat and protein loss it was possible to make
rough‘estlmates of total over-winter energy consumptlon (Table- III 6).
Adult males had the greatest tbtal consumptlon followed by adult
females and Juvenlles of both sexes (Fig. III- 3a) Protein contributes
only a minor portion of the total over-winter energy budget The mass
speclflc rate of energy consumptlon.(J g'day!) was almost unlform among
‘all age and sex classes and between populations (Fig. III- 3a) The only
significant dlfferences among age and sex classes within or between
populations or betweéh years were that adult females at HE had lower
rates than those at LE in 1986-87 (B = 0.0287) and adult males at LE had
greater rates of consumptlon in 1986-87 than in 1985 86 (P - O 0347)
There is a trend, however, for adult'females to have a lower rate of
energy'consumption than adult males orfjuveniles. Much of the

proportional rate of . energy consumption between adult

difference in?
males and females may be attrlbuted to the greater proportlon of the

hibernationg season spent in euthermia by adult pales.., '
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DISCUSSION
from the results of the lipid extractions it is apparent that,
within sex and age classes,,C91umbian groﬁnd squirrels from different

populations at different elevations differ little in the proportional

-

)
amount of pre- and post-hibernation fat reserves (Fig 3.1), This

contradicts the‘f;ndings based on the_1984485 data aldne.(Young, 1986)
that high élevation squirrels had lowepwpre-hibe;ﬁation fat reserves
than did low elevation squirrels. The low pre-hibernation reserves of
Hwisquirrels ma} have been an artifact of collecting squiftéls before
peak fatéening had occurred or colléctipg too late in the &éar and
conéequently missing the heaviest adult squirrels.. This i; possiﬁlel
because heavier individuals in each sex and age class have been reported
to enter hibernation before lighter ones (Michener,‘l978, 1979; Mqrton
et al., 1974). . The greater pre-hibernation reservgs of adult maleé
co%pared to adult females are reduced to Similar levels at emergeﬁce
indicat}ng that hibérnation is To@e energetically costly for males than
for females. Similarly, the pre:hibernation'teserves of juveniles are
equal to those of adult female; but pbst-hi@ernétion reserves are
-smaller in juveniles, sugge;ting'a greater energetic cost for them as
well. Ihe ppgt-hibefﬁation’rgéérves of adﬁlt males a; LE were much

- larger than those of adult galééi(and otﬁer squirrels) from the other
locations. This disparityvmggﬁt.be dﬁevtb an apparent change in
emergeﬁce schedules ;;’LEEMEQdult males at LE emerged from hibernaﬁion
in late March ﬁo midJApriifgvé; thé coufséﬂof thisvstudy (1985-82, Chs.

A

2 and 4), 2-3 weeks earlﬁgr than‘reportéd‘for,the same area in 1975-79

B
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(Murie and Harris, 1982). By emerging early and feeding, even on‘scarce
food supplies, adult males at LE may have reduced the loss of fat
reserves that would have otherwise occurred had they remained in their"
hibernacu®a. Adult males are euthermic for 1-2 weeks before emerging
(Ch, IV) and weight loss during that time, when soil temperatures are at
the lowest (Ch. vI), are no doubt high.
| One of the two radio-coilared squirrels that died at LE appear to

have died of starvatien, while the other and those from HE did not. The
arousal patterns of the LE squirrels were abnormal and they showed
numerous frequent arousals just before they died (Ch. IV). The ultimate
cause of their deaths is unknown. but, both had open infected wounds at .
the time they died (Ch. 1V) that may have dlsrupted their
thermoregulation and hibernating patterns. The cause of death for the
HE radio-collared squirrels is eten more uncertain; some laboratory-
held hlbernators have been reported to freeze to death when ambient
temperatures drop below freezing (Wit and Twente, 1983).

- Estimates of fat reserves on live squirrele over two consecutive
seasons coefirms the findings of the extractions ' (Fig. IiIVZ) That
the estimeted reserves (F:L ratlos) are similar to those determined from

]
extractlon methods (Compare Tables III.1-II1.4) valldates the use of the

r
estlmagps for comparing patterns of fat depos1t10n and loss. However,
the estimates of fat reserves are subject to error from the regression
equation, the variation in the weight of gut contents, and imprecision

in weighing and measuring the squirrels. Assuming that the errors are

equitable across sex and age classes, and populations, the patterns of



. 36

fat deposition and loss mgy be viewed as being accurate whereas the
actual values must be considered with caution.

Pre-hibernation fat estimates were higher for adult males‘than for
agult females and juveniles and did not differ between high and low

elevation populations. iThe similarity of pre-hibernation reserves
betweeq‘populations in both years supports the findings in other fasting
hibernators that fq;hreserves are endogenously regulated and that a
threshold level i%“geacﬁed before entering hibernation (Dark et al.,
1986; Mrosovsk§,¢1976). Loss of fat reserves varied Beﬁween years but

A Lo . ., . @
differences /Among age and sex classes within populations were

consistent; fhe reversing of the pattern of post-hibernation fat
! ’

- reserves. between populations from 1985-86 and 1986-87 (Fig. III-2)

coincidéd with survival patterns, with lower survivorship when post-

hibernation fat reserves were loy (Ch. II) and suggests that

environmental factors may play an important role in datermining

dep%ﬁtion of fat reserves. Adults emerged with 25-48% of their pre-

hiwérnation fat intact (Table III-5) in contrast to juveniles which had

Qﬁly 10-23% of their pre-hibernation reserves remaining. Columbian

; ground squirrels in Alberta are not usually reproductively mature until

their second year of life (Murie et al. 1980) and adult squirrels gmerge °

from hibernation and initiate breeding behavior before most juveniles

¢
emerge. French (1986)nsuggested that reproductively active members of
hibernating species witﬁ’delayed sexual maturity should emerge as early

as possible“in the spring to ensure a sufficiently long active season
for young of the year to,gqu and prepare for hibernation; non- (

' ' [
reproductive members should continue hibernating until their fat

.7

¢
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reserves are nearly depleted in order to avoid the scarce food supplies
of early emergence. This pattern of ’bet-hedging’ appears to occur in
the popdiations in this study The post- hibe;nation fat reserves of
adulf squirrels are important as’' a supplement to foraging during

reproductive activity (Snyder et al. 1961; Zegers and Williams, 1977)

oy .
and may influence the reproductive development and activity of golden-

. mantled ground squirrels (S. lateralis) but are not used to support

gestation or lactation (Kenagy and Barnes, 1988). In 1986, 8 of 21
yearling females at LE bred while only 1 of 18 bred in 1987, Post-
hlbernation fat reserves of LE juvenxles were greater in 1986 than in

1987 (Fig. ITI-2) and females that bred as yearlings (n=10) differed

- significantly from those that did not breed (n = 26) in total pre-

hibernation weight (x = 412-g,and 330 g respectively, Wilcoxon 2-sample
test, P =0.0003), post-hibernation total welghts (X = 298 g and 238 g
respectively, P - 0.0027), pre- hlbernatlon fat reserves (F:L X = 0. 53
and 0.48 respectively, P = 0.0356), and post-hibernation fat reserves
(F:L x = 0.27 and 017 respectively, P = 0.0225).

Although few statistical differences in energetic costs of

hibernation were found within or between populations, clearly adult

males and juveniles had higher relative energy consumption than did

adult females (Fig. III-3). Adult males are euthermic for a greater
proportion of their time in the hibernaculum, particularly at the end of
hibernation (Ch. IV). Normal body temperatures are necessary for
gonadal recrudescence and . spermatogenesis in ground squirrels (Barnes et
al. 1987) so the increased time spent euthermic 15 necessary for the

immediate onset of breeding behavior upon emergence (Barnes et al.

1
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emerged with a large proportion of the pre-hibernatidn fat unused. In

1986). Even with higher rates of energy expengiturejq;st adult males
contrast, juveniles used most of their fat reserves before emergence and
would have been more susceptible than adults to increased energetic
demands.

In summary, there Qere no differences in pre; and post-hibernation
fat reserves among populations of Columbian ground squirrels at
different locations and elevgsions, Differences in the prop?rtion of
fat reserves depleted over-winter amoﬁg sex and age classes and
populations are consistent with observed patterns of survival (ChT II)
and hibernating patterns (Ch. IV). The estimates of energy consumption
based on fat and lean weight loss are not entirely reliable as a result
of the inherent errors in the FFwT predictién equatfoni Recently
developed methods for making repeatedlmeasures of fat composition on
live animals (Walsberg, 1988) sﬁould improve the accuracy of quantifying
th; energetics of hibernation and allow for the determination.of

relationships between energy reserves, reproductive development and

survival,
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Table III-1. Summary of pr'e-hibernati'on total weight, carcass lean and

fat weight and fat to lean ratio (meansse) of squirrels from four
locations in southwestern Alberta.

summarized bel%L.

—Carcass

Results of ANCOVA analyses are

P=0,0132

Location Total Lean Fat
Year Sex/age n Weight' Weight Weight F:L
~AM 12 700:14 392+7 173:9 0.304:0.011
RP 1984 AF 6 569422 347:14 101:9 0.226:0.019
J 13 37327 22247 64:3 . 0.225:0.007
‘AM a 5 586+33 353:20 102:17 0.219:0.029
HW 1984 AF 8 490224 309:16 6416 0.171+0.013
J 6 337423 199:14 46:7 0718330.011
AM 5 793220 43216 200:19 0.314:0.022
LE 1987 AF 5 573+24 '338:13 91:13 0.20920.027
J 10 355226 208+19 5417 0.202:0.012
L ]
v
AM 5 794118 448:11 17319  0.278:0.015
HE 1987 . ) .
AF 5 592:14 361:6 107+11 0.228:0.018
Within locations:
RP: AM > AF = J F=11.24, P=0.0003
LE: AM > AF = J  F= 7.69, Pg0.0046
HW: AM = AF = J F= 1.97, - .1736
HE: AM > AF . F=10.75, P=0.0135
Between locations: .
AM: LE = RP =~ LE > HW F= 4.50,
AF: RP = HE = LE > HW F= 3.31, P=0/]. 0424
J RP = LE = HW

F= 2.66, 2-0.089:///

\

P

s
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Table III-2. Summary of post-hibernation tgtal weight, carcass lean and
 fat welghts, éné fat to lean ratio (meﬁnxgé) for squirrels fro; four
locations in southwest Alberta. Results of ANCOVA analyses are
summarized below,

—_Carcass

Location Total Lean Fat
Year Sex/age n Weight Wejght Weight L

AM 10 528:12 416212 35¢4  0.077:0.010

RP 1985 AF 10 456:19 323:13  28:3  0.081:0.007

J 6 612 0.030:0.001
AM 11 2423 0.069:0.009
HW 1985 AF 12 370+12 ' 273:10 1742 0.061+0.006 v
J 4 28733 210:25 11:2 0.048:0.007
AM 5 49%:15 345:+8 74:11 0.174:0.021°
LE 1988 AF 5 389:14 291:13 2313 0.073+0.008 K

J 10 221:20 153:16 7:2  0.041:0.008

: AM 5 494222 36219 3715 0.091:0.012
HE 1988
AF ) 37218 273411 2445 0.078+0.014
Within locations:
RP: AM = AF = J F= 2.87, P=0.0780
/ LE: AM > AF = J F=11.67, P=0.,0007
LS HW: AM = AF = J F= 0.88, P=0.4273
HE: AM = AF F= 0,33, p=~0.5839

Between locations:
AM: LE > RP = HE = HW F=12.28, P=0,0001
AF: LE = RP = HW = HE F= 1.73, p=0.1838
J : RP = LE = HW F= 1.45, p=0.2647



wTabIe‘IIIL3. --Pre hlbernation total weight

4

lean and fat weight

estimates and F: L ratio (meqnxse) for squirrels captured and released at

low (LE) and hlghQ(HE) elevation populatlons

P )

“‘1985 and. 1986,'are comblned

Total

Samples from two years

Some adults were present in both years

Lean

Fat

Location éex(ege n__MWePght = Weight - Weight . FtL
e f,sa1 723116 56011 163:06 0,287:0.006
AF 50 55559 451:6 10413 ‘po.éso:o.oos ’
‘ m o3 372:8 30846 633 0.204:0.009
JF 49 3538 2896 *55:3 0.22420.007
© HE ef"'. MM 25 757a00 ‘586=14ﬁ 1779 o.3oogo;oro'
. AF ;f'26°q 551:14= paaeza 10927 '9.24210;014,'
M '9 'a373g1§'- 3069 p59z3\ 0.226:0.010.
UF s ’332:25_‘€265=19» 6627 0.250:02021
| ;
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Table 1II-4. -iPost-hiberngtion‘tdtal weight, lean and fat weight e
‘estimates and fat to lean ratio (F:L) (mean:se) for Squirréls captured

and feleased at low‘(LE)‘ind high (HE) elevé;ion populations.

. i
. ‘ oo Total Lean ; “fat :
location ‘Sex/age n _ Weight Weight Weight F:L
LE ~ AM 21 ,558:14  483:10 75:4 0.155:0.006
1985-86 , ‘ L :
AF 16 443:15  400:10 ~ 43:6  0.104:0.012
IM 14 279s11  266:8,  12:3  0.044:0.008
JF 21 268:11  249:9  18:3  0.067:0.010 d
HE © M9 450:14  411:13 394 0.095:0.010
1985-86 o | T
o AF 6 367:18 = 339s14  29:5 0.083:0.012
3 UM 1 285 279 6 0.022
S N N T T O
B LE. . AM 27 48914 436:11 754  0.119:0.008
. 11986-87_ : o . :

[ . AF. 27 39229  360:6  28:3 0.077:0.007

JM 14 239:9 2388  .1:1  0.005:0.002
JF . 18 243:7 2346  8:2  0.033:0.009 '
) !’I; . ' R : L . . ' . .
CCHERTT . AM #i14 523:14  462:11 - 60:3°  0.130:0.006
i AF 7 472:18 - 409:12 64s7  0.154:0.014
a5 ) . :

oM 30 280618 263:15 17:3 0.062:0.010
- ' ] . g . .

JF 2 28358  261s47  22:11 0.079:0.028



, Table III-5. --Proportion of total, fat, lea

overwinter (means:se),

on individual squirrels.

S
e .

i

43

n’and'pfotein weight loss
estimated\fromhpre- and post-hibernation‘wélghts

lFor‘derivacion of protein loss see text.

F
%Total “Fat " %Lean- ZEst. Protein
Sex/age Yr n Loss Loss Loss - loss
Low Elevation:
AM ‘86 18- 26 421, 56.7:2.6  17.4s1. 0.9:1.3
787 19 31.2:1. 66.7:3.2  21.2:1. 5.4:1.8
AF 86 15 27.0:1.7  6%.6:4.2  17.9:1. 1.4:1.7
‘87 25 28.2:1.2  72.1:3.2  18.3:0. 2.0:1.1
' ‘ ‘ : f |
M 86 13 29.2:2.6"  83.1:3.1  16.8:2. 0.23.1
83 13 34.8:2.0  97.5:1.3 . 23.3.2. 7.9:2.6
JF '8 17 29.8:1.6  79.1:4.3  17.5:1. 1.0:1.4
‘87 15 ¢ 31. 441, 88.9:3.2 - 19 8s1. 3.8:1.8 -
‘High Elevation:
AM  “86 8 ©36.0:3. 74.9:4.1 24,942, " 9.8:3.0
‘87 9 33.0:3.3  66.4:4.0  22.8:2. '6.8+3.2
AF 86 6 26.8¢4.3  70.6:4.7 '18.410. 12.0:0.9
‘87 7 A’~'22 7:1.9°% 5245478 14,31, 0 2.8:1.3
» - R
CJIMr86 1 26.9 905 . 14.7 2.4
o B DR S ' |
‘87 2 W 300 U770 20.1 4.1
B A 2kl : , : ,
N w5 o AR
. IF '8 0 T L.l - N faa
P 9 . , '
‘87 1 35,7 A 19.9 ~.3.8



e R T a«w
| ' Y "
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v :Table III-6. --Estimated total over-winter energy consumption, based on
estimated fat and protein loss (meantse). .
o o .. Fat Used  Protein  Total
Location Sex/age Yr n RI _KJ J/gedyt
Low AM ‘86 18  3872:254 26:35  21.5:1.3
Elevation ' L ‘ '
787 19 42708320 4152:44  25.111.6
AF - 30316199 29:38  20.3:1.5
lf‘?
2835:149 44221  21.1s1.1
M c 860 13 2417123 7149 24.4s1.4
.  ,‘/ 87 13 2178:138 110136 $24.9:1.3
JF ./ v86 17 2330130 8:20  25.1:1.6 -
" . 87 15 2113:165 52823 24.0:1.5
_ o y
High : AM 86 ™ 8 49801652 ¢ 274:80  25.8:2.4 !
Elevation . . ;
87 . 9 5213:606  197:83  24.6:2.6
AF 86 . 6  .2917:694 36:17  20.9:4.6
' 87 7 28041330 58:¢27  15.9:1.9
M '86 1 2242 35 20.2
‘87 2 . 2045 57 19.7
TJF . 86 0 een ceee el

' 87 1 2832 _ 46 29.4
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Figure III-l, Patterns of pre- and post- hibernation fat reserves for
four populations of Columbian ground squlrrels in southwestern Alberta

Sample sizes shown' in parentheses means and SE glven in Tables III 1

and III 2.
R |
Y
PRE-HIBERNATION POST-HIBERNATION
w ZZZ2 . mmmm -
- 0.3 F ‘ y . 7
= (6) ) BN ¥
& Ok qor
= 0.2} (6) &
<
L)
)
2 01 Dwo Moo "
— ' q@ (10)
5
0.0 — _ -
AM_AF g AM AR U AM °J

RP - , HW ,
1984-85 1987-88




46
Figure 111-2. Patterns of pre- and post-hibernation fat reserve (F L)
O .
‘ estimates for Squirrels from high and low elevation,populations over cwo

consecutive hibernatlng Seasons.
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Figure‘IiI-3.

-winter for squirrels

Estimated energy consumption over

’

,‘a) total energy,ephsumptipn

from high and low elevation populations

estimates

rgy consumption: (J/g-day’ly

b)vmaés specific rate of ene

’
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IV. HIBERNATING PATTERNS OFVFREE;RANGINg ,
COLUMBIAN GROUND SQUIRRELS 1@*

Less than 20% of the energy used by an animal in hibetnacion is
used during torpor the periodic arousauﬁ and resuiting euthermic

- episodes account for the remaining 80-90% (Wang, 1979), Despite the

‘ .high energetic cost of arousals, hibernation results in a 67-88%

~reduction in energy expenditure over that of a compareble period of
euthermia (Scheck and Fleharty, 1979; Wang, 1979) Arousal‘patterns
during hibernation have been studied for many species 1n the 1aboratory
(Bakko and Nahornlak 1986 French, 1986 Jameson, 196&; Muchllnsky.
1980; Piyorgn, 1976{1977; Twente et al. 1977; Wang, 1975,1979;)J all
show a similaf pattern. Torpor bouts are lnltially short (1- 5 days)

d= .
increase in length to a mid-season plateau and decrease in lengeh eror

. A
to emergence. Conversely, the duration of euthermic perlods decregsés
g‘f’h

as the season progresses and’ increases when' the length of torpor bQQf
. , : )(J " .

begin decreasing. This general pattern is affected by’ ambfenﬁ‘

nl‘"

temperature, colder temperatures cau51ng longer torpq? bouts and~

N . ,{:‘; v-.., ]

euthermig periods (French 1982a; Twente and Twente"

» There are interspecific differences in the duration of to
well, larger spec1es generally having 1onger bouts than s

(Pivorun, 1976b: Twente‘ec al. 1977).

Downhower, 1974; Barash, 1973; Carl, 1971; Clark, 1970 ; 4

1/
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Nee, 1969; Sheppard and S?annon, 1976) and differences batween age and
sex classes in over-winter survival ﬁay contribute to the skewed sex and
agé structures observed (Boag and Murie, 1981; Michener and Michener,
1971,1977); adults generally have higher survi;al rates than juveniles
and females higher rates than males. Higher rates of over-winter loss
have been associated with lower ﬁre- hibernation weights (Michener,
‘1975; Murie and Boag, 1984) aqd poor snow cover over hibernaculum sites
(Barash, 1973; Murie, 1985; Svaudsen, 1974) indicating that mortality
may be due 1argely to insuffieigpt energy reserves or to poor
hibernaculum condit%ons that reqﬁire greater than normal energy
expenditures. Because of the ﬁigh energetic cost of euthermia during
hibernation, the frequency and dufétion of euthermic bouts is an
imp;rtant factor jg determining the total energy requirement ﬁp

¢
surviving hibernation. Differences in torpor and arousal patterns

between age and sex classe; could Béei*@cfor in th: éifferential n
survival of age and sex classes repo;te; in som; studies.

- "This study Qas conducted as part of a larger study examining
factors affecting over-winter survival of Columbian ground squirrels (S.
columbianus). The main focus of this part of the study was to document,
with the aid of radio-telemetry, the patterns of torpor and arousal in
the field, to determine wHether patterns differ between age and sex

.clasges, and to provide additional d?;a for modelling the energetics of

hibernation under natural conditions.
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METHODS

Eird

The study Was conducted on the Sheep Riger Wildlife Reserve 32 km

';3>w of Turner\balley, Alberta Canada ) The study area and population

;dynamics are discussed ersewhere (Ch II) For the purposes of this

study, 1ndividua1 squirrels Were classed as adults or Juveniles (young
of ‘the year) The adult age class included yearling squirrels as they

had already surv1ved one. h1bernat1ng season and would be reproductively

‘active in most cases the follow1ng spring

Y

“

Prior to hibernation in 1986, 28 squirrels (7 of each age and

sex) were' fltted with' pre- callbrated temperature sen51t1ve radidfcollars

‘f(model UL81T Austec Electronlcs Edmonton Alberta wt 9-10 g)

e

-bmodified to- extend battery life to 10- 12 months .. The temperature of

the collar approx1mated the body temperature of the .squirrel (37 4040

’owhen euthermic) and allowed determination of the hlbernatlng statusﬂof

‘%he 1nd1v1dual (1e torpid or euthermic) but not the exact body

«temperature Squirrels were con51dered to be euthermlc whenever the

colrar temperature went. above 30 ‘C or was 5°C higher than the prev1ous

-«

record Simllarly, torpor bouts were con51dered to start when the collar

temperature went below 30 C.: The 1ocation on a rectangular grid and

temperature of each collar on a tagged squirrel were determined uSLng a

portable radlo receiver (Model LA12 DS AVM Inst Co \ Dublin,‘CA)'andta .

’hand held stop watch to tlme the transmitter pulses .The radios were

N

monitored three times daily until the onset of hlbernatlon ‘and from

‘ mld March until emergence, and twice daily during the- 1nterven1ng

period. Ten days of telemetry readings' were missed over the hibernatlng

season but never more than 36 hrs at one time. Because of the long time
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| : : “

_to be vnegligihle«;.‘ :

~ The frequency and duration of euthermiq rpor bouts were

determined to the nearest half day and used ipare hibernating
patterﬁs. The hibernatiné season was cohsidered to start when an,

N ,’ w“.' ’ ' ‘ . "v.' )
individual became inactive (remained in the samié location for more than

three consecutive telemetry readings) and end when the squirrel emerged

-above ground in the spring. Short (0.5-1.5 days) torpor bouts at the

.beglnnlng of hlbernatlon followed by an arousal 1onger than the torpor

‘2 o fu

‘E;ut were not lncluded in the analy51s of torpor bouﬁuratlon
The radlo collared squlrrels were welghedca few days before

immergence and within 24 hrs after emergence to obtain estimates of . s

weight IOSSlduring miberﬁatiomﬂﬁ

Five permahent soil temperature probes, comstructed of platic oipg
”'(35@ cmkby 2 cm dia.) with copper-constantin thermocouples spaced at @{
‘cm intervals, mere located on the studxvarea./ soil temperature |
profiles, from surface.to‘ZOO cm deptm, mere recorded to the nearest-l‘C”

- ) .

for each probe on alternate days The temperatures of the hlbernacul \3

', were determlned from these temperature records and the depth of each

lr

hlbernaculum, which was determined by excavating them in April‘and,May
1987 (App. A).

KA

. SR : 1
Tsmall73ample sizes and.an inability to meet assumptions of

- normality meant that all statistical comparisons were done using
_ ot st

. - B »’ N : ". 9‘ ) . ; : ' .
nonparametric methods unless otherwise stated. Proportions were arcsine

transformed for parametric analyses.
. T A

s ¢
Yo
-

o ) . : . S m
u ) S
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“vRESULTS\J c /

- o )I

, Complete records for the entire hibernattgp.season were obtaineﬁﬁ
for 22 squlrrels in 1986 87 (6 male” and 6 female adults 5 male and 5/
female Juvenlles) Two of these Squlrrels (one adult and one juvenile
female) dled during hlbernation Four ra91os stopped transmitting.be;ore
the end of hlbernatlon and tw0 squirrels 1q‘t the1r collars prlor to

h1bernat1ng No data from the incomplete gecords Were included in the

ana1y51s The radlo collars d1d not appear to affect the radio collared

‘(RC) squirrelsfor the follow1ng reasons survival of RC individuals (n4

28 g2, 82) d1d not dlffer (XZ-O 2905 P < 0.01y. from that of uncollared

4

(NC) squlrrels (n- 39, 89 74){ and. percent welght loss over winter also:
was not s1gn1f1cant1y dlfferent between groups (34:1% RC vs. 31:1% NC ¥
'ANOVA, p=0.09),

- Adult males began both to enter and emerge from hibernation before

~

the other age and ;ex Classes. Many squirrels,. partlcuIarly adult

males, we;e lnactlve and avoided traps before hlbernatlon that 1s§¢ "
PN

reflected in the dlfference between the medlan date .of last ca%xﬁre and

4
.

: -,
N N

the date of lmm%rgence of radlo collared squirr §ls (Fig. IV 1).° . Sex and
age classes overlapg&ﬁ con51derably in the last and firge days of

capture reflect1ng the overlap 1n time of 1mmergence and emergence - -.g

¥

, and sex classes (Flg, IV- 2) Torpor bouts less than 1.5 days at the

4

beglnnlng of hibernation were rare; only flve squlrrels, and no adult

males, showed such bouts Torpor bouts were, (ini€ially short (2-8.5

,Vdays), inéreased in length during the first' .5-7 bouts and generally

"
The general pattern of torpor and arousal was 31m11anfor all age

1



&

;lengtH while 5011 temperatures were

S

N S - osg

plateaued at about 28 days in mid seasony most squirrels showed .a
shortening of the last one or two bouts, but’ some emerged from

¥

hibernation immediately following a 1ong (>25 ys)‘tqrpor bout (Fig.
IvV-3). .
Euthermic periods were initially" 1 Y] days long but decreased so

that by mid-season squirrels were rarely aroused during two" consecutive

I
-

telemetry readings (ie.'<12 hrs). ‘The length of euthermic periods did
not increase noticeably near the end of hlbernation

Sex or age classes did not differ 51gn1f1cantly in the length of

v
[

time in the hibernaculum or in the total number of torpor bouts (Table -
Iv-l) Adult males, however, spent more time inactive prior to
hlbernation fewer days in hibernation fewer days 1n torpor more time

euthermic durlng hlbernation and mote days euthermlc before emergence

than did other groups As a consequence, adult males spent a

51gn1f1cantly smaller proportion of the hibernatlon seasoq in torpor

¢

than did other squlrrels

Adult males began hibernating when soil temperatures were warmest

(Fig. 1V- 3) and, perhaps as a’result tended-to 1ncreasevthe duration of..

bouts occurred when soil temperatures had” dropped below 5 c, resulting )
b ‘gs'-’

in a marked synchrony in the plateau of torpor bout duration. amongsall

age and sexX classes. Adult males decreased the duration of torpbr bouts

-

earlier than other squlrrels but all agé and sex classes decreased boutv

o, v Y

oy

~tﬁ‘hr lowest level and many
»

squirrels. emerged from their hibergpcula before 3011 temperatures

~

started to increase. Torpor bout lengths were strongly correlated~with,4p‘~

’ éﬁ“

B o RS
~,torpor bouts more slowly than did other squirrels. The 1ongest torpor )

A
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. (app. A)

I

the soil temperature at hibernaculum depth (r’-76 3 B -~ 0 001) but the
effect of temperature cannot: be completely separated from any effect
‘attributable to Other factors (ie endogenous rhythms) No differences‘

were found in the mean soil .temperatures experienced by different age or

}sex claﬁges (P- 0.73).

(3§
\

AR ﬁger squirrels lost more absolute weight over-winter than did

B
sd%ller oﬂks however “this loss expressed as a percentage of immergence
weight did not dlffer between age and sex. classes (Table Iv-2). Adult

males lost significantly more weight per day than other squlrrels, ~and

adult females lost sxgnlf;cantly more weight per day than Juvenlles of

“elther sex (Ta f%gv 2):

The Ju::ﬂlle female that died dur1ng h1bernat10n was the last
sdulrrel.to immerge on the study area. Having flrst entered torpor on 2.
Septemben she exhibited a deries of short (<3 days) torpor sessions and
arousals, 6unt11 late October (Flg‘ Iv- 4) then emerged!om the
hibernaculhm on 27 October and moved to 'a’ dlfferent burrow She had 1ost
38% of her pre- hlbernatlon welght and had several open or partly healed
wounds on the ‘head andIforellmbs dylng above ground on 4. November The
area around her hlbernaculum showed signs of extensive pocket gopher

(Thom@mzs talgo1de s) act1v1ty (fresh earth mounds) dur1ng the period of

,time this.’ Squ1rrel was 1n hlqunatlon ‘When excavated in April 1987 the

b hlbernaculUm had been’ destroyed and fllled in by/pocket gopher activ1ty

ifuggestlng the gophers may have been a causal agent in the

i

_.death of “fhis squ1rre1 The adult female that dled showed a slmllar

&

serles of'frequent arousals startlng in late December and endlng in late

v_'

.‘January after whlch no "further arousals were recorded (Fig. IV 4) This

v"."u

e
Ve

¥

-

.
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squirrel wasrfound in a typical hibernating posture in the intact

-hibernaculum when it was excavated in April 1987 She had 1ost A7Z of
her pre- hibernation weight and ‘had an unhealed wound on one- forepaw )

howeverh in this case, there was no sign of pocket gopher activity near

the hibernaculum ‘ . ?7
. £

DISCUSSION
The general pattern of‘hibernation of Golembian,ground squirrels
in the field was similar to that,descr&bed‘for most speeies under
laboratot§ cdnditions; The mean duration of those torper bouts ofi"

- maximum length for all age and sex classes in this study was

considerabiy longer (X = 27.7, range 26-43 days) th;h that reported for
the same species in captivity (X = 17:7, range 10-25 days @ 2°C: Twente
et al, 1977). This difference cennot be‘explained by the log linear
- relatipnship they fognd between ambient tempereture and bout length. The
shorter bout 1etgtﬁ they reported for captive squirrels may have.been
due to neisy laboratory conditions as noted by Wang (1978) fd;'§.;
'riéhardsoniii
The juvenile squirrels in this study generally weighed less than’
‘half that of aduit meles, yetA;ll groups had similar maximum torpor bout
lengths (Téble,iv-l)‘and it appears that the relationshiﬁwbetwee; body
size and duration of torpor bouts observed ameng species (Tﬁente et al,
1977) doés not apply intraspecifically in Columbian ground squlrrels
The decrease in duration of only one or two torpor ‘bouts- and the abrup‘i‘a
;tetmlnatlon of hibernation observed fo¥ most squlrrels is in contrast to
the gradual‘decrease of bout length geseribed5ih Iaboratory stediesv

I ’ X Bai

sy’ coallilee i



"emergence (Cranfoéd 1978 Davis; 1977 French 1977 1986; Michener

' 1977 1979).

- , ‘ \
(Frengh, 1986 ; Wang, 1979) and calls into question whether ‘the shortened

: bouts can serve as a means for assessing environmental conditions for

o=
LEE

dition since soil temperatures at hibernaculum depth

'were’gt the lbwest‘annual level at the time of emergence of most

squirrels,vsoil temperature can not be a suitable cue for emergence.
The soil at ground surface and at -20 cm was colder than at hibernaculum.
depth during the emergence period of adult males and would also be
unsuitable as'a cue for emergence (Ch: VI).. Mrchener (1979) suggested
that emergence of Columblan ground squirrels was correlated with the
increase of the mean daily air temperature and thawing of ®he soil at”

s

shallow depths ‘However, her soil temperature records were taken from a

site more than 50 km away and may not reflect conditions on her study

‘aréa. The long time spent euthermic before emergence by adult males,

despite favorable environmental‘conditions above ground suggests that

Cexit ‘shafts are not pre- excavated and the long euthermic pre- emergence

.

’perlod may be used to d1g through frozen soil. The shorter

pre-emergence euthermlc perlod seen in adult females and Juvenlles is
consistent with this hypotheSLS, shallow soil temper!tures were above
freezrng when thege groups emerged, possrbly ‘making the digging of exit
shafts easier and\hence faster However, some cue other than soil‘
tem@erature, must 1nitiate emergence especially of adult males.

The most pronounced differencé in hlbernating patterns was seen
between adult males agﬂ all other sex/age classes. The greater amountaof
M‘ tndoubtedly results in a'greater
energetlc demand during hlbernatloq; there is a 10 fold dlfference an_w"

-‘}"f oo "«,':'1—‘." <
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metabolic rate between torpor and euthermia (Scheck and Fleharty, 1979) '
Presumably, . any cost of hLbernation should be. offset by a corresponding
benefit. Because much of the increased coat to adult males is incurred
‘during late hibernation when gonadal reci.descence occurs (Christian et

al., 192? Ellis et al 1983; aﬂbrton and Gallup, 1975), the benefit to
| adult malé$ may be realized in‘the ability to participate- in

reproductive behavior smfrtly'atter emergence? Adult female Columbian

- L]
¢

ground squirrels breed within"a few days of their emergence (Murie and
Harris, 1982) and adult males‘mould maximize their'reproductive
opportunities by emerglng‘in breedinglconditlon earlier than females
(Michenert, 1983). In goldenwmantled ground squirrels (S. lateralls) and
Belding’s ground squlrrels (S. beldlngl) normal body temperatures are
necessary for successful spermatogeneSLS (Barnes et al., 1987; Liddle;
1982; Liddle and French, 1982).'Barnes et al. (1986) predlcted that

adult male golden mantled ground squlrrels would requlre several weeks

. of euthermla at the end of hibernation ln order to_emerge,vas they do_
with scrotal, functional testes. Adult male Columbian ground squirrels
generally have fully scrotal testes upon emergenoevﬁrgm hibernation and
Athe resufts of this atudy support their prediction although the
euthermlc perlod from the end of. torpor to emergence (fable IV-1) was

" not as long asvthey suggested._ Another p0551ble benef

. L . S .
hibernation is that the risk of mortality during hibernation is less

ﬂ;from early

than the risk of predation by staying active in late summert Adult

males could presumably'reduce the overall cost of hibernatiOn by

earller than other squ1rrels when food is Stlll avallable
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environmental conditions favorable " Thus, both reproductive capability

and avoldance of predation proggbly Play a.part in dctnrmining the ﬁ“ﬁ

patterns of hibernation among adult males.

The lack of substantial differences in hibernating patterns
between adult females and Juveniles suggests that the cost -of
hibernation is similar for these sex and age groups Such .a conclusion
however may be mlslead1ng since the pattern of torpor and arousal is
only one factorvdetermining energy requirements. . The temperaturé regime

experienced over-winter and the insulative quallty of the hibernaculum

A
p—

could also play a major role in the energetics of hibernation because of
temperature effects on metabolic rate durlng both torpor and euthermia,
Shaw (1926) found that juvenile Columblan ground squirrels in Washington
used‘hlbernacula that were ”shallower and less well constructed” than

'those_of adults. Such conditions could result in higher metabolic costs

for Juvenlle than adult squlrrels even wherﬂhlbernatlon patterns were

51m11ar An analysrs of hlbernaculum structure is the subject of another

part of this. study (Ch. VI, épp A).

[N

S a B
a‘siwllar pattern of frequent arousal before death, indicating that the

normal pattern of hlbernatlon had been 1nterrupted Both squirrels had
1nfected wounds on their legs or bodies that may have been the cause of

the1r abnormal arousal patterns. Slade and Balph (1974) reported that

Al
Sine N

.some of the Ulnta ground squirrels (S armatus) emerging fromq§§
§
hlbernatlon on thelr study area, “were badly chewed _ apparent; zfQgtom

‘ small rodents enterlng the h1bernating chamber”. Some" hiberna

3 .
mortallty of hedgehogs (Erlnaceus europaeus) has also bee@;attributed to

g ._.,\‘ , , , b
' 1

P Both radlo collared squlrrels that died dur1ng hlbernatlon showed

B
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predation by smaly rodents (Hoeck,‘1987). - Even if mice or gophers can’'t
kill a torpid squirrel outright, the injuries they could inflict might

be enough to diséppt hibernatidn ahd cause the pre-mature'depleﬂion of
’ - . 3:"‘ ‘ ) ' B : v

energy reserves. ' On the other hand, the adult female that died during

hibernation was in an area unaffected by pocket gopher activity and her

L i ‘ .
arousals must have been due to other ‘causes. Some of the injuries on
extremities .may have been due to freezing during torpor; under

laboratory ddhditibns, some hibernators do not respond to gradually:

x
[

decreasing ambienc'temperatures and may freeze to death (Lyman, 1948}

Wit and Twente, 1983). The tWo mortalities &bserveg duriﬁg this study

v

. . - _ A : . v
appear to have been caused by extraneous, random events rather than from

‘behaviaral or physiolbgical differences between age or sex classes.

The similarity of hibernating patterns between sex and age classes

suggests that, at least within populations where the environmental

v

conditions are similar for all groups, the pattern of arousals cannot

~account for observed differences in survival between sex and age

classes. Other factors, such as hibernaculum insulative quality, energy
reserves (fat or food cache), or the stability of the thermal

environment may be more important in determining survival.
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Table IV-1. Summary of hibernating patterns. Values glven are means and

, (ranges) . Asthrisks indicate a value that is statiatically different

from tHe others (P < .05, Kruskal-Wallis test),

1o

Adults Juveniles

Males Females Males Females
ns 6 5 5 : 4
Number of 13.3 13.0 13.2 14.3 0.476
Torpor Bouts (12-16) (11-15) (11-14) (13-15)
Days Inactive 3.3" 1.8 1.7 1.4 0.007
Prior to Torpor  (2.5-5.0) (1.0-5.0) (1.0-2.5) (1.0-2.0)
Days in - 228.5" 264.7 262.4 247.0 0.008
Hibernation (221.5-235.5) (233.0-267.0) (233.0-251.5) (234.0-248.0) -
Days in 216.8" 236.4 23%.1 238.9 0.%04
Torpor (211.0-222.5) (224.0-259.0) '(224.5-243.5) (234.0-248.0)
Mean max imum
torpor length 27.9 27.9 25.3* 28.1 0.009
(days) (20.0-43.0)  (20.5-34.5) (20.5-31.5) (23.5-32.0)
Days 1.2 7.9 8.3 7.9 0.009
Euthermic (9.0-13.5)  (6.5-9.0) (7.09.5) ¢7.0-8.5)
Days from end 8.2" 1.3 " 1.4 0.6 0.003
of Hibernation  (3.0-12.0)  (0.5-2.0) (0.5-2.5) €0.5-1.0)
to Emergence :
Days in the 240.0 267.8 245.5 247.0 0.302
Hibernaculum  (233.5-249.5) (236.0-270.0) (235.5-255.0) (244.5-248.5) :
% Tarpor 90.4" 95.4 95.9 95.4 0.003

for Séason (89.2-91.4) (94.9-96.0)  (95.1-96.1) (94.6-95.6)



Table IV-2, . Mean weightrloss (and range) of radio-collared squirrels

over the hibernating season,

»
Adult Adult Juvenile Juvenile 4
. Males ~ Females Mates __Females
n= 6 4 [ 4
Immergence 780 . 544 353 378
Weight (g) 705-875 510-620 330-450 345-425
Emergence 500 376 236 240
Weight (g) 465-540 © '330-450 218:240 215-275
Weight Loss 285 188 17 138
(9) 240-380 175-200 90-145 125-150
% Weight Loss 36.3 34.7 32.9 36.5 0.196
32.1-43.4  33.3-37.7 27.3-37.6 35.3-38.6
Weight Loss 1.18 " 0.75 " 0.48 0.55 0.001
Per Day 1.04-1.52  0.70-0.84 0.35-0.61 0.50-0.58

NOTE: * indicates values that are significantly different

from others, Kruskal-Wallis test.
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Figure IV-1. Dates of last capture in fall and immergence into

- 4
hibernacion and first capture in spring and emergence from hibermtion.

"X’ indicates khe last or first capture date of the year for one or more

squirrels. Solid circles mark the median date of last or first captures,

Sol'id lines represent theé* time over which radio- -collared squirrels
L

entered torpor or emerged from hibernation. Only records of squirrels

known to survive overwinter were used. Trapping in 1986 st:arted on §

April, some squirrels were known to be active on the study area as early

i

as 30 March (indicated by the open circle).
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Flgure IV-2. Representative hibernating patterns of free-living
# .

. v Ly 'y
Columbian ground squirrels, based on temperature recordings from
thermosensitve radie-collars. Peaks on the lines represent “euthegnic

» P
episodes, labelled arrows refer to: I - date immerged into h‘ibe;'nacﬂl}tm;
T- date of first torpor, A - last arousal date, E - date emerged from:
Q .
hibernaculum, TD - test drop. o . 'y
N . "}‘ﬂv e . e e U SO RO _‘A-_“’,A,_M 1
Sy ADULT MALE ey |
. LIRS §r
«; ':'..v’:_l‘ ". i“‘l . !
A ¥ IS ! i |
) IR T | i ;
R L | Iy
y I -
- ADULT FEMALE AN s ;

‘ L4 40 b ’ \N" :

1 SRS . vedo \ l | !
T S o . ; !
A ! | | i
, LR ; i f ! Pl [
W i i . J
PSR —— -
S L i
. M 1
) A JUVENILE MALE AyE
-0 t ' ! W
130§ | : |
e | R R |
g LY i | E i !
AV | l ! i !

: N i i " o

o, B A T .

e, e o =

» . ' ' ' ”""’_'J‘L: jegag SN SN = A ‘ =
» o o P‘ ‘ V},‘_ St e il RaiALE \.,n
- PR i ) [
DU s P I
S 20 Ir’_ '
o | !
O [. ‘ S— @
L‘ T T T T ‘Y



,;,a‘d » ”v“‘: o e

'-/Figure IV-3.’ Duration of . torpor bouts and: soll temperature over w1nterr

Day 0is 1 July 1986 " The length of each bout is: plorted at ‘the' Vf"}\”

. . R
I glnnlng.of the bout SOlld line is the’ Weekly mean. 5011 temperature

\

rat 60 ‘cm depth: Different symbols refer to- 1nde1dual squlrrels : R
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'Figute 1v<4, Hibernating recprds based on recordings of te@geratures ’
i}from thermo sen51t1ve radﬁo collars of free living ground sguirrels that
Edied durlng hibernatioif A) a juvenile female that died in November
'after emergLng from the‘hlbernaculum in 1ate October 1986 and B) an :E_
adult female (bottom) that died in the hlbernaculum in February 1987.

Labels as in Flg IV-2 except “X”= presumed date of death
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V. TEMPERATURE chmz AND HIBERNATING 'PATTERNS
"ol o ¢ - OF GAPTIVE COLUMBIAN GROUND ‘SQUIRREL"s

L ‘ o

»

Several studies of hibernation in ground squirrels (Mm
; spp ) and chipmunks (gutamigg spp.) have shown that squirrels

hibernating at low ‘ambient temperatures (2-5° C) have 1ongdr maximum.
leng’::hs of ¢ p&%than those hibernating at ;rarmer temper;tures (10
15°C) (Frenc }982& &’ivorun, 1976a 1977; écott and Fisher, 1972;
Twenteﬂ and TWQ‘ MY

(3

L

e‘ 1965 1967 Twante eteal. 1977)' Torpor bouts
R rncrease im:-l ; t :!he Be.gi;nin £ hlbernation and _are charatterized
3 ‘.“’ w%es ) y { w‘ R ~o ‘ﬁu
% G‘WL by the pro/gxei{n{e decrease of the core temperature of the hibernato S

» s, to near mbient temperature ( Pivorun l976a"
. Twente and '1&7 . .t§ 11967 Wang, 1979). This has been 1nt:erpreted as a

‘conti'ruatioﬂg“‘*ﬂ}epara.tion for hibernation and such bouts were‘termed

. ‘ ', "' T e ’
. ';l't‘b dr0ps .;, ¥y Strumwasser (1959 & Most laboratory s udies have been
* < . & Yy \'-
." e ‘w ’\ )

A . co‘dunte.ﬂ unde% c,onstan‘t te;nperature conditions’ for the entire
. ' ‘u ‘ ,

hrbernating (Eeasoh ’ ’formation on’ tlr-e‘-fe_ct of temperature on the

} .
e len&of torpor bouts has ‘been gained from studies on the same or a
‘

>

: different gr{d‘p bff animals‘held unde,; dlfferent tempe\ratf:ys durmg one

or successxve hﬂ:»erﬁatihg seasons (French 1982a Penge I'] ey and ‘Pish‘ex‘,

‘¢
1963” i’lvorun 1976a Twente, et al 1977) The effect .on torpor bouts

e ) .

of tempeua.ture reglmes that e1ther simulate ox 'use natural condltions

-~

% ghas not been studied adequately Under natural conditlons few species of
; .

ground squirrels are 11kely to experience cg tant env1ronmental

<
temperatures -during the hlbernatlng season Soil temperatures are.

a

warmest at the beginning of hibernation and decline asQ‘the season

77 l

~



in the chambers were the same (constant darkness and mfhimal
; ‘ - -

Fae

78

progreseesw(Wang. 1979),‘coincid1ngYW1th the Iincreasing length of torpor

bouts,

POpulenions of Colunbian ground squirrels (§gg;mgnhilg§ k
co 2 ),é:perienda different éemperatﬂre regimes ddring éinter,
dependlﬁg on the elevation and- ‘exposure of the ;ite (Ch. V})
astertain the effect th;t a spec‘.c *mperature regime mi;t have‘:n

torpor and arousal patterns at the start of hibernation, torpor patuerns
€

were recorded two _groups of squirrels under laboratory conditions
that simulated the temperature reglmes experienced by high and low
elevatlon populatlons in the field. |
Twenty adult male squirrels wereklive trapned on theISheep R;ver
Wildiife Sanctuary, 32 km q Turner Valley, Alberte (Ch. Iiibianune and
Ju1y~ofv1987. The squirrels were housed individually\in plastic”
" shoebox” cageslat(the Biologidéf Sciences AnimaIQServices~facility at:
the University df‘AI%erta. They were kept under a 12L 12D ph@toperlod

at 23°C’ and prov1ded with commercial 1aboratory rat chow and w.‘er ad

s were ‘s‘

we!ghed weekly when all reached a plateau in body weight* they were ’

lib, supplemenned with lettﬁﬁe'gnd sunflower seeds. All squirr

placed in ep ronme¥tal chambers\(s Sep:ember 1987). Squirrels
) ’ A .

LY

assigned randqmly" to gyoupé of 10 for eaq&\of the_chambers. Conditions

0

» : - )
disturbance) apart from the temperature regime. The warm chamber ‘was set

o , : o : : ,
.initiallly at 15°C and the cold chamber.at 5°C. Temperatures in both

chambe: ‘were lowered to 0°C over an 8@ day period (Eig.’V-l).'Squirrels
. . b \
were provided with shredded paper, as needed to construcc and maintain/

ey

. riests in their éages. Food and water'were’provided ad 1lib and cages'were



Cieaned'wefkly until an individual‘began hiil

; o . ‘
' v ERER LN S ‘ '79( e

Miting, after which food
o o

and water were removed and the cages no longer became soiled. The

hibernating status®of’ each squirrel was determined by daily monitoring

~of sawdust placed on cheir back (Lyman, 1948). Sawdust on squirrels

that had aroused was disturbed by_movement or removed by grooming.
Duration of torpor bouts was determined te, the nearest day. Some "

-’

squirrels hibernated irregularly, having short (<3 day) torpor Bouts

interspersed wich euthermic episodes of 3 15 days; thesﬁ indivfduals

¥

" and- squiﬁrels that¢requiredli20 days to enter hibernation Were excluded

.y

from cbe analysis Only the first six torpor bouts were compared as:
sbme squ1rrels were used subsequently in experiments on metabolic rate
that requ1red 1nterrupt10n of their hibernatlng patt

‘Softe squirrels" Jn each group began t%;por bouts as earLy as the .

. . * no s v & 3
2nd day in-the chambers. The mean length of time before the lst day of

i, Yoy - v L
. @ g

torpor, the length of tﬂe'lst torpor bout, and the 1ength of all bouts
after the 3rd bout did not differ significantly between groups (Table Ve

. /
1). Squirrels in Yhe colder room increased the duration of their torpor

bouts abruptly, reac‘ing maximum length in, the second bout, in contrast
to a more gradual incgpease in lengch exhibited by squirrels in the

warmer room Thls resultdd in thed;aCCer group of squirrels having one o’
~y h )
more arousal ealsode durlng the flrst 30 days of hibernation (median 3,

-
5gng;‘!\ﬂa than squlrrels i e forme# group . (median 2, nenge 2-3; Fig. -

v-1. , | ~

Lo ‘The'number‘of ‘arousals affectg the rate of %nergy expendfture

-
]

because much. of the energfkksed durlng hlbernatlon is consumed during
\

\ euthermlc episodes’ (Plvorun $1976b Sbbeck and Fleﬁarty, 1979; Wang;wﬁ

\\
™ A .7
‘ -



»

o . / ﬁ

1979). With a 10-fold difference bet;éen euthermic and torpid metabolic
rates (Pivorun, 1976b; Scheck and Fleharty, 1979) the eligination of one .
arousal could theoretically result in .saving enough énergy reserves to
extend ;he hiberﬁa:ing season by 10.days‘of torpor, However, the cost of
arousing and maintaining normalrbody temperature becomes éreater as ’
environmental temperature decreases, perhapé offsetting to some degree
the potential energy saved by decreasing th; numbér of arousals,
Increésiﬂg«ghe insulative Qalue of the nest can-decrease the effect of
environménﬁal teﬁéerqture on metabolic fate4(Casey, 1981) and, together
with‘the decreasé:%p the n;mber of arousals, rg§u1t in an energetic
advantage to squirééls hibernating;;t éolder temperatures. The thermal
environment experiéncéd during ﬁgbérnatiQn under natural ;onditionslis'
reported in Chapter VI. Detérminati;n of energy requirements for‘the
various metabolic states of'hibernaéian is coﬁféunded by not knowing how
the insulation of the nest material and. surrounding soil affects this’
ﬁicro-envifonment. An analysi§ of,the‘effect of nést insulation on

v f

metabolic rate is mnecessary before precise estimates of ﬂ&bernatiné

t

gy budgets can be derived,

L]

The gradually increasing lengtﬁ>of'torpor bouts of squirre1§ in

the warmer room is cha teristic of the descriptions of hibernating

kg . B
o s
patterns for other hibernating sciurids under laboratory ce

itions

(Frehch, 1982é; Jameson, 1994; Pivorun, 1976a,1977; Twente e j}i;'1977;;"

_ oo ‘ : A RO S L
Wag, 1978). The pattern observed for squirrels.in the warmer room is . 4w
‘ . » - ‘, .“.’ 0o .‘- . . . IM ;
Simila;‘to that observed fgr squirrels in the fieNgat lew elevation ' ,_‘ﬁgg

-

. ' . P : & .
except that the mean maximum torpor -bout length- was
animals (mean 1813 days) .than for animéls;in the field Qpnean 28.3 days;,&f

v



Ch. Vi)‘ ‘The maximum length of torpor bouts seen in this laboratory
study, although shorter than observed in the field, are s!gilar to thosé
reported for the samé‘species (Twente et al. 1977) andvother specles
(French,.1986' Wang, 1978) in captivity. The shortening of bouts in

-captivity appears to be an artifact of 1aboratory conditions .and may be

related to environmental disturbances such as noisy fans, clickigg

i
‘ B

switchesﬂ and, the proximity of other squirrels (Wang, 1978).

Asguming that squirrels under natural conditions respond to
»

temperature reglmes in the same manner as - ‘observed in this experlment

the numbernof .atousals for squirrels at high elevations could be less
LB P
than the number for squlrrels at low elevation because of 5011

temperature dlfferences (Ch. VI) and the long maximum bout lengths

[y

‘observed 1n thg»fleld (Ch. 1V). A decrease 'in éhe number of arousals'

1

could npiult 2§ .an. eq!rgetlc saving for high elebatlon squlrrels and
could partlaggy explaln ‘the hlgher rates.of survival observed for
populations of hibernating ground squirrels at high elevatlons compared

to low elevations (BronSOn, 1979; Dobson and Murie, 1987; Murie, 1985),

v
1 - . P

It is unclear whether 'a dsfrease in the number ofe grousals occurs

»

in the field. . Wang (1973) found arousal patterns of captive and free-
-

ranging Richardson’s ground squlrrels (S g;chgrdsonl 1) to be simllar

.
. although torpor bouts and hrbernatlng seasons of the Capt1Ve squfrrels
B . . . .. ;‘
were shorter than those in the w11d His captive squirrels were held at

/
Cipe AF

b iy ¥ . ‘”‘ ) ’& ) . '{;f .’
. A =X F£F
' 3"'C aﬁﬁ‘dld not ‘show a reductlon'rﬂyﬁh rnumber of.arousals“early 1n

v'*%%ion‘ The length of torpot’bouts of Columbxan ground squirrels

‘soi¥{temperature fell below
[ .

-
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SEC (bh. IV) which majjbﬁ?}cate a critical tempefatura} above which long

torpor bouts aveﬁnot pongible. » (P { |

. It also is not known whether the reduction in number of entry

bouts under cold conditions is exhibited by Columbian ground squirrels

other than adult males. Difference$ in torPor patterns occur among sex

op 4.

and,Gge classé% of captive Belding’s ground squirrels (S. Qeldingi) but -
/at the end of the hlbernating season, not at the beginning (French,
1982b) . | : . ﬂ
'Squirrels in this study were all captured from the same low
elevation populationr Because they were consistently subjected to
colder soil stemperatures, high elevation populationé may have been under
selecnivefpres;ure to have even longer torpor bout§ with fewer arousals.
Differences in the tendency to hibernate have-Been obs;rved between wild
populations of Turgish hamsters (Mesocricetus brandti;ijman,et al.,
1983). ’Super:hibernating’ nnd ‘non-hibernating’ strains of goldgh‘

Tw -

hamsters (Mesocricetus auratus) have been selected artificially in the

laboratory in only two generations (Chaffee, 1966), suggesting that
hibernating patterns are readily adaptable to local conditions.

This study suggests that the soil] temperaturé}regime experiepnced W™~ -

!

by squirrels at.high elevations may reduce the numbe% of euthermic

v

episodes early in hibernation. Such a reduction iniarousals could,

ST

reduce the energy expendxture durlng hibernation and contr1bute to the

P S & PN . _
grbﬁ%er sugilvorshlp of hlgh eleuatlon populatxons )



Table V- 1 Mean (2. S E P\ length of time spent in t:he environment:al ‘
chambers before'}libernation and’ lengh-% of torpor bout of squirrels in
warm (15 O C) and cold (5 0 c). conditions e e L \ ’ . .
X e ' - s oY . k
. . )
o ~. » » : N . N .
o _Warm Room 7 Cold Room P
n L E 7 | ‘. ) ‘, 7 | g e
" bays in Chamber . | 757k 24 Crrsza 0903 L
Before Hibernating ™ . § Yo e S - a
Len_g,tih of Torpor Bouts (d'a‘ys) * o .CD. - | ’
| ‘Bogt“l S 34s07 5613 0.8, S
. gout 2 o 5.7t 1.4 6t 23 4-'0'.'002 . N
. . ' . 4 H T
. ‘Bot'3 . 7.9+1.8 A _15;3 + 1.3 0.006 * . : 'p> .
 Bout 4 133+ 1.8 T\'\ i 4215 0726
Bout 5 - 1342 1.8, 1306 105 6.955 A
. Bout 6 . 18.3-¢1.0 139 1.6 'o.‘eso'ﬁ Y
- NOTg: * ihdic.atve\_sﬂve’lues thaty are signifi’cantly'di‘ff‘erent‘,‘ ANOV‘AY. V
4 \ _, ,‘ oo * o BT
| \
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INSULATION QUALITY AND ENERGETIC CONSEQUENCES | .i
. -
..  Beforg hibernation, ground squirrels, ‘marmots. and, chipmunks plug

most. or all of the entrances to their burrow system as well as the

Fx

" tunnels 1eading directly to the hibernating chamber or hibernaculum

(Panuska and Wade ’1960 . Rausch andwRausch 1971; Shaw 1925, 1926).

.

" Once sealed into the hibernaculum the occupant is subject to the micro-

environm%ptal conditions of that location for the duration of the
h1bernat1ng season foor hibernaculum conditions have been suggested as

a cause of overw1nter mortality in yellow-bellied marmots (Marmota

flav1ventris, Svendsen, 1974) Columbian‘ground squirrels (Sgermoghilu

columbianus; Murie, 1985), ‘arctic ground squirrels (S undulatus; Carl,

1971) and Rlchardson s ground squirrels *(S. richardsonii; Michener and
Michener, 1977). The quaiitzwg§ﬁhipgfnacula may be correlated with the
soil temperature which in turn should be influenced by éepth and snow

cover that provides insulation over the hibernaculum (Murie, 1985;

Svendsen{ 1974)“or with the size and construction of the chamber and the

. insulative quality of the nest (Holmes,‘l984; Shaw 1926).

Y
In this paper I describe the quality of hibernacula of Columbian_

ground squirrels in relation to .patterns of over-winter mortality

4

" within and between populationé at different‘elevatioﬁe._ Previous

studies have shown that over- &inter survival withinm populations of

+

'Columbian ground squirrels is greater for females than for males

greater for adults than for Juveniles, and greater for high elevation

populations than for low elevation populations (Dobson and KJelgaard

Lo -

88



198"5;‘ ﬁ‘\,tirie, 1985; Murie and Boag, 19.84).“ Since hibernation is .
primarily g mearts' of conserving énergy, 1 ahsumed that t:he insulation of
) t:he hibernaculum is the major factor determining quality This study
focused on the ‘micro- environment of the hibernaoulum the insulation of
.thevnest-and how these might affect the energetic cost of hibernatidn.
fnexgeneral-structure and-locapion of hicernacula are discussed in
Appendii A,
METHODS -
The study areas, one (LE”at low elevarion~(1470m) and the other

‘ »
Lo - -»
(HE) at high elevation (2250m), wWere located in. the Sheep River drainage

-

, . -
-

approximately 32 km W pf Turner Valley, Alberta,,Canada and are

. ¢ J ] -

) described i\ more detjl elsewhere (Ch. II). The hlbernacula of 28
) squ1rrels at LE and 16 squirrels at HE were. located during a radio-

" telemetric study on the areas in 1986-87 (Cn. IVZ. Each hibernaculum

v

was marked with an aluminum rod (175X 0.5 cm) marked at Scm intervals  °

¢

to record snow depth ac each location. Snow depths were recorded daily
at LE and bi-weekly at HE during the' telemetry study. ISoil temperature
prqfrles (from surface to 180-200 cm deep) were obtained from probes
constfﬁtted\\f plastlc pipe (300 cm by 1.5 em 0.D. ) with copper~ .
constantln therm;couples spaced at 20 cm lntervals Five temperature
probes placed perpendicular to the ground surface were located at eaqn
site. Most radio-collared squirrels were no-more than 15 m from a probe
at LE and temperature profiles Qere»obtained from areas»with'similar
slopes, exposure and snou cover to all hibernacula at'HE. Soif’
.tempééatures were reccrded on alternate days at LE and‘bi-weeklyAat HE,

. ‘ : S

1



‘\v Lo C » ‘." . 90

Soil tempeutures for each hibernaculum were taken from the themocoupla

o

nearest the, hibernatulum at the appropriate depth determined from later

\
»

ex):avations of the sites. =

. Wemergence of the sQuirrels and the thawing of the soil in
ks

Aprii to June 1987, the hibernacula were exc - ured énd mapped

(App: A). The nest gmaterial was dried and store _

~

later analysis The volume .of each hiberna’culum was calcu’lated as the
volume of a sphere with a radius equal to the mean radius of the height,
, width and length of the* chamber. To determine insulative values,
hibernacula were con51dered to be completely filled w1th nest material
except for the volume oceupled by the squirrel, as that was the
tsituation when squirrels were found dead in excavated hibernacula
Squirrel volume (Vy) was considered to be a sphere equal in volume to

the pre- h1bernat10n weight of the squirrel (based on an estimated

. \ . .
-density of lg per cm®) and located in the center of the hibernaculum.

\
i

The insulative value of - the nest material depends on the thermal

conductrvxty and thickness of the insulating materlal Since thermal
LNt :

conduct1v1ty could not ‘be measured on the 1ntact nests the heat

S,

conduct1v1ty coefficient (k) of all‘nests was assumed to be that of
straw, 0.05 Wmt-°c!, (Weast, 1971) so that the insulative value was
‘determined by the thickness of the material. Total heat ioss (q) of an
uinsulated sphere, expressed as milliwatts per degree temperature
difference across -the 1nsu1at10n (mWatts-°C™ly, is dependent on the )
‘1nsu1at10n thickness and surface area of the sphere and is calculated

L

as.: .. Lo N

L

et ey __4TK*1000
UML) = ey (1 /e)

(Eq. VI-19
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,{ wheée k = 0.05 (heat conductivity coefficient of straw), rp = radius of

#

the squirrel in meters, and r, = radius of the hibernaculum in mpters
'
The talculations used in this study ignore the thermal conductivity and'

heat capacity of tHe soil surrounding the hibernaculum and assumed the

g
-

tempergture around the hibernaculum was unaffected by heat flow from the
nest, |

A subjective anaiysis of the quality of the{test material was
condugtcd orf roughly cqual size portions'of material from each nest, *

. . . A\

The samples were groupediin blind trials into'categories“for age (l=
newest to 3 = oldest), textute (1= very cocrse to 5 = very fine) and
composition.(grassgs, leaves of forbes or trees, and other). I assumed
that old or very coarse nest matericl would be a less effective
insulator than new or fine material. The rankings were then tested for
differences between sex and age classes and between populatioﬁs.

‘Statigtical tests were dcne on the éAS system using the University
of Alberta, computer fccilitiés; most comparisons were done using t-
tests, analysis of variance or by equivalent non-parametric methods when
assumptions of normality could not be met. Juveniles of both sexes were
pooled within locations fqr sex/age groupings, because they ate of

similar size, used similar sized hibernacula and because only one

juvenile female was located at HE.

. Thc total‘heat loss from tﬁe hibernaculum is dependent on thc
surface area cf the chamber acd the thickness of the insulation while
total ﬁeat production is dependent -on thc size of the squirrel occupying

it. Analysis of'co-variance, rather than a ratio of heat loss to body

weight, was uspd.to remove the confounding effects of body size and

» e
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metebolic rate (Pncknrd and Boardman, 1987,1988) when comparing q
betwaen s)x/age ciehses and’ populations. . .-
. '\‘ L L

o ( RESULTS "

- Twenty- six hibernacula at LE and, 13 at HE were excavated and
'pr001ded data od mibro environmental conditions and insulation, The

other five hibernacula marked during the telemetry study either could

not be located or were destroyed by pocket gopher (Ihgmgmxg talpoides)

activity before excavation. Three hibernacula contained: the remains of
squirrels that had died during hibernation and one at HE‘cbntained a
Juvenile squirrel still hibernating on 7 June.

Snow cover at LE was intermittenc and never exceeded 30 cm in
depth (Fig. VI-1). There were 13 periods of measurable snowfall durlng
the h1bernat1ng season. The proportion of the hibernating season that
1ndividua1 hibernacula were covered with 10 cm or more snow averaged
19 6% (range 8.9-37.2%) with a mean maxlmum snow depth of 21.6cm (range
15-30cm). Snow cover at'HE was continuous over most of the study area
from 25 September through mid- -May. Snow depth was greater than 10cm for
85-90% of the hlbernatlng season at HE. The meaﬁ(haximum snow depth wa;
143cm (range 85-220cm). Most adult squirrels at hE emerged in early-May
while snow st111 covered their hibernacula at depths of 20-80cm; most
juveniles emerged in mid- to late-May after the snow had disappeared
(Fig. VI-1).

At LE adults used deeper.hibernacula than did juveniles.

‘Hlbegpaculum depth at HE did not differ between any age/sex elasses.

Except for adult females, LE squirrels used deeper hlbernaculanfa?h did"
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their coﬁnterparts'at‘HE (App. A). . The soil temperature regimes
differed greatly betweeﬁ“locations (Fig. VI-2). The mean soil
temperature at hibernaculum depth for the start ofwbibeﬁnation was
11.3°C (+1.2°, n=25) at LE and 3.1°C (:0.8’1 n=13) at HE (t=20.83,
P<0.00015. The minimum température experienced over winter was aiso
lower,at HE (mean = z§.8:C, £0.6) than at LE (mean = -2.0°C, 20.8) (t=
7.299, P<0.0001). Soilvtemperatqres of 0°C or lower were earlier
(approximately 25 September) at HE than at Lé (approxima;ely 15
Nbvembe?), rqgultipg in large differences in-tﬁe proportion of the
hibefnating season spent at freezing temperatures (85% HE, 52% LE). The
avefage temperatures during the sub:zero po:tidn of chevhinter were -1°C
and -2°C ét LE and HE respectively. There were no differences in
temperature'régimes between sex and age classes within either location,
although adults tended to\occupy warmer (deeperi hibernacula. Using
%fdio-collar temperatures as ; measure of nest témpera;ure, the mean
‘Eéﬁperature gradient across the nest insulation.was 3°C at LE and 6°C at
HE at ghe start of hibernation. During mid-season the temperature
éradient was 3°C at LE and 4°C at HE. Collar temperatures averaged 14°é

’

and 9°C at LE and HE at the séart of hiberﬁation but dropped to 2°C at
‘ » :
both locations when soil temperétures fell below 0°C.

The dimensions and depths of the hibernacula are described in more
detail elsewher% (App. A). In general, }a;gér squirrels -used larger
hibernacula than did smaller ones and HE squirrels used larger
hibernacula than did LE squirrels. Adult males used larger hibernacula.

in relation to their body size than did other age or sex classes within

a population. Within locations there were no significant differences
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betwun -ex"/&ge‘*clauu in’ mest material quality, eithor in estimated
age (Kruskall WAllis Chi square approximation "HE, X'=l, 488 P= 0.48:

LE, X! =5, 086 P=0.08) or texture of the material (X*= 2.758, P=0: 252,
HE; X’-g 63& 2-0 Qs9, LE) Juveniles tanded to use nest macerial that
appeared older and finer than that of adults. HE squirrels used nest
material thaggwas somewhat older than that of LE squirrels (Wilcoxon '
test: ze=1. 372 - 0. 170) but the texture of ‘the material did not
differ, TheJeomposthbn of LE nests was uniformly grass. HE squirrels
used mostlyugrass but also included stems of sedges (Carex spp.) and 
willow (Salix spp.) leaves andycaﬁkins. S
Larger hibernacula have thicker walls of nest material and
therefore prbviée more insuia&ion for the occupant, Adult males had °
significaﬁtiy lower q values than other sex/age tlasses both at LE
(ANCOVA: F=4.11, P=0.019) and at HE (F=5.06, P=0.034). Heat loss was
also lower for all HE hibernacula compared to LE hibernacula (F= 7.09.
.B= 0.032 adult males; Fe 9.13, Pfo.ooe other squirrels; Table VI-1).
To maintain nest temperatures of 2°C (as indicated by collar
temperatures) at the average mid- season soil tempe;ature required heat
production of 241mW for adult males, 254mW for adult females and 198mW
for juveniles at HE. Heat production reeuired at LE was 191mW, 209mW
and 169mW for the same respective age/sex classes. Expressed in terms
of basal metabolic rate (BMR (ml0,/hr)=3.24W, . % Hudson and Deavers,
1973 and ml0,/hr * 5,58 = mW) these values correspond to 152 21% and

22% BMR for adult males, adult females and juveniles respectlvely at HE

and 13%, 182 and 19% BMR for the same age/sex classes at LE.



DISCUSSION . \

Columbian ground squirrels apparently construct hibernaculum nests
‘to match environmental conditions and hibernating pattesn'. The depth
Qf the hibernaculum may be determined by factors other than soil
temperaturg regime, while colder soil temperatures are parci;lly
compensated for 'by larger, better insulated nests. The results of this
study do not support Shaw's (1926) finding that juvenile Colqulan
ground squirrgls use less well constructed hibernaculum nests than do
adults. Juvenile squirrels probably do not always construct thef{ own
hibernaculum, but may use nest Yhambers in the natal burrow :ysgém or
take over abandoned hibernacula (App. A). It might be ex%ected that the
insulation in these hibernacula would be lover, due to decay ana
breakdown of older nest material, than those of adults which‘ére N
apparently not used from one year to the next (App. A), but the
subjective classification of nest quality revealed no discernable
differences in nest material quality between sex and age classes or
between locations. Heat conductivity coefficients of the nests would be
needed to verify this finding.

The primary micro-environmental difference observed between
elevations was soil temperature.‘ High elevation squirrels spent the
entire hibernating season at lower temperatures than those at LE and‘a
much greater proportion of hibernétion at soil temperatures below zero,
The greater snow cover at HE compared to/££ was not sufficient to
prevent freezing and did not result in warmer hibernaculum temperatﬁres
as suggested by Murie (1985) bur that may have been due to the un&sual

weather pattern in 1986-87. The winter of 1986-87 was warmer and drier

&
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than ndrma1= (Alberta Environment recordiv')‘_ﬁ'which“may have affect-ed""‘soil
temperature patterns , Lower snowfall at HE may have caused soil
temperatures to be colder than normal, while Warmer air temperatures'may
have -caused warmer than usual ‘sbil temperatures at LE The occurrence
of chinook condi tions at the LE 51te prevented snow from accumulating to
any appreciable depth making LE squirrels ‘more susceptlble\to extremely
low. airgtemperatures Squirrels at both sites appeared to make _use of

ground cover or natural terraln ‘to. hibernate 1n areas where snow

accumulated by drifting The effect of thls on modifying hibernaculum

condltions 1s not known since 5011 temperatures were - not taken from

?
. Il

areas where squlrrels did not hlbernate Studiés manipulating snow
_cover over hibernacula 51tes could prov1de valuable 1n51ght into thls

aspect of the micro env1ronment of hibernatlon. L
: \

Squirrels were not. apparently restrlcted by 5011 condltlons or
° L
obstructions from constructlng deeper hibernacula (App A) and could ‘%\

i

have experlenced warmer soil temperatures had they done so. That was

B d

_ partlcularly true for HE squ1rrels where the average hibernaculum depth

-~
-

was only 400m The use of shallow hlbernacula at HE may be related to

the dlfflculty in digging out through frozen s011 1n the sprlng or
e 1 ,
p0551b1y to 1mprov1ng resplratory gas concentratlons in the hlbernaculum

(App A) The depth of the hlbernaculum could also reflect a.preference
T L. .
for h1bernat1ng at temperatures Tnear free21 g Torporjand arousal

\

patterns are affected by amblent temperature,\colder temperatures
resulting in longer torpor, sessions and shorter euthermic periods
(French 1982 Twente and Twante 1965 Twente et al 1977 Chs V&IV). - =

O

which could reduce the total energy expenditure of hibernation o \

B ; e S
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- «The use of nests by voles (_ig;gtgg l ggicaudug) and lemmings

/ (Lemmus grimucrogatus) has been shown ‘to reduce energetic costs by up to .

/
¢ / 40% (Beck and Anthony, 1971 Casey, 1981) and to decrease the lower

~.

VL' critical temperature of the thermpneutral zone of red squirrels

A

J :
/ (Tamiasc1urus hudsonicus) by as much as 10°C (Pauls 1981) The use of a
l +well- intulated hibernaculum should reduce the energetic cost of :

| | hibernation as well. HE squirrels compensate for the colder 5011
} ' . Y

j temperatures experienced by using larger, better insulated hibernacula .
f’nu thangsquirrer’at LE. This pattern of insulation quality could
F I
|
|

partially explain the higher over-winter surVival of HE squirrels' ) /

.~ /

preViously noted (Murie, 1985; Murie and Boag, 1984); however ‘when the
temperature gradient across’ the insulation is taken into conSideration
LE squirrels ‘are seen to have a slight energetickadvantage That may
| ‘not be the case, however during more severe winters when cold/air
\ : temperatures could cause LE soil temperatures to be lower ///
| -Adult males at both locations had .the best insulated hibernacula;xy'
y however, the hibernating pattern of adult males differs om that of
other age or sex classes in that they spend more time s thermic during‘
‘ the hibernating season (Ch IV) and the increased in lation'may be
necessary to offset the high energetic cost of euthermiafe\The pattern
of survival observed during this study differed from that reported by .
Murie and Boag (1984) and Murie (1985) in that LE squirrels had higher ‘

2

 rates of surVival than during their studies and higher than did HE

'lquirrels Adult males surVived equally as well as adult females (Ch

'Tﬁlll; The observed pattern of surVival is conSistent With the insulative
\

quality and mLcro enVironmental conditions recorded during the study.



“vfﬁﬁie:VI-1‘° Physical characteristics of hibernacula of Columbian ground

R squirrels high (HE) and low (LE) elevation sites AM = adult malés; AF -

- adult females, J = juveniles

3

\
Site . LE - : HE
sex/age group - AM . AF - g AM AF g
n - 1. _ & 13 3 4 6
Body Weight . 776 . 570 1357 865 585 375
grams tse 24 326 £10  £22 - #23 | a9
Depth 75 63 .50
cmtse . #5.3° 4.0 33,2
Volume 9800 3840 2896
+ mltse #1019 403 26D
Insulation 7.5 4.5 4.5
cmtse 0.5 0.3 #0.4 -
q 64 70 57 .
mW/°C¥se 424 47,9 +2.9.
1



Figure VI-1. Snow .depths for Low elevatlon (LE) and high elevation (HE)

sites. Shaded areas show the range of snow depchs for all hibernaculum

sites. . - T A \
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Fi‘gdre VI-2. -Soil temp'éracures' du..ring‘ wiht,erd-v]:,gS(GJ -l87"a~t: ‘th'e év_efage
.hibe;ﬁacul@ dépth (solid line) for low elev:g“t;ic;x{i '?160cm) and higb . »
éievatidn (AOcm), 20 cm deptﬂ tempéfature (dégggd%li;ef'and lbOcmdepth%!

) (daéhedbline).
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by the amount of energy the

!

VII. CONCLUDING DISCUSSION 2

rate at which that energy is used The results of my study prhvide

evidence that the amount of pre-hibernation reserves may be more

critical for juveniles than for adults and that the rate of energy use

“ o

vary significantly among populations and from year to year.  In this

chapter

I #uing together the results of che three main aspects of the

i

study, energy reserves hlbernatlng patterns, and the thermal

environment of the hlbernaculum

the patterns of over-winter,survival within and among populations of

Columbian ground squirréls.

-

; f The main premise of this study has been that over- winter survival

of Columbian ground squirrels (Spermophilus gglumhigngg) is determined

y store as fat before hibernation and by the

is affected by_51ze) sex, and agé-related hibernating patterns and can

to evaluate their combined influence on

-

From the results of the fat reserve, study (Ch. III) come several:

1)

2)

3)

general conclusions:

within sex and age classes there were no'differenees
between’populations in pre—hibernation fat reservesi
among sex and age classes, adult nales had larger pre-
hibernation reserves in proportion to their weight
than did adult females or juveniles, which did not
differ from each other, )

adult males depleted their reserves to a greater

relative extent than did adult females and emerged

with proportionally similar reserves,

104



2) v juveniles depleted their reserves to a gr:
relative extent than did adults

S)Jﬁ there was considerable year to year varid’mrn in
e .
the relative depletion of fat reserves wi- i

populations, the direction‘of year t%

differences being the same for A l-impd
v I

classes within the population.

The exceptions to these generalizations were the pre-hibernation
reserves determined for adult males at Highwood Pass (HW) in 1984 and
the estimated post-hibernation reserves of adult males aﬁ ihe low
elevation study area (LE) in 1986. Adult males at HW had 'significantly"
smaller pre-hibernation reserves than did adult&;ales frem the other
three populations sampled. 1In retrosnect. the lower reserves of the HW
squirrels were likely the result of collecting those squirrels either
before they had reached peaﬁ)aéight or after most of the largest'adult
.males had entered Hibernation (Ch III) However, the pre- and post:
hibernation total weights of Hu, adult males were lower than those of
squirrels from the other populations and the possibility that HW
squirrels are generally smaller and have smaller pre-hibernation fat
reserves can not be completely &iscounted: Dobson and_Kjelgaard'(198S)
reported that adults from their high elevation reference population (2
km from the HW sitei were consis;entiy lighter at emergence than those
from their low elevation reference population. The high post-
hibernation fat estimates of LE adult males relative to adult females’

and squirrels from other locations might be accounted for by the .earlier

than usaal emergence dates recorded for the population during this study
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(Ch. II). Because adult males are euthermic for a long period befo?e
Vo ,

emerging from their hibernaculum much of their fat reserves are used %t

the end of hibernation. By emerging 2-3 weeks earlier.thar nofmai LE -

males may have avoided som& of this late hibernation expense

)

. The fat reserve study indicated that hibernation is energetically.

I3

)

more expensive for adult males and juveniles than for” adult. females
Mass specific metabolic rate is inversely related to body mass: thus,
Jjuveniles would be expected to have higher mass specific metabolism and
¥ou1d require more energy in proportion to their mass than would aduICS
females. The greater proportion of fat reserves depleted by adult males
compared to adulé females appears to be the result ef spend*ng a éreater
proportion of the hibernating season euthermic (Chl IV), but adults of
both sexes emerge from hiberhacion with much of éﬁeir pre-hibernation
reserves ietact. These results indicate._that the pre;hibernation.fat
reserves of adults are more than adequate to ensure survival over-winter
while those of Jjuveniles are marginelly‘adquate. Differences in the
amount of pre-hibernation fat reserves used between years are similar
for all age and sex classes within populations, suggesting that year to
year variation is due to logal environmental eonditions. Juvenile
survival could be expected to be affected more than adult survival by
these varlatlons in energy demands pwing to their marginal fat reserves,
The rate of fat depletion is dependen®- on torpor and arousal
_ Ppatterns and the thermal environment of the ‘ibernaculum. The results
of the arousal pattern studies (Chs. 4 ? 5) may be summarized.as

. PR
follows:
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1) all age and sex classes at low elevation had the

same number of arousals during the hibernating

[

season,
2) adult males had shorter hibernating seasons and
spent a greater proportion of the season

r
LY
euthermic than did adult femaliﬁ or juveniles,

3) the longest periods of torpor occurred when seil
temperatures were below 5°C, , v’
L}
4) temperature regimes influenced the length of °

torpor perioﬁs early‘id hibernation in the

. laboratory; the colder regime resulted in fewer

o

"arousals and longer torpg;‘bouts.
The thermal enviromment of th? hibernacula méy be summarized as foilows:
1) high elevation squirrels eXperience colder
temperatures for the’entirq.hibernating season
. ana séil temperatures were below freezing for a

greater proportion of the season than at low

elevation,
i
2) high elevation squirrels used hibernacula that

. were better insulated than those of low

elevation squirrels,

3) the hibernacula of adult males were more energy

\

effigient with respegct fo‘body size. (and heat

/ ~ produltion) than those of adult females and

/

juveniles.
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The number and length of euthermlc.epiﬁaodes (arousals) during
hibernation is e Eey factor in determining zotal energy expenditure
(Wang, 1978); one euthermic episode can consume approximetely the same
amount of energy as 10 days of torpor. That the LE squirrels of all age
and sex classes showed relative uniformity in the number of arousals and
the length of torpor bouts (Ch. 1V) suggests that the pattern of arousal

is undet some endogenous control and/or environmental influence that

affects all age and sex classes equally. The amount of time spent

euthermlc before emerging from the hibernaculum (6-14 days, adult males;

¢

<1 day, other squirrels:_Ch. IV) was the only majof difference in -

hibernating patterns observed at LE. The long period of euthermia may
L )
be necessary for gonadal rqerudescence and spermatogenesis as has been

shown for golden mantled gréund squlrrels (S. saturatds; Barnes et al.
é

1986; Barnes et al. 1987) and ensures that adult males will be
reproductively active upon emergence or shdrtly thereafter.

| -With the similarity in hibernaﬁing patterns among sex and age
classes, the ‘thermal environment and ineulation of the hibernaculum
becomes more important in explaining differences in energy consumption
and patterns of surviyal. Colder soil'temPEraCure‘;egimes at higher

elevations may increase the duration of torpor bouts early in

hibernation (cCh. V); however, the energetic cost of arousing and
\

malntalnlng euthermlc body temperatures increases wlth decreasing

ambient temperatures (Wang, 1978) and may offset some of the energy
5 . o
saved by longer torpor bodts. Hibernators react to decreasing ambient
. . - : . 4 .
temperatures by decreasing the duration of arousal episodes (French,

. 1982) and increasing the duration of torpor episodes (Twente et al.
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1977). 1In addition, squirrels that hibernated in colder soil -
temperatures (1.e. high elevation) or were euther&ic for a greater
proportion of the hibernating season (i.e. adult males) were found to

-~

use larger, beFter insulated hibernacula (Ch. VI). The combination of
shorter arousal episodés’gnd more energy efficient ﬁlbern;cula méy
compensate for colder ambient temperatures or increased amount df-time
spent euthermic. ‘

Because of the interactions between soil tempera;uré, hibernaculum
insulation, and arousal patterns it is difficult to ascergain :ﬁg
separate effects these factors have on the energetics of hibernation.

In the following section a simple model incorporating these factors is
used to address this problem. The model (descriged'in detail in
Appendix B) considers only two levels of metabolic rate, torpor and
euthermia, and ignores the transitional rates during rewarming and
cooling. This bias to the model should resuit_in underestimates of
energy consumption as the transitional metabolic rates would be higher
than the rates used in the model during transitional periods. The model
is designed such that the size of the squirrel, heat loss of the

. hibernaculum, number of torpor and arousal cycles, and soil temperature
regime are alllgnte;ed as vafiablgs and é;n be changed to simulate
different conditions. The first set of conditions were selected to

represent the typical’ squirrel of each age and sex class (adult male,
adult female and juvenile; Table VII-l). The values of soil temperature
(Ts) and heat loss (q) were increased and decreased separately (T *2°C,

q¥10%) and the torpor/arousal pattern altered by eliminating one day of"

euthermia during early and late hibernation to test the sensitivity of
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the esrimated total

.

;variables (App B) From the results of these simulations (Fig VII l) .

~‘1t is clear that SOil temperature has the greatest influence on TEE

‘ a'hcrea51ng insulaoion was less effectiVe in reducing TEE for the adult
male sxmulations thanvfor other squirrels but decreased TEE to about the: .
same extent as ellmlnatlng arousals. d1d in most of the slmulatlons The

' relatlvely small reductlon in TEE resultlng from the elimlnation of

t

) arousals (2 6%) suggests that this may not be as-effective for reduclng
) _( e . }'*v
T hlbernatlon energy demands as was suggested 1n other parts of the study

'(Ch v, Ch V) That is due in part to the relatlvely small proportlon'

u of TEE attrlbutabie to euthermla (39 68% Table VII 1), a proportlon
lower than expected on the ba51s of Wang s (1978) findlngs for k'-:
Rlchardson s. ground squlrrels (80%, S. rlghardsonii). Part of this

dlsceqancy results from the model’s exclusion of hlgher metabolic rates"

v

‘ during the ‘transitions. from torpor and euthermla If the number of
arousals is reduced by 1-2 eplsodes by HE squlrrels as suggested in

‘Chapter 5, the resultlng decrease in energy expendlture though small
~ could contrlbute to more energy efficient hlbernatlon and 1ncreased'@ﬁ
] (

o surv1val compared to LE squlrrels However the extent to whlch the

R pattern of arousals lS affected by temperature reglme is uncertaln and

no deflnltlve conclu51on can be made on the basis of my study
-‘k‘ly,
. et

. 8011 temperature has the, greatest 1nf1uence on energy use and its

”

’effects can be countered by the usé of 1nsulat10n ‘ Soll temperature

reglmes vary w1th depth and squlrrels in both populations were not

-

k restrlcted from u31ng deeper, and hence warmer hlbernacula (Ch VI, App.

‘A). Insulatlon can be 1ncreased by 1ncreasang the size of the
’ . » 3 K .
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,hibernaculum and the amount of nest material The hibernacula of HE

\,‘V .

'squirrels had heat loss valu'#ﬁloz lower (on average) than’ those at LE

A,
but thls is Just sufficient to’ gffset the effect of 1° c colder minimum

- soil temperatures - Rather than prqv1ding a more energy efficient
o i
: hlbernaculum the depth and beuter lnsulgkion of HE hibernacula results

in hlbernatlng condltlons that are almost equlvalent to those at LE.
‘ »
Warmer s011 temperatures and more 1nsﬁlatlon would clearly decrease the

energy cost of hlbernatlon for squlrrels at both locatlons Why
squlrrels at elther locatlon did not use deeper or better 1nsulated

fhlbernacula is not clear but may be related to other cnsts associated

with the depth and size of. the hlbernapulum

 The energy cost. of constructlng‘hlbernacula precumikly increases

~,w1th depth and size, partlcularly if the soil removed is taken to the’

-

ground surface and not to another part of the bﬁffow} Inoreasing the
lnsulation (decrease q) of a hibernaculum requires'an exponential
.increasebin*the Volume of the hibernaculum’and‘the amount of nest
material, Toxincrease the insulation of the ’ typlcal' LE adult male

ot

hlbernaculum by 10%Z requires an lncrease in volume of 73% (from 8.2 to

14.1 1) and a 90% increase Ln‘the amount[of nest material’ gathered (7.4
Vs, 13p4 1).; Also, the cost'of emerging from the hibernaculum in spring
must be considered. The soll is .still frozen when most squirrels emerge'
and squlrrels at h1gh elevation often emerge through many centimeters of
"~ ‘compacted snow (Ch. VI Murle and Harrls, 1982)"- Dlgglng through froZen

soil is energetically'expensive (pers. obs. ) and, could be partlcularly

vrlsky Lor squlrrels W1th nearly depleted fat reserves (ie. Juvenlles)n
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It would be advantageous to use the shallowast hibernaculum possible to

» B ¢

reduce the cost of emergence.

The-depth size and insulation of the hibernaculum probably
3 ) .
represents a, compromlse between the cost of spring emergence, the cost
. ”

of hlbernatlng at sub-zero temperatures,~and the risk bf having 5011

temperatures drop below the temperature for whlch the hlbernaculum is
*

1nsulated Thls trade-off can be used to explaln the dlfferences ‘in
hlbernaculum depth and structure between elevatlons when. snow, cover is
2

>taken into consrderatlon Squlrrels at HE are able to use shallow

hibernacula to reduee the‘cost of emergence byrincreas1ng the insulatlonL'
to offset colder soil temperatures and by virtue of ha r\g deep snow
cover that prOVLdes a relatively stable soil temperature reglme dur1ng

X
periods of very cold airvtemperatures. Squlrrels at LE do not have

;_——egn;lstent snomlcover to insulate the 3011 from changes in air

‘temperature and must use deeper hrbernacula to av01d the more varlable
. temperature reglme at shallow depths. Thé tendency of Juvenlles to use
shallower hlbernacula than adults (App A) may make them more-
: -

susceptlble to changes in soil temperature and could explain the lower
survrvorshlp of.juveniles reported byvpreviouS*studiesi(Bdgg and
Murie,1981;‘Murde and‘Boag, 1984) .. During periods 6f;colder than normal

.

,alr temperatures all squirrels at LE may be‘more susceptible to,
increases in energy expendlture assocrated w1th‘cold 5011 temperatures
than squirrels at HE. Delayed thaWing of the soil in late springs may
also ‘have a greater 1mpact on surv1vorsh1p of LE squlrrels than those at

HE owing to the greater depth of LE hlbernacula (App A) Long term

soil temperature data are not avallable for locations comparable to my
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study areas and it is impossible to state whether soil tééyeratures are

more variable at low elevations than at_high. Ineuitively; low
elevations should have more variable soil temperatures‘owing to the

nnsistent smow. cover caused by‘chinook weather patterns. It remains

lear why LE squirrels‘do not use larger, better insulated hibernacula
that would prov1de a greatef margln of protection. While studies on
non-hibernating species have shown that the use of insulated mests is
energetieally advantageous fef eethermia (Casey; 1581' Paula 1991) and
insulation should reduce energy expendlture for torpor at below free21ng

temperatures (Ch. VI), the snergetlc 1mpllcat10ns of 1nsu1at10n for
i
!

¥

torpor at above freezing temperatures is not known. A better insulated

hibernacula may increase energy expenditure during torpor at above

[

freez;ng temperatures by keeping body temperafure higher than it would
be in a less well insulated hibernaculumf - .

In conclgeion, the results ofamy study indicate that the energetic

. _ : :

cost of'hibernafion for squirrels at HE was equivalent or greater than
thae for squirrels at LE. Togefher with the similar pre-hibernation fat
>reserves this leads to the conclu51on that differences in surv1vorship
between elevaelons are not due to any dlfgzrence in the amount of energy
stored ner in the rate of energy consumption under the conditions:I
recorded. 4Juvenile squirrelsvaéaﬁaore susceﬁcible to increases in
_energy demands than are adults and are more 11kely to deplete their
already marg1na1 fat reserves. The depth "and lnsulac;on of ‘hibernacula
. appear to be adapted to local environmental conditions so as to_provide

. ) ' e " ¢ . .
a thermal environment that minimizes energy consumption during:

hibernation and the cost of emerging from the hibernaculum in the
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'spring. Mortality during hibernation can not be attributed to one
cause; some radio collared squirrels died after depleting their pre-
hibernation fat reserves while others had most of their reserves intact,

Soil. temperature‘appears to be the major factor affecting‘the rate of

a

b : o
energy consumptlon and it is likely that the stability of the thermal

environment is the primary cause of differences in over-winter survival
‘ i
/r\> among Populations at different elevations. . J - R ‘g
| Attemptigé»to resolve the mechanisms of long-term life hlstory
: patterns on the basis of short-term studies is always rlsky and many
more questions have been raised than have been answered by my study
The results of this study'lay a foundation for future research that
should lead to a better understandlng of the phenomenon of hlbernatlon
how it can he adapted to, and how it 1nf1uencesAvar1ab1e life-history
patterns. More detailed studies are needed on, the thermal e féionment
of hlbernators the energetlc implications and constraints of
hibernaculum structure, and the effect of temperature regimes on
hibernating pattErns. Much of this work will requlre the controlled
condltions of the laboratory or artificial environments to measure- the
" relative importance of these various aspects of hibernatlon in

-

determining over-winter survival of hibernating species.
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Table VII-1. Estimated energy consumption du;f%k hibernation under

simulated *typical’ “conditions for squirrels of each sex/age class at

each elevation.

Low Elevation . ; . High Elevation -

AM AF I aM AF 3
Total . | 4195 . - 269? 1983 5137 3862 2910
] . )
Euthermia 2832 1366 956 - 3017 1516 1148
“Torpor - 1363 ‘1329 1027 . 2120 2346 1762
KJ/Gtam 559 465  5.36 6.85 6.66 7.87
J/g day™! 25.61 19.38  22.33 . 26.34  25.61  30.26
% of Fat o : . ’
Weight Loss 101 90 8 105 133 133
"Estimates : :

(Ch. III)

........................................................................
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Figure VII 1.

patterns on’ slmulated energy consumption
)

Effects of different thermal envitonments and arousal

percent change in total energy expenditure compared to
{

condltions for the following parameter changes

‘yQQIOZ b) decrease 1nsu1at10n 10%,

Histogram bars show the

typical’

e
A

S

a) increaig insulation

c) 1ncrease soil temperature 2°C,

Q.
decrease soil temperature 2 C, and ellminate one day of euthermia ‘

early (e) or late (£) in hibernation
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, - APPENDIX A. COLUMBIAN GROUND SQUIRREL HIBERNACLA:

STRUCTURE, LOCATION AND AVAILABILITY.

A

Ground squirrels and marmots spend a large proportion of their
lives undefglound. Svendsen (1976) stated that yellow-bellied marmots
(Mg;§OCa flaviventris) spend up to 60% of their lives in hibernation and
80% qndefground. That is no doubt tr(te for most grohnd squifrel; that
hibernate for periods of up éo 8 or 9 months each year (Dazis, 1976).
“"Burrows are an obviously important facet of ground squirrel biology,
pr%viding protection from predators, shelter from inclement weather and
a relatively stable micro-environment for hibernation. The availabiliﬁy
and quality of burrow sites, particularly hibernacula, is ghought to
restrict the size of some ground squirrel populations (Carl, 1971) and
the size and location of\some marmot célonies (Svendsen, 1974) as well
as being a factor in promoting moﬁﬁgamy in hoary marmots (M. caligata)

(Holmes, 198&):' Shaw (1925a,1926a) found differences in the location,

Structure and quality of hibernacula used by different age and sex

classes of Columbian ground squirrels (Spermophilus C;Iumbianus).v Such
differences in depth, size ;nd.§tructure'of the nest could influence the
energetic cost of hibernation and affect the over-winter survival of the
squirrels. Studies on Alberta populations of Columbian ground
squirrels, which hibernate for about 70% of each year, have pointed out
significant differences in over-winter survival between-high and low
elevation populations and among sex/age classes witﬁin populations,‘

which may'be related to hibernaculum quality (Murie, 1985; Murie and

Boag, 1984).

119
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The obje?tives of this study, part of a larger study of factors
influencing ov;rwinte% survival of Columbian ground squitrels, were to
document the strﬁcture of hibernacula used by squirrel; of different
age and sex classes in two:populations, and to gain an insight into what
constitutes a * good”’, hibéﬁnaculum site,) how squirrels select
hibernaculum sites and whe;het good hibernacula are a‘liﬁited resource
within populations. ' . . "

~ METHODS

T&e i}udy was conducted atstwo locations in the Sheep river
drainage, épproximately 32 and 35 Km west of Turner Valley, Alberta.
The low elevation site igE; elev. 1470m) is locaged on a large meadow
3km east of the mouth of &irge Creek. This area was used in a previous
study by Murie and Boag (1984) and is close to the site of Murie‘s
(1985) low elevation population. The high- elevarion site (HE; elev.
- 2250m) is located in-.a cirque on the west side of Junction Mt, \
approximately 12km south of the mouth of Junction Creek. Both areas are
described in more detail elsewhere (Ch.VII). The hibernacula of 28
squirrels at LE and 16 squirrels at HE wer; located during a kelemetry
study  on hibernatihg patterns in 1986-87 (Ch. 1V). | N

Radio-§ollars were fitted to four adult females and their complete
litters at each site to determine the location of the h1bernacula of
juvenile squlrrels relative to those of their 51b11ngs and mother. The
locations of the 1985-86 hibernacula of four adult squirrels at LE were
also known, from telemetry condﬁcted during the first part of that
hibernating season, -and compared to their 1986-87 locations. The .

location of each hibernaculum was marked with an aluminum rod (1.75m by

* -

P
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0.5;m) used to,measﬁre snow depth and to identify hibernaculum sites for
excavaﬁion. \ | - . -

" Soil temperature profiles perpendicular to groﬁnd surface at 20cm

intervals at depths down to 200cm Qere taken at five focations on each
study area to examine the temperature regimes at different depths and
locations. Micro-envifonmental data is examined in more detail
elsewhere (Ch. VI). After snowmelt and the so;i had thawed sufficiently
to permit digging, the hibernacula were exﬁavated, measured atd mapped.
Two boa;ds (2.5 by 15 by 300 cm)'were placed parallel on either side of
the area to be excavated. The boards were elevated, fastened to
aluminum stakes, and levelled along their length and across the area

~ they spanned. Measgrements'of depth, burrow location, and dimensions
were taken to the nearest 0.5cm using a long T-square placed across the
boards and a plﬁmb line. This proyided a level reference ﬁlqne for
determining the slope of the ground surface above the hibernaculum plus
accurate positioning of the tunnels, chambers and other physicél _

features on a three dimensional grid. Excavatio;s were usually started ®

at the exit hole at ground sﬁrface and followed the exit tunnel to the

hibernaculum; measurements were taken every 15‘to 20cm and at every turn .

or branching of the tunnel. Hibernaculum volume was calculated as the

volume of a sphere having a radius equal to the mean r;dius of the

width, length and depth of the phambef. Side tunnels were followed aé

far as the'limits of the leval-bqa:d structure then tested with a smoke

blowing apparatus (Vogel et al., 1973) to determine if thé) were’,

connected to open burrow systems. The depth and dimensions of each

\

hibernaculum were recorded along with notes on the soil texture, ground
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cover, and location of any large rocks, cobble iayers or other .
obq;:ucéions. Nest material from the hibernaculum was collected, dried
and stored in plastic bags for analysis of insulation qgality (Ch VI).

. Data from Shaw’s (1926a) excavations of Columbian ground squirrel
hibernacula in Washingtgg S¢ate were converted to metric measurements
for comparlson to the hibernacula excavated in this study The squirrel
weights in Shaw s table, which were rTcorded at various times during the
hibernating season, were adjusted to reflect pPre-immergence weights,

assuming a 33% weight loss over the entire season, and/prorating by the
amount of time spent in hibernation since July (Shaw, 1925b).

Statistical analysés were performed on PC:SAS under licence to the

University of Alberta Computer Services. s : )

- ‘ M A

RESULTS

The general structure of the hibernacula (Fig. A.1) was sl&llar to
the descrlptiop of Columbian ground squirrel hibernacula by Shaw
(1925a,1926a). The chambers were generally spherlcal with a short }i to
15 cm) tunnel leadlng to the burrow &/stem. This tunnel usually %
intersected with three others, one leading to the exit hole, one \
plugggd, presumably lea¥ing to the main burrow system and one short
‘ blind tunnel that typicélly\projectéd below the lével‘of the J
hibernaculum and contained large.amounts of feces and discarded nest
material. The burrow systems were not alyays plugged close to the
hibernaculum; some remained open éor 1l to 2 meters and squ%rreis were

occasionally located by telemetry up to 2m from their hibernaculum

during arousals. The ‘surface opening of the exit tunnel was small (3 -
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6cm diam.) and always opened from within,’based on the lack of loose
soil around the opening. When the exit tunnels were dué could not be
determined, but none were found leading from the hibernaculh of
squirrels found dead (3) or still hibernating (1). In all but one case
- the exit Hgle was the only opening leading from a hibernaculum: the only
- exception was a pre-existing burrow entrance used by a juvenile
squirrel. No food caches or sign§ of stored food were found in or near
any of the hibernacula.

Juvenile squirrels at LE hibernated close to their mpthers and
siblings. The mean distance between mother anc;l offspring wa® 10.1m
(range 3.2 to 24.6m, n ~ 9) and between sibling&-was 7.8m (range 1.1 to
12.4m, n= 9 pairs). At HE three juveniles (2 males, 1 female) were
located close to their mothers (X 2.7m, r5p§e 2.2 to 2.9m) while three
others (all males) hibernated at consideragle distances from their
mother (23.3, 24.6 and 92.2m). Only two pairs sf siblings were located
at HE, one pair of males wa; 3.2m apart and also loc%teq near their

T,

mother. The other pair cgpsisted,of a female located close to her
mother and a male 94.7m away. Both radio-collared juveniles that died.
during hibernation (one LE ﬁéméle; one HE male) were more than 20m from
their mothers’ hibernaculumi‘ The juvenile male at HE found more than
‘90m from its mother was excavated from the hibernaculum on 7 June still
in torpor and there were obvious tooth and claw marks on.the still
frozen soil plugging the burrow suggesting a failed attempt to exit the
hibernaculum.‘ The four adult squirrels, radfb-collared’in both years,

at LE hibernated close to the 1985-86 site in 1986-87 (X = 6.8m, range

2.2-10.2), but did not use the same hibernaculum.
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The hibernacula at HE were all located under nearl¥>1eve1 terrain

(i ‘$lope = 3.8°, rénge 0-9° ) in the bed of ‘the cirque an$ were beneath |

shrubby ground cover ( alix spp Yy or in shallow depressions which

'-collected snow drlfts No hibernaaﬂla were 1ocated on the steep 51des

of the\cirque §5though some summer burrows are located there,

Hlbernacula at LE were 1ocated under more varled terrain (x slope -ﬂ*

d

I8.3°; range 0- -31°) but only two radio collared squirrels’ were located on

4

the steep (27 3&°) “south faclng slope on the north ,side of the study

area’ Ground cover other than grasS was not avallable w1thin the study

T

“.well dralned ‘Soil at HE was flner textured poorly dralned and some

-hlbernaculum sites were- subJect to floodlng durlng snOWmelt or heavy

‘rain. Two h1bernacula at HE were located under rocks though only one

a9

'of these was large enough to.afford protectlon from the digglng of .

mammallan predators (e g. bears) Other than the root mats of w1llow

S

bushes, no other cover or obstacles were encountered above hlbernacula

The depth and 51ze of the hlbernacula varled w1th both the sex’ and

i .

age of the occupant as well as betweeﬁ study areas (Table A. 1) The

‘depth of hlbernacula at LE dlffered 51gn1f1cantly between all three
ksex/age classes (ANOVA F-12 53 P=0.0002, Duncan multlple range test)
'those of adult males bélng deepest and Juvenlles shallowest There was
‘no d1fference 1n depth petween sex/age classes at HE ?ANOVA F=1. 68

gP=O 236) though there was a trend for adults to use deeper hlbernacula

o

With the exceptlon of adult females squlrrels at HE used hlbernacula

' i : ii o7
that were shallower than those of LE squlrrels -

oo

\

‘\
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'area at LE :The soil at’ LE hﬁbernaculum locations was fairly coarse and’
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The volume of a hibernaculum (V) was correlated with the siz‘ of

the occupant (LE: r?*=0.637, P=0,0001: HE: ri= o 454, Eﬁ 0. 012) “$ince

| adu&t squirrels might be expected to use larger hibetnacula by virtue of
_their size alone, _the effects of body size on hibernaculumlvolume were
‘removed by analy51s of covariance (Packard and Boardman 1987, 1988)
_u51ng~body welght as a co-varlate to V There were signifijcant
differences' in Vh between sex and- age classes at LE (F=8.38, P=0. 002)

but not‘,at :'HE- (F=3.10, P=0.095). At: LE adult males usedvlarger . ‘
hibernacula. than the other sex/age classes (Duncan multiple. range test);
the same trend appeared at HE, ,although somewhat - obscured by small
sample sizes and the use of large hibernacula,. 51mllar 1n 51ze to those
of adult males, by two juveniles. Both‘of these squirrels were distant
from their mothers and s;bllngs. HE squirrels dsed larger hibernacula
than d1d LE squlrrels (F= 8.74, P= 0 021 adult malesland F= 11,06, P=

'O 003 other squ1rrels)

' Columblan ground squlrrels in Washlngton (WS) (Shaw 19264, Table

\A 1) used hlbernacula that were smaller (F=14.30, P=0.0001) than those

'at LE or_HE and deeper.than.those at'HE butJPOC LE (F=l9 64, P=0: 0001)
Interpretatlon is complicated by the dlfferences in hlbernaculum slze
and:depth among sex/age classes within populations. When'the effects of

~bodyV51ze are removed the ve ime of WS hlbernacula dld not dlffer
s1gn1f1cantly between age/sex classes (F=0. 31 P=0. 734), unllke the

C.

'sltuatlon at LE and HE. The Vh of adult males were sxgnlflcantly
dlfﬁerent between all three 1ocatlons (F=12 63 P=0. 0003)gr1th HE belng
; 1arges1 ‘and WS smallest Juvenlles at HE. used larger hlbernacula than

vdld those at LE or WS (F-6 06, P=0. 009) Wthh did not dl?fer from one
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another Adult females showed a pattern similar to juveniles for Vh but
differences between locations were not SLgnificant (F-a 01 2—0 057)

The pattern of. hibernacg}uﬁﬂﬂ;;;:between .all three locations was

I

less consistent. The deﬂth of the hibernacula of adult females did not
: ’
differ among the three sites (F-O 19 P-O 829) Those of adult males
‘4 were shallower at HE than at LE or- WS (F-19.64, 2—0.0001) which were of
similar depth, and juveniles at LE used deeper hlbernacula than those at
.HE and WS (F=4,23, P=0, 029) which did not differ The small sample
sizes, partlcularly at HE and WS for adult females, no doubt contrlbuted
to. the 1ncon51ktent patterns seen in hlbernaculum volume and depth.
§§ " | : N . .
| DISCUSSION J , .

'Columblan grouqd squlrrels disperse as yearlings remaining at the
, natal .nest untll after thelr first w1nter (Boag and Murle 1981
nggettﬁil988) so the prox1mity of a Juvenlle s Hlbernaculum to its
mother’s is not’ surpr151ng The Juveniles that hibernated at large

~

distances from their mothers (>20m) ralse some lnterestlng questions
abont the- selection and availability of hlbernacula Burrow entrance
mapping, using a smoke blower suggested that hibernacula more”than.Sm
apart were not within the same burrow systemﬁ although burrow systems
coverlng moreb than 2Q‘{n were recﬁed ‘(App. C)g The HE juveniles more
«han 20m from their mother were neither w%thln the same burrow system as
the mother nor in the natal burrow The large slae of.twovofithese

hibernacula suggests that they were not constructed by the juveniles but

by adult males.  Juveniles hihernating away from mothersvand.sihlings
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did not survive well:duringyhiberﬁation at either location. The only
two juveniles that died ‘and the one that was frozen inside the

hlbernaculum when it was excavated account for three of the five ,
. ]
Juveniles found more than 20m from kin This suggests that there was

some advantage to h1bennating close to the mother. The number of
juveniles at HE hi?ernating far from their mothers (3 6%56) and in large
hibernacula suggests also that good quality hibernacula near either the
natal area or mother's hibernaculum may have Been a limited resource for
this population. o v
Shaw (l926§)\fodnd that_some squirrels ﬁartially excavated the
exit-gunnel prior to‘hibernatioh.‘ I found no ev1de ce of this behaVLOr

¥ ; 1?

in the hibernacula of squirrels that died over-wintek. Thirteen-lrned

ground squirrels (S. tridecemlineatus) dig exit tunnels at the end of

“hibernation (Sheck and Fleharty,_l980) and the s .irrels in this study
appear-to have done so as well Sqdirrels at nd HE also.did not
store_ food as Shaw (1926b) fo;idxég-some WS hlbernacula Unllke this
' study, Shaw’s study area was in an agr1cultural»area and the
availability gf seed crops and potatoés, whlch were the foods cached in
the burrows, may have influenced the WS squirrels storing behavlor.'
Squirrels near.. the LE study area have been observed to cache food (corn)
taken from campgrcund refuse'(D: Boag, pers. comm.). |
féquirrels were ndt restrlcted frcm constructing deeger‘
hibernacpla, at eitﬁer LE or HE, bv sﬁallow soil or physical -
obstructions. .Althodgh the depth of the.frlable'soil was not

determined, the soil temperature probes were easily inserted to depths.

much greater than the average hibernaculum depth. At ohly one location

v



miﬁht have limited their depth, However, these hib
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at LE were hibernacula found situated on a layer of cobble stones that-

o cula were all

e

near the average depth and tunnels leading dOWn through the rock

indicated that deeper hibernacula could have been constructed. The

' depth of hlbernacula is no doubt determined by a number of factors

Deeper hibernacula may prov1de better protection from predators but

.

exiting the hlbernaculum in the spring would requlre dlgglng out through

a thlcker layer of frozen soil. Respiratory gas exchange may also be a

~

factor, since gas exchange occurs by diffusion through the soil, and is

”retarded‘by cold and wet soil (Withers, 1978). This aspect of the l;

hibernaculum micro-environment may be of particular 1mportance at HE .ﬁi

where the soil isg cooler and not well drained. Winter soil temperatures , .

are warmer at greater depths and the positioning of hibernacula may

reflect 'a selection of a:preferred temperature regime for hibernation. .

,Iemperaturé‘regimes on exposed south slopes at LE were colder'thén on

-

the level and” hibernacula on the slopes were deeper If hibernacula are

also used as'summer nests, the depth may be a fUnCtlon of . protectlon

from dlgglng predators and preferred tempékatures durlng the actlve_

season rather than during hibernation.

HE'squirrels took advantage of ground cover and terrain to

’hlbernate in areas where deep snow accumulates steep, often snow free

slopes were av01ded Some LE hlbernacula were located on slight

*terraces where_snow drifted.

A general 1nterpretat10n of hlbernaculum depth and size is

complicated by the dlfferences recorded among sex/age classes between

'locatlons If the trends observed are representative of the populations
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a few general conclusions can be drawn The size of .the hibernaculum is
determined partly by the size of the occupant larger squirrels using
larger hibernacula. Adult males and squirrels in colder (soil
temperature) locations had larger‘hibernacula w1th more insulation,
'possibly to compensate for time spent euthermic and temperature regimes
» respectlvely - The differehces in depth between sex/age groups probably
reflects- trade- offs between protection from predation, optimal
hlbernatlng COndltlonS (Cemperature gas exchange, etc.), the ease of ‘
ex1t1ng the h1bernacu1um in sprlng, and timing of Spring emergence
Squlrrels at HE may be minimizing the effort of exltlng the
hlbernaculum In this study, they always emerged when the soil was still
frozen, and compensated for the colder soil temperatures with larger,
better insulated hibernacula‘(ch VI). Squirrels at LE and WS showed a
pattern of 1ncrea51ng depth of hibernacula with greater body size. That
may result more from immergence schedules than a-direct relatlonshlp to
body size. %dult squlrrels begln hlbernatlon earller{than Juvenlles and .
by u51ng deeper hibernacula would experience‘cooler/temperatures for the
early period of hlbernatlon -Arousals from torpor become shorter and
less frequent as. amblent temperature’decreases (French 1982 Twente et
aln, 1977), and selectlng"deeper cooler soll temperatures could" reduce
" the- energy expendlture at the start of hibernation when soil

temperatures‘are warmest.

. vn_
.t . %
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‘Table Aylﬂ"‘CoﬁpAfisen‘ef hiﬁefhacula size‘and depth (X Se) between
high (HE) and low (LE) elevation in Alberta and a low elevation site in

!

AM = adult males, AF, = aduIt femaleswand J -

Washington State (WS)

juveniles. .
)

.Site HE : LE , wsl

sex/age AM AF J AM AF’ J AM  AF J

n= 3 4 6 7 6 13 14 __3 5

Depth? 39  s6 30 75 63 50 - - -
(em) 2.5 £16.9 #5.4 5.3 +4.8 +3 0 - - -

Depth? 39 56 32 80 65 s % 64 33
(em) 22,5 $16.9 #5.7° #5.4 4.8 3.3 3.8 4137 +10.9
Volume* 15077 5744 6154 9800 3840 2896 7082 2768 2113
(ml) 1567 2776 +1688 - $1018 $403 #260 £522 #770 +30¢
Weight> 865 , 585 375 776 570 358 756 . 376 329
(g) 122 #2042 . ¥24 26 #10 424 +7 417

;1 Data from Shaw (1926a) converte

calculated as. in this study.

Measured'perpendlcular ‘to ground surface
Measured as plumbllne ‘distance

Ws.

“ Tested statistically by analysis of co- -variance,

co variable.

3 Shaws’ s weights adj

weights.
‘s

to ground surface,

d to metric measurements; volume

to compare with
body weight as

usted to reflect predicted pre-immergence
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Figure A.1. Side and plan view diagtarhs of excavated h‘iberr{ac‘ula‘.

Dotted lines - unexcavated tunnels._daéhedvliﬁes - plugged tunnel

opening, stipple - filled tunhel. LE: adult®males, a-g; adult females,
i . .

h;m; juvenile males, n-t; juvenile females, u-z. HE: adult males, aa-ac:

adult females, ad-ag; juvenile males; ah-al; juvenile female, am.




Figure A:1. :_continded.--




Figure A.1. --continued--
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Figure a.1, -:concinued~- ‘ v
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Figure A.1. --continued--
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APPENDIX B. ' ENERGETIC MODEL OF HIBERNATION

The model referred to in Chapter VlI‘and listed below calculates
lenergy consumption on the basis of" indivﬁdual torpor and arousal cycles.’
Ambient temperature was held constant within each cycle but followed thé@f
lae seasonal soil temperature regimes. reported in Chapter 6. Metabolic
‘rates were based on Hudson .and Deavers’ (1973) equation for restlng
metabolxc rate (RMR) from 8 species of ground squlrrels (Sgermophllus
SPP ) _ : :

RMR(m10,/hr) = 3.24 * We,*® B

Torpor metabollc rate (TMR) was calculated from RMR assuming Q,y = 2 5,
which is typical of biological rates and is approprlate for TMR of
ground;squirrels (Snapp and Heller, 1981) ## Body temture during torpor
(Tb) was’ assumed to be 2°C above amblent (Tsys but_below 2° Cstnever
i fall below 2 C (Wang, 1973) RMR and TMR were considered to be the
£ mxnlmal rate of energy expendlture during the approprlate portlon of any
| torpor and arousal- cycle ‘unless add1t10na1 energy was requlred to

,malntaln the 1nsxde temperature of’ the hlbernaculum (Th) at 21° c durlng

Heuthermla and 0°c durlng torpor '21°C was chosen. as the mlnlmum T, for
hermia because 1t is w1th1n the thermoneutral zone of the

ardson s ground squlrrel (Sgermoghilus r1chardson11 Abbotts and

pWang 1980) 0°C was chosen as the mln%mum T, for torpor because many

h1bernators allow thelr deep body temperature to drop to within 1- 2°C of
-éqheﬂamblent tempgratures above zero during torpor (Wang, 1979 Twente

'; and Twente 1963) and radlo collar temperatures recorded during the -
xételemetryiﬁtudy (Ch:, IV) smggest that minimum Th during torpor may fall

as” lOW*as 0°C \ﬁ@he energy required to maintain T, at the appropriate

mlnlmal temperature was calculated from the rate of heat loss (q, Ch.

'VI) and the temperature gradlent across the insulation. Metabollc rates
.are expressed in watts (W) "or mllllwatts (mW), where mlOz/hr * 0. 0558 -
W, Energy consumptlon is glven in Joules (J, J/sec-W) or kllogoules o
(KJ). In the simulations, torpor bout duration is based on the ‘data B

zcollected in the fleld at LE Slmulatlons were run for the typlcal’

"squlrrel of each sex- and age . class hav1ng the average number,qf torpor A

. % i~

. PR .

B . A . . ) ’ e N .
Lo : o : o A



lhO

L

B

‘and arousal cycles of average duration fqr each cycle at average soil

‘temperatures for the time of year (Table B.1): Separate simulations

[}
were run to teft the effect on energy expenditure of . increasing and
decreasing heat 1éss by 1UZ.Jincreasing and decreasing the soil
temperature by 2°C for a11 torpor and arousal cycles, and eliminating

one euthermlc period during early or late hibernation ko1l temperature

, regimes were determifed from -the records taken during the telemetry

study in 1986-87 (Ch IV).
" The simulation for the ’ typical’ LE adult male resulted in

estlmates of total energy, expendlture (TEE) equlvalent (101%) to the

' mean energy expendlture for both w1nters as estimated from fat weight

loss (Ch. II1). The 81mulatlon of an HE adult male ‘with the same torpor.;

and arousal pattern as at LE resulted in en estimate of TEE 105% of the

-value determined from fat welght loss. Slmulatlons for the typical”'

adult female and Juvenlle gave energy consumptlon estimates less than

.those from fat welght loss (904 and 841vrespect1vely) at LE but hlgher
. than” the values from fat weight 1oss‘(l33z_both‘age/sex classes) at HE.

These results'indicate that the'model is a reasonably accurate

reflecti}n of the energetics of hibernation considering the assumptions - -

‘of the modé? and the time scale on whlch torpor and arousal patterns

were'measured (¥0.5 days). The Lnterpretatlon of the 51mulatlon results
is based on the direction and magnitude of changes in energy expenditure
so the dlscrepanc1es in TEE estlmates should not alger the

H

1nterpretatlon The detailed metabolic rates and hlbernatlng patterns

.were not avallable to make the model a more accurate reflection of

o
hibernation energetics ‘30 the-model is intended only as a means of

e

20 INPUT “SQUIRREL AGE”; AGES S et

determlnlng whicp of the three factors examlned 1n this study (5011
temperature, 1nsu1at10n and arousal’pattern) has the greatest effect on

energy expenditurp durlng hlbernation
g’. ’17
£

% b : ) 3?‘_ '
The 4g6ﬁlter program,lwrltten in BASIC for modelling energy

,c0nsumptionﬂ€T Columbian.ground squirrels during hibernatlon is as

3
& -

follo’s_ D 4 ‘
10 INPUT “SQUIRREL SEX”; SEX$ AN
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INPUT “SQUIRREL WEIGHT”; WEIGHT ' ‘weight in grams
INPUT *~ SIMULATION”; SIM$ ' L
'INPUT “HIBERNACULUM HEAT' CONDUCTIVITY”; QNEST ‘watts/degree -
INPUT “Number of torpor and arousal cycles”; N ' '
DIM TSOIL(N), TBODY(N), DUROUSAL(N), DURTORP(N)
DIM TNZDIFF(N), TNZWATTS(N), EUDIFF(N), TMR(N) .
DIM TMRWATTS(N),EUWATTS(N), NESTQIFF(N), NESTWATTS(N)
DIM TORPDIFF(N), TORPWATTS(N) KJTOR?(N) 'KJEUTH(N)
FOR B= 1L TON ) ‘
PRINT , ‘ ‘
CPRINT # . - BOUT NUMBER® ”:B
INPUT "AMBIENT TEGFERAFURE”; TSOIL(B)
INPUT “AROUSATL; SR10K"; DUROUSAL(B)
" INPUT "TORPSR a; DURTORP ()
NEXT B .
LPRINT “SQUIRREL SEX ”'SEXS
LPRINT ”SQUIRREL AGE ”;AGE$ _ .
LPRINT ”SQUIRREI WEIGHT”;WEIGHT : ‘ \ h
LPRINT “SIMULATION = ~;SIMS ‘ i
FOR C =1 TO N o
LPRINT ~ | BOUT NUMBER ;C |
LPRINT “AMB ENT TEMPERATURE “;TSOIL(C), “DAYS AROUSED ”: -

DUROUSAL(C), ”DAYS TORPID. DURTORP(C) ' : " N

RMR = ((WEIGHT",66) * 3,24)

TN
IF TSOIL(C) > 2 THEN TBODY(C) = TSOIL(G) +y2 ELSE TBODY(C) = 2 m

TMR(C) = RMR * (2.5%((TBODY(C)-38)/10))
RMRWATTS = RMR * (00558 _

TMRWATTS (C) = TMR(C) * .00558

INZDIFF(C) = 21 - TSOIL(C) fo.
IF INZDIFE(C) < O THEN TNZDIFF(C) = 0 _ , .
TNZWATTS (C) "= TNZDIFF(C) * QNEST
EUDIFF(C) = TNZWATTS(C) - RMRWATTS
'IF EUDIFF(C) < O THEN EUDIFF(C) = 0
EUWATTS(C)\= RMRWATTS, + EUDIFF(C)
NESTDIFF(C)\ef0 - TSOIL(C)

- IF NESTDIFF(C) < 0 THEN NESTDiFF( )=O

"NESTWATTS (C) = NESTDIFF(C)" * QNEST
TORPDIFF(C) = NESTWATTS(C) - TMRWATTS(C)

. IF TORPDIFF(C) < O THEN TORPDIFF(C) =0
TORPWATTS (C) = TMRWATTG(C) + TORPDIFF(C)
KJTORP(C)ﬁ((DURTORP(C)*86406') * TORPWATTS(C))/lOOO
KJEUTH(C)=((DUROUSAL(C)*864001) * EUWATTS(C))/lOOO
LPRINT “METABOLIC RATE IN EUTHERMIA - ~;

LERINT USING . ####”'EUWATTS(C) o
LPRINT " WATTS”

LPRINT - “"METABOLIC RATE IN TORPOR'”;
LPRINT USING 4. ####"'TORPWATTS(C)
LPRINT” WATTS” i ’

, LPRINT “ENERGY USED DURING AROUSAL “;
LPRINT USING “###H. ##” KJEUTH(C),
LPRINT ~ kJOULES”

LPRINT fENERGY -USED- DURING TORPOR”‘

g

1
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600 . LPRINT USING ~##### ##” KJTORP(C),
(610 - LERINT -~ kJOULES™

650 NEXT ¢ - \

660 FOR D=l TO N

670 KJEUTOTAL.= KJEUTOTAL + KJEUTH(D) |
680.c KIJTORTOTAL = KJTORTOTAL + KJTORP(D)-
.690 NEXT D

700 KITOTAL = KJBUTOTAL + KIJTORTOTAL

718" KIPERGRAM ‘= KJTOTAL/WEIGHT . |
720 LPRINT “TOTAL ENERGY FOR HIBERNATION” ;
730 LPRINT USING ”########## ##”; KJITOTAL;
740 LPRINT ~ kJOUL ,
. 760 LPRINT ”TORPOR ENERGY EXPENDITURE *:
770 LPRINT USING “#HHHH . 4~ - KJTORTOTAL;
780 LPRINT.” KJOULES”

790 LPRINT””EUTHERMIC ENERGY EXPENDITURE ~;

800 LPRINT USING " HE” KJEUTOTAL
+ 810" LPRINT ”~ kJOULES”

830 LPRINT ”MASS SPECIFIC ENERGY CONSUMPTION"'

840 LPRINT USING "###### ##” KJPERGRAM;

850 LPRINT “KJ/G” :

860 LPRINT CHR$(12) L
SR Y

e

In the LE 51mu1at10nq;eqtherm1a accounted for 68% of TEE f
adult male, 50% for the adqrt female and 48% for the Juven11e

\

or the
The -

‘proportlon of TEE accounted for by euthermla in the HE simulations was

59%, 39% and 39% for the ad&lt male, adult femaLe&and juvenile,

respectlvely Almost half of the euthermic energy expenditure of aﬂalt

nxmales is used during the long euthermic perlod (10-11 days in the model)

from the end of torpor to emergence (38XTEE at LE, 26% at. HE)
j LE sxmulatlons RMR provides sufficient heat to maintain T, at 21 C at

5011 temperatures (T,) of -2° C for the adult male 4°

. _female, and 5° for the Juvenlle The minimum TMR (Ty=2°C) was

for the adult

In the

sufflclent ‘to maintain T, at 0° C or above until T, fell to -1°C for all

age/sex classes. 1In the HE slmulatlons the euthermlc metabolic rate -.

'/“11ncreased above RMR when T was £-3°C for the adult male
i 7

2°C for the

1-adult female and 3°C for the Juvenlle TMR increased above the m1n1mum

'when T was £-2°C for the adult male, and -1°C.for both the adult female.'

and Juvenlle Additional 1nsu1at10n is benef1c1a1 only at 5011

temperatures that requlre increased. heatﬁ%roductlon to prevent freezing

during torpor or to maintain T, within th

. : !
E

el thermoneutral zone during .



’

- arousals. ' ‘HE squirrels experience these temperatures. for a greater = = .

! )\' o " ) - 143

" proportion of the hibernating season and would be expected to benefit
~more from increased insulation than would LE squirrels. For this same
reason lower soil temperatures have a ﬁarger impact on energy
expenditure of HE squirrels than on LE squirrels. 'Increasing soil
temperatures by 2°C actually increases the energy expenditure of LE
squirrels during early hibernation by incre351ng the energy expenditure

in torpor when soil temperature is greater than 2°C,
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o Table B 1. List of  the. hibernating conditiOns and paramé?ers used to

simulate energy expenditure of ”typical” hibernators.

Low Elevation Adult Male 750 9
Hibernaculum heat loss = 0, 064 W/°C

: : : : ' Days
Bout # 1. 2 3 4 5 6 7 8 9 101112 13 Total

Teoiy - B9 7 5 5 4 1 0 g . o oo
Deys inTorpor 5 7 9 11 13 15 17 22 2% 28 28 28 8§ 217

Days Euthermic 4 1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 1.5 1N 22
. : . . I

T

Low Elévation Adult Female 580 g* o ‘ '\
Hibernaculum lkat loss = 0,070 w/°C .
. Days
Bout # 1 2 3 4 5 ) 7 8 9 10 11 12 13 Total

~Na
o
wi
>~
w
o
o
0
-
'
-~
.
-—
(=]

Tsoi1 - 1210
Days inTorpor 5 7 9 11 13 17 2 28 28 28 28 28 15 237

Days Euthermic 3 1.5 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 1.5 12

N &
Low Elevation Juvenile, 370 g
"Hibernaculum heat loss =.0.057 w/°C
R . ' . Days
Bout # 1 2 3 & 5 6 7 -8 9 10 M 12 13 Total
Teoil 12107 6 s 4 3 0" 0 L

Days inTorpor. 5 7 9. 11 13 17 20 28 28 28 28 2 15 237

' Days Euthernic 3 1.5 1 0.5 0.5 0.5 0.5 o5 ®s 05 05 1 1s 12

\




Y

" Table B.1.

v \\ *
a5 N

TR

--continued- - ‘ -
High Elevation Adult Rale, 750 g , {
Hibernaculum heat loss = 0.057 W/’C ‘
. ) Days.
Bout # 1 2 3 4 5 67 8 9 10 11 12 13 Total
Teoil 503 2 1 0 -1 -2 -2 -2 -2 -2 2 .2
Days in Torpor 5\ 79 1M 13 15 17 26 32 32 32 2 10 235
Days Euthermic 4 ™. 1 0.5 0.5 0.5 0.5 0.5 0.5 1 1.5 2 11 25
. S . .
N & '
4 | .
High Elevation Adult Female, 580 g
. Hibernaculum heat loss =°0.064 W/°C
. Days
Bout # 1 2 3 4 5 6 7 8 9 10 11 12 13. Total
Teoil 3 10 -1 -2 -2 -2 2 w2 -2 -2 04
Days inTorpor 5 7 9 11 13 19 25 28 28 28 28 28 .18 7
Days Euthermic 3 1.5 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 1.5 1.5 13
~ _ .
.
. High 8ievation Juvenile, 370 g
Hibé raeulum heat loss = 0.049 W/°C
:.y";m‘ . .
) . ~ Days
Bout # -1 2 3 4 5 6 78 Y9 10 1112 13 7Total
Teoil 43 10 1t 2 -2 -2 -2 2 2 -2 -1
Days inTorpor 5 79 11 13 19 25 28 28 28 28 28 18 247
1.5 .5 13

‘Days Euthermic 3 1.5 1 0.5 .0.5 0.5 0.5 0.5 0.5 0.5 1

<
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APPENDIX C. ﬁrmounzcnou OF BURROW OPENINGS

In 1985 an attempt was made to locate all burrow entrances on the

-LE study area. and map the location and interconnection of entrances as a

means of determining the size of burrow systems. Over the summer 523
entrances were.located on the 1.3 ha study area. The position of each
entrance was measured to the nearest 5 cm using a 10 X 10 m grid and

marked with a numbered aluminum tree tag (Canadian Forestry Supplies)

. anchored w1th a na11 The interconnections of entrances were determined

by blowing ”non toxic” smoke (zinc dxide 30-second white signal smoke
candles, Ben ‘Meadows Forestry Supplies) into each entrance with a
portable smoke blower patterned after Vogel et al. (1973), and observing
which entranees the smoke exited from. Only 346 of the 523 entrances
were tested before the supply of smoke candles was exh;usted; 73 of
these were fiot connected to any other entrance at the time of testing
and are referred to.as “single opening” burrows. 273 entrances weren
connected to one orqure other entrances to make up 58 “mpltiple
opening” burrows. Multiple opening burrows had as many- as 13 entrances
but most had 2-5 entranees (median 3; Fig. C.1). The mean distance
between connected entrances was 4.26 m (range 0.11-35.40); only 7
burrows had entrances more than 10 m apart and only one had any
entrances more than 20 m apart It became apparent during 1985 that the
stucture of the burrows was very dynamic and the pattern of
interconnections ;hanged often. 1In 1986 10 burrow system were selected
to be mapped with smoke repeatedly over the summer. They were first '~
mapped on 27 April and bi- weekly until 13 July. 1In mid-July two - /
squirrels were found dead at the mouth of one of these burrows.
Subsequent laboratory tests at the Alberta Provincial Animal Health .
Laboratory concluded the squirrels had died of ”acute toxic lung
injury”. As the smoke was implicated in causing these mortalities the
burrow mapping was dlscontinued at that time. q

The results of the 1985 mapping suggest that the burrow systems of
Columbian ground squirrels are not very large. If the mean distance

between burrow entrances is used as an’index of the size of the systems
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*

it seems reasonable Yo conclude that burrow ﬁ%trances more than 5 m
apart are not likely to be part of the same burrow system. The dynamic
nature of the burrow systems suggests that many of the single opening
Systems may be connected to other entrances at certain times and that
the pattern of the number of entrances per burrow System as represented
in Figure c.1 may vary throughout the summer. The results of the

repeated mappings are not presented here.

4



149 >€
. $ N
Figure C.1. Frequency distributiop of the number of' entrances to %izﬁ - 5

Columbian ground squirrel burrow systems with multiple openings,
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