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+ 7 . - ABSTRACT

’Activity andlmovements of female red<backed voles, Clethrionomys

gappert were monltored W1th a radlo teIemetry system over z 14-month_

~.period in a 900 m2

o

hr ) act1v1ty thythm which remalned felatlvely constant through—

o t the year and a circadian rhythm which shlfted from dlurnal in.

movements and’ extra-nest act1v1ty were m1n1m12ed durlng early winter

ot

when the subnlvean Space had not- yet deve10ped and were max1mlzed

'1n late winter- early 5pr1ng durlng snowmelt In summer, act1V1ty

and movements increased w1th the progress1on of reproduct1ve phases

f?gm\inestrous to lactatlng In the face of env1ronmenta1 and

physiological fluctuations,'an1ma15'ad3usted their adaptlve strategiesl

v

by altering their patterns of activity..

natural enclosure. Anlmals exhlblted a short term

‘nter to nocturnal,and crepuscular in summer Among anestrous voles, N

+
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(INTRODUCTION . .

~

e
A

1mportant components ‘of the ecology of ‘an an1ma1 Although calculatlon'

Energy budgets and thelr relatlon to surV1Val strategles are

v of ‘the absolute energetlcs of” free ranglng 1nd1V1duals 'is now. p0551b1e o

(o3

(Gessaman, 1973), such 1nformat10n is of 11m1ted value unless the t1me

*«Qspent by those an1mals in varlous‘§tates of actlvrty can be accurately o
partltloned Whlle the ‘study of absolute energetlcs prov1des ‘an-
iultlmate approach to this problem the study of energy allocatlon
prov1des a. necessary prox1ma1 approach '
There is an apprec1able lack of 1nformat10ﬁ‘on the actlylty of~

small mamma15°under natural condltlons, and part1cularly beneath an ;'ff
' undlsturbed snow cover | Although numerous studles of act1V1ty ex1st
Athey have been pr1mar11y conflned to work in hlghly art1f1c1al, or at
“best seml-natural, enclosures Desplte the 1mportance of these - .
Astudles it 1s necessary to recognlze that anlmals may perform
d1fferent1y in the laboratory *han in the fleld (Hart 1964 Goreck1 |
1966). R | |
Untll recently, technlques for'remote sen51ng of small mammals

/
.have been elther 11m1ted 1n sc0pe (Mlller '1957; Buckner 1964 Blder,:

1968), 1nappropr1ate for use in natural condltlons (Stebblns 1971,
1972 1974 Frlesen 1972), ¥ have caused some dlsturbance to the
" 'anlmal's hab1tat (Karulln 1970\\Karu11n et aZ., 1973) .- My study wasi
. de51gned to measure seasonal changes in’ act1v1ty patterns and move-

" ments of free—l1v1ng red- backed voles (Clethrzonomys gapperz) under

' natural condrt1ons in the course of a year. Recent deve10pments in

monltorlng free—11v1ng act1v1ty of small rodents by radlo telemet

'



(Chute et aZ., 1n press) enabled ‘me to 1dent1fy underlylng act1V1ty

.rhythms, to quant1fy the amounts of t1me allogated to, dlfferent ‘

act1v1ty states, _to locate the‘p051t16ns of ammals.\*?déto'- approxjma’te '

.d1stances traVelled by those an1mals. o | : y ‘ L 1 
The study was. carrled out between July 1973 and August 1974, and N

is part of an ongo1ng study of the populat1on ecology of CZethrLonomys

";gappert at’ Heart Lake B1olog1cal Statlon Northwest Terr1tor1es

L R 2
‘C ’

-(60°51'N 116°38'w )
Informatlon regardlng p0pulat10n dynamlcs and w1nter ecology

. (Fuller, 1969 Fuller et aZ., 1969), foo hablts (Dyke 19?1), c1rcad1an

rhythns- (Stebb1ns 1972 1974) and actmv' ‘Z(Frlesen, 1972) in semi- at'
" natural enclosures is already avaylabletfrom th1s area.»
Problems of energy allocat1on may be espec1ally crlt1ca1 for ‘
'lsmall homeotherms 1nhab1t1ng th1s reglon\ whlch is character1zed by. an-
1extreme enV1ronment w1th strong seasonal fluctuatlons. Because of ‘l

M

thelr 11m1ted capaclty to malntaln energy reserves and the1r annual

changes in phy51olog1ca1 condltlons (Sealander 1972) small homeothe‘:s--”

-y

"would be expected to alter the1r act1V1t naxterns and adaptlve : --"“

“ strateg1es in the ‘face of env1ronmenta1 fluctuatlons In the subarctlc 1:

.there are two maJor seasons, ‘summer. and w1nter, W1th sharply contrast-,
ing COndltlons however w1th1n—season varlatlon 1s not extreme
eSpeC1ally in the m1cro-env1ronments 1nhab1ted by small mammals

(Pruitt, 1957) Autumn and sprlng are reduced to br1ef perlods of

P rapld change, both~1n external cond1t10ns and 1nterna1 phy51ology, and

'ﬁa '
%§§ hence are potentlally stressful for small homeotherms (Fuller, 1967

3

5 Fuller et al., 1969) o
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. Enclosure and Radxo Telemetry System'

AJthlty was monltored 1n‘§ 0 69 ha (0 25 acre) enclosure in ”_ 1,ff
o . o
- undzsturbed Jack pane (Pznus ban:71ana) forest.v Above the enclosure,

' &
“at a helght of 1 m, was an ortho onal grid of antenna w1res spaced

1.5 m apart. Indlvidual gr1d wires were, co/nected by coax1a1 cables

to a central rece1v1ng statlon where an- RF recelver could be sw1tched
- - ’ 2

to any g1ven‘gr1d wire. An an1ma1 with a transmltter strappe& around

LN

1ts neck was located w1th1n 75 cm of the 1ntersect10n of the two'

- N

orthogonal gr1d w1res w1th the strongest relatlve 51gna1 strenéghs.=«»'

Ay v
When 51gna1 strengths were . strong and cons1stent it was poss1b1e to

;

locate the experlmental vole more accurately by 1n2§gpolat1ng 1ts

p051t1on between two w1res In. add1'1on to locatlng the animal, thé

JRY

vsystem allowed recogn1t10n of three act; 1ty states accordlng tp the

s

behav1or of the 51gnal «As used the- system demanded manual monltor—if

1ng, wh1ch placed certaln restr1ct10ns on the des1gn of the sampllng ”iw
=reg1me. Further techn1cal detalls of the system are glven by Ch//e ~;‘

et al. (1n press) L u;~; g '“) S ﬂ'c".(i-e];\

Handllng of Anlmals :b', ‘” ; o T )3' R

.J'

Experlmental animals. were obtarned by 11ve trapplnglln the -
- ,v1c1n1ty ‘of the rfseérch statlon and were held in CaptIVIty for ;d)f.
J.:;«var1ous lengths of t1me.‘ Cageskwere large (46x36x21 cm), equlpbed

W1th act1v1ty wheels, contalned food in excess of requ1rements and

were kept in temperatures and 11ght condltlons appr011mat1ng those of

;. the natural env1ronment. Summer home ranges,of voles at Heart Lake




I . . s : R PR 4 . ’< .o - : - 4
> CyL ~ o B -
_were known ﬂb’be larger than the’ area of the enclosure (A Bodner e

¢ ~
. \k o ' .

pers.'eomm )(u The dlscrepancy was less for females (home ranges 0. 3fdf

' ha) than for:males (home ranges up 'to 3. 0 ha), therefore only females _
: : . \ e . ".,

”'~were used 1n ‘this study Addltlonal ev1dence on C. gapperz (Beer,

'>“'1961) and on C glareolus IlJenko and Zubchananovam 1963) showed
v r ‘ ;

= vmarked decrease 1n the 51ze of the home Tange frqm summer and f ll'to p’

wrnter. However the entrre area w1th1n the enclosure may not be ‘ d5
, Coa S ¢ A
. approprlate for hab1tat10n,~and*eV1dence frOm “the present study showed

®
» ¥ w,,

A :
frequent traVel by voles along the bage of the wall durlng sumﬂbr. jhg

i N

¢ Cos ;;ﬂ
Therefore, for most of the year ‘the wall prov1ded a.potentral’barrier
v‘/ c ‘\“‘.
7{ to movement and on some occas1ons 1t may have acted as a real barrler: o

W
A

N
Age determlnatlon of voles was’ d1fflcult outsrde\of the breedlng

-

season. Only one experrmental anamal used durlng fall anﬂmwlnter was :

def1n1te1y ‘an adult. All others used dur1ng that t1me were’ cggtured 'uf“lv;
in fall and winter and could have been elther adult or 1mmature.:""L .

e . '_, Co oL

N Dur1ng the breedlng seasqn (summer) only adults were used.. ,'”,'; u

Y

. h ./
B Only one an1mal at a’ t1me was monrtgred therefore 33r1ng most
: experimental runs the vole was effectlvely 1solated from other v,oles.~

However, deep snow in mld- and late w1nter prevented the pen wall froma

. N —— . \ “
: actlhg as a barr1er to movement and some W11d volessare known‘tq~ \)4f

’

¥ R o .
,have entered the pen. B } '
’ e

One week before release 1nto pen a subgect was anesthet1Zed/
w1th ether and f1tted wrth an 1nact1ve transm1tteﬁ\ Immedlately _
before release the transmltter was actrvated by. solderlng the battery

connectron, the anrmal ‘was we1ghed 1ts reproduct1ve conditlon was -

—

? noted and it was released into the enclosure along the base of the .

R

T

s



/ ’

e —~’

’ wall ’ Lactatlng voles were released wlth their 11tters in small nest
boxes placed 1n51de chlmneys [Prultt 1959) locatﬂp at 1ntervals anng
, the-wallQ Durlng perlods of snow cover all voles were released into

the subnlvean space v1a these chlgfeys ' Monltoring of act1V1ty began

°

after 2 24 hr. fam111ar12at10n period. ' > ‘ &
Sampllng Regime = ° 70' o o . : . .
- SubJects were mon1tored for ‘two succe551ve 24 hr. perlods whenever

p0551b1e Wlthln';ath 0 5 hr .of an experlmental Tun animals were -
contlnuously tracked for a 1alﬁln perlod Which began at a randomly

chosen time within the_f1rst’20 min. of the 0.5 hr. Durlng thlS perlod
a positien fix was taken every‘is sec. - Thus durlng a 24 hr. run, 1968
// f1xes were obtalned and for each f1x one of three act1V1ty states (out-'

slde hurrow act1Ve 1n51de burrow 1mmob11e 1n51de burrow) was recorded.

Env1ronmenta1 parameters 1nc1ud1ng llght amblent a1r temperature,,

S

\Qrec1p1tat10n ‘and wind, were. monltored 51mu1taneously w1th act1V1ty
Durlng periods of snow cover, snow was- sampled by layer for depth

-denlsty, hardness, and crystal size,. ‘and subnlvean temperatures were .

K]

recorded. .
g After completion of each e\; :rimental’ run, voles were Tecaptured

in\live]trans placed along\the :1s5ide base of the walls. In order to

¢ -
‘minimize disturbance to the habitat, the pen was rarely entered by the -

investigator;

a 5_ My 1n1t131 ‘intention was to obtain data representlng as many
c_:’:’; ’ Ve
d1fferent seasons and reprodhctlve condltlons from each 1nd1v1dual as
v [
p0551b1e However, this obJectlve was restrlcted somewhat by predatlon,

e

‘ mortallty in capt1V1ty, and a shortage of radios at certaln tlmes of the




s

]

. L
year. Seasonal allocation of experimental runs was also restficted by

‘a shortage of“éxperlmental anlmals, espec1a11v durlng fall and wﬂnter

Therefoge greate;x emphasis was placed on the‘potentially critical
periods during late fall/early winter»and }ate winter/early spring.
Durlng summer anlmals and radio collars were plentlful and andattempt '

%

‘was made to represent the entire season and all reproductlve condltlons

R 3

as equally as ﬁg551b1e in the exper1menta1 runs.

Immediately after pen construction had been completed? a map showing‘

“potential sheiters:and travel routes was compiled. Particuia; attention

was paid to upturned stumps; rocky areas and fallen trees. When research

-

was completed, surface details ofvtﬂsse areas within the pen that had’

been used as burrow sites and temporary shelters w

escribed as fulhy
as possible. Burrow gites were not excavated in order o minimize

habitat disturbance for futureAresearchiv
B | RESULTS = ..

Data were obtalned for 40 complete 24 hr. eiperimental Tuns.

General da:a from these Tuns have been grouped- accordlng to season and

’

¢reproductiwe condition of the afimals (Table»l). Reproductively active

animalsvoccurred only during the summer season, therefore eXperimental

runs durlng other seasons involved anestrous anlmals only. Fourteen
NG

“1nd1v1duals were Tepresented in the 40 runms, of whlch three were

Y

' -reproductive condition. o

tested in more than qne season and three'were tested in more than*one

pa

Despite restrlctlons placed upon the sampllng regime, results®

suggest that the chosen reglme was su1tab1e for determlnlng the
. ]

@
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frequency and duratlon of the anlmals' act1v1ty perlods’ An activity "
h_perlod was deflned as a duratlon of act1v1ty w1th1n or?outside the: home
burrow that ‘was both ;receded and succeeded by a 10 min. sampling period
‘of 1mmob111ty W1th1n the home burrow Only <027 of the act1V1ty per1ods
recorded were conﬁ}ned within a: 51ngle 10 min, samp11ng perlod (Flgure
1), The maJorlty (.754) extended beyond the limits of one samp11ng |
perlod but 1nc1uded less than four, ‘At the same t1me, 1nd1v1dual
sampllng perlods were of suff1c1ent length to prov1de relatlvely large.
blocksyof contlnual 1nformat10n on movements out51de the home burrow

The. ch01ce of a 24 hr. famlllarlzatlon period pr1or to 1n1t1at10n
of track1ng proved generally acceptable for the present study. Distances
_ travelled tlme spent outside the home burrow and an 1ndex of explora-'_;
" tion (dlstance TUn d1v1ded by duratlon of actlvlty outside home burrow)
were examined in 13 pa1rs of contlguous 24 hr. Tuns. After fulfllling
the requlrement for equallty of varlance the three parameters were'
tested by palred t-tests (Sokal and Rohlf 1969) for differénces be veen‘
Idays 1 and 2. _ Slhce none of the parameters: showed 51gn1f1cant dlfé:r-
uences (P = .34,V.3O, .22 respectlvely), it was assumed that the anlmals
were ‘behaving in. 51m11ar fashions for two succe551ve 24 hr. perlods

' Although inconclusive this suggests that the voles were famlllarlzed

: before-thelr experlmental runs began.

Activity and Movements

Movements and.activ}ty vere ~on51dered both w1th1n and among exper-
_imental runs. Special attention was paid to the time spent actlve within~
and outs1de the resldeet burrow and 1n51de temporary shelters Approx_

11mate dlstances travelled and an index of explorat1on.(see above) were

.r‘
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also examined. _
Data concernlng movements and activity are summarized amornig- Tuns’
4 &

in Tables 3 and 4 and Figures 2 and 3. 'A'comparlson of diurnal and.

-nocturnal act1v1ty w1th1 Tuns 1s presented‘in Table'2 Dlurnal (D)
(U &

and nocturnal (N).values- efér to the perlods between sunrise and sunset o

-and sunset and sunrlse, respectlvely

Statistical'techniques
Data among runs were tested by two- level m1xed-model nested

<.

ana1y51s of varlance (Sokal and Rohlf 1969) for anestrous 1nd1v1duals

4
-

accord1ng to season (Table 3) and for summer 1nd1v1duals accordlng to -
reproductlée conditlon (Tableu4) Thls test assumes that varlances

;of the error terms of the groups are equal ‘and that the error terms

- are dlstrlbuted normally The valldlty of these assumptlons was tested
by an F-max test and a Kolmogorov-Sm1rnov test, for goodness ‘of - f1t
respectlvely, and was found ‘to -hold. ‘true for the present data. Since

"the hlgher level of c1a551f1cat10n in these anovas was Model I (1 e.

fixed treatment rather than random effects) the analyses were comp ted

with multlple comparlsons among means u51ng Duncan 's multlple rlvge

'tests (Steel and Torrlet”{goo) for those data ShOWIDg 51gn1f1can»

-

varlatlon among groups~(P < .05). These were carried out in order to

identify ‘the values: responsible for the heterogeneity within the anovas. '

Data wlthln individual runs were analyzed for dlfferences between
!

dlurnal and nocturnal components of act1v1ty The data were then.

v

. grouped and analyzed by season. and reproductlve condltlon. »Differences .

between day and nlght ‘are- summar1zed in. Table 2, Act1V1ty outsnde

' home burrows was tested 1nd1v1dually w1th 2x2 Ch1 squares and was

“w .
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Figure 2. . 24-hr. activity outside hos %urrow and use of temporary

voles according to reproductlve condition; mean * std. .
- error,\and range. Sample size in parenth es ‘above each
group. | su= summer,.f= fall, ew, mw, lu= §§¥ly, mid-, and . -
_late w'nter sp= sprlng, a= anestrous, e=’estrous, p=
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‘home burrow than estrous and g;egnant ones, which 1n turn were less

. actrv than lactatrng ones. Anestrous anlmals were srgnlfacantly lessﬂ T

'-f‘actrve than the-three remarnrng groups 1n terms of duratron of overall,f S

tvact1vrty perrods drstances tfﬁvelled and the 1ndex of explorat1on.;
J’ . °

fjn contrast there were no srgnlflcant dgfferences at nrght 1n'a?y ‘of - S
‘ the parameters measufeaf _-.le"f:’fh1: "fv;ff;"‘f'h e “']”iﬂi'\&i“

b Over a 24'hr. perrod anestrous anlmals appeared less act;ve than:fff=if '
those ﬂn the other three groups, and estrous 1nd1v1duals tended to usef;
temgntary.shelters more than any othgr—éroup Lactatlng anrmals were

: actlve for sxgnlflcantly longer per1ods than all others. .:ffVZ o
Short term and crréadlan rhythms 'L5ﬁ?

Although there are some 51gn1ficant drfferences 1n the duratron of

r

i;;[_ actiV1ty pernods on a 2% hr..bas1s the mean period and therefore 1fﬂhfziﬁ'}

B
L

' ﬂ frequency of oécurrence of actrvrty-peaks dlﬂ not dlffer'51gn1f1cant1y

1n erther the. seasonal or the reproductrve group Thrs strongly

1ﬂ sugzests that these act1v1ty perrods represent a relatlvely constant

r“;h short term actlvrty cycle of ﬁLS hrs. as descrfbed for C._gapperz by;'r

Frzesen (1972) On the other hand drfference“ between the nocturnal ;1f;fif*é

and d;urnal 1ntensrt1es of actrvity durrng these short-term perrods

b

“

withrn 1nd1v1dual runs (Table 2) are assume& to represent an overlyrng

circadian rhythm whrch shrfted on an. annual ba51s fron rntenselx noc-{ff;;hf;ff

-

| turnal 1n summer to weakly dlurnal 1n wrnter{ The t1m1ng of actlvity

periods seemed related to sunset and sunrrse in summer, fall hnd early

u1nter, wrth a,peak normally 0ocurr1ng rmmedrately-prior'to sunrise

""' N



'iuals mthm groups, However, thélfseasoml ‘¢hanges

S R













90d. storage .







C’ ‘¢ gappem (Fnesen, 1972) 1t_$as usualli' been 'attributed- to-a feed:.ng o




gto a circadxan rhythm sm:.lar to that:f reported by Peatson .'~1962) for

L . \ '..
;C'. gZaraaZue and c. rufocwms Other workers} have denonstrated’ _,r.he i
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“,jAlthough ‘some temporally exten51ve supranlvean movements outslde of the !

i]iflnside the'pen The third and fourth experimental runs were carrxed

e
L
RS

?kjfed to the po;nt where the wall was once agaln a barr1er, and the sub—

‘-subnlvean.space was st111 well developed and snow depth was st111

LS ‘,‘u'.:.:' A
0’:.. Qy - «
s :, "

shoued.no evidente-of supraniVean travel although amblent a1r tempera-‘JV’

[ ture was not extreae, and subnlvean movements were relatlvely short andi“g

localized

' “E Late wznter and early spr1ng movements in the pen were the most ,f?ﬂ'
. ] . gg :

extens1ve of any shown by anestrous anlmals throughout the year. The

A

first and second runs durlng these periods were carrxed out when the

PR
g:i o

suffrczent to allow anlmals free egress and ingress over the pen wall

'pen d1d occur, mhe experlmental anlmal always returned to 1ts burrow '

)-.

1fout on the same 1nd1vidua1 several weeks later.- Snow depth had decreas-;*

"dnivean space had begun to collapse. In the 1nterim perlod w11d voles

n_*that had earller galned access to the pen from outside were removed by )

f”efextenslve 11ve-trapping, and the exper1mental anlmal was effectively

| fe1solated Drstances traVelled durlng the latter two runs exceeded

'*_those from the earllir two Th1s appirent increase could be a response }'gﬁfﬁ*
A':,to increased food demands fbr sprahg we1ght galn (Dyke, 1971 Sealanderffj;ffjf

dh 1972), to decreased food accessd 1i£ty due to COllapse of the subniveanff.‘~"

h’ﬂlength or to any combxnatio"of these factors In any case, onegor ;jg,xu,fﬁé

: Q{soveral of these factors

‘:.space, to a changing hormonal

a3

o

N

e R
dispersal even in th i

aggre$5ion‘ \ e;;¢[7¥f;'

'h e of soc1a1 Eactots such as intraspecificfi:t

”fo 33@J:

: iaﬁge in relataon to*ﬁncreas;ng day-' Q7~x_7”7?

d: prOV1de sufficient st1mu1us for sprzngf;?:¢f°ﬁu"




. {‘Energetxcs '

Great care must be exerc:.sed when attempting to affix absolute

"'-v,vfenergetic values to each component of an activ:.ty pattern.‘f-l‘ If the

attempt 1s made in & laboratory situation which 1s homogeneous‘ and

T V"h:tghly arti£1c1a1 measurements of energy consumption may be techni

"accurate but msleadmg because of behanoral mod1£1catlons caused by

1

- the set-up, especxally for act1v1ty Outside the nest (Grodzinsh and_ i

v Gorecki 1967 Ashby, 1971) 'Iherefore, 1n order to reduce thi.s SRR
error, lt is: desirable t° create an eXPerimental situativﬁ m which an

-'mumal behaves as natu:rally as poss:Lble

when this J.S accomplished,

i accurate measurements of energy consumptzo"’ ga‘n :’e‘.:. made dunﬂg' ” 1I



| dntraspecific aggression.
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