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- ' ABSTRACT

The Life—history tactics of Clethrionothys gapperi and

aty Ao,

Microtus pennsylvamicus were examined at two elevations .

(1450m; 2240m) in southwestern Alberta (Kananaskis Country}
to test the hypothesis that females in environments with
shorter breeding seasons should produce Eéwer but larger
litters and survive less well.than those in environments
with longer breeding seasons (Sbencer and Steinhoff 1968).

Other life—history.traits such' as bodylweights and the

energetics of reprodugtion were also compared between
g p ¢ v P §

P

eleéations.
Life-history data were collected by mark-recapture :
techniques, kill-trapping aﬁd'from laboratory coloniést
The high elevatioﬁ was colder, had fewer fros;-free
dgyg‘and morelprecipitation than the low elevation. The
legéth of the breeding season ofig. gaéézfi averaged two
days loﬁger at éhe low elevation than at tﬁé high elevation.

The length of the breeding season of ﬂ. pennsylvanicus

averaged 27 days %pnger at the low elevation than agwthé !
high elevatioﬁ. The shorter breeding season of M. Eeﬁnszl-
vanicus at ﬁﬁe high élevation ﬁay ﬁave been related tg N !
spring flooding and colder te?peratures compared to the iow
elevation. |

As predicted, the lack of a difference in %hellengtﬁé

of the breeding seasons of C. gapperi between elevations

. o iii




L3

- . - -

[N

was not associated with any différences in the number of
litters, litter size or female survival. Contrary -to thef

hypothesis, the differences in the lengths of the breeding

seasons of M. pennsylvanicus did not limit the number of

<«

opportunrtles for breeding for the average female, yet

litter size was greatér at the high elevation than at the
, )

low: elevation and there was no difference in femalée survival

° - . » b
between elevations. The average number of litters per

-

season was-slightly less than two in all populations; the
average fémale did not survive long enough to produck young
over the entire length of the season. Data’ from the

llterature also suggested that the length of the breedlng
e *
season 1s not assoc1ated w1th litter size and the max1mum

ﬁumber of 11tters per season w1th1n these spe01es. ]

4 -

Few traits showed dlfferences between elevations and
these were not necessarily the same ones in both'species.
The maximum weights ‘of. over~wintered males, the age when

)

young opeﬁed their 'eyes” and one index ofipeprdductive effort

;" o ) ¢

showed differences idvg. gaEEer{ between elevations. Litter
size,.nestling.survivai, meximum weights of bver—yintered_
’ males, méan weights’ oé_matﬁre,,yéghg%ofkthé*Year‘hales and
.the relative Tat content Of hales,showed differences injg.

pennsylvanlcus between elevatlons. These differences are

.

probably‘phenotyplc responses to env1ronmental cghdltaons

such as food quallty. Alternatlyely,'some differences may
B S
have been flxed at’ random by genetic ﬂrlft. ‘ )

iv

~
-

N




- - ot e mes mVm ik oo A o e

. ' . 4 ACKNOWLEDGEMENTS . . ‘

. + ’ - ’ .,

-
3

First and .foremost. I &quld like,to thanh‘my‘supervisor,

.

2 J.s. Millar, for his advice, encouraéementvand patience.

W I greatly apprec1ated the use of the facilities at, the

\

[P -

Kananaskls Centre for Env;ronmental Research (The Unlversity

. _ of Calgary) during the course of the field work. Many

”

.beople from the Centre helped me in innumerable ways, but I

~ would eSggcially,like to thank L.'Jonesg G. LeBel, D. Moore,

P. Wallis and ﬁ. Yonso for making the study run more
smoothly. Many other Kananaskis‘residents,tbeth permanent
and seaeonai, alsd made life at the Centre very enﬂoyable;
- ' I owe special thanks to D. Ludwig, Q. Niemanniand fl Rolands

' "+ . for'.sharing their "mountain exberiencesm'with'me.‘ .
Alberta Parks, Recreation and wildliﬁe'pfo&ided permis-
4 . C
B sion for the study. I thank B. Swanson for his permission

, _ "to use the Marmot Creek.Experiﬁental Basin as my high eleva-

tion 'study site. 'Z. Fisera provided access to the Basin and

» ] T * .
. . . .

s ‘helped in other ways. -

t

K. Czaharynski, A. Holcroft, T. Lawton and J. Schieék

are thanked for proV1d1ng excellent technlcal a551stance.

— v ee L

©OM. Drews, L.’ Meeres and M. Spltcer provmded the,

Kananaékls meteorg}oglcal data and:helped to clarify some N

o p01nts on how it waSvcollected S ' . .

- 7" Members of my‘adv1sory commlttee, ‘C.D. Ankney, P.

O .

Cavers, P. . Handford D M. Scott and- B. Vlckery are thanked
. for thelr 1nput 1nto the study : ) {

» N
. . '
N v N

V 1

- . . v P .

-

I 3 A T AT P A T, L oy e T e ks
: ’

!



J

. Many current. and former graddate students in the Collip

Ly

- Building provided.advice and ‘friendship: T profited greatly

. »

T

from discussion with R. Cole, V. Loewen, S. MacDohald,_T, '

&

Nudds, N. Panter and J. Schieck. I espécially thank V.
Loewen- for translating sections of an article and for

helping me rescue live;tfapped'animals buried’ under snow.

I thank‘my parents for their encouragement and finan-

»

cial support. I also wish to thank J. Patterson ‘for her
.friendsh;p and interest in the study. . .
" This study.was financed by thé Natural Science and

.

Engineering Research Council, the Department of Indian and

Northern Affairs and the Canadian National Sportsmen's Fund.

.




T AT T A A et e s ' . PR,

TABLE OF CONTENTS

-

A W’
7 I,
(LR TR
.

2 CERTIFICATE OF EXAMINATION + « « v v v v o v o o o o ii
% CBBSTRACT - + ¢ v v o o o e e e e e e e .. Qi
f ACKNOWLEDGEMENTS e e e e e e s o o v e e s v
!? TABLE OF CONTENTS . . . . . . e e v e e e wo.oovid
£ LIST OF .TABLES . . . . . . . . C e e e . ix
z LIST OF FIGURES S R IR PEE TR ‘xiv
: CHAPTER 1 ~ INTRODUCTION o s . lu
CHAPTER 2 - METHODS . . .: = S
A 2.1 Study Areas and Trapplng Schedule e e 11
" 2.2 Meteorclogical Data .. . - e 4 e e e e 12
2.3 'Field Studies: . . . + « « v v v v 4 e e . 13
' 2.4 _Laboratory Methods . . + + « « « w ¢ « . . . 18
2.5 Statistical Analysis : . . . . . . . . . . . 22

" CHAPTER 3 =~ RESULTS .\ « « « s+ « v v o s o 0 W 24
' 3.1 ' Meteorological Cogdltlons e e e e e e 24

* ) . 3.2° Reproduction and $urvival . . ... . . . . . 29
R . ) 3.2.1, Length of the Breedlng Season . . . . 29
“ " 3.2.2° Number of Litters per Season. . . . . 33

3 2 3 Litter Size . 3 . o’ . LIS . . . . ﬁ' . 36
3.2.4, Surv1va1 . T 54

T . '3.3  Reproductive Energetlcs. B {0
*+ . 3.3.1 'Fat Content of Femalel. . . . .=. . . 60
h 3.3.2 ,Weight Changes durihg Pregnancy N
.- and Lactation . . « . « ¢ « « o . . 71
, 3.3.3 Amount of Food Requlred to Raise
R a Litter . . . . + . o 0 0w 77
‘ . ) '3.3.4 Indices of Physiological Reproduc+
T . - tion Effort . . . . . . . .. .. .. 85
"= ‘ 3.4 Growth ¥nd Development . . + + ¢ « 4y o o« . 90
o S0 34.l-Growth . . ... 00 o000, 90 -
.3.4.2 Development . . « . . . . S . . .. 98
+ v _— - o
‘ ~-=  CHAPTER 4. DISCUSSION O & Ko
S 4.1 Summary of the Results B B o
4.2 Evaluation of the Hypothesis . . . e« o+ . 113
s - - 4.3 ;Evaluation of the Life-=History TraLts ) P
1 o _Differing Between Elevations . . . . . . . . .I17

! 4.4 Summéry}and Conclusions . . « . . ... . . . 121,

‘e
: * * * % %

APPENDIX 1 GRID SIZES, AND VEGETATION CHARACTER- -
, ISTICS OF THE GRIDS AND OTHER TRAPPING

P AREAS * L] . . . . . . . . L] . . * . . L] . 12 4
APPENDIX 2 POPULATION NUMBERS OF C. GAPPERI AND M.

~ - PENNSYLVANICUS ON THE MARK-RECAPTURE GRIDS 127

>

vii

a4 e % o —— g o R A e




’ APPENDIX 3 THE USE OF DRIED EYE LENS WEIGHTS AS, AN
" AGING TECHNIQUE IN C. GAPPERI AND M.
- PENNSYLVANICUS . . . ¢ v v v v & « & o 4 & 154

LR APPENDIX 4 RAW DATA USED TO CALGULATE THE LENGTHS
' OF THE BREEDING SEASONS . . . . . . . . . 157

APPENDIX 5 FAT CONTENT OF MALES . . . . . . . . ¢ . .- 162

APPENDIX. 6 GROWTH.OF LABORATORY YOUNG FROM ALL :
LITTER SIZES . . . . e . . ¢ e . « O . . o« v 171

=
.

e e U S e o

APPENDIX 7 LENGTH OF THE BREEDING SEASON, LITTER
SIZE AND THE MAXIMUM NUMBER OF LITTERS
‘OF C. GAPPERI AND M. PENNSYLVANICUS;
’ FROM THE LITERATURE . . . . . . .+ « « . . -180

LITERATURE CITED . . + « v v v 4 v o v o o o o« « o o & 183

VITA v v v v v e e e e e e e e e e e e e e e 191

B R B A T

Sy

Y e VAT
-

.
o

o SN o 3 AL NI
ffﬁ' SNSRI

viii

A

Iz




’

: : LIST OF TABLES

Table Description ' Page
"

1. Literature review showing how life-history
traits vary with elevation in small mammals 5

g 2 -Average midpoint temperatures (°Cc), at the
4 low and high elev&fions, from May to
September e e e e e e e e e e e e e e e 25

~

R CE Ganiaratis LA SRR
.
T~

3 Mean number of frost-free days, at the low
and high elevations, from May to September 27

: 4 Mean monthly rainfall (cm) at the low and .
N " high elevations, from June to.September . . 28

. 5 Mean monthly -snow depth (cm) and snow density
(%) at the low and high elevations, from
January tOo-June .« « « « ¢« 4+ s o e s e s o o o+ 30
. 6 Lengths of the Sfeeding seasons of C. gapperi ™
. and .M. pennsylvanicus, at the low. and high
: elevations, in different years. . . . . . . . 32

F

’

7 Time between successive litters and length
of time spent on a drid by over—winférgd and
young—of the-year C. gapperi and M. pennsyl-
vanicus females, at the low and high
elevations. . . . ¢« + + ¢ cie 4 T4 o & . o @ 35

8 Estimates of litter size of C. gapperi and M.
pennsylvanicus based on embryo counts from
- kill-trapped females and litters born to
captive females, at the low and high
elevations. .« .« « « 4 4 4 e 4 e e e w0 .. 42

9 thter s1zé of C. ga Egerl, from all sources,
among years, at the low and hlgh elevatlons . 43.

10 ' thter size of M. Eennsylvanlcus, from all
sources, among years, at the low and high
elevations. « « ¢ ¢« v ¢ 4 e e e e 4 e 4 e o . 448

. 11 ‘Litter size'of C. gapperi and M. pennsylvan-

! icus in relation to age, at the low and high
elevations. . + + + v ¢« ¢ « 4« + 4 ¢ e + ¢« « . 50O

4 : 12 Litter size of C. gapperi and M. pennsylvan-

icus in relat¥n to parity, at the low and
high elevations . . . . . . « + « « + « + + " 51




e o

&g

maﬁwa\'m »

son

.

"‘(l-‘:’.,' k)

/a%y

e

W

Wit Sovaen o

s
x%ﬁﬁa;k

N
R

s

ZTueae

ot - Takle

13
14
15
16

17

. . 19

20

}
N
L)

-

K . .
- O ‘
[N T A

s Description - B ' - Page
7
The relationship bekween llgter 51ze *and
post-partum.weights of C. gapperi ahd M.
pennsylvanicus laboratory‘Females, at the

Jow and high elevations. . e e e e e e e e 52 °

The relatiohship between litter size and

body weight of C. gapperi and M. pennsylvan-
1cus kill~-trapped females, at the low and .
high elevations. . . . « & « " 070 W 0 . 33

[ )

Nestllng survival of C. gapperi, in each -
year, at the low and hlgh elevations coe e . ‘56

Nestling survival of M. pennsylvanicus, in

. each_ year, at the low and high elevations. .. §7

Two-week survival rates of C. gapperi, in —
relation to sex, age, and year, at the low .

/

and high elevatlons. s e e e e e e e e e e e 58

¢

-

Two-week survival rates of M. penns¥lvanicus,
in relation to sex, age and year, at the low
and high elevations: .« .+ + « « « « « o o+ o« & 59

“

Winter surv1val}of young-of -the-year C.
gapperi and M. pennsylvanicus, over two .
years, at the, low and: high: elevatlons. . e e 61

S
‘lean dry welght and percent fat among
eri femaleS, in relation'to reproduc-
status and season, from the low,

[ 2

Fat, lean- dry weight and percent ‘fat among
gapperi females, in relation to reproduc-

tlve status and season, ‘from the high ~
elevatlon- l".’ . L) 3 . . . . 3 e e o 0 lt‘ - 64 '
K 3-. e A
4
Fat, “lean" dry weight and’ percent Fat among e

M. pennsylvanicus females, in relatlon toe..
reproductlve statu¥ and season, from the

low elevation. .« « v v o T v v 4 oasmite o o o & 65
. ot '

Fat, lean dry weight and percent fat among

M. pennsylvanicus females, in relation tot -
reproductlve status and season, from the ..,
high elevation . . J . o 1 . . v w0 66

»/”é-levation. . . . . . . 0 : o g ¢ .o . : . - o‘ ¢ " 63.




Qum

from the high elevation. . . . . . « . . « . 70

28 . Post-partum welghts of €. gapperi and M. )

pennsylvanicus laboratory females, from
R the low and high elevations. . . . -« . . . . 76

29 .Ingestion during lactation by C. éagééri,
in reldtion to litter size, at the low and .
high elevations. . . . . . . . . +« « « o« . . 83

. o : R ™

30 Ingestion during lactation by M. pennsyl- &

vanicus, in’ relation to litter size, at™~ '
- the low and high, elevations. . . . . . . .-. 84
- ' " . -

31 Comparison of three indices of physiologigal &
reproductive effort in C. gapperi, in rela- |
tion to litter &ize, at the low and high
elevationg . . . T 86 .

H - .
32 _ Comparison of three indices of physiological : \

elevations . .« ¢ + v 4 e e 4 e e e e e e e . 87
v 33 . Growth rates of wild C. gaEEeri and M. Eenn4 .
sylvanicus, in relation to sSeason, at the .
+ -low and high elevations. . . . . « « . ¢ « . 97
‘s ,‘,. ﬁ . .
34 Maximum weights of resident and non-resident -

*
.

fablel' Description - e Page
24 Fat, lean dry weight and percent fat .
.. among ' C. ga Egerlufemales, in relation
to reproductive status and year, from -

the low elevation. . . . v .« « « .« <" « .+ . 67 ;
25 . Fat, lean dry weight and percent fat > '

among C. gapperi females, in relation

to reproductive status and year, from ] .

the-high elevation . . . . .« « « + « +« « « . 68

26’ Faty Tean dry weight and percent fat’
among M. pennsylvanicus females, in
relation to reproductive status and’
year, from the low elevation . .« «_+« 4 + o . 69

-

-

27 Fat,,lean dry weight. and percent fat
. among M. pennsylvanlcus females, in
- Eelatlon to reproductive status and year, ' .

reproductive effort in M. pennsylvanicus, in
relation to litter size, at the low.and high .

over-wintered C. ga EEerl and M. pennsylvani-
cus males on mark- —recapture grids, at the
low and high elevations. = . . . . . . . . . ¢ 99

- xi




XS b s s .

Table Description Page -

35 Mean'and minimum.weights of mature, young-
. ‘ of-the-year C. gapperi and ‘M. pennsylvani-
: ‘ ‘ cus females, at the low and " high elevations 108

36 Mean and minimum welghts of mature, young-
Y of-the-year C. gapperi and M.. pennsylvani-
. cus males, at the- low and high elevatlons . 109

37 Trappabilities of C. gapperi, in relation to
N age, sex and year, at the low and high _
elevations. . . . . . « . « . & ¢ 4+ 4« . . . 128

. 38 Trappabilities of M. pennsylvanicus, in
relation to age, sex and year, at the low
and high elevations . . . . . . v« + « + + « . 129

39 Densities (no./ha) of C. gapperi on the low &
Forest 2 grid and on the high Forest 1 grid 153

40 Raw data used to calculatg the lengths of
T the breeding ‘seasons of C. g pperi, from _
the low elevation . . . . e et e+ 4+ w. . 158 ’
41 Raw data used to calculate the lengths of
‘ the breeding seasons of C. gapperi, from
the high elevation . . . . . . . .s. + . . . 159 >

i 42 Raw data used to calculate the§lengths of
the breeding seasons of M. pennsylvanicus,
from ,the low elevation . . . . . . . . . . . 160

’ 43 - Raw data used to calculate the lengths of
: the breeding seasons of M. pennsylvanicus,
from the high elevation . ¢ . . . . . . . . . 161

"

44 Fat, lean dry weight ‘and percent fat among
C. gapperi males, in relation to reproduc-
tive status and season, from the low
. elevation . . « « . . . . . . . . i i . . . . 163

45 Fat, lean dyys weight and percent fat among .
' . C. gaEEerl es, in relation to reproduc-
"~ tive status and season, from the high ’
elevation . . « ¢« v ¢ 4 ¢ 4 4 4 e 4 4 s« s . l64

R . 46 Fat, lean dry weight and percent fat among
¥ M. pennsylvanicus'males, in relation to
reproductive status and season, from the
R low elevation . . « « + « o™ ¢ o+ . . . . . 165

xii‘




RRERR L ARt C et L v

SN e e e

Table

47

. 48

49

50

51

53

54

55

52

Descrlptlon . k*~ Page

Fat, lean dry weight and percent ‘fat among

M. ‘pennsylvanicus males, in re€lation to
reproductive status and season, from the
high elevation. . . . . '« « « « + ¢ « « « « .

—

Fat, lean dry weight and percent fat among
C. gapperi males, in relation to reproductive
status and year, from the low elevation . . .
Fat, lean dry weight and percent fat among
C. gapperi males, in relation to reproductiv
status and year, from the high e¢levation . .

Fat, lean dry weight and percent fat among

M. pennsylvanicus males, 'in relation to
reproductive status and year, from the

-law elevation . . . R

Fat, lean dry weiéht and percent fat among

- M. pennsylvanicus males, in relation to

reproductive status and year, from the
high elevation. . . ¢« + ¢« ¢ « ¢« ¢ « « o o .

L

The relationship between weight and litter
size in C. gapperi young at three ages, at
the low and high elevatlons e e e e s e e e

The relationship between weight and litter

"§ize in M. penngylvanicus young at three

ages, at the low and high elevatlons. o e e
Length of the breeding season, lltteq size
and maximum number of litters of C. gapperi,
from the literature . ., . . . ¢« ¢« + ¢« + o o+ .

Length of the breeding season, litter size
and maximum number of litters of M. ‘pennsyl-

.vanicus, from the literature . . .

xiii

166
167

168

170

171
173
175‘
181

182




R

10

12

3
LIST OF FIGURES '

- Description - Page

The number of'{itters produced by over-
wintered and’ young-of-the-year C. gapperi
females, at low and high elevations. . . .-. 38

The number of litters produced by over-
wintered and young—of the-year M. pennsyl- )
vanicus femalés, at low and high elevations. 40

Mean litter size of C. eri in f%latlon :
to the month, at the low and high elevations 46

Mean litter size of’ M. pennsylvanicus in
relation to the mogth, at the low and
high elevations . . . . v J . . . . . . . . . 48

o

i

Changes in weight during pregnancy and
lactation in. C: gapperi, at the low and high

elevationsS. ¢ « + + o o o . W P R S e o« 73
.

Changes in weight during pregrancy and,

lactation in M. pennsylvanicus, at the low

and high elevations . . . . . . Mo o o+ o o« 15
Total ingestion by c. gapperi during pregnancy
and lastation, at the low and high elevations 79
Total - 1ngestlon by M. pennsylvanicus during
pregnancy and lactation, at the low and

high elevatloqs . -2

Growth of C. gapperi, frOm birth to 30 days,
in the laboratory; litterg of six only. . . . 93

Growth of M. pennsylvanicus, from birth to
30 days, in the laboratory; litters of
SIX ONLlY. + v o v v v 4.t 4 e 4 e e e e e . . 96

Welght dlstrlbutlon of C. gapperi young-of-the-
year, at the low and hlgh elevations. . . . . 104

Weight distributions of M. pennsjivanicus
young-of-the-year, at the low and high
elevations. ot e SRR 106

of C ga Egerl known allvggon 132.




EE *wﬁ’w&:ﬂ;ﬂ;{'mt::%m. .??:W%W

P

Figure

14
15
16
17
18
19
20
21
22
23 -

24

25

!

. .
Description

Minimum number of C. gapperi known alive on
the low Porest 2 grid .- . . .« + 44 o « o

Minimum number of C. gapperi known alive on
the high Forest 1l grid . . . . . . . . . . .

Minimum number of C. gapperi known aliive on
the high Forest 2 grid . . . . . . . . . . .

Minimum number of C. g EE known alive on
the highy Meadow grid e v e e e e e

Minimum number of C. gapperi known alive on
the high Stream grid . . . . « « .+ +« « +« « &

Minimum number of M. pennsylvanicus known
alive on the low Roadside 1 grid . . . . . .

Mlnlmum number of M. pennsylvanicus known
alive ‘on the low Roadside 2 grid . . . « « .

Minimum number of M. pennsylvanlcus known
alive on the low Roadside 3 grld o e e e e

Mlnlmum number of M. pennsylvanlcus known’
alive on the high Meadow grld e e e e e

Minimum number of M. pennsylvanicus known

alive on the hlgh Stream grid . . . . . .
. »
Growth of all litters of C. gapperi, from
birth to 30 days, in the laboratory, at the
low and hlgh elevations. . . { . .« .« . . . .

Growth of all litters of M. éennsyimanicus,'
from birth to 30 days, in the laboratory,
at the low and,high elevations . . . . . . .

.

.

X\

Page

134°*

136

138

140

142

144

146

148

150




e

-

CHAPTER 1

INTRODUCTION ' E

-

R 7N :
Life-history .tactics may be defined as sets of traits

(e.g. offspring size;and number) which solve certain ecolo-

4 .

+

gical problems (Steatns 1976). They are considered to be
genotypic in naﬁufe, although differences in life-history
traits may reflect genotypic or phenotypic responses to

environmental conditions (Stearns. 1980).
-Two major theories have been put forward to explain the

-

evolution of life-history tagtics: r- and K~selection, and

e

bet;iédging. Both theories have Bgen reviewed by Stéafns
(1976). Béth theorieS'require'én assessment of environ-
‘ ment?l conditions “(e.g. stable vs. fluctuating:; harsh v;.
;} benign), but ﬁhe major difference between them ishghat r-' L

*and K-sé€lection bases its predictions on the degree of

density-independent or density-dependent mortality, while -
V .
bet-hedging bases its predictions on the effects of age-~
® ‘-
' specific mortality. These theories 'have been criticized on

many grounds (e.g. Parry l98i; Stearns 1977; Wilbur et al. |

)

1974). For example, both tgeories assume that life-histdry=

traits are free to coevolve under any set of environmentég

, ' 1
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conditions. Yet, recengistpdies show that, among reptiles
. ’ and mammals (Stearns 1983; 1984, respectively), phylogenetic
- and des;gn constraints Limit,the.evélution of many traits.
These conclusions may also apply to other major taxa:

Within many mammalian ta%a, strong correlations between
body size_and other life-history traits have been documented
(e.g. Blueweiss et al. 1978; Eisenberg 1981; Millar 1981).
These studies have exémined traits among mdjor taxonomic

-~ . - .o .
‘groups. The importance of environmental conditions and
design constraints in shaping life-~histories at the intra- '
g specific levei are not well known. If environmental
conditions are important in determining life-history tactics

among populations, differences in traits may be particularly,

evident in montane areas where environmental conditions are

- diverse. Temperature and length of the snow-free period
P
decreas;\with—increasing elevation (Trewartha and Horn 1980;

Billings and Mooney 1968) and annual(plant’productivity in
~

mountain ecosystems is generally much lower than in other |

]

ecosystems (Billings and Mooney 1968). Mountain ecosystems

‘

also have a high degree of habiﬁat diversity because. of the
interaction of elevational, meso- and'microtop;graphiéal
gradients (Billings 19%9).

. Several studies of Fmall mammals suggest that
coﬁditions at high elevations are harsh. For example,
Ehrlich et al. (1972) repOrted'that a lage June snowfallia;‘

2900m in Colorado was associated with high mortality in

%

.
-
a .
[ - ~



several species of small mammals. At 3100m in Colorado,

Mérritt énd Merritt (1978; 1980) found that autumn freezes

_ that occurred before snow :accumulated and spring thaws that
o5 , ' :
produced extensivé flooding were associated with cdonsider-

" . able mortality in populations of the red-backed vole, °

LI

Cleihrionoﬁys gapperi and the deer mouse, Pe{omysqus manicu- -

yléggg. At 2900m in Colorado, Séinson (1977) found that the
) “autumn freeze and the vernal overturn were assocjiated with
local extihctiéns of two Microtus spé. At 3000m in
Colorado, Vaugﬁan (1969) found that most small mammais were
qinfluenced to some degree by the short growiﬂg season, low
temperaturés‘andva short froét—free period. Again, |
xtensive spring Elooding and cold, temperatures in autumn
'with.no sno@ covér were suggested as critical periocds for
small mammals. At 3000m in Colorado,;éleeper et al. (1976)

examined the relationship-betweén densities of several

. : Fodd
species of small mammals and varying snow conditions. Three

d*spécies of microtines were-unaffected, but E. maniculatus
an@ chipmunks (Eutamius spp.) showed marked declines in

numbers after winters of heavy snowfall. In most species,

the mean conception'date in the sp%ing-was correlated with
the timing of snowmelt. Negus'et al. (1977) also found a
. ' -

close agreement between the onset of breeding in the montane

4 3

vole, M. montanus and the timing of snowmelt at different
elevations in Utéh.' At low elevations, environmental

conditions are likely to be less severe than at high
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elevations. - i . < . .

' Small mammal studles that have examined . llfe-hlstory
H traits over elevational gradlents show many inconsistencies

(Table 1). For example, litter size shows no change with

§ . . . . .
elevation in most' studies,.but hassocca51onally been found ¢

to increase or decrease with eleévation. Also, many traits

have not been documented. The age at weanlng, surVival of
young, growth rates and reproductlve effort have been

measured at different elevations in only one study ' N

(Halfpenny 1980). “Generalizations from thie survey are

L

]
difficult to make, perhaps becausé 'these studies were ¢

. ~

limited in scope.%_Saﬁﬁle sizgs used to detérmine litter - .
. size were often small and none were partitioned to examine
the data for-possible blases due to dlfferences among years,
months, or age or parity groups (Innes 1978 Millar,1978).
Growth rates and indices of repfdductive effort were not

corrected for p0551ble blases ar1s1ng from dlfferent mean

. N N -

. lltter sizes among populatlons (Innes and Millar 1979;

1981). Estlmates of {he numper of litters produced per
season were based Qn Ehe naximum number of sets of placental »

-~ S -

scars or the pfop%rtlon of pregnant females in a sample.
: LY
= Placental ecars are often poor 1ﬁdlcators-of breeding

i

history (ﬁartin et al. 1976) and pregnant females are often

undetected because embryos are usually not visibie until '

seven days post-conceptus (Greenwald 1957) . Better

estimates of the number of littefs produced can be obtained

» e
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by‘following the breeding histories of individualjfemalés
over the course of a season. 1In géheral; many of the
iﬁconsistencies among elevational studies may be attributed
to small -samples and imprecise estimates.

'Six studies {(Claude 1970; Dunmire 1960; Halfpenny d9éO;
Sloan 1967; Spencer and Steinhoff 1968; Zejda 1966) S

suggested or documented that the length of the breeding

season decreased with elevation. Spencer and Steinhoff

(1968) considered this environmental condition to be
important in‘determining threé life-histary traits (number {

of litters, litter size and survival). They hypothegized,

s & -

-

for mammals, that females in areas with short breeding

seasons (such as high elevations)'wquld have few opportuni-

 ties to reproduce. Under such conditions, selection should

favour those females producing large litters. Female$ with
large littgrs would incur a greater risk (ejé. increased
mortality from predation, related to increased fdraginé
activity) than female§ with small litters. This risk is
unimportant because females are unlikely to survive to the
next bregding season. Females in areas with long breeding
seasons (such as low elevations).ﬁould have se&eral oppor-
tunities to reproduce and selection should favour those
fémales producing small litters.‘ Small lit£ers would incur
less of a risk to the female than large litters. Risk

should be minimized when repeat breeding is possible because

repeat breeding results in more potential offspring than one




t
.

“large litter.

In their study, Spencer ‘and Steinhoff ¢1968) found that
. e ] .

litter size in P. maniculatus increased with elevation and

inferred that the length of ,the breeding season was much

- « .

shorter at high elevations than at low elevations because
the. growing season on the plains was twice' as long as in
subalpine areas. However, they had no estimates of female

3

survival or the number of litters females-were broducing.

(’i—*_i\\\\\ The general =approach of this study was to document the

¥ P

tories of Clethrionomys gapperi (the red-backed

_vole) and Mfcrotus péennsylvanicus (the meadow vole) at tyo‘
~ . ' ! ' - . X

: T~ =
elevations in the nggz\Mountaiﬁs and to determine if

Spencer and Steinhoff's ﬁyPothééis is applicable‘ﬁo‘ﬁhese
. : S~ :’ L

. ' microtines. If the length of the breediﬁg season is éhofﬁ

at a’high elevation, 'females of both\séécies should prducé“

]

a few, large litters and (assuming a cost to repiodﬁétiony

* have poor survival. If the length’of the breeding season is -

-

long .at a low .elevation, females of both species shouia

produte many small litters, but have good shrvival.*,

\ .

Alternatively, given fewer opportunities to reproduce .-

s
A —

at a high elevation than at a low elevétion, rebroduction .

' could be enhanced by producing iarger offspring'wiﬁh better
. . e N
survival at a high-elevation than at a low. elevation, while

{}tter size does not cnange'with‘elevé%ionf To éﬁpport

largef offspring, emale at a high elevation would have to’
4

feed her offspring more and/or deplete -her own energy

.




!

"~ be weaned earller {and subsequently mature earller) than, ;:=

reserves compared to a female at a low elevatlon. , Given’

r _.

that tlme for breedlng 1s shorter ‘at a high elevatlon than

at a low elevatlon, offgprlng at a high elevatlon rcould also

.
<, d .~ s i

0

-thoseﬁat a low elevatLon. AT s . oo

- - .
N -

-

- The specific objectlves of thls study were to. ¢

a~ .

.:i) test Spencer and,Stéinhoff“s'hypothesis by examining

-~ [y

litter s1zes, the number of lltters and female survaval

A
. -

of C. g pperl and M. pennsy}yanlcus at two elevatlons

i
f

800 V@rtlcal metres apart. O

e .
Ve -

2). Examlne meteorologlcal data at the two elevatlons and

the;r relatlonshap to the‘lengths of the breedlng

. c‘.’ .’t‘ ' Dt
SeasonSa oo . v e

[ i ’ . . . , . - .
examine other "life-history traits such as.survival of

. males, adﬁlx weightét:growth and development of young,
. % * .
reprodudtlve energetlcs, 1nclud1ng body fat, the amount

of food requlned to raise a.litter and three 1nd1ces of

phys1ologlca1 reproductlve,egfort. .

1mpr0ve on prev1gus studles ‘which examlned tralts at ¢

~ s .

. different eleyagione.py correcting (wheneyer possible{
for biases on traits which_ooour hecadeelor yearky,’
:monthly or litter'siae erfeéts: :x\ ) B

) The.generai chafacterieticsf reprodnctlon, ecology,
e

behaviour and demography of C. ga pperl and M. penn;ylvanlcus .

£

~

have been summarized by Merrltt (1981) and Re;ch (1981),

respectively. Geherally, C. gapperl'occupiée woodlands while ..

T [
EE )

Lo SR el LoBh £ et 2t il o SR et e TS SR LN
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- o
M. pennsylvaRicus occupies

grasslands. Both species are

basically herbivores, although C. gapperi tends to be more

omnivorous than M. pennsylvanicus.

yYear-round and throughout the day and nighf. Both species
are of similar size. Both .species have short gestation

periods (18 to 21 days) ahd

Both species are active

young. Yound are weaned

—— "

‘ \

sexually mature as early
characteristics, as well
post-partun estrus, give

reproductive rate.

-

give birth to highly a;fricial

as early .as two weeks and may be .
Ly se .~ Y

as §£§ month. These reproductive

’

as the ability to© conceive during a

both speéies a potepntially hig

.t




CHAPTER 2

¢

METHODS

2.1 Study areas and trapping schedule.

This study was conducted in Kananaskis Country, approx-
imately §Okm west of éalgary, Alberté (50°55”N, 1f5°07’w).
Specific study areas included the Kananaskis Vailey (1450m
(range = 1433—1473mx in:areas aéjacent to thé Kananaskis -
ﬁighway between Porcupine and Flat Creqkslﬂand a glacial

) cirque and,surréunding areas (2240m (range = 215612323m)
soﬁth and southeast of‘Mt.~Alian in the Marmot Basin Expeﬁi—
mental Watgfshed). Henceférth, l450m-§%d 2240m will be

L) " referred to as the low ahdﬂhig& elevations, respectively.

(Veqetation types at both elevatiéns are described in
Appendix 1). X

Trapping was carried‘out from 1978—19Blf.althouéh the

3

1978 data were exclyded from most analyses because of smali_

samples. Trappind commenced in mid-May and fifnished in' late

September or earlﬁ;October each year, except in 1981 when it

.

ended in/mi%;August. In'eaqh year, trapping-started:earlief
at the low elevation than at the high elevation, but usmally s

o

finished within the same week at both elevations.. The general

14

L |
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.

approach was to alternatively live- and snap-trap each
elevation for three or four consecutive nights throughout

/ the trapping season. A

2.2 Meteorological data.

L
Y . &

4

Data on temperatures and precipitation were recorded at

permanent weather stations within the Marmot Basin Experi- °

mental Watershed. The two weather stations used for this
study were approximately 300m 'and 50m above the mean trap-
bing elevations gtlthe low and high elevations( respectively
(M.D. brews, ig &i&g.)._ Long-term (>10 yrs.) records were

. examined between elevations and among months. Minor yearly
) M B

variation in meteordlogical conditions was expected, but the

&

data were pooled among years because- monthly differences far

LY .

exceeded yearly differehces. The data were collected by the

Atmospheric Environment Service, Environment Canada.

‘ - P

Daily minimum and maximum temperatures were taken by '

4

thermometers housgﬁgin Stevenson screens approgimately 1.5m

above ground: These data were subsampled evggx.second day

. to give 15 or 16 readings per month perfélevétion. Midpoint
temperatures Qere calculated by_summing‘daily minimum and
maximum’temperatures andkdividing'by éwo. ‘ -

. . Subnivean small mammals experience air temperatures

1, \3 » B
that are warmer and less variablé than those recorded by
sup;anivean~theorological stations (Pruitt 1957; 1978)."

For this reason, only temperatures recorded during the main
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snow-ffee period at both elevations (May to September,
2

y personal observations) were considered. Days when the
minimum temperature was above 0.0°C®vere considered as . e

frost-free. . !

4

. Rainfall was measured using Sacramento storage gauges
each month from June to September.
Snowfall was calculated from snow density and its water

&
content. Samples were collected from ten standard -

-

locations, using a Mount Rose snow sampler, each month from
January to June. Therefore, each snow value represents a
ten point mean. Snow depth was calculated from:

¥ = (X (100)) ¢ 2 $ W

where Y = snow depth(cm), X = water content(cm) and % = snow

density(%) (L. 'Meeres, in litt.).

2.3 Fie%d studies. - ¥

Animals were liv%—trappéd with Loqgworth~traPS'(one

trap per station) provided with carrots, -whole oats and

’

cotton mattress stuffing for bait and insulation. Different

trapping routines were uled for M. pennsylvanicus and C. oA
- . ]

gapperi because M. pennsylvanicus’ were more diurnal and less

-~

trap hardy than C. gapperi. Traps set in C. gapperi habitat

were openéd in late afternoon or early eveniﬁg'and checked:

the folldwing morning’ Traps set in @. pennsylvanicus
. * i . . e‘
habitat were opened at mid-day, checked in late afternoon or

éarly evening and then rechecked the following morning.
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Mark-récapture grids were used to assess densities, .

trappabilities, survival, the number of litte;g'per season, ,

body weights and growth. Each grid was trappedugﬁproximate—

4

ly every six days with this interval being greater during
- ¢ L.
inclement weather. Traps were locked open when not in use,

. * . » A
& except in areas where human- or bear activity necessitated

4
«

their removal. Four grids were monitored in 1979 (two per
' , K
‘ elevation), while in 1980 and 1981 a total ®&f nine grids

(five and four at the low and high elevations, respectively)

. ¢ . . .
were monitored. Although¥™the distance between trap stations -

was constant (20m),'the number and siies of grids differed

between elevations because of tHe differential availability
of suitable habitat. (Sizes and vegetation characteristics

of these é%ids are given in Appeﬁdix 1 while population

.

numbers on these grids are presented in Appeﬁdix 2).
At each captufé, grid animals were identified to
1species,'toe~clippéd (if unmarkeé’, weighed to the nearest
0.5g with a besol$§>springlbalance, éné age and reproductive
R condition noted. Individugls were classifiéd as either

over-wintered or young-of-the-year based on_weight, repro-

&
ductive condition and the time of the year they were caught.

~

-
<

N .
Yor males, testes ,position was noted as scrotal, abdominal .
or ‘intermediate. For females, reproductive condition was
5 N »
rd . -

Lo ; based on examination of the vagiqa—(perforate or imperfor-

’

. ate), copulation plug-{present or absent), nipples—(exte?ded

et vt # indicating lactation or f;at indicating no lactation) and‘: -

," abdomen-(swollen indicating’ pregnancy).
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The length of the breeaing season can be calculated in

several ways. In many microtine studies the commencement of

.

the breeding season is codéidered to be the time when 50% of

.

females are” pregngnt while the end occurs when less than 503

- ey »ﬂﬁmf@gtw;W
. .
~

of the females are pregnant (e.g. Keller and Krebs 1970).
’ Other studies have based the léngth of the breeding season
on the percentage of lactating females in a population (e.g.

£
Tamarin 1977a) or as the length of time between the first

Y

and last births in a population (e.g. Millar et al. 1979).

A} .
The first two methods are inaccurate because exact dates of

< pr

parturition are not determined, and the last method does not

!
_rtake into account the possibility of an atypical female

producing a litter long before or long after most females

. L]
are payturient in a population. For these reasons, the

[

. length of the breeding season was defined ;%Ye ds the
< . ;
average length of time between the earliest and. latest

: .births in a population using five criteria.

. <

The first criterion used the mean embryo weights of
dead-trapped females to predict tpe date of birtﬁ of a
litter, follqying Huggegt égd Widdas (1951). The second
criterion was based on females on marﬁgrecapture gr%ds.
Females which gained weight rapidiy, then lost a large

)
\ amount of weight (> 5.0g), and were lactating on subsequent

-

trapping days were considered to have given bifth.( The
median daJe between 'two trapping sessions was used for these

females, except when'they gave birth in a trap, in which
. ‘ ” - . ) .
case the trapping date was used. The thira.cr%terion used

»

- A

¥

5
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caught less than three times, or if they were not caught in

. 5 e,

the date of birth in té%.l;boratory,'for females that had
conceived in the wild. W%i: fourth criterion used young (<
15.0§) caught on the mark-recapture grids for the first,
timé. All of these young werer assumed to have been born 18

days prior to capture. The fifth criterion used the dried

_eye lens weights of dead-trapped young to estimate their

‘ .

date of birth. Since this aging technique may contain

S

]

cons'iderable error, only those youflg determined-+to be 30
o .

days pf age or less were considered (Appendix 3). 1In each
year, one date. from each criterion was used to calculate a

mean initiation date-and a mean cessation date and the

AN

difﬁerence'between the two dates was considered to be the

-

length of the breeding season. Realistic estimates were not
8

always available for all five criteria and in some cases a
mean was based on only three criteria (Appendix 4).
The number of litters, as well as the time taken to -

produce those litters, were calculated from females on the

marK—recapture grids, based on their reproductive condition,

weight changes and births in live-traps. Females that were
¥ T e

four consecutive weeks were excluded.

Trappability (the probability of capturing a marked

animal on a given trap-night) was ‘calculated following the

minimum unweighted method of Sulli®an (1979). This method

-

excludes- animals caught less than three times and therefore,
, % '
deals with animals that have long trapping histories. Trap-

pability was calculated as: the number actualiy caught at’

7
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. ) ; L ”
time i ¢ the number known to be present at time i. Maximum

o . trappablllty (Krebs et al.él&ﬁG) 1ncludes all captures and

upwardly biases estlmates-because it "includes individuals
that are caught' only once; they have a trappability of 1.0.

Two-week survival rates wefewdexermined for individuals
. ¥ { [y .
A b
caught at least three times as: thé number known to be

* ?

alive at time t + 2 weeks +# the number caught at time t.

IR .

The inclusion of only those caught at l@ast three times :

. . LY
increases the chances that disappea;aﬂfeiwéﬁsdue'to death

=
. £ .

rather than emmigratron. Two-week §g£§%§51 rates were

calculated throughout the trapping season and were based on

six toﬁeight two-week periods per population per year. '

Since trapping intervals were less than two weeks, all data

collected within a two-week period were considered‘for thatl'
. period. ) ‘ ) - ‘

Live~trap removal lines were used to capture anlmals
% for a laboratory colony. * These llnes, cons1st1ng bf 20‘125
traps (10- 20m spac1ng), were checked daily for three{daysu
and then removedz Anlmals not used for the colony were
killed, frozen and autopsied at a later date. Snap-trap
lines (Museum Spec1al traps baited with peanut butter and
rolled oats) ;ere operated in the same manner as the livef
trap removal lines. Snap- trapped animals were used to

e

) " obtain additional data on body weight, reproductlve condi-
e N

———

tion and fat content. "All animals weré_frbzen and autopsied

at a later date: . -,




2.4 Lqpoféﬁory‘methods. ' ‘

G .
R ¥
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Captive animals were used to document litter size,

growth and development of the yougg,;and the energetics of
* & ’ (% -

»

reproduction. They were maintaired in a Pasement room at .
t T v oo

- the Kafanaskis Ceritre for Environmental Research (The

University of Calgary). Temperature was approximately 2Q°
and a constant photoperiod of 16h 'light: 8h dark was
provided. Humidity was not controlled. Animals were housed

in cages (28,5 x 16.5 x ll%Scm? with Beta-CﬂiﬂE)Laboratory

Hardwood'BeddingL_tissue paper{?Pﬁrina Laberatory Chow@) _

(No. 5001) ard water provided ad libitum.' .For the first two
or{three da&s after gagfure, all animals were also‘supplied

-

with carrots. All animals wgfgfyeighed (to the nearest

0.l1g) when captured, after a ﬁ%ﬁimum threeq§§§ acclimation
’ . v

periéd, and then every second day until’they were no longer
needed.. The acclimation period. was shorte¥ if a female gave

y

birth less than three days after capture. Food consumgtion

= e
st .

was measured every second day by subtracfing the food
remaining from an initial amount provided. Weights and food

consumption of males and non-pregnant females were recorded
for one' month. .The cummulative amount of food eaten by Y

#,

females with litters represents both the food required to

- -
- '

maintain the female ahd the food required to raisé‘young °

vos

(total ingesiién). To calculate the amount® of food required
to_raise young, the maintenance cost of each mother was

. -subtracted from her total ingestion. Maintenance costs of

2
)

+ -

¥ ’
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v
- )

"lactating females were assumed to be .the ‘same as those

<

oo

of non-pregnant, non-lactating féﬁalesf@controls) of a given
. body weight, Weight and food consu@ption of lactating
- females (and young) were usually recorded beyond the time

the young were weaned.

~

Near-term females (> 28.0g) were checked daily and’

. .

their post-partum weight, litter size and litter weight were
e : . : ,

» recorded on the first day young were preséﬂi. These feméles

and their litters were assigned to: one of two groups= In
1 : :

»

one group, growth of young was d%termined.pyrweighing gach
- .. b -\ l" )
- littermate every second-day from birth’.to 30 days. Indivi-
duals within litters were not mapkedfcﬁMothers were XKept

with their young throughout this pericdd. :Sex ratios of most
'ittérs were recorded. at 30 days. The second grouﬁ was used
© 0 .

. .

:'L.
to estimate the age at weaning. Weaning is a period of

I *

transition between maternal dependence .and independence of

the young; it may occur over a period of days in these .

. species. However, it may be quantified for laboratory =,

-

&

s

raised young by defining it as the age when, on average,

. .
young do not lose or gain weight upon iéolapion from their
motﬁer and littermates for 24 houig (King ggfgl. 1963).
Young 'were isolated from their mpt%ér and- littermates
between 11 and 16 days, following Innes,aﬂq Millar (1979).

~

Initially, young were isolated alope for 24 hours, but this

R e

-
»

method proved inadequate because less than 30% of .the "

variation in weight change could be explained by age. Few P

young gained large amounts of weigﬁt and many lost-.a f

:G-

§

?

!

i

1

> .
i 1
i

B
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considerable amount (> 1.0qg) irrespective.of age. In order

to decrease the variability between weight chanée and age,
young were isolated from their mothers and littermates in

pairs or groups of three. This method proved more success-

v

ful than individual isolation however, samples for M.

pennsxlvaniéﬁs were not large enough to determine the age at

weaning by isolating littermates in pairs or groups of three’

)

and data from individual isolates were also included.

< t
kel

Isolation of young in pairs or groups of three likely
resulted in less weigh£ loss than individual isolation,

because young would adjust better behaviourally to a new

'enyironment with a ‘littermate, than they would alone.

»

All litters were checked daily to determine when all

young of a liéter‘opened thgir eyes. Many litters . .were

»

raiséd béyoné weaninglor 30 days of age to provide known age

eye lens weights that could be used as an aging iechnique

for young-of-the-year (Millar and ivérson 1976).
Comﬁon autopsy procedures were. applied to all kill-
trapbed samples. Frozen carcasses were' thawed and wéighed.

Stomach and caecum contents were then removed and the ’

carcass was reweighed to give an adjusted weight. For

males, mean testes length and position were recorded.. Male
) . 3
C. gapperi and male M. pennsylvanicus were considered to be

sexually mature if their testes were scrotal, and > émm and

!

?

> 7mm in length, respectively., This is the condiéionf@hen
N

50% or more of all males have itive epididymal smears

L}

-
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(Iverson and Turner 4976). For females, external reproduc-

v

tive condition was noted, along with the number, length and
weight of healthy and regressing embryos. If not recorded,
the mean embryo weight wa§‘calculated from the mean embryo
length by: . ’

[LN(Y) = LN(-5.72) + 1.93LN(X) (2)
(r.= 0.94, p<0.01, n = 54) for C. gapperi and

. LN(Y) = LN(-5.87) + 2.00LN(X) (3)

(r = 0.96, 5<0.0l, n = 58) for M. pennsylvanicus, where Y =
mean embryo weight (g) and X = mean embryo length (mm).
To determine the age of wild caught animals, their eye

L

balls were removed and fixed in a 10% solution of formalin

. buffered with CaCO3 (Millar and Iversoﬁ~1976). The eye
balls were fixed for at least three‘;;;ks, after ‘'which the
eye lenses were removed and oven dried at 95°C for three
days. Eye lenses of known-aged young from the laﬁoratory
'colonf were treated in the same manner as thé wild caught
animals. Age of the wild caught énihals‘was:determined by
comparing their eye léens wgights with those from the labora-
tory colony. However, eye lenses from the wild and 1la a- &
‘tory populatioﬁs may not grbw at fhe same rate and £h£:z?
technique may not provide accurate age estimates in “these
spépies (Appendix 3).

Carcasses were;then refrozen and their fat conterit was

measured at a later date. ° Carcasses were oven dried at 95°C

for three days and the water content was recorded. Each
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carcass was then ground in a Wiley Mill~and thé fat content
of a 1.5—2.69 sample was deterﬁined by petroleum ether
extrac?ion in a‘GolafLsch extractof over a 1l2h period.'Lean
d;y weight'represent§ body weight less\fat, wagsf and gut

cbntents.

2.5 Statistical aéélysis. -

« Most data were analyzed by computer using SPSS (Statis-~

-
- 4

tical Package for the Social Sciences) or Minitab. Where
samples sizes permitted, field data were analyzed for
differences among years. .If there was a significant year-

elevation interaction, the data were tested between eleva-

»

tions within years. To reduce the probability of a Type 1
error (the rejection of a true null hypothesis) in a series
of tests on the same data éet, the 0.05 level of signifi-

cance was increased %y dividing it by the number of tests
% . .
(Snedecor and Cochran 1980). An increase in the probability

‘
level will be shown as: py. 0.05, where x = the number
1

of tests. Laboratory data were not analyzed for differences

~ -

among years, ‘because laboratory conditions were the same
. - ' ‘

& .

each year. - ;

1) ) , L4
*

Yate's correction was not applied om 2 x 2 contingency ’

tests because it tends to be'undﬁly conservative even with -

[y
.

s

very low sample]sizeé (Grizzle 1967).

Throughout the text, tableg and figures, means are

2 )
.
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: presented + 1 standard error (S.E.) and n refers to sample
« J‘q N ' 3 -
! ! +, size. Standard errors are not reported on ratio variables -
{ * . s . .

» and all ratios were arcsine transformed before statistical

<

énalyses were applied (Sokal and Rohlf 1969¥. ANOVA and BRI

ANCOVA represent analysis of variance and analysis of ‘.
. j s . ‘ -
. .
; covariance, respectively. ) . - IR
- L4
i - ’ n
) . -
\ .
o ' .
Al I3 . 0" \
¢ ¥
i » ) ff )
* <
. .
¢ . a
- * - - ’ :
. . \ ‘
' M Ll
° ' ' © 3 . ) -
[ o . i . - )
i o . o ) 1Y
- —
> - s . N ’
» . U
<« ! .\ )
P . - »
s S B
o ) ’ - . -
’ ]
. > A - N v -
) . <o 1
. . J
' . " .
a > ‘ -
» .
s 2 . '
’ + ’ .
¢ ' \ . - ‘
. . E . ‘
.Al_ 4 LY . *
! 5 ” s ,“ L . .
FIE] e -
% ' [ '




2 -

-

ﬁ! -3
v * . ___:—d' )
) 4
N T
-7
F ‘ Wb .
. CHAPTER 3
i ) RESULTS
3.I; Meteorological conditions. L
- .
Minimum and maximum temperatures
with one another {low elevation: r =

' - N
\ < <

high elevation: r = 0.87,

-3

p<0.01,

tions.

n =

e A e

P

M

were higﬁly correlated

0.65, p<0.0l, n = 954;

933), and daily

i midp.oints _were gu\sed to test for différencés between eleva-

The daily midpoint ébmperature at the low elevation

exceeded that at the hlgh elevation by approxlmately 2°C and

this dlfference occurred in each month (Table 2).

ANOVA indicated that the temperatures

different between elevations (F =

¢ .
;

moriths (F =-224.45,

*  Midpoint temperatures,

pa(w0.0l). “ ®

however,

>

118.

A two-way
were significantly

72, p<0.0l1) and among

-

PR
.

may, hot be as important

as, minimum tempera&hres for these (herbivorous) small

' [

mainhals,

- -

length of the growing season (Watson 1963:;

and may cau§ thermal stress.

days from M

L3

and high elevgpions, respectively.

“with frost to days without f%bst were

- s

24

because’the latter temperatureq:caq;liﬁit the .

Sutc}iffe 1977)

The percentage of frost-free

o«

to September was 62.8% and 59.8% at the low

The proportlon of days

significantly different




é -

Average mi&boint temperatdres (°C), at the low and

- . \‘l
high elevations, ‘from May to September (1969-1981).

Ranges are presented in parentheses.

Table 2.
' Low
Mont )
May 4.5(-3.1/15.0).
June . 8.7( 1.1/16.7)

July 11.5( -4.4/19.2)
August  11.1( 0.6/20.3)
_ September  6.3(-8.6/16.4)

v \

192

191

193

189

189

~

»
Elevation '
Hbgh ¢ n Differ-
‘ence
\ A
2.1(-7.8/11.7) 190 2.4
6.3(-1.7/17.2) .183 2.4
9.6( 1%1/19.4) 184 1.9 .
9.3(-1:1/19.4) 191 1.8
¥ ' )
4.6(-10.0/16.4) 185 1.7
- v 0 ’
&
] .
\
AN
- N
"~
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between elevations (X2 = 63.61, p<0.0l1, n = 1893). On
average, the low elevation was frost-free seven days longer

than the high elevation (Table 3). On a monthly basis, the

-

number of frost-free days was not consistently greater at

-

the low elevation than at the high elevation. In May the
high elevation had more frost-free days than the low

elevation while in September there was no difference between

elevations.

- v
L |

Mean rainfall was greater at the high elevation than at
. a

the low elevation (Table 4). A ‘two-way ANOVA indicated that
. ! - ‘
tHe monthly rainfall pattern was significantly different

between elevat?%ﬁs'(E = 6.69, p<0.01). This month-elevation

+

interaction reflected a very high rainfall in June at the

€

‘high elevation, while rainfall during other months was
similar at both elevations. Even though the mean rainfall, -

during June is based on only two points at the high eleva-

/

‘tion, the difference between elevations is likely .real;

\ -

N

Ferguson and Storr (1969) reported that rainfall increased

¥

5.1lcm per 305m of elevation within the Marmot Basin =

°

Experimental Watershed.

’ Snow depth and water content of the snow were related

" LN(Y) = LN(2.26) + 1.02LN(X) (4)
(r = 0l98, p<0.01l, n = 52) and b
LN(Y) = LN(2.45) + 6.93LN{X) - (5)
(r = 0.92, p<0.01; n = 66) at the low ahd high elevations,

respectively, where Y = snow depth(cm) and.X = water content

o et
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Month
May

June

July
August
September

Ead Total days/5 months

erature >0.0°C), at the low and high elevations,

Low

5'6

22.2

30.3

28.0
14.3

100.4

.

Table 3. .Mean number of frost-free days (days minimum temp-

~
¢

from May to September (1969-1981).

¢

Elevation

‘ High Difference

6.8 1.2

18.8 " 3.4

27.0 N 3.3

26.2 © 1B

" 14.5 0.2

““ .

93.3. 7.1




Table 4.

"Month
June
July
Augus£

September

&

Mean monthly rainfall (cm), at the low and high

elevations, .from June to September (1969-1980) (n

represents the number of times "4 month was-

sampled).
Low

8.6 + 1.3

5.2 + 0.6

6.8 + 1.1

+ 1.2

4.9

L %
Elevation
n - "High
'
[}
12 20.4 + 2.1
12 6.5 +°0.8
. N
12 7.3 + 1.3

w
|
|

28

®
n Difference

]
2- 11.8
10 1.3
12 0.5
O -

*»'.

S~
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(cm). ANCOVA (with water content as the covariate) indi-

"~

-cated that the slopes and intercepts of these lines. were not

significantly different (F = 2.12, p>0.05; F = 1.60, p>0s05,

respectively). Therefore, snow density was the same for any -

L d

given snow depth, at each elevation. However, snow depth
wds much greatér at the high elevatidn than at the low
elevation (Table 5). A two-way ANOVA showed that the
monthly pattern of snow depth was significantly different
b?tween elevations (F = 3.46, p<0.0l1l). This "interaction. was
the reéult of snow gradﬁally disappearing at thé'low éleva-
tion after January , whereas the snow rem§ined deep at the
hiéh elevation until June. It then melted rapidly. There-

 fore, relative to the low elevation, the high,elevation -
accumulated more snow which remained‘lénger. In some years .

snow patches remain at the high elevation throughout the

summer in unexposed areas (Z. Fisera, personal gOmmunieation).

¢

-

@

3.2 Reproduction and survival.

o0

.-

3.2.1 Length of the breeding season. .

r . ’ 4
‘/w P ! A
. ’ . ' :'__ ~
It‘gas expected that the length of the 'breeding season

-wouldsbe shorter at the high elevation‘than at the low
. elevation. This was.not always the case. In 1980 the
length of the breeding. season of C. gapperi was one day

- . Yonger at the high elevation than at the low elevation
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(Tablé 6). The breeding season of C. gapperi in 1979 was:

o . : five days longer at the low elevation than at th$ high -
), “,,u” < \

elevation. The breeding seasons .of M. pennsylvanicus were

mggﬁ longer at the low elévatibn than at the high elevatioﬁ, !
in 1979 ang-1980 (Table 6).

All %ggsé used to estimate the leng£hs of the breeding
}‘ seasons (Appendix 4) wére converted to days ;f the year. A

>

T two~way ANOVA indicated that the initiation of breeding in

. ' C. gapperi was signifiqﬁntly earlier .at the low elevation
! '
than at the high elevation (F.= 6.05, p<0.05) and there were:

vs&gnificant differences among years (F = 5.84, p<0.0l1). The

+ initiation of breeding in M. pennsylvanicus was significant-

ly earlier at the low elevation than at the high elevation

- LY

(F = 54.50,'p<0.01) and there were significant differences

among years (F.= 9.35, p<0.0l1). The cessation of breeding

. €

Showed no significant differences between elevations in

either C. géggeri (F = 1.57, p>0.05)- or M. pennsylvanicus (F
= 1.50, p>0.05). There'was a significant differénce in the

cessation of’breeQing betwe;n years only in C..gapperi (F-=
12.00, p<0.01). ‘These data show that both species started
bfeédihg earli'er at the low elevation than. at ‘the high
elevation, but within each species, breeding finished at

abproximately the same time at each elevation.

The average breeding season of C. gapperi (1979 and ’ J

e IO
P

P

1980), was two days longer at the low eleﬁé?ion than at the

high elevation. This difference between elevations is much

e

shorter than the length of gestation of this species

»

— - — - - e
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- R e
i (19 days; this study), and therefore, females surviving the

v e s .

3" entire breeding season at the high elevation gduld not ;
. - |
produce more litters than those at the low elevation. The

Y -

breeding season of M. pennsylvanicus averaged 27 days longer

at the low elevation than at the high elevation. Since the
Iength of gestation-is 21 days in this species (Dieterich

and Preston 1977), a female surviving the entire breeding

season at the low elevation could produce one more litter

4

than a female at the high elevation. ‘ . .

4 N
o

- . ' a

3.2.2 Number of litters per season.

. v

»

o -
~

Data on the number of litters were pooled among years,

. v -

‘

because samples were small. - ' -

v

-

Accurate estimates of the number' of litters  require
females to have high trappabilities. The trappabilities of
' »
C. gapperi females used to determine the number of litters

(low elevation: 83%; high elevation: 80%; X2 = 1.80,

p>0.05) and M. pennsylvanicus females (low‘elevation: 64%;

high elevation: 63%; X2 = 0.15; p>0.05) were not

significantly different between elevationg. Therefore,

~

biases due to trappability should belthe same within each

species at both elevations. ‘

//,)ihe number of litters produced in differenﬁ‘pépulationé
“ may- be biased by differential contributions by oveg-wintéred

and young-of-the-year females, resulting from differences in

-

»
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the

rates at which litters are produced and the proportion

<

AT

2 - ,of the breeding season that a female was actually preseént on
’E{ a grid. Therefofe, the frequency%of reproduction and the
)
f§§ time spent on a grid was#fcompared between age groups.
e
e -, ’ .
%? ‘ Among C. gapperi females producing more than one '
gﬁ

2l

L - )
litter, a two-way ANOVA indicated that the time between

(oML
~fry

4

P
B

2y

successive litters was not significantly different between

B elevations (F = 1.84, p>0:05) or between over-wintered and
%i ) youﬁg—of—thg-year females (F = 0.17, p>0.05) (Table 7).

§ " Among C. gé%geri female; the mean length of stay. on a grid
g‘ was not significantly different between elevations (F =

g, 2.69, p>0.05) or between over-wintered and young-of-the-year
E, females (F = 2.51, p>0.055 (Table 7). -

:ﬁ * Among M. pennéylvanicus females producing‘more than one

R . -

litter, the time between successive litters was ‘not signifi-

cantly different between elevations (F = 1.21, p>0.05) or

between over-wintered and young-of-the-year females (F

O.éS, p>0.05) (Table 7). Among|M. pennsylvanicus females

4

the mean length of stay on a grid was significantly o
differgnt between elevationk (F = 4.54, p<0.05),-but not
between ovér—winﬁered and &oung—of—the;year feﬁélés (F = A
% ' 0,46, p>0.05). The differencg in the mean length of stay on

3 - a grid was only eighf days. 'fhis would not permit an

'average female at the low elévation from producing more

litters than a female at the high elevation.

P

Since the rate at which litters were produced was not
’

p R opwsend e ,qu;,;-&}p:g,:\mvﬁ:{n‘&ﬂ}x{r‘ sy
.
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different between ‘elevations in either species, and the time

¢ -

a female was present on a grid was not different in C.
. gapperi, nor suffi?iently different to bias the results in

M. pennsylvanicus, the distribution of ‘the number of litters

(Figures 1 and 2) can be compared. The numben of litters

' produced was independent of both elevation and age class+

. (over-wintered versus young-¢f;the—9ear) in C. gapperi (G =

RGN
\

t

. 17.86, p>0.05) and in M. pennsylvanicus (G = 7.98, p>0.Q§l; ,

- 5

. N A—
.

i _ 3.2.3 Litter size.

e Although litter size is the most widely reported
reproductive trait of small mammals, few studies have

. *' . _efémined it in detail. Sample sizes must be large enough to

. look. for differences among collectiqg methods (e.g. embryo
counts, laboratory births or placental scars), among years
and among months. Litter size has; alsO been reported to

vary with age, parity and size (weight) of d‘feméle; The

. number of regressing embryos and the number of stillborns N

can also influence realized litter size. However, many, of

these variables are interrelated. For example, in spring a

population would be éomposed of, old, heavy females carrying
o . -

their. first or second litters. Their numbers. would degrease

.§ # over the course.of the season, being réplaced by young,
g i R ’ ,
? o light females carrying their first litters. If all possible

P

= variables influencing &itter size were analyzed together,
) i C ) .

- f
[ad -7 . ?

Gl

i -
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interpretati?n woulq be difficult. Therefore, each variable
was first considered separately and then the ones showing
the greagest differences betweeﬁ elevations were considered
together in one analysis.. . '

No significant differerices in litter size were found
* £

between kill-trapped females (embryo counts) and those born
in the laboratory (but conceived in the wild) (Table 8).
The number of regressing embryos was very low (<1% per

Qopulation) and the proportion of litters with stillborns to
P‘ .
intact litters was not significantly different between

elevations in either species (C. gapperi: X2 = 0.12,

I

p<0.05, n = 125 (litters); M. pennsylvanicus: ,X2 =

0.07, p<0.05, n = 83). Therefore, all data for each species
’ &

were pooled, including the few estimates of litter size from

*

births on the mark-recapture grids.

,In all populations, there were no significant differen-
A

ces in litter size among years (Tables 9 and 10). Litter

size was then examined in reiation to the EOnth a female
gave birth‘(iaboratory colony) or the month she would have

"
given .birth (determined from embryo weiéh@g). A large
ambuﬁz‘of variation in litter size was’fﬁﬁhd among months:iﬁ
all popglatioﬂé (Figures 3 and 4). Litter size of C.
gapperi was sméll in“Maf and Jupé, but was much larger later
in the sééson at both.elevations. Tﬁ;’monthly‘pa££érn~of

litter size in M. pennsylvanicus was different at each

elevation. Litter size was small in¥May and September with
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‘. /F]EGURE 3 ' -
Mean litter size of low and hiéh elevation'g. gapperi in
relation to the month of aetual or predicted birth. <One
S.E. is given below and above the.mean for the low and high

" elevations, respectively. Numbers refer to sample sizes.
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FIGURE 4

Mean litter size of low and high elevation M. pennsylvani-

cus in 5elati6n to the month of actual or predicted birth. N
One S.E. is given below and above the mean for the low and
high elevations, respectively. Numbers refer to sample

sizes.
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a peak in July at the low elevation. Litter size was small

B R e aun

in June, increased in July and remained large in August at
. the high elevation.

No significant d;fferenaes in litter size were found

\

between over-wintered and young-of-the-year females (Table

11) =

Litter size was also examined in relation to parity,

- - with primiparous females defined as those with their first
litters and multiparous females defined as thoeg with at
least their second litter. 1In all p0pulatione, litter size
of multiparous females exceeded those of primiparous fenfales
(Table 12). Differences between parity groups were general-

-

ly greater in C. gapperi than in M. pennsylvanicus.

The relatiohship betweeﬁ'litfer size and weight of a
female was examined in two ways:. First, litter size was
fegressed against the post;partumdweights of captive females. |
The only eignificant relationship found eetween tﬁese vari-

ables was in M. pennsylvanicus from the low elevation (Table

13). Second, litter size was regressed against the body

weight (less the liteer weight) of kill-trapped females..
. The only significant relationship found between these vari-

ables was in C. ga Egerl from the low elebatlon (Table 14).

- ;"&\

@ Moqéh influenced litter size in a substantial manner .

and parity influenced litter size in a consistent menner, in
all populations. These two variables were used in a three-

- . way ANOVA-to test for differences between elevations. There

b A
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_to enter the trappable. opulatidn (number of litters.

PN . . -~
The pattern of nekstling survival between elevations was

- | 54

were no significant differences in.iitter size of C. a eri
between elevations (Fﬁ; 2.96, p>0;05) or:among moﬁtﬁs‘(F = ¥
1.83, p>0.05). No interaction terms were,significant?d
although there'&as a highly significant éifference between
éarity grcaps (F = 7.25,-p<0.01). Litter size was

significantly greater at the high-;T;;§§¥53htﬁaﬁaét”the low .

elevation in M. pennsylvanicus (F = 16.43, p<0.01). A

significant interaction term indicated that litter size
, .
differed between parity groups depending on the month a

female gave birth (F.= 4.36, p<0.0l1).

5.2.4 .Survival.

13

Nestllng surv1va1 tw0*week summer surv1val and w%nter

S

" survival were determlned from® mark- recapture data Nest%ang

survival was calculated as the proportlon of young expected

-

produced b me&q,litter sige of each population)'that were

*

actually“caught on all mark-recapture grids in each ye%r.

'differéﬁt in both C. gapperi and M. pennsylvanicus,

depending 'on the year (G = 34.18, p<0.0l; G'= 21.52, p<0.01,

respectlvely) Nestllng surv1val of C .gapperi was not

! 51gn1f;cantly dlfferent between elevations in 1979 (X2 =

3.07, p3>0 05){ but was 51gn1f1cantly greater at the low
elevation than the hlgh elevatlon in 1980 (X2 26 Bl,wf .
e

IN

p3<0.05) and significantly greater at “the high elevation

+

)
e,
L e %,




R

- -

than éﬁé iow elevation iﬁ”i981 (X2 = 10.07, p3<0.0§)

(Table 15). Nestling survival of Mz~éennsylvanicus was not

significantly d%ﬁferent.betweeégelevations in 1980 (X2 =

o
-

S 2077, p3>0.05)}'but was sigﬁifigantly greater a® the low

¢ -
elevation than at the high elevation in the other two ‘years

s

7 1 -
(1979: X2 = 38.78, p3<0.85; 1981: X2 = 17.12, p3¢0.05)
.o £ ‘ T )

(Table 16). If these data reflect léng-term trends, and
. 4

yeara‘are pooled, the.nestling survival of C. gapperi was

similar at each elevation (31%), while M. pennsylvanicus at

the low elevation had double the nestling survival of those

.

Two-week, surv1val rates were examined among year§~and

at the high elevation (40% versus 20%, 'resTeqtlvely)

ﬁ*Qetween sexes, but ages we?@”pooled because331gn1f1cant

~

dlfferences between -age groups were found only among females
L]

of both spe01es at the low.elevatlon (Tables 17 and '18).

L
s s,

Among C. gapperi females, the pattern of surV1val was

different amopg years (¢'= 9.46,-p<0.01).l This i%teraction

\

resulted from high survival at the hioh elevation in 1979
: : o ,

and 1981 but 1ow‘§urvival in 1986 rélative to the low
elevatlon (Table 17) Chlsquare anaiy51s indicated no.
s1§n1chant dlfferences between elevations, within yeare
(p3?0.05)l Among C. gapperi males, two—week survaal:

_rates did not dLEfer between elevatlons (¢ = 9{05, p>0.05).

& t ot

Among M. pennsylvanlcus females and males, there werxe no .

\? ' -
significant dlfferences in two-week survival rates between

elevat@ops (G = 2.13, p>0.05;§G = b.002, p>6.05ﬂ

reépectfvelyyu(Table 17).:
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Winter sufvival was estimated for 1979-1980 and 1980-

1981. Only two animals initially caught as over-wintered

. [

individuals survived into a second breeding season: one of
26 (3.8%) over-wintered C. gapperi marked dpring 1979 and
1980 at the low elevation;,and one of 102 (1.0%) over-
wintered C. gapperi markKed during 1979 and 1980 at the high
elevation. For this reason, winter survival was calculated
for young—of:the—year entering their first winter. The
pattern of winter survival of C. gapperi was;different at

each elevation ‘depending on the year (G = 5.13, p<0.05).

The interaction resulted fromgopposite patterns of survival

in each year at each elevation (Table lé). Within each

year, there were no significant differences between eleva-

tions (1979-80: X2 = 2.00, py>0.05; 1980-81: X2 = -

2.73, p>0.05). Winter survival of M. pennsylvanicus . $

- . ‘i
. was independent of elevation (G = 0.82, p>0.05) (Table 19).

-With the pkceptidn of C. gapperi at the low elevation,

'wipter survival was greater in 1979-1980 than in*l980—1981._

’

’

.-

&

3.3 Reproductive energetics. ‘.

3:3.1 Fat content of females. ) -
N
Fat plays a prbminent role in mammalian life-history
tactics as a general source 6f energy (Young 1976).

Fat content of females was compared between elevations,

as—welt—as among*the~foiiowing%reproductive~greupn..

’
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1) immature 2) ﬁ%egnant 3§§'lac;atingiend, 4) pregnant and
’ lactating. If fet is used ‘to support offspri;g one might
expect that the relative amounts of fat would occur in the
gpllowing order: immature > pregnant > iacEEting > pregnant

and lactating.  The relative,amount of fat is expressed as
. o '
fat (g) : lean dry weight (g)..

Small samples precluded a comparison of thé relafive "y
. . ) - v

amounts of fat among months of the breeding season. However

“ S

samples from May, June and July could be‘EéﬁﬁEred with those
e i "

from August and September (Tables 20 to 23). Only three of
. ' 16 comgfi}sons showed significan£ differences in relative
fat ponéent between the first‘tﬁfee and last two ?pnths of
_the breedlng season, so_monthly .samples wergzpooled. Yearly

dlfferences in the relg tzve amounts of fat g&e pronounced ”

Q -

. in M. pehﬁsylvaqicus from the high elevation, being - T
:generally reater in 1981 than'ln.other years (Tables 24 to o '
~ . ] 27) A tg?Le—way ANOVA_ (elevatlon, year and reproductlve
: group) indicated thaté;%pre were no significant differences
1n.the rela51Ve amounts of fat of C. g pperi between eleva- -
. _ tions: (¥ “LQ;OI' p>0.05) or amdng reproductlve groups (F =
. ‘ 2.54, p>0.05). However,.tﬁzge was a 51gn1f1cent year effect
v <y (F'= 3. 6OM p 0 05) Tables, 2% and 25 suggest that all ;"

éroupSvhad more relative fat in 1981 than in the other

) ‘
years.

\ Microtus pennsylvanicus_showed no difference in -

relative_ fat between elevatlons (F = 3.14, p>0.05), but'e

o _ﬂ*_«_s;gmﬁmanx__tmq@y_ew_ymu.g_ egrgductlve
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Q

groups (F = 2.61, p<0.05). This interaction resulted from
kN o '

no differences aﬁong reproductive groups in 1979 and 1981 (F
= 2.55,.pé>0.0§; F ;.1.37, p3>0.0§,‘respectiVely), |
but a significant difference.among groupslin 1980 (F = 5.13,
. p3<0.05). In 1980 immature females had significantly

less fat than pregnant females, while the other twos

-

reproductive groups were intermeéiate between these
,(Student-Newman—Keuls range test)l These data do not follow
a logical pattern and,.in general, fat content did not vary
-in a consistent'manner with reproductive status.

. "Fat content of males is examined in Appendix 5. There’
Qas no significant dlfference in the amount of relatiVe fat
Econtent of C. gapperi males between elevatlons, but M.

’

pennsylvanlcus at the hlgh elevatlon had 31gn1f1cantly more

S~
»

relatlve fat tﬂfn those aﬂ the low elevatlon.

P

3.3.2 Weight.changes during pregnaﬁbyeand lactﬁtion.;

)
-

Welght changes durlng pregnancy and . lactatlon were'

" é..3——'

examined among laboratory females. 1In general, all fémales
r

\_Jncreased 1n4welght durlng pregnancy and malntalned a

re&latively constant welght durlng lactatlon (Flgures Sband

- emima .
-t

“6). 1In both spec1es, post—par;um Welghts were ro€
significantdy dlfferent between elevatlons (Table 283
overlapplng st@ndard errors ‘on other days 1nd1cated no

dlfferences between elevatlons in either gpecies.
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pennsylvanicus, at the low and high elevations. One %.E.

is given above and below thé mean, and numbers refer to @

sample sizes. < ' ’
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3.3,3 Amount of food required to raise a litrer;

»

The energy required to raise young to weaning was
. . . ’ . .

- examined in the laboratory by measuring food intake of . B

pregnant and subsequently lactatlng females. The amount

-

3 ) eaten per day byfpregnant C. ga Egerl females from both
i elevations averaged approximately six grams per day (Figure

7" Food.consumption"aeclined sﬁaroly-theJday‘before

o . [

2 s . parturition and the day of partﬁrition.. Food intake by C.
: ; . gapperi females from both eleva}ions increased rapldly > ®
1 A : ’ -
; during early lactation, after wnich it gradual&y inoreased LR
g ?ﬁf\\\to day 15 of lgctatlon (the age at weaning). A similar i - ;
? . pattern of food intake’ was found for M. pennsylvanlJus i .
] females from both elevatlons (Figure 8); < _; R
g Feod' intake by C. gaggeri controla'(non—pre;nantz n;n—‘ )
) lactating) in relation to body weight was descrined_by{
) Y = -0.18 * 0.36X . .. "; - (e)
o, S r = 0.80, p<0.0l, n = 44) ana - . = - e Do
. ) ' - AN 7;,a' L i - .
: . Y = 1.41 + 0.38X - - - (7)
* (r = 0.78, p<0.01, n = 41) £ females from the'éow and.high
M ? elevationsf respectivelyf'thSE\Y = mean food'inra%engng';.fa 7
; - days) and X = mean bodf weight(g). ANCOVA;snowed no. - [: ) ' 1
f : ’31?n1f1cant dlfferences in food intake between éiEGé on;;,,!—A“
‘;.‘ after adjustlng for body weight (F = l 04, p>0 05? ‘
§ ) . 3 . Fgoﬁ 1ntake by M. pennsylvanlcus controls in relatlon
; g < ;o body welght was descrlbed by- ‘aj: i T g
é [ A Do LI ”\ - 3

h -. o, ’ s -~ by - - . .
" w . ‘;\
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given above and beloh the mean, and.numbers refer to sample

‘ai.

sizes:
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. Total ingestion (gram§7a§y+wby‘g. perinsylvanicus during

pregnancy and lactation, at the’ low and high elevat%?ns,
One S.E. is given above and below the mean, and numbers

refer to sample sizes. o
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han _ - 8.2

Y = 2.85 + 0.25X . o Ns)‘. ‘

(r = 0.73, p<0.01, n = 64) and \ T '*}' - - < .
. Y = 4.34 + 0.25% " (9)
"(r = 0.64, p<0.0l, n = 29) for females from the low and high
elevations, respéctively. ANCd;A showed no significantz .

x

difference in food intake, between elevations, after

4

adjusting for body weight (F = l.36,-p70.05). ' .
| Total food ingestion and m;intenance*ﬁﬁgts during
gesta- tion were nét detgrmined because of small "samples and
incompléte data (Figures 7 and 8). The«mg%ntenance co§ts of
lactating females were calculated\uging the‘faod intake of
controls of ag'gguivaléht weight (Equations 6 to 9). The
weights of lactating females represented an average of .nine
weighipgs taken during laq;ation. Weights,/©f C. gapperi
féﬁgles averaged 28.8 i 0.64g and 28.3 + 0.47g duriné .

lactation, at the low and high elevations, resﬁéctively.

. Weightg'of M. pennsylvanicuS'females’é&egaged 27.7 + 0.59
gnd:28.7 + 1.22g during lactatioﬂc at the low and high
eleygti&ns, respectively. ) . f'

. Food ingéstiqn during 1actatioﬁ was examined in rela-
£ién tovlittéfxéize (Tables 29 and 50).4:Sincé ﬁhe amount of
food ingested for offspring was significgntly.correlated"
with litter siZe in bgth C. gagggri popqlations (low eleva-
tion: r = 0.75, p<0.0l, n = 4%/.ﬁigh eievation: r = 0.51,

) /
p<D.01, n = 57), ANCOVA was uséd to test for differences

between elevations. No significént differences were found

4
S -
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in the amount of food Invested in offsprlng between eleva—'

Since these indices are measured urider specified laboratory

with increasing litter size (Tables 31 and 32), so that

P 4

tlons, after adjusting for litter size, (F 0.22, p>0.05).

Ingestion of food for M. pennsylvanicus offspring was \
/ -

51gn1f1cantly correlated with 11tter size only at the low
elevation (r = 0.61, p<0.0l, n= 35). A two-way ANOVA

indicated there ‘were no significant differences in the '

amount of food ingested for young between elevations (F =
0.03, p>0.05), but there were signiffcant differences among

litters of five, six and seven young (F = 3.91, p<Q.05)n

. -
Fs .
]
~ -

3.3.4 1Indices of physiological reprbductiv%?effort. '

Indices of,repfbductiye effort can show how the basic

B

o 0 e . .
energy requirements are’ partitioned during reproduction and

this may reflect future maternal and offspbiné sqrv{val.

’

conditions’ the term physiologicalsreproductive effort is
» e

used (Randolph et al. 1977). o : .

Three indices were examined and all threesincreased

litter size-was used as‘e covariate‘elong with the denomina-
tor of each index. . - ’

In C. g ggerl ,&he ratio of litter welght at birth to
female body weight (Williams 1966) averaged 0 33 (n = 58)
and 0.35 (n = 65) for %emales from the low and high ‘

elevations, respectively. Post-partum weight and.litter )

weight at birth were significantly correlated at both
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elevations (low elevation: r = 0.46, p<0.05; high

elevation: r = 0.32, p<0¢0i7. ANCOVA showed 'no differences
in litter weight between elevationS%(F = 0.03, p;0.0S)-after
+,

adjusting for female weight and litter size.

In M. pennsylvanicus, the .ratio of litter weight at

birth to feméle weight‘averaged 0.38 (n = 52) and 0.42 (n =

21) for females from the low and high elevations,

.

respectively.’ Post-partum weight and litter weight at birth

were significantly correlated in both populations (low

elevation: r = 0.46, p<0.0l; high elevation: r = 0.38,
p<0.05).

iy

Again, ANCOVA showed no differences in litter

weight-between elevations (F = 0.02, p<0.05) after adjusting

.

for female weigﬁt and litter size.

»

-Another index, based on the ratio of litter metabolism

at weaning to' female metabolism, was calcpﬂated from:

@

N ww0.75(m0.75)~l (lo)

where N = litter size, Ww = mean weight of young at

weaning(g) and m = mean female weight during lactation .,

(Millar 1977). 'This index gave means of 2.0 (n = 46) and

2.3 (n = 57) for the low and high g.'gaggéri populations,

respectively. Female weight during>lactation and weight of

young at weaning were significantly correlated in both popu-

lations (low elevation: r = 0.53, p<0.0l; high elevation: -

S

r’'= 0.46, p<0.01). ANCOVA showed no differences in the

metabolism index between elevations,(F = 0.22, p>0.05) after

adjusting for female metabolism aqd'litter size.

. ha
. 2 .
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-
e

e

FETRFTT,




S

In M. pennsylvanicus, the mean ratio of litter meta-

bolism at weaning to female metabolism was 2.2 (n = 35) and

"+ 2.4 (n = 15) for females from the low and high. elevations,

fespecthelyJ female weight during lactation and weight of

-

young at weaning were significantly correlated in both

populations (low elevation;‘r = 0.56,‘p<O.Dl; high

'

elevation: .r = 0.76‘ p<0 0l1). ANCOVA showed no differences

ve

. in the metabollsm 1ndex between elevations (F = 0.01,
ﬂ‘ "p>0 .05) ‘after aoiustlng for fepale metabolism and litter
. size. _ ) - . ‘ X
o,
. A thlrd index, based on the amount of” food ingested
A . durlng reproductlon,rwas ca;culated ﬁrom:
.\'\ g .\-,AIR(TI.)'1~ T . (11)
.o' ) where }R‘ﬁ'ihgestion.for offsprihg(g) (= total ingestion -
e - maihtenanqe'coets) and TI = totaliihgestion(g) (Innes and
. . . Millar 1981). Calculated for 1actatibn onl&, this index,
o . gave méan ratios; of 0. 49 (n = 46) and 0.53 (n = 57) for the

kow and hléh C. 3 EEerl populatlons, respectlvely IR was
slgnlflcantly correlated ‘with TI in both populations (low
elevatlom r = 0 94 p<0 01; hlgh elevat10n- r = 0.94,
p<0.01). ANCOVA showed that females from the low elevatlon
i - 1ngested stonlflcantly less for their offsérlng than those‘
from the high elevation, after adjusting for the total
amount eaten and litter si?e (F = 9.86, p<0.01). ‘

. A
In M. pennsylvanicus, the mean ratio for this index was

0.53 (n = 35) and 0.57 (n = 15) for the low and high

elevations, respectively. IR was significantly correlated

89




with TI in both populations (low elevation: r = 0.99,
p<0.01; high elevation: r = 0.99, p<0.0l). ANCOVA showed
no difference in the amount of food ingested for offsptfga

between elevations (F = 0.44; p>0.05), after adjusting® for

total ingestion and litter size.

3.4 Growth and development.

3.4.1 Growth.

90

~

Growth of microtines in the laboratory may differ among

litter sizes and between sexes (Innes and Millar 1979).

Differences in these variables could bias comparison of

growth between elevations. Weight was negatively correlated

with litter size (at various ages) in both species and mean
litter size of families used for growth was greater at the

high elevation than at the low elevation (Appendix 6). To

'compare growth of young between elevations, only litters of

six were used, in both species, because samples were not
large enough to compare growth of other litter sizes.
therefore, possible differential growth of the sexes could
not be determined. Sex ratios of C. gapperi young used for
growth estimates from litters of six (with no mortality

within a litter) were 75.0% and 50.0% males for the low and

Individual growth within litters was not documented and

high elevation populations, respectively. These ratios were

not significantly different (X2 = 2.24, p>0.05, n = 6Q).

.
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Sex ratios of M. pennsylvanicus young used éof gfoweh
estimates from litters ef six'(with no mortality) were 58.3§
and 25.0% mdles for the iew and ‘'high elevation pbpulatigne, ‘
respecg}vely. These ratios wefe not significantly different
(X2 = 2,74, p>0.05, "= 24). Therefore, differences in

growth between the sexes was unlikely to bias growth rate
comparisons between efevaﬁions, in-either speciés.

‘The average growth rate of C. gapperi young from:
litters of six, from bifth to 30‘dg§s, was 0.54g/dey and
0.56g/day from the low andﬁhigh elevationsf‘respectively.
Growth was describeg by : “ ‘

LN(Y) = LN(O.§4) + 0.68LN(X) ! (12)
(r = 0.97, p<0.01, n = 342) and

LN(Y) = LN(0.32) + 0.72LN(X) (13)
{r = 0,97, p<0.01, n = 1056) for young from the low and high
elevations, respectively. Overlappieg standard errors at

most ages indicated no differences in weights between

elevations (Figure 9). The average growth rate of M.

pennsylvanicus young from litters of six, from birth to 30
days, was 0.59g/day and 0.52 g/daj‘from the low and high

elevations, respectively. Growth was descqibed by:

LN(Y) = LN(0.55) + 0.67LN(X) (14)

(r = 0.95, p<0:01, n = 528) and ‘
' LN(Y) = LN(0.59) + 0.66LN(X) (15)
(r = 0.96, p<0.D1, n = 203) for young from the low and high

elevations, respectively. Overlapping standard errors at

most ages indicated no differences between elevations




FIGURE 9 ’

Growth of C. gapperi, from birth to’30 days, in.the labora-
£ory; litters of six only. One S.E. is given below and.
above the mean for the low and hiéh elevations, respec-
tively. Samples ranged from 24 to 12 individuals for the
low ele&ation and were 66 individuals at all ages for the

.

- high elevation® ’ T

-~
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(Figure 10).

Growth of Qild young-of-the-year was examined from data
collected on the ﬁark—recapture‘grids. Growth~fates were
determined for young shbrtly after they entergd the trap-
pable population by selecting individuals weighiné lS.Oé or
less at. first capture, and that were reweighed within t@g ,
next two weeks. Although growth may have varied among years,
sample sizes were too small to partition the data in this
manner. Seasonal differences in growth were examined by
comparing samples from June and July with ‘those @rom August
and September (Table 33). Weight gain was significantly
correlated with thé number of days between captures only in

M. pennsylvanicus young from the low elevation (r = 0.67,

p<0.01, n = 39), and ANCOVA could A6t be used. A two-way
ANOVA showed a signifivant difference in growth rates of jer o
gapperi young between monthly intervals (F = 4.15, p<0.05),
but no difference between elevations (F = 0.02, p>0.05).

The growth rates of M. pennsylvanicus young were

significantly different between monthly intervals (F = 16.51,
p<0.01), but not differént between elevations (F = 0.68,
p>0.05). -

Weight of ults in the wild was examined betyeen
elevations by ggmparing the maximum weight obtained by over-
wintered males’on the mark-recapture grids. (Weight of
adult females in the wild was nq}-considered because weight

varied with reproductive status.) Adult males were

classified as non-residents-if they were caught three times
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. : FIGURE 10

T NN - -

Growth of M. pennsylvanicus from birth to 30 days in the

laboratory; litters of six only. One S.E. is given below
and above the mean for the low and high elevations, respeéé
tively. Samples ranged from 36 to 24 individuals and 18 to
12 individuals for the low and high elevations,

respectively.
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“

or less and residents if they were caught more than :three

times. 1In alldpopulations, the maximum weight of resident
N - < g .
males significantly exceeded those of non-residents by at

l&st two grams (C. gapperi: F'= 11.07, p<0.0l; M. pennsyl-

vanicus: F = 10.60, p<0.0l1) (Table 34). Furthermore,

males from the low elevation weighed significéntly less than

A

those from the high elevation (C. gapperi: F = 13.62,

. \ -
p<0.01; M@'pennsylvanicus: F'= 12.12, p<0.0%}).
’ t

» + .
<>

3.4.2 Development.

]

-
s
-

Feotal growth rates were not estimated, but a minimum
gestation period was established, based,on the time between
_ the capture of a pregnant female and the birth of her litter
in the laboratory. Minimum gestation in C. gapperi was 19
days at both”elevations. Tﬁe§e estimates of ges%ation agree
very closely with those previously repoftéd (Langford 1980 -

.

18.5 days; Inries and Millar 1981 - 18.0 days). The minimum

gestation lengths of M. pennsylvanicus were tgo short to be -
considered realistic.
Litters were checked when young were approximately

> .

seven days of age and daily thereafter, to determine when
.

the young opened their eyes. 1In most cases littermates

.

opened their eyes over a three day period, so the age at
which all littermates had their eyes open was  compared:

between elevations. The mean age when all C. gapperi

littermates had their eyes open was 12.8 + 0.14 days (n = 56

©

c e e - - — B — - - .




o)) ‘ \-
(o2} . p
i
! :
N .
vl
< . M .
ST L8°0 + G €€ 01 GE*1 + 0°LE . ub1y -
. . 16 YL Q + 6°6T - 62 G8°0 + 6°C¢ mol  sndoTueaTAsuuad ‘W
_ M -
: _ _ , . _m_
: ‘ oY 9v0 * £°5¢ ve . €5°0 + 6°9¢ ubty | m
Zt ¢+ - O1°1 + T°¢T 61 . 15°0 + 1762 | #mOT T1sddeb °D
. - » “
P . ) . NS . .
¥ u _ (b)s3juapisal u (b)sijuapisaa uotijeaaid sa1o9ads .

-uou 3jo 3Iybiem jo 3ybtem

w
1

: *suoIlrA®I® UbTy pue mol 9yl 3e ‘sp1ab aanjdedai-3aewW UO SIaTRW snotuealAsuuad b

‘W pue 1aeddeb D po193UTM-I2A0 3IUSPISdA-UOU pue JFUSP1S2a1 JO s3ybTeom wnwixeWw “‘bg SIQeL : .

e




© e ORI, L e s

S N

. ¥ 100

‘Iitters) and 13.4 + 0.14 days (n = 64), for the low and high
elevation populations, respectively. The mean age when all

M. pennsylvanicus littermates had their eyes open was 10.1 +

>

0.14 days (n = 49) and 10.8 + 0.30 days (n = 19) for the low
d and high elevation ;opulations, respectively. The age when

*a . all littermates had their eyesy open was significantly

correlated with litter size oniy in the low elevation

populations (C. gapperi: r = 0.42, p<0.0l; M.

pennsylvanicus: r = 0.3§, p<0.01). A two-way ANOVA

indicated that there was no significant difference in the
age at which C. gapperi young opened tpeir eyes among litter
sizes (F = 1.42, p>0.05), but there wagﬁa si;nificantt
differénce between elevations iF = 5.74, p<0.05). The

equivalent analysis for M. pennsylvanicus young indicated a

significant difference among litter sizes (F’= 3.84,
p<0.01), but no difﬁerenée between elevations (F = 3.70,
p>0.05).

The age,at weaning Qas quantified following King et al.
(1963). The relationship between weight change and age with
isolation among C. gapperi young was described by:

Y = -6.15 + 0.41X - (16)

(r = 0.62, p<6.01, n = 45) and

Y = -6.13 + 0.42X o . (17)
(r = 0;65, p<b.014 n = 56) for the low and high elevations,
respectively, where Y = weight change(g) and X = age(days).

_
ANCOVA (with age as the covariate) indicated that there were

no significant differences between elevations in either the




.weight at which all the young had entered the trappable

-

.

slopes -(F = 0.10, p>0.05) or the intercepts (F = 0.62,

p>0.65).,'THere§ore,fthe ages at weining (or the age at
which young did not lose or gain yéight); 15.1 days for
young'froﬁ the }ow elevatign and 14.8 days for''young from
the high flevation, were not significantly different. '

:

Fifteén day old young averaged 9.2g and 8.9g at the low and

,high elevations, respectively (interpolated from Figure

24) .

The reiationship between weight change and age with

»~

isolation among gﬁ pennsylvanicus young was described by:

Y = -3.27,+ 0.21X ©(18)

(r = 0.52, p<0.01, n = 52) and

&
Y = -4.29 + 0.28X (19)

(r = 0.52, p<0.01, n = 28) for the low and high elevations,

respectively. ANCOVA indicated that there were nq signifi-

b

cant differences in the slopes (F = 0.56, p>0.05) or .

intercepts (F = 0.07, p>0.05), ahd the. age of weaning was
15.8 days and 15.3 days for young from the low and high‘
elevations, respectively — Fifteen day old young averaged
10. Og*anﬂ 9 993@% the low and high elevations, respectively

- at

(1nterpolated from Figure 25). )

Agé at weaning- in theBw1ld could not be estlmated from
eyeylens age estimates (Appendix 3), however, weight distri-
putidns of live- ahd snap-tapped young (< 20209) could be
used to estimfte the median weight at weaning. This method

assumes that the most abundant weight class represents the
1 ¢
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population, before mortality had any significant effect on
\ T ’ ‘ . ‘

“ abﬁndaﬁbe (Millar et al. 1979). ’ RN .
. Y s .

The most abundant weigh£ cgtegory,(at 2.0g intenvals)'
of C. SaEE%Ii youhg was lé.Sg at 5oth elevations (Eigure
11). Taking each lower weighé‘élass as a percentage of the | .
? . most abundant weight class and using probit analysis :
(Caughley and Caughley '1974; Finney 1952), the median weight
at weaning of C. gapperi young was 12.7g and 12.1lg from the
low and high elevations, respectively.

¢

The most abundant Meiéht cdaéé‘of M. pennsylvanicus

young was 13.5g at both elevations (Figure 12). The medianﬂ

weight at weaning of pennsylvanicus young was 9.2g and

M.
\?
10.4g from the low and high elevations, respgctively. The

- median weights at weaning could not Qg tested directly for
differences between elevations: but-a comparison of the
frequency distrib@tions of weight%\&:ékfb‘an@ including the
most frequent weight class) shgwed_né significant differences
between elevations in either spégiesd(é: gapperi: X2 =

7.24, p>0.05; M. pennsylvanicus: X2 = 5722, p>0.05) .

he =

=

. ~ ey ‘.
Age at maturity can have a great impact on the rate of
increase of a poﬁulation (Cole 1954). Young-of-the-year
. could not be aged. sHowever, growth rates of both laboratory

and wild young were not different betweeén elevations in

either species, so that weight was used as an index of‘the

~ -

age at maturity. Samples were too small to permit probit
. o .

analysis, but mean and minimum wsights of all kill-trapped

pregnant, young—of;ﬁhé-year females (minus embryd weight)

- .o e e Fp— o — . P .- - e N RO - - [ s
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FIGURE 11 -
Weight distributions of .C. gapperi young-of-the-year .

(i20.09), at the low and high elevations (n represents the'

sample size). -
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FIGURE 12

Weight distributions of M. pennsylvanicus young-of-the-year

(<20.0g), at the low and high elevations (n represents the
o
sample size).
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+ and mature, young-of-the-year males were compared (Tables 35

1
-]

and 36).:.There were no significant differences in the mean
weights of mature, young-of-the-year females between
elevations, in either species (C. gapperi: t = 0.51;

(p>0.05; M. pennsylvanicus: t = 0.34, p>0.05). A compafiéon

of minimum weights showed that some females matured at a

very light weight, aﬁd"likely at a very early age, in all

o

populatidns (Table 35).

g »

There was no signifjfant difference in the mean weight
of mature, young—ofrﬂie—year C. gaggé}i males between
elevatiopé (t = 1.20, p>0.05); although matures—young-of-

the-year M. pennsylvanicus males at the low elevation were

significantly heavier than those at the high elevation (t =
e ’ Se
2.72, p<0.0l1). A comparison of minimum weights showed that

some males, like females, matured at a very light weight,
- A N ‘ e
and 1ikely at a very early age, in all populations (Table

36). .

< ~
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. Table 35. Mean and minimum Qeights of mature, young-of-the-

Y ' year C. gapperi and M. pennsylvanicus females,

at the low and high e;evations.

Species

C. gaEEeri

M. pennsylvanicus

.

Elevation
low

high

low

high

Mean Minimum
weight(g) weight(g)
21.8 + 1.45 16.0
23.3 + 2.47 14.6
23.3 + 1.20 11.1
24.0 + 2.06 4.1 -

-

~»
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Table 36.

Species

C. gapperi

108

Mean and minimum weights of maturé, young-of-the-

year C, gapperi and M. pennsylvanicus males, at

the low and high elevations.

)

Elevation'
low

high

M. pennsylvanicus low

high

il

16

«17

2i.

18.

Mean
weight(g)

.7

.4

9

0

+

+

P+

|+

0.53

0.29

0.92

.0.98

Minimum |
weight(g) n
10.8 28
10.6 78
10.8 39
11.0 23

2 [
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CHAPTER 4
DISCUSSION

4.1 Summary of the results.
'S . !
The length of the breeding season of C. gapperi aver-
aged only two days longer at the low elevation than at the

high elevation, over two years. The length of the breeding

season of M. pennsylvanicus averaged 27 days longer at the
low elevation than at the high elevation. Microtug§

pennsylvanicus females, unlike C gapperi .females, had time

to produce one more litter than those at 'the high elevation,
if th?y survived the entire breeding seifon at the low
elevation. However, the potential to produce as many
litter's as the length of the breéding season\could accommo;
.date was rarely realized. The average number of litters
ﬁnoduced was slightly less than two in all pOpPlations.

When parity and month effects were controlled there was

no signf%icant difference in the mean litter size of C. -

- \
gapperi between (elevations, but the mean litter size of M.

pennsylvanicus was significantly greater (by 1.02 offspring)

at the high elevation than at the low elevation. o g

Taken alone,- neither litter size nor the number ef
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litters, provides a complete picture of‘total reproductive
output. The mean reproducti@e capacity (mean litter size x
mean number of litters) estimates the potential %itness of

an average female. The mean reproductive capacity of C. .
gapperi was 11.1 offspring/female at the iow elevﬁtion and

12.5 offspring/female at the high elevation. Mean .reproduc-

tive capacity of M. pennsylvanicus was 9.5 offspring/female

at the low elevation and 10.3 offspring/female at the high
elevation. Thus, mean reproductive capacities were similar
between &levations, ip both species. .
Nestling survival differed significantly between eleva-
tions in two:of the three ygaré, in both speci;s. Nestling
survival of C. gagge;i followed no consistent pattern, being?®
greapgst at the high elevation in 1980 aqd greatest at the
low elevation in 1981, and not different wheﬁ all years were

combined (low elevation: 31.1%; high elevation: 30.6%).

Nestling survival of M. penn®lvanicus was greater at-the

low elevation than the high elevation in l§79 and 1981, and

when all years were combined (low elevation: 42.5%; high

elevation: 26.0%). TQo—week survival rates during the

summer were not different between elevﬁli&hs in either se;,

in botﬁrspecies. Winter surviyal was variabie,among year;,

but generally low (<20.0%) in both species. There were no

sighificant differences in’hinter survival between., elevations.
There were no s;gnificant differences in the relative

. . I
fat content of females between elevations, in both species.,

Females .also did not appear to'deposit energy (fat)- -




that was-subsequently used.to support‘offsprihg. The

K

relative fat contents of C. gapperi males* were not differ-

-

ent between elevations+, but M. pennsylvanicus males at the

0y

high eYevation had relatively more fat éhan those at the low

»

elevation.

Under laboratory conditions, the weights of pregnant

and subseéuently lactating females showed no differences
between elevations in either species. Also, the amount of
food ingested by females durfhg lactation was not differ-
ent beﬁween elevations in either species. One index of
physiological reproductive effort (amount of food ‘ingested
for young % tétal amount Lf food ingested during

lactation) was greater for C. gapperi females from the high

. elevation than from the low elevation. No index of

physiological reproductive effort of M pennsylvanicus -

showed a.difference between elevations. - - -
N Groch of laboratory young from birth to 30 days of-age

( from Iitters“og six), and growth rates of young in the wild,

were not different between elevations, in either species.

)

- The maximum weight attained by over-wintered males on mark-
recapture grids was greater at the high elevation than the
low elevation, in both species. This differenbé applied to
both short-term and long-term residents. .

Minimum gestation length in C. gapperi was not differ-
ent)between elevations; realié;ic estimates for M. pennsyl=~

vanicus were not recorded. The age when all littermates

[
opened their eyes was approximg%ely 1.5 days later in C.

-

. /




gaggeri at the high élevation‘than &t the low elevation,

while in M. Egpnsyi&anicus there was no difference between
elevations. The laboratofy estimates of the age at weaning
were not different between elevations in either species.
There were no differences in the weights at which young
entered the traPpable population between elevations in
either Specieé. S |

. The mean weights Jf magﬁre, young-of-the-year females
were not different between elevations in either species and
minimum weights indicated that females ffom all populations
cou}d breed at a very light weight. Mean weights of mature,

youn%—of—the—year C. gaggeri males were not different

between elevations. Mean weights of mature, young-of-the-

year M. pennsylvanicus males were greater at the low éleva-
tion than the high elevation. Males could also breed at a
very light weight in all '‘populations.

‘4.2 Evaluation of the hypothesis.

- -
! %

A combination of‘colder‘temperaturés, fewer frost-~free
days and a delay in the onset of the snowmelt should shorten
the growing season and decrease the time that food is plen-
tiful for these species, thus shortening the length of thé
breeding season at the high %levation compared to the low ’
elevation. ‘However, the“length of the breeding season wa;
shorter at the high elevation than at the low elevation only

- *

for M. pennsylvanicus. The length of the breeding season of

- - - - e — e o .
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C. gapperi showed né real difference between elevations.
Since the gener%l éfﬁmatic conditions were the same for
both species, at each élevation,'differences in the lengths
of the breeding.seasons may be relgg?d to the different
habitats they occupy. Gneater;snow‘;ccumulation, resulting

in more runoff could limit the-length of tHé‘b;egding season .

" of M. pennsylvanicﬁs at the high'elevation relative to the

low elevation. Most M. pennsylvanicus at the high elevation

were caught in a meadow which wasﬂex;g:sively flooded for - -
most of June in all years (persbna%:observations). Flooding

4
o Wkl S

or a combination of flooding and colder temperatures could
delay breeding at the high elevation, whereas M. pennsyl-
vanicus at the low elevation experienced no flooding and
warmer temperatures. The length of the breeding season of
C. gapperi at both elevations would not be influenced by
flooding'because runoff did not acqumulate‘in their férest
habitats (personal observations). A ';

The length of the b?eeding season of c. é&ﬁgeri was
similar at both elevations. According to Spencer.ana
Steinhoff (ﬁ968) no differences in litter size, the'number‘

of litters or female survival should have been found between

elevations. This was the case. The length of the breeding

season of M. pennsylvanicus was shorter at the higﬁ eleva-

tion than at the low~“®levation. According to Spencer and

Steinhoff (1968) there should be fewer opportunities to

N

breed, but larger litters and poofer female sufvival at the

. <

high elevation than at the low elevation. However, the
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shorter breedihg season at .the high elevation-did nét

result in fewer opportunities to breed than at the low
T . A .p 3
elevation. The meadan number of litters produced was slightly

less than £wo, at both elevations. Most females had ample »

time to produce more litters at both elevations, but did not

<

1 Ed

« survive long.énough to do so. A long breeding season could
only be taken advantagekof by long-lived females and there
were very few of these at either elevation. The litter size

.0f M. pennsylvanicus was significantly greater at the high

elevation than at the.lowrelevation, eyen though the number .

"

of litters produced was the same at both elevations. This
f . A

is- contrary to Spencer and Steinhoff's hypothesis. A large
litter. size at the high elevation did not seem to incur a

greater risk to those females, as assumed by Spencérﬁhﬁd\,uam
[ 2 .- . oy
Steinhoff; survival of females’duringqggﬁ summer did not .

differ between elevations. However,vrwstling survival of M.

-

penrisylvanicus . was significantly greaﬁer at the 1low

elevation than at the high ;levation. :

If females in most populations. average oni?‘iwo
liétérs, as indicated in this study, then Spencer and
Steinhoff's hypothesis may only be.applicable to populations
where the length of the breeding season limits the average
female to groducing much less thaprth litters: However,
snap-trappiné‘dapa suggests thét females (both adult and

young) in very time restricted environments (i.e. at very

high latitudes) all appear to be able to produce at least

two litters per season: C. gapperi-60°N (Fuller 1969);
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- M. pennsylvanicus - 69°N (Martell and Pearson 1978). If

average females produce approximgtely two litters.
irrespective of ‘the length of the %reediég season, then

Spencér and Steinhoff's hypothesis cannot explain variation

in litter size 6£ survival among‘populationS‘in these . -
séécies: Data from populations where the average number of

litters per season is only one, or greatly exceeds two, are

needed. . o ‘ A\

To examine Spencer and Steinhoff's hypothesis more S

"t

generally, I searched the literature for estimates of litter

size, the number of litters, femalgﬁéUrvival and lengths of
. & b y °

the breeding season (Appendix.7).~ Litter sizes were
primarily embryo counts taken f;o% at least six females
within a population, following Iépeg‘(i97é). Estimétes of
the maximum number of littgrs per, season were used because
the averaée number was rarely repogted. Survival estimates
were too few to be included in the analyses. The length of
the breeding season was defined as the number of months in

which pregnant females were caughﬁ.

o Litter size was significantly and positively correlated

with the length of breeding season in C. gapperi (r = 0.58,

p<0.05, n = 14), but the maximum number of litters per -

season showed no significant relatiohship (r = 0.00, p>0.05,

n = 6). Litter size was significantl§ and negatively

correlated with the ;engﬁh of “the breeding season in M.

pennsylvanicus (r = -0.51, p<0.05, n = 12) but the max imum

number of litters per season showed no significant

P . U - - e = 1o 5 -
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relationship (r = 0.34, p>0.05, n = 5). If Spencer and
Steinhoff's hypothesis is correct, litter size should be
negatively corrglated with the length of the breeding

' season, while the maximum number of litters should be
positively correlated with the length of the breeding
season. Only the relatienship between litter size and the

length of the breeding season in M. pennsylvanicus ag;%ed

with the predictions, indicating that the relationship amoné
length of the breeding season, litter size and number of
litters is weak.

.Fleming and Rausher (1978) and Millar (1978) sugéested
that negative correlations between litter size and the
length of the breeding season may be biased, reflecting
difference in agé:éﬁructure, with a higher proportion of -\
older, morehexperiencéd females carrying la;ger litters \
being caught in areas-with short breeding seasons than in
areas with long breediﬁé)seasons. This \study shows,
however, that significant‘differences in ;itter size do
océur between areas with different length$ of the breeding

season even when month and parity were taken into account.

4.3 Evaluation of the life—history traits differing between

B
§

elevations.
If life-history traits differ between elevations and
‘ ’ ‘ cannot be related to tﬁeﬁifngth of the breeding season, then

they must be explained in other ways. The following traits
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ofy C. gapperi showed differences between elevations:
maximum weights of over-wintered males, thé age when the ~

&

young opened their eyes and the food inéestion index of
physiological reproductive effort. The following traits of

M. pennsylvanicus showed differences between elevations:

»

litter size, nestling survival, maximum weights of over-

~

wintered males, the mean weights of mature, young-of-the-

year males and the relative fat content of males. Many of
: these gifferences are probably phenotypic responses to
environmental conditions. Krohne (1981) found that litter

size in M. californicus had low heritability and this may be

the case for many other microtine life~history traits.
Therefore, selection may operate .only very slowly on micro-
tine life—history.traits. Genetit differences in life
-history traits have not been demonstrated, but phenotypic
responses to differences in forage quality have been
documented (e.g. Cengel et al. 1978; Cole and Batzli 1979;

Krohne 1980). For example, the prairie’ vole, M. ochrogaster

was heavier, fa;tér and had a greater litter size in an
alfalfa hébitat thanzip a bluegrass habitat (Cole and Bg}zli
1979). This was correlateé with the putritive value of the
plants in each habitat; alfalfa contained more digestible
energy and more crude protein than did bluegrass.
° In this study, food guality may have. been greater at
" the high elevation that at the low elevation. I have no

"

direct measure of this, but subalpine and alpine plants are
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known to have high caloric values (Anderson and’Armitage
1976). Potential food items are likely different between
elevations (Appendix 1) and, if the growing season is shorter
at the higﬁ elevations, mare synchtonous growth of young
plahts may inflbence life-history traits §e. a greater degree
than at the low elevation, where a longer growing season
would make pléﬂt growth less synchronous. Young plants have
more protein %nd are easier to digest thaneméture plants.
(Bezeau and Johnston 1962; Campbell and Cassady 1954).

Diet is not likely the only factor determining varia-
tion in litter size, body weight and relative fat content ’
because for example, C. gapperi should have shown differ-

" ences in litter size and the relative fat content of males
between elevations, but they did not. The relationship
between life-history traits and food quality has not been

b investigated in Clethrionomys‘spb. It is possible that their

omnivorous diets are similar in quality in different areas.

L
- \

¥ N
Poorer negtling survival of M. pennsylvanicus at the

high ele&ation than at the low elevétion mgy be closely
related to topography. Vaughan (1969) suggested that dead
adult M. montanus, found during snowmelt at a high elevation,
were unable to find dry sites and were dwvowned or died of
exposure. ., If adult voles are detrimentally affected‘@yycdld
temperatu%es and floodipg, then it is likely that youhg ’

would be affected to a greater extent. Nestling survival of

M. pennsylvanicus may have been low at the high elevation

because of colder temperatures and the flooding of nests,
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whereas young at the low elevation would experience warmer  °

ot +

temperatures and no flooding.
. , !
The age at which C. gapperi young opened their eyes was

earlier at the low elevation than at the high elevation.

-

There is no logical explanation. for this because it was nat’ .

due to differences in litter size or growth between elevations.

. -~

The difference in the food ingestion index of reprodyc-~ '
tive effort of C. gapperi was not related to the amount .
eaten for young, but éppeared to be due. to differences in
maintenance costs of the feﬁfles. Females from the high
S e elevation had lower maintenance costs than thoée from the
low elevation, resulting'in a greater index of physioiogical
reproductive effort it the high eyevation than at’ the low
: ¢levation. The differenée in maintenance cos£s can not be

explained on the basis of‘metabolac efficiency: because

females from both elevgtions maigtained‘the-same weights )

- du}ing lactation and for any given Zody yeight, ngn-breeding 3
controls from the lgw elevation ate the same éméunt as thpse‘
from the;high elevation. The ;ssumption tﬁat'maintengggg,\

< .costs of non—breediné ané breeding females is the'sa%q for ;’
given Sody weight mgy‘not bé valid.

' .- The differences in the mean weight of mature, young-of-

. ’ the-year M. pennsylvaﬁicus males may ,be related to the

length of the breeding season. At the high elevation with a

1

shorter season, a lighter weight (and brobably an earlier

age) at maturity might permit breeding in a limited time

perio8, despite the disadvantages of small size. An :
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. advantage to being larger at matuEity at the low elevation

might be important if there is competition-for nest-sites.
¢ N - ‘

Why” this difference in weight between elevations was not

. ot

found in females is unknown.

s \

4.4 . Summary and conclusions.

These inﬁraspecific comparisons showed that most life-
history traits could not be directly related to general

B metéorolbgical conditions or to the lengths of thi/breeding
seasons. Spencer and Steinhoff's hypothesis could not

a

adequately- explain variation in“’the number of litters,

litter size or female survival. Also, fewer opporturities
’

to breed at the high elevation, compared to the low

elevation, in M. pennsylvanicus was not associated with more

[

rapid growth or development to weaning.

- Sohe traits did differ between elevations, but they .

were not the same ones in both species. This may explain

‘. . some of the conflicting results found by others who have

examined small mammals at d@fférent elevations; different
species react differéntly to environmental conditions at
. ) o o2
¥giffergpt elevations. Even within speqies, traits do not
differ~consistently with elévation'(Table 1). Local

conditions such as food.guality may permit litter size of a

_species %g'be large at a high elevation in one area, whHile

e . .in another area it may Dermit littér size to be large at
LR 3 .

intermediate or low elevations. Flooding may cause

A e e e e e e el e e e e ot . 2

N




s . - -
—— i T EEBTROSOP O Mts e g, P . .

AT A iy o e exr W * R ALY, o e

R 122

* ’ N
differences in some traits between elevations. Winter
survival showed no differences_between elevations in this
stday. In other montane situations there might be
differences in this trait because of greater differences in

¢

snowfall or temperatures between levatioris. 1In this study,

) ‘.

the, temperature at the high'elevétion averaged 2°C less than

. res '
at the low elevation.. Sutcliffe (1977) suggested that

temperature should decrease 1°@ for every 160m increase in
elevation. This translates into a‘predicted 5°C difference
Obetween élevations in. this study. Local topography in the B
study area may allow ffequent tempe}ature‘inversions, making
tempeéatures(mbre similar eetween slevations than would be
expected, resulting in no differences in some life-history

traits of voles between elevations.

‘ -Cleafly, in both species, lif%—history traits did not -

A%

form diScrete packages as outlined byﬁthe life-history ,,
theories of r- and K-selection, or bet—ﬁedging (Stearns
1976). As éuggested by Millar (1981), Stearps (l9é0) and @
others, environmental coRditigns may not cause a coevolved
complex of traits and traits may vary independently of one
another to some deéree. Those traits that did diffe}\
betﬁeen‘elevations were- likely phenotypic responses.
Species which occur in highl§ variable enviroﬁmentegshould

-9

have a high C pacity for nangenetic modification (Mayr
‘bﬁ b4

A M

1983). Mlcrotines should be very flex1ble phenotypically

because of the uncerﬂhlnty of thelr env1ronments, especra&ly

—

in terms of théir food resources (Negus et al. 1977).
' . - 5 — T
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Alternatively, differences in traits between elevations may
be the resul£ of stochastic (chance) events such as genetic
drift (Mayr 1983). Many unpredictable environmental factors
make selection less than perfect resulting in stochgstic
eveqts which result in some traits being different between

elevations. Studies on P. maniculatus subspecies (Millar

i//) 1982;:; Millar and Innes 1983) also show that patterns among
life-history traits are weak and that individual traits are

not:clearly related to environmental conditions. *
a :

Fu£ure studies on‘the life-history tactics of small
mammals should %ocus én a number of areas. Studies should
examine pdgulations where the average number of litdters
differs'greatly. More studies should examine the effects of
varyingofood quality on life—higtory traits. Studies ;hould
examine within population variation in life-history traits.

Data on heritabilities of litter size and other traits are

badly needed for many species,

A\
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Grid sizes, and Qegetation characteristics ‘of the grids

I3
v

and other trapping areas.

Four mark-recapture grids were operated in 1979 (two

per elevation). At the low €levation, the Roadside 1 grid
i

(20m spacing; 2 x 20) was located on a section.of the
highway rigkt—of—way with moderate grass cover. The other
grid, low Forest 1 (20m spacing; 10 x ‘10) was located in a
mixed deciduous-coniferous forest approximately 30m from the
highway. At the high elevation, the Meaéow grid (20m
spacing; 3 x 16) was located i? a glacial cirque containing
grasses and shrubs interspersed with clugps of trees. The

hibb Forest 1 grid (20m spacing:; 10 x 10) was located on the

forested south-facing slope of the cirque where tree cover
. -

was broken up by several shallow ravineé.

Five additional grids (three at the low elevation. and
two at, the high elevation) were used in 1980 and i%@g; The
low Forest 1 grid was reduced to a 5 x 10 arrangement after
two consecutive trapping sessions in 1980 beéaué; Onlyﬁﬁalf
the grid yielded any C. gapperi. ‘The How Roadside 2 grid
(20m spacing; 2 x 20) Qas located alongAénother secéion of

the highway right;of—way witlf relatively thick grass cover.

The low Roadside 3 grid (20m spacing; 1 x 20) was located on
. 0 »

the other side of the highway®from low Roadside 1 and had

relatively sparse grass cover. The low Forest 2 grid (20m

S

e 424 , o e
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spacing; 10 x 10) was located in an almost pure stand of
conifers with considerable deadfall. At the high elevation,
the Stream grid (20m spacing; 2 x 10) was placed along a
stream with surrounding low grass cover and some deadfall.

The high Forest 2 grid (20m spacing} 5 x 10) was placed on a
south~facing slope outside the cigque. ¥
All roadside’grids were. dominated by grasses such as

Bromus and Elymus. The low Forest 1 grid had a mixture of

aspens (Populus tremuloides), spruce (Picea spp.) and lodge-

pole pihe (Pinus contorta). Bearberry (Arctostaphylos) anB

juniper (Juniperus) were found throughout. the grid. The low
Forest 2 grid was in a stand of lodgepole bine, although one
corner had a'few aspe;s. Understory plants were\scarce, but
bearberry was found occassionally.

The high Meadow‘grid had a godd cover of grasses (e.g.

Bromus) and shrubs (e.g. Salix). Between this understory

were clumps of subalpine fir (Abies lasiocarpa). The high

)Stream grid was dominated by grasses. The high Forest 1
grid was dominated by fir ané spruce, but larch were common
at the bottom of the grid. The high Forest 2 grid was
dominated by spruce and lafch and was much mopé open than
the high Forest 1 grid. Shrubs such as Vaccinium spp. were
present on both of these érids.

Removal trapping was carried out in habitats.similar to
those described above. Removal trapping at the low eleva-
tion was also carried out in areas dominated by aspens and

grasses, and in areas where there was a mixture of shrubs,

-



grasses ana aspens. Both of these habitats yielded M.

. pennsylvanicus. Rocky areas were also trapped at the high

glevation, but no C. gapperi or M. pennsylvanicus were
- . caught. . ' .
§ . More detailed accounts of the vegetation in the
Kananaskis Valley and the, Marmot Creek Experimental

Watershed can be found in Carroll (1978), Sloan (1967) and

‘ Stevenson (1967).
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APPENDIX 2
. N

.

Population numbers of C. gapperi ané M. pennsylvanicus
on the mark~recap£ure grids.

Rarely are all individuals in a population caught by
standard mark-recapture £echniques because some segments éf
the population will pot enter live-traps (Boonstra and Krebs
1978). However, frequent and copsistent trapping schemes at
\both elevations provide a reasonable comparison of relative
p0pula§ion numbers between elevations. .

The use 6f the minimum number known alive technique
(enumeration)'to assess popg;qyion.sizes assémes that
individuals are trapped fréépegily (Hilborn et al. 1976).
They found that if the trappa;ility was gréater than 50%,

the minimum number known alive is a reasonable estimate of

actual population number. Below 50% this technique becomes

‘bunreliable.

In this étudy, trappability was heterogeneous with
re’'spect to year, age ;nd sex (Tables 37 and 38). Trappabi-
lities of C. gapperi at the low efzvat?on were above 69% in
all groups, except young ﬁales in 1979 .and young females in
1981. Trappabilities of C. gapperi from the high elevation

were abo&e 64% in all year, sex and age groups.

Trappabilities of both M. bennsylvanicus populations

were genefélly lower than those of C. gapperi. Only 67% of

all year, sex and age groups of M. pennsylvanicus from the

.

o — —— i — - . e e C e e —
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low elevation had trappabilities 50% or greater, whil% at

E 3
the high elevation only 60% of the groups had trappab%lities

¥

above '50%. Grand means also indicated that the trappabili-

ties of C. gapperi - tion: 76.7%; high elevation:
ies of C apperi (low elevation . 3 %g elevation

74.9%) were much greater than those of M. Egnnsylvanibus

" (low elevation: 54.9%; high elevation: 55.6%). Therefore,

comparisons. off the minimum number known alive between eleva-

tions are valid®fox C. gapperi, but may be considered

ok

unreliable or lessizreliable for M. pennsylvanicus.

»

The minimum number of C. gapperi known alive varied

widely over time as well as among grids at the same eleva-

tion (Figures 13 to 18). (Numbers of M. pennsylvanicus are
presented for interest only kFigures lé‘to 23)). Much of
the variqtion in .numbers Ean be explained. by different grid
sizes, but not always. _For example, peak numbers of c.
gapperi at the high elevation in 1980 were gfeater on a
smaller grid (2ha) than on a larger grid (4ha) (Figures 15
and 16). TJ examine population sizes (noi/ha) of -C. gapperi
between elevations, the two largest forest grids (Figures 14
and 15) were chosen because they were equal in size t4ha).
With these grids, densities were similar at both elevations
and within each grid mean ‘densities were Also relatively
constant from year to year (Table 39).

Therefore, population densities of C. gapperi were

similar at both elevations when similar sized grids were

compared. Conclusions regarding the densitids of M. pennsyl-

vanicus could not be made because trappabilities were too low.




1 .grid (2ha).

:

FIGURE 13

Minimum number of C. gapperi known alive on the low Forest
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o ) w FIGURE 14 ,

Minimum number of C. gaEEeri'known alivg on the low Forest 2

grid (4ha).
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Minimum number of C. gapperi known alive on”the high Forest 1
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FIGURE 16 . ra
Minimum number of C. gapperi known alive on the high Forestﬁ2k .o
grid (2ha). ,
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FIGURE 17 .
Minimum number of C. gapperi known alive on the high Meadow

grid (l.7nha).
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Minimum number of M. pennsylvanicus known alive on the low

FIGURE 19

Roadside 1 grid (0.42ﬁa).
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FIGURE 20

Minimum number of M. pennsylvanicus known alive on the low

Roadside 2 grid (0.42ha).
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Minimum number of M. pennsylvanicus Known alive on the low

A -

Roadside 3 grid (0.42ha).
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Table 39. Densities (no./ha) of C. gapperi on the low

[

Forest 2 grid (see Figure 14 also) and on the

high Forest 1 griqv(see Figure 15 also). " Means
I

are based on monthiy values.

Mean Minimum Maximum
Elevation

low
high
low
high .
low
high

Grand means low

high
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APPENDIX 3

~

The use of dried eye lens weights as an aging technique

£

in C. gapperi and M. pennsylvanicus.

A number of studies have used dried eye lens weights as

indicators of age in small mammals (e.g. M. ochrogaster -

Hoffmeister and Getz 1968; M. montanus and M. pinetorum -

Gourley and Jannett 1975; M. pennsylvanicus - Thomas and

Bellis 1980; P. leucopus and P. maniculatus - Millar and

Iverson 1976). These authors found this technique to be
accurate and superior to other techqiques such’ as pelage
characteristics or body weight.

In this study, two major problems were encountered
usiﬁg‘this technique. First, the minimum eye lens weights

of over-wintered animals correponded to the eye lens weights

of known aged laboratory young that were approximately 55

and 50 days in C. gapperi and M. pennsylvanicus, respec-

tively. Since wild young would not be caught until they

-

were at least 15 days of age, this limited the applicability
of the technique to ahimals 15 to 55 days of age. Secondly,
the eye lenses ofhlabératory young appeared taG grow more
rapidly than ;hose of wild young. Some of the eye lénsés of
wild caught animals did not fix properly and had’the
appearance of decomposition described by Montgomery (1963);5
such'lenses were discaréed.

In C. gapperi, logarithmic transformation did not

substantially improve the relationship between mean eye lens
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weight and age, and the relationship was described by:

“Y = 0.00069 + 0.00004X , (20)
(r = 0.97, p<0.0l1, n = 55) and

-
Y = 0.00077 + 0.00003X (21)

<

(r = 0.96, p<0.01, n = 68) where Y = mean eye lens weight

“(g) and X = age (days) for young from the low and high

A

elevations, respectively.

In M. pennsylvanicus, the relationship between mean eye

>
lens weight and age was best described by transforming the

independent variable (age) and was given by:

Y = -0.0009 + 0.00059LN(X) - (22)
(r = 0.97, p<0.01, n = 80) and
Y = 0.0011 + 0.00065LN(X) (23)

'(r Z 0.95, p<0.01, n = 50) for young from the low and high
elevations, respectively. »

To check the- accuracy of the above equations the age of
the young-of-the-year that died in live-traps on mark-
recapture grids were examined by two methods. (All of these
young were C. gapperi and most were from the high eleva-
tion). First, the Iengtp of :ime tpat these youné were

present on a grid plus 15 days to weaning was calculated.

Thg’average age of these young at death was calculated to be

A . , . y o
70.2 + 3.45 days (n = 12). Second, the age of these young

-

.

were estimated by weighing their eye lenses and using

e&dat$gns 20 and 21. The mean age of the young calculated
. . | ’

in this manner was 59.3 + 2.93 days. Therefore, the eye

.M.

¥ . .
lens technigue 'underestimated their true age by at least 1l

S em mmm e e e s —— T I e e e e eme e e e
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-

days. These youné may represent a biased sample because
they all died in live-traps and their eye lens weights may

have been lower than usual because of the way they died.

.
&

Alternatively, the difference in ages may indicate that the

eye lenses of laboratory young grew faster than those in the

'wild, reflecting differences in nutrition. .Further data

suggested that the latter, rather than the forméa\

explanation may be the case. A number of M. pennsylvanicus

females (all from the low elevation) brought in for the -

lgboratory colony were etherized because they were
considered too small (<15.0g) to be pregnant. At autopsy,
ten were found to be pregnant and of these 50% would have
conceived at ages 15 days or younger (rahge = 8 - 25 days;
equations 3 and 22). Most of these ages‘at maturity are too
early to be conside?ga realistic, supporting the view that
the eye lenses of laboratory young grow more rapidly than

t 3

those of wild young. :

4

¢

Dried eye lens weights thay not be a very useful techni-
que in microtines because it can only be applied over a

short range of ages and with limited accuracy. In seasonal..
A
environments, eye lens weights of microtines may be most

’

useful in separating over-wintered.from“young—of—the—year.

»
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APPENDIX 4

2

Raw data used to calculate the lengths of the breeding

¢

seasons.
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§ Table 40. Raw data used to talculate the lengths of the
i . . .
f breeding seasons of C. gapperi, from the low
j elevation. Initiation and cessation dates of
5 ' <
! breeding were based on five criteria: 1)
% pregnant females that were snap-trapped, 2)
; births on mark—recgbture grids, 35 births in the
§ - laboratory, 4) appearance of young-of-the-year on
8 ]
Z . ' ’
§ mark-recapture grids and-5) aged kill~-trapped
% - -
& young. For further detail see the Methods
5_ section.
5 ) Criteérion Initiation + Cessation
.. Year number date ‘date
B 1979 1 May 16 -
. 2 June 5 September 16
3. *May 23 -
4 June 25 September 21
5 June 12 September 1
o Mean * * June 4 September 13
12 PR | -
<-11980 1 June 1 N -
2 - May 27 - September 6,
3 e May 28 . . . August 27
4 May 28 - Nee, September 7
5 . . - September 2
, Mean | . May 29 " September 3
1981 1 June 19 ° A -
’ Q < 2 o June 5 _ —
) . .3 . June 7 -
s 4 x - June 12 . -
5 June 5 -
Mean . ' June 10 . .o -
/
i \
i .
one _._.:L_, - - - — - ~\ e et s
! . N
. ¢ * o+
¥
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Table 41. HRaw data used to calculate the lengths of the

breeding %easong of C. gapperi, from the high

elevation. See Table 40 for further explanation.

Criterion Initiation Cessation
Year number date ‘ date
1979 1 June 25 -
2 June 19 September 25
3 June 12 September 24
4 June 15 ) September 24
5 June 10 September " 7
Mean June 16 September’ 20
1980 1 June 8 ) September 10
2 June 9 g September 19
3 . June 13 °~ .~ f August 29
4 ~ May 21 September 8.
- May 17 September 1
{‘\ Mean June 1 September 7
~1981 1 June—25 -
2 June 13 - L ( -
3 June 8 Y -
4 {7 July 1 - ‘ -
. 5 kﬁf ‘ © ‘June 21 . ‘ -
D - Mean June 20 -~ -

.
A o
~
«



Table 42.

Year

1979 -

1980

1981

BN i Tad s o .

¢
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~

Raw- data uéed to calculate the lengths of the

.

breeding seasons of M. pennsylvanicus, from the ™

-

low elevapion. See Table 40 for further

¢

explanation.
. y
o .
Criterion .. Initiation Cessation
number ‘7 ‘date - - date )
1 May 20 -
2 May 19 September 12
3 May 17 - Séptember 6
4 . June 8 September 1
5 June 4 e
Mean ) May 26 September 6
1 May 19 i September 16
2 May 11 September 26
3 May 14 August 30
4 May 18 September 15 -
5 ‘ May 24 - .
Mean N May 17 September 14
1 May 30 - -
2 June 3 -
3 June 3 S - s
4 May 17 -
5 May 17 ’ =
Mean ’ May 26 T -
h ——
~-r

2
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Table 43.

-

Year

1979

| TN

P R R

161
Raw data used to calculate the lengths of.the

breeding seasons of g.‘gennsykvanicus, from the

high elevation.

tion. . “ -
Criterion . Initiation Cessation
number date date .
1 - — }
2 . July 6 . September 14
3 June 12 August 20
4 - June 17% August 31
5" " June 16 -= -
Mean ) Jung 20 . September 1
1 - August 31 .
2 < June 12 September 7
3, - August 31
4 May 30 September 9
5 May 20 September 1
Mean May 31 September . 3
1 June* 22 ) --
3 June 24 -
3 July 8 - -
- 4 July 1 . - .
5 June 28 -- ’
Mean Juhe 29 - -
[N : p ¢
4
2

P

See Table 40 for further explana-

4w
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APPENDIX 5
. Fat content of males. .
() -
Fat content of males was compared to determine if'there. \ :
were differénées between elevations, and between' immature . ) ]“

L SO

apd mature animals. In most groups fat was not correlated
. P ' » AR Y
with lean dry weight, and ANOVAs on the ‘relative.amounts of

: " . R ’
fat were used. The relative amount of fat is expressed as

- .

fat (g} + lean dry welght

-

Small samples precluded the analysis of the relatlve
amounts of fat 1nveach month of the breeding séason. ) : '

However,.samples from May, June and July were compared with

those from August and September (Tables 44 to 47). There

were no 81gn1f1cant dlfferences in the reiatlve‘amohnt§ of

¢

fat betweeh monthly’groups, so monthly sample§ weye pooled. -

. . . ’ R o &
A three-way ANOVA (elevation, year and r?ﬁroductive group) . o

ot . LS N L.
indigated that the relative amounts of fat of C. gapperi - -,

males were significantly different'among years (F =,4.62[ ‘ ‘"',"

s ’ o ) ‘, .
p<0.05) (Tables 48 and 49). Thére was also a 51gn1f1c§%t
- 7 A

[
. . )
¥ - LY

5.417, p<0q05) et

. ‘ - >
indicating that the relative amounts of fat of either . n -
1mmatures or matnres were dlfferent at each elevatiokl,

A < v - .- .

T tests w1th1n'each reproducvlve group indicated there were

4no sxgnificant differences in the relative amounts of fat .

¥
between elevatlons (1mmatures" t = 1.08[,p2§0.Q57 . 'L

N . &
[N N -

matires: t = 2 04 p2>0 05). A three—kay ANOVA:Epdicated‘
.l i
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that the relative amounts of fat Of M. pennsylvanicus males
<

were significantly greater at-the high elevation than at the

low elevation (F = 15.25, p<0.0l) (Tables 50 and 51). There
' were no differences among years (F'=a&.59, p>0.05) or
between reproductive groups (F = 0.04, p>0.05). However, no

three-way interaction term could be calculated because there

were too few degrees of freedom. The significant difference

'd

between elevations should be valid because of the large
F-value and also no two-way interaction terms were signifi- |

cant (R. Gréen, personal communication).
<,

‘
e
i

. ’
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‘ ‘ APPENDIX 6

Growth of laboratory young from all litter sizes.

Growth of young from all families, from birth to 30 oays,
was examined for potentiél bieses due to sex end Lkitter size
as well as differences between elevations. .

Sex ‘ratios of all C. gapperi young used to measure
growth were 44.4% males and 44.6% males for the low and higﬁ
elevation populations, respectively and they were not signi-

Ard

ficantly different (X2 = 0.00, p>0.05). Sex ratios of

all M. pennsylvanicus used to measure growth were 52.4% and

38.5% males for the low and high elevation populations,

respectively and they were not s1gn1flcantly different

(X2 = 1.43, p>0.05). Therefore, dlfferences in growth.

.betwéen the sexes was unlikely to bias groyth rate compari-

[} ¢
sons between elevations, in either species.

The relationship between weight and litter‘size was
2 examiqed'at birth, 16 days }apgpoximately‘thefege at
Qeaning) and 30 days of age, following.Innes and <#Millar
(1979). weight of C. gagéeri yourlg was negatively corre-
lated with litter size at birth and 16 déys'of age, at both

elevations ' (Table 52 Weyé%t ‘at 30 days &f age was nega-

T L tlvely conrelated w1th litter size only. among young from the
® 4" Q
_ low elevation. At altl three ages the medan litter-size of

_the: litters measured for growth were greater from the hlgh

e —— o nana m—— - . - (PRI ——— v e e . W

.- Co £ elevatlon than from the low elevatlon. Weight of M. -

'
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pennsylvanicus young was negatively correlated with litter

_size at 16 days of age, at both elevations (Table 53).
Weigﬁ; at 30 days of age was negatively correlated with
- litter size only among young from the high elevation. At
all three ages, the mean litter size of the litters measured
for growth were greater from the high elevation than from,
the low elevation.
A Giveh that the relationship betdeéﬁ weight and-litter
, . o
' ! size were not . always consistent betwegﬁ'elevations and that
litter size was greater at Ehe‘high elevation than the low

2 .
elevation in both species, a comparison of the growth curves

using young for all litter sizes may not be valid; they are
)
’ . w®
presented for interest (Figures 24 and 255. . h .
".:."\\. o &
% )
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_ . FIGURE 24

Growth of all C{ gaggeri litters, from'birth to 30 days of

age, in the laboratory, at the low and hlgh elevatlons.

- ~

One S. ﬁ? is glven above and below the meqn for the low and

high elgvations, respectlvely. Sample sizes raﬁged from

84 .to 57 individu#ls, and 123 and 118 individuals at the

“

low and high elevations, respectively.
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o FIGURE 25

o .

--- Growth of all M. pennsylvanicus litters, from birth to 30 -~ ‘

. : “ v . B
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‘_givgn'above and ﬁelow the mean for the low'and hi§h . \j\\\\\“fi s
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