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Abstract

A number of field studies sﬁgqest that some vertebrate
populations are 1limited by spacing behaviour. Small mammals of
the genus Peromyscus and Microtus exhibit spacing behaviour by
possessing home ranges, but they ha&e contrasting patterns of
population fluctuation. Deermice (Peromyscus- sp.) fluctuate
annually but maintain fairly constant numbers from year to vear,
whereas voles (Microtus sp.) ‘'cycle', reaching peak demnsities
every 2 to 5 vyears., One use of the home range 1is for
food;gathering., Therefore, these experiments were designed to
investigate the influence of food availability on the home range

and population dynamics of local deermice and voles {

P, maniculatus austerus and M., townsendii).

— —— g — v — —

The addition of food in late winter resulted in a doubling
of the number of deermice. Immigration was 2.5 times that of an
unfed control. This could be explained sinqe resident deernice-
reduced the size of their home ranges.

Dearmice populations with extra food increased their
reproductive output compared with controls: larger numbers of
mice bred, and for longer periods, more young were recruited,
they grew faster and reached sexual maturity earlier. It is
suggested that the onset and cessation of breeding in deermice
are proximate responses to food availability, Deermouse dynamics
may be closely tied to the temporal and spatial availability of
food through the spatial organisation of individuals. . It is also
suggested that females, because of ‘their enerqgy demands for
lactation, and their influence on the survival pf young, may be

more sensitive to these food conditions and hence exert a strong
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influence on deermouse population dynamics.

Vole populations with low- and intermediate-levels of food
peaked at twice the control density, and a population with a
high=level of food reached seven times control density. Voles
immigrated to establiéhed populations, and colonized vacant
areas in proportion +to the food available., Like deermice,
residents reduced the size of their ranges._ 6 Breeding was
enhanced .in all fed vole populations.

Omnivorous deermice had larger ranges than did the
herbivorous voles, but both species responded to extra food by
reducing their range size, so the smallest deermouse ranges were
the size of large vole ranges. The results indicate .that home
range size 1in both species is responsive to food availability,
and that the éoncentration of food in the 'typical' habitats of
these small mammals is different., If, as suggested, the
heterogeneity of deermouse-food in the forest results in an

annual cycle in numbers, then the reduced heferoqeneity of

vole-food in grasslands may influence vole dynamics,



Abstract

IR I IR R BN N I 4

TABLE OF CONTERTS .....

LYST OF TABLES ssensnsee
LIST OF FIGURES
ACKNOWLEDGENMENT 4y ansess
GENERAL INTRODUCTION ..
PEROMYSCUS MANICULATUS

1. Introduction

EE AR

2., Methods And Experiments ......

LEE N B I A )

»

»

B

»

OF CONTENTS

et S e e e s o e o e S

»

x*

*

.

»

»

» % s 0 48P

LR BRI B )

se a9

s a8 2

LI I

20 9 9 »

LIE IR IR B )

EE I B B B I )

LEERE BE I SR A B

Study Area And Trapping Technigques .. ...

Experimental DeSigR ..sesussesnsnssnasns

3‘ Res’ﬂlts [ N R I I R R A N A O A S R N A A BN I A AR I O

Section A:

Section B:

Hale DYﬂamiCS EEE N BE Y K BE K IE K 3 1 _t,on‘v
Female DYRamics +vuvianvesnns

Summary X BN A B N I B I B

Section C:

+ s 20 8

Population Density .

Breeding Season ...s.

.

*

.

»

$ 2 9

* 9 >

s 2 » a2

20 0w

* e 2 0B

»

Trappability And Reliability Of The

»

*

»

»

LI I TR I RN

L I )

LI IR BE IR B B B )

R N I B B I BN

Food And The Onset And Cessation Of Breeding ....

Food And Winter BreedinNg sassssesea

Weather And Breeding ..svssse0e0s0 0

Summary 4 2 2 % 4 4 %t 3 8 4% I B B3I KD D A S D RS R

Section D:
Summary

Section E:

35 4 % B 2V AR

Breeding Success

IR JERE N )

$ 33 54 9 8 50 0 2 8

Immigration And Survival

IMMigration weasscsesnnsasssansneons

Survival

N A AR A A N A A S IR AR N B I R I I I B I

.

»

oa?oo.
EEEE
e
R
6 2 8 8
AR
e wse

* 8 &0

)

PRI AN I

28 24 62 BN

I I B )

2 833 88

A 433 5 4

LR BRI IR R

F‘U‘DOQ’»"

RN

*e 8

LI B )

iv

ii
iy
vii

1X

xi

11
1
14
21
21
24
24
N
32
33
33
35
36
39
40
45
4e
us
50



4.

Summary

Section F:

an'vosggpn»ogq‘o;togt?innca;_oo.»t)p»vqtv

Weights, Sexual Maturity And Growth .

Winter Weights Of Larger MiCe . eesssavrovscsnes

Winter Weights Of Smaller MiCe .ussnessnnmasass

Overwintering Weight And Breeding Condition ..,

Sexual Maturity seeasnressnnnes

Growth

Food Consumed

Summary
Section G

Summary

Section H:

L R O I A O I T B NI N W ]

L N N I R 2 I I O I I I
: Home Ranges ....

L A N I I SRR ]

4

Microtus ocregoni:

LR 2R BEIE SE N NE B B I O I N I

*e s

LR B )

LI I

»

43 % 4 DS 2B PN P NI

EEE R IR S N IR Y

LIE B BRI I B I ]

6 22 83 90

* 29 3 30 3

EE IR BCIE B I )

*

?

*

LIE I I

LR B IR S

¢ s 2aa

LR

EEE T I B )

T IS AT I

N R

FEE I I N

A Possible Competitor? ...

Food Manipulation And Species Numbers ..

Removal Of M. oregoni ...

Summary

LR N I I S I I RN )

DiSCUSS1ON wauwesssseseneen

Male And Female Numbers .

Breedin

Spatial

g SeasOon .eas9 020

Organisation ...,

E]

L]

ERE R IR U B I BN B I S R

o 2 B

[

LK I B

* e a0

»

*

*

224 a e B

IR RN N

29 b e 00 2B

LRI I R B

20 8 s 22 802

.

»

-

*

»*

LEE I B

e 98

LI B

2 0

R

ERE I Y

LR B BN

LI B B I I

3y s s

ERE I B B I ]

Implications For Population Regulation In Peromyscus

MICROTUS TOWNSENDII I T I R I I I I I A IR I I I I S A Y S I I B A I IR

1.

2"

3.

Introduction

LR BERE T B N B N I B A IR B I I R I B B R NN O I A I BN B B B AL 2R I B

MethOdS Anﬂ Experiments LR N N A N A I I I A A B I I L L T B A B N B 3

Grids E, R, T And M : Long-term Food Supplementation

Grids 1, 2, and 3 : Colonization and Food Density +..»

Grids I
Food Su

Results

and G : Spring Decline and Foocd ..veesevsasea

’PplY L I P B I N A A A A A A A N I I I R A N A L IR I I RN B B A I )

I O A e I I I AR R B I B B N I A A I A I N I A R I B I BT S 2 )

55
56
57
59
62
65
68
70
72
73
80
81
83
84
86
88
90
92
94

96

101

101

- 105

106

108

109

110

113



vi

Section I : Long-term Food Supplementation s:asevssseas 113
Trappability ... seouiesessssssacsrsossrsssosassnsnansas 113
Population DensSity s.essssassssasnssssesssssrsssnsess 114
Immigration .+ ..ueeesvassnassssnsasssssrvssonssssneess 127
Breeding SeaSON . susiassesssasssnssssnssssassosasanss . 125
Breeding SUCCESS essnsrssssassssssanssssassnsssrsansa 129
WHeights And GLoWth ..u.vsvessesssusasossnonsasssasses. 131
Survival sas esassessssssrsaaserssssssarsssssssrsssnss 135
Home RANge S1Z€ i.iusvassonssonssasssnasassassonnsnssss 136

Section II : Colonization and Food Density .svesssessss 139
Population DenNSity wesssssessarsssssessavsssrsssscnaneon 1@0
INMigration s sseseravacsosnsnasrsnerosnasssnsnnsssansa  1U3
Breeding Condition And Reproductive Success ...eas.4. 145

Section IITI: Spriné Decline And Food Supplementation .. 147

b, DisSCUSSION .y euievvssesvsasasasssnssssssonsssssassasss 150
GENERAL CONCLUSTONS ysesasanessancosooctasasassnnssansaans 150
LITERATURE CITED csnvessassasnvevssssennsssasnssasssssnssssas 160

APPENDICES IR IR T R I I A R R A R B I R N N I A I A I A I I I A IR I N B I I 3R T ) 165



LIST OF TABLES

P R el s it o i

Table I. Trappability of P. maniculatusS. .isuassseassencses

Table ITI. M¥ean Density of P. maniculatus On Each Grid. ..

Table ITI. New Young Mice Caught on Grid 1 and Grid
5 in the Last Two Trapping PeriodS. cesessssasssnvoncses
Table IV, Juveniles Recruited into Each Population in

EaCh Six-month Period' IR IR BRI AR SR AR IR A I I B A N N B I B I I B AT TR B O B B B A

Takble V. Index of Early Juvenile Survival. .esvesesassase.

Table VI. The Sex and Age of Immigrants to Grids 1 and
2 in Each Three-month Peridd. ces i se st ss ses s es st
Table VII, Mean Minimum 14-day Survival of Sub-adult and
Juvenile Mice on Grids 1 and 2. «ssssasesssnesunssosssoa
Table VIII, The Mean Weight of Oats Removed from Feeding
STALIONS seesseeansassssssssossrassansnaonessnsessnssensss
Table IX. The Mean Home Range Size {sg H) of Male and
Female NMice on Control and Food GridsS, v swessvasosnsssars
Table X. The Mean Number of M. oregoni in Each
P. maniculatus Population. .sussesssssscssssnssssssassans

e ———— - o S o > o

‘ Table XI. The Number of P, maniculatus And M. oregoni

o Bae e it s Tt oy i i e s e

During Partial Removal of the Vole from Grids 1 And 5, ..

Table XII. Factors Suggested as Necessary to Show That
Spacing Behaviour Limits Population SiZ2. sesansssssassa
Table XIII. Trappability of Voles on Grids E, R, and T. .
Table XIV, Early Juvenile Survival on Grids E, R, T, and
Mo auosnssnnnsssnssesasgssansnsansssssssnsasssntssanssssnsess
Table XV. Surv;val of Voles on Grids E, R, T, and M, ....

Table XVI, Mean Home Range Size {sq m) of Voles on G&Grids

vii

23

28

41

43

45

49

54

71

74

82

85

103

130

136



viii

E, B, T, @and M. +u.seeesnasransssensesnssnnsssasssnsnsses 137
Table XVII. ©New Voles Captured on 6rids 1, 2, and 3 in
BEach Colonization Period. scessssesssssersacsanseanarssse THU
Table XVIII, Mean Number of Males Scrotal and Females
Lactating on Grids 1, 2, and 3, sesessessesssrssanssanss 146

Table XIX. Periods of Maximum and Minimum Numbers at

Riefel from 1972 to 1975,

!

;qaqoua.as»;-taaa-oo:o:..».ana_--_,1“8



Figqure 1. A General Model Of Spacing Behaviour. ...ssase0ss.

Figure 2, Location of P. maniculatus Grids .....seossveaeyrs

&

Figure 3., The Arrangement of Traps and Food Stations. ...,..

Fiqure 4. . Summary of P, maniculatus Experimental Design. ...

Pigure 5. Number of Male and Female Mice on Grid 1 and Grid

2& L N I N O A N AR I A A N A N R N T A A A A AL R B IR O I B B N A N IR I N N TR A I BN

Figure 6. Number of Mice on Grid 1 and Grid 4, ..eesnveseas.

Figure 7. sSummary of Breeding Season Data for Grids 1, 2,
3, and 5. LR L IR A I R IR A R R N N I A I R N R I A I N NI BN I ]
FPigure 8. Immigration of Mice to Grid 1 and Grid 2.,...;»,,

Figure 9, Minimum 14 Day-survival of Adults on Grid 1 and

Grld 25 LR I I A A R e N A A I A A N I A A R A IR I B B A R NN I I I N B B B BT IR B N B I R

Figure 10, Winter Weights of Individual Large MNice on the
Controls and Food GTidS. s a s essssonsonsosssesnssssssnnsa
Fiqure 11. ®Winter Weights of Individual Small Mice on the
Controls and FoOod GridS. . iinesasosrssnsssonssssasnsaansnas

Figure 12. Weight Distribution of Males on Grid 1 and Grid

2. I B N I R R R R A A L I I TR A B N BN IR I A N I I A B SN R I S I N R I I KK I N

Figure 13, Median Body Weight at Sexual Maturity On Grids
1' 2' And 3- [ BN I N N A A A A I A N A SR R BT R AR N A A B I AN BRI N BE R NE I A B A I A )

Figure 14, Frequency Distribution of Male Home Range

Sizes on the Control{grid 1) and Food Grid{2), +ssevssss

Figure 15. Frequency Distribution of Fewmale Home Range

Sizes on the Control{grid 1) and Food Grid {2). +essevssn.

Figure 16. Summary of the Effect of Supplemental Food on

P. maniculatus POpPUlationsS: suosussseasraonsossessasnsseesss

. e e g s s

ix

12
15

18

25

29

37

47

51

58

60

63

67

76

78

89



Figure 17, Location of M. townsendii Grids at Ladner, B. C.

L I R R I A I A 2 I R A e R e R A N N A R A I I A B I B I R 2 S N R I T B I 2 I O ) 107

Figqure 18, Summary of M. townsendii Experimental Design. .. 111
Figure 19, Number of Voles on Grids E, B, and T. +sess0e03s, 115
Figure 20. Number of Males and Females cn Grids E and M. .. 119
Figure 21, New Voles Captured on Grids E, R, T, and M. ..., 122
Figure 22. Breeding Activity on Grids E, R, T, and M, ,...,. 126
Figure 23. Mean Weights of Voles on Grids E, R, and T. ...._. 132

Figure 24. Number of Voles on Grids 1, 2, and 3. +weessessss . 141



xi

ACKNOWLELGEMENTS

I wish to thank my supervisor, Dr. Charles J. Krebs, for
his encouraqément and assistance throughout this study. I thank
him and the members of my committee, Dr, D. Chitty, Dr. J. N, HM.
Smith, Dr. A. R. ‘E. Sinclair, and Dr. R. 4. P¥. S.. Sadleir for
their critical reading of earlier drafts of this manuscript, and
their suggestions for making it more concise.

It would not have been possible +to <collect such an
extensive body of data without field assistance from Dr. R,
Boonstra, Dennis Draper, Dr. R. Hilborn, Janice LeDuc, Micheal
Moult, Nick Morris, Jaroslav Picman, Dr. J. A, Redfield, Donna
stace-Smith, Tom Sullivan, and Irene Wingate, I am very grateful
tc all these people, Finally, I thank Dr, C, J. Krebs for giving
me access to his computer programs for the analysis of thé
demographic data, and Dr. D. B, Hawes for setting up the hone
range program on the U. B, C, conmputer.

I acknowledge the University of British Columbia for their
financial support in the form of a Graduate Studentv Fellowship

and a Teaching Assistantship.



GENERAL INTRODUCTIION

A major field of interest in population ecology is the
apparent tendency of natural populations to maintain their
density at a certain 1level when they have the . capacity to
increase exponentially., A number of hypotheses have been
advanced to explain this phenomenon., These hypotheses span a
broad spectrum from those proposing that control is extrinsic to
those suggesting that populations are intrinsicallv
self-requlated,

One hypothesis that is consistent with recent research into
population limitation in vertebrates was first suggested by
Wynne-Edwards (1962,1965), He stated +that animals which are
Eapable of social behaviour can disperse themselves in space and
time and so avoid overexploitation of their environmental
‘resources. The extensive review of vertebrate population studies
by +w#atson and Moss (1970) indicates that interference phenomena
in the form of territorial and other types of dominance and
spacing beshaviour limit some vertebrate populations.

A problem arises when one attempts to look for the cause of
these interference phenomena., For example, can one design a
perturbation that will affect the spacing behaviour of
individuals and produce a predictable change in their population
dynamics? Two trecent reviews on the role of behaviour in the
requlation of animal populations offer little encouragement, but
at the same time they illustrate the problem. Brown (1976) warns
that, "The 'limitation?!, tcontrol' or 'requlation' of population

numbers by behaviour is often discussed as if behaviour were the



only important factor,"™ XKing (1973) suggests that, "“Perhaps
behavioural explanations of phenomena, like population
requlation, are. made when the explanations amenable to
measurement and manipulation are unsafisfactory. Almost any type:
of behaviour can provide an impenetrable refuge fdr an infirm
'theoryn" A reason for the current skepticism as well as the
difficulty of designing an experimental approach to the problen,
is that the proximate causes of behaviour are multivariate in
nature (Crook,1965).,Extrinsically, the temporal and spatial
pattern of ©physical resources and interspecific interactions
(for example, food, nest sites, predators, and competitors) in
the environment determines how animals move around and ﬁse the
resources they require, Also, the individuals themselves: their
numker, size, sex, age, phenotypic experience and genetic
make-up may determine when and how they interact. Therefore, the
spatial arrangement of a given population is a result of
extrinsic and intrinsic factors acting at sp2cific and probably
different times (Brown and Orians, 1970).

Where the removal of dominant individuals results in the
settlement and successful breeding of animals that previously
were restricted, I consider that the operative behaviour is the
spatial organisation of established members of the population..
This spatial pattern of individuals could result from an
integration of both extrinsic and intrinsic features (Figure 1).
The >dvnamics of such a population may be a consequence of the
spatial oréanisatioﬁ of individual members. But it may also be
directly influenced by certain features of both the extrinsic

and intrinsic environment, In addition we have to allow for



Figure 1., A general model of spacing behaviour,

large arrows indicate major interactions
small arrows indicate other possible interactions

2 Indicates possible feedbacks
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feedbacks, as indicated in PFigure 1. For example, an increase in
denéity, may feed back to spatial organisation. The ranges of
individuals may become reduced in size or overlap more, causing
animals to interact more frequently. Such an increase in
interaction may lead to an intrinsic response,'fqr examnple, some
animals may leave or be excluded, while othzrs may stay but
cease reproduction temporarily, Further, the reduction or
increasing overlap of ranges could result in a resource becoming
over-utilized, But we can perturb such a system by increasing a
resource such as food supply, then trace the effect of such a
perturbation on the components, Later, removal of the
perturbation may give insight into feedbacks that are operating.

One of the categories of dominance behaviour listed by
Watson and Moss is 'a system of home ranges!. A home range was
defined by Burt {(1943) as "that area traversed by the individual
in its normal activities of food gathering, mating, and caring

for young", The small mammals Peromyscus and Microtus ©both

i

exhibit this form of spatial organisation. Experiments by
Sadleir (1965) and Healey (1967) on P. maniculatus and by Krebs

et al. (1976) on M. townsendii, show that the removal of
residents results in colonization by previously-excluded
individuals. The general trends in population numbers have been
fairly well established for these two groups of small mammals.
The cyclic fluctuations of microtine rodents have been observed
répeatedly: their numbers increase, peak and decline over a two-
to five-yeér period (review by Krebs and Myers, 1974y,
Peromyscus, on the other hand, over most of its range appears

not to fluctuate in such a c¢yclic manner. Instead, the



repeatable pattern 1is an annual cycle in numbers (McCabe and
Blanchard, 1950 and Sadleir, 1965). These two species,
therefore, have contrasting population dynamic patterns, but
individuals of each exhibit the same interference phenomenon,

In this study, I have concentrated on one feature of +the
home range, namely its importance in food-gathering. These two
small mammals differ in the nature of their food type.
Peromyscus is an omnivorous sesd-eater, exploiting a spatially
and temporally variable fooa supply. Microtines, on the other
hand, are grazers, Their food supply in open grasslands appears
to be far less spatially and temporally restriéted. McNab (1963)
dempnstrated that "croppers", for example grazers, had smaller
hcmé ranges than "hunters" such as granivorous small mammals. Hé
ascribed this to the "concentration of food materials" within
the habitats utilized by these groups,

By supplemental feeding I have attempted to manipulate the
temporal and spatial availability of food to natural populations

of Peromyscus  maniculatuns  austerus (Baird) and Microtus

e ey v ohan " o o

e o e S i o e

townsendii (Bachman). I have measured the effect of this

extrinsic manipulation on the home ranges and population

dvynamics of both species., .



PEROMYSCUS MANICULATOS

1. INTRODUCTION

Peromyscus shows an annual cycle in numbers, The number of
mice reaches a peak at the end of the breeding season in the
fall or early wvwinter, When breeding begins in spring there will
be a sharp. decline in numbers if population density is still
high, This will not occur if population density is low at the
end of winter (Petticrew and Sadieir, 1974) . The density of mice
then remainé low throughout the ensuing summer breeding period.

McCabe and Blanchard (1950) were the first to suggest that
Peromyscus populations might be controlled by some form of
intrinsic Dbehavioural mechanism. Sadleir (1965), working on
P. maniculatus, hypothesized +that <Huveniles survive poorly
during the summer breeding ‘season because they are competing
with aggressive breeding adults. He predicted +that the autumn
rise in population is a result of better survival of juveniles,
which may be correlated with a decline in aggressiveness of
adults. Healey {1967 confirmed this correlation and
demonstrated, both in the laboratory and the field that adult
male aggression reduces survival and growth of juveniles. The
central unanswered question is: what determines the number of
animals that establish the size of the breeding population in
the spring?

Fordham (1971) was the first to suggest that the number of

male and female P, maniculatus in the breeding population may be

i 212 e et M s, et W P



regulated differently,. He supplied supplemental food to
P, maniculatus populations from mid-February to September, 1968.
The number of females increased, but the number of males
remained the same, Petticrew and Sadleir (1974) incorporated
_this result into their general model of population requlation in
number of males is regulated in an ‘'undetermined wmanner' by
agonistic behaviour. But they suggest that the number of females
increases throughout the breeding season. In a recent paper,
Fairbairn (1977) suggested that females that bred early died and
so reduced the spring density of females, Finally, Petticrew and
Sadleir (1974) suggest that after the initial autumn increase in
density the numbers of both sexes of mice decline slowly for the
length of the non-breeding period.

A more general question is: what determines the onset and
cessation of Dbreeding in the first plac2? This could be a
complicating feature because, as Petticrew and Sadleir (1974)
suggest, the length of the non-breeding season itself may have
some influence on the size of the population that will breed.
The use of food items by Peromyscus - varies their seasonal
availability (Jameson, 1952). A variety of seeds are taken in
the fall, winter and spring, then the diet is expanded in summer
to include fruits and animal material, particularly insects, The
overall resource pattern in the forsst is probably relatively
stable to Peromyscus populations, But certain food itenms,
especially those that provide the 2nerqgy for female lactation,
are probably spatially and temporally variable +to individual

mice, For example, the mast produced by trees and the products



of fruiting shrubs and plants are seasonally restricted and
locally abundant. Sadleir et al. {1973) suggest that
reproduction ceases in the fall because at normal winter
temperatures so much energy is required for maintenance that
lactation energy costs cannot be met. But a number of studies
(on Peromyscus - Jameson, 1955; and on Apodemus sylvaticus -
smyth, 1966 and Hansson, 1971) have shown that the breeding
season has beasn extended into the winter following especially
abundant supplies of natural food, The breeding season night,
therefore, be confined to a particular period of the year
because of ambient temperature and food availability.
Experimental attempts to elucidate the relationship between
food supply and the onset and cessation of breeding have so far

produced no really consistent pattern, Bendell (1959) supplied

population; but found

supplemental food to a Peromyscus leucopu
the

no effect on the length of breeding season. Fordham ({1970)

h
found that wmale P, maniculatus came into breeding condition a
month earlier on an areé supplied with excess food +than 4did
control males. He also had pregnan£ females on his food grid two
months before they appeared on his control area, In a long-term
study on Apodemus sylvaticus in England, the start of the
breeding season was advanced in populations with supplemental
food by two to three weeks in three out of four years {Watts,
1970 and Flowerdew, 1972, 1973), However, the end of the
breeding season in these studies was "hardly affected® by the
addition of food.

I designed my experiments to provide a variety of times at

°

which supplemental food was availabls to P. maniculatus.

—
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Specifically, I was attempting to tast the following
hypotheses:-
H1: The breeding density of both male and female
P, maniculatus will increase if food is added early in the year.
H2: The temporal and spatial abundance of food has a major

effect on the onset, intensity, and cessation of breeding in

P. maniculatus.



M

2, METHODS AND EXPERIMENTS

Study Area And Trapping Technigques

311 five of my P. maniculatus populations were located in

the University Endowment Lands {(Figure 2), This area of forest
is in the 'coastal douglas fir' =zone (Krajina, 1969). Apart fron

the dominant Douglas fir {(Pseudotsuga menzigsii), there are sone

AR ITammERmemdl memmRsSsS s

Gaultheria shallon), with sword fern (Polysitichum wunitum),

LR RS L s T T s g P~ . e W ey i ot

salmonberry (Rubus spectabilis), and trailing blackberry (Rubus

ursinus) in certain areas.

Each P. maniculatus population was monitored in a grid of
7X7 trapping stations, The distance between traps on each qgrid
was 50 ft (grids 2,3 and 4) and 15 m (grids 1 and 5), so the
area of leach grid was approximately 0,84 hectares. Grids were
trapped at two-weekly intervals with Longworth live-traps (grids
2, 3 and 4) and Sherman traps (grids 1 and 5 up to November
1974) (see Appeﬁdix 1). Traps containing cotton battin§ and a
large handful of whole oats were set late in the eveninq of +the
first day of each two-day trapping period. Mice were removad
from the traps early next morning and the traps reset for a
second night, During the interim non-trapping period the trap
doors were locked open.

Each mouse captured for the first time was tagged with a

numbered fingerling fish tag, ©On this and all subsegquent

captures of the dindividuwal, 4its number, grid location, and
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Fiqure 2. Location of P. maniculatus grids on the uaniversity

zndowmant lands, Vancouvar, B. €. Nambers correspond to
those assigned to each gqrid,
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weight to the nearest gram were recorded. The breeding condition
was assessed as follows: males - testes position (abdominal or
scrotal), females - vaginal perforation and nipple size {(small,
medium or large). All litters in traps and obvious pregnancies

were recorded,

Experimental Design-

The esxperimental treatment is described here for each grid

and summarized for all grids in Fiqure 4,

This grid was run as a control throughout the period of m?
research, Fairbairn (1976) +trapped the grid as her control
during the first year from November, 1973 to October, 1974. She
used a slightly different trapping technique +than I did (see
Appendix 1). I took the grid over in November, 1974 and trapped

it until the close of my study in August, 1975.

I started trapping mice on this grid in November, 1973, At
the end of the second trapping period in December, I put out
twenty-five feeding stations, which were 80-fl oz opague plastic
containers containing a known weight of whole oats (see Fiqure.
3) . At the end of each trapping period, that is, once every two
weeks, I measured how much food had been consumed from each
station and added a weighed amount of fresh oats. This

supplemental feeding was continued for one-and-a-half years.  All
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Figure 3, The arrangemsnt of traps and food stations.
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food stations were removed at the and of June, 1975, The grid

was trapped for a further month and closed in July 1975,

5rid 3

This grid was also set up in November, 1973. I began
supplemental feeding dne month later than on Grid 2. Again
twventy-five fesding stations vwere provided and whole ocats was
added to this population.  The same method of supplemental
feeding was - carried out on fhis grid. Food stations were
withdrawn after the trapping period at ﬁhe end of August, 1974,
The population was monitored for a further fourteen weeks, then

clcsed in November 1574,

This grid was established on June 26%th, 1974. Supplemental
food was added in twenty-five stations on August 9th, 1974, On
October 18th, after ten weeks of supplemental feeding at this
level, +the stations were reduced to nine for the next ten weeks
{stations were on rows: B, D, and F, at locations: 2, 4, and
6-see TFigure 3). Stations were further reduced to four on
December 28th (stations on rows: C and E, at locations: 3 and
5, and retained at this 1level for fourteen weeks., On April
18th, 1975 all four stations were removed, and the population

was monitored for a further six weeks.

G6rid 3

Throughout the whole of the first year this grid was run as
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Figure 4. Summary of maniculatus experimental desiqgn. Winter

months are shad=
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a control Py  Feirbairn (1976). 1 added twenty-five feedinq.
stations on November 15th, 1974. The grid rec=ived supplemental
food for the next four months, I removed all stations on March
7th and monitored the ©population for the next four months
without a food supplement, On the 28th of June, 1975 I resumed
feeding the population from twenty-five stations and continued
this treatment until the close of my study on August 22nd, 1975.

In Appendix 1, I have described events that may have

reduced my trapping efficiency on each grid.
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3. RESULTS

Section A: Trappability And Reliability Of The Data-

Krebs (1966) abandoned using capture-recapture techniques
for estimating the population size of voles because of the
problems of non-random sampling. Hilborn gt al.. {1976) have
shown that intensive +trapping can provide accurate population
estimates provided the trappability of the population is fairly
high. Therefore, the reliability of my population estimates as
well as the validity of the demographic analysis depends upcn
the trappability of mice on eéch grid.

In estimating the trappability of a population, I first
discarded any mouse with only one or two captures. The estimate
for +the remaining mice is the number of times each individual
was captured divided by the number of times it was potentially
exposed to capture during its life on the grid, expressed as a
percentage, The first and last captures are always subtracted.
For example, a mouse 1living on the grid for eight trapping
periods was captured six times, its trappability is:-

{6-2) X 100 = 67%

(8-2)
I have calculated this trappability of mice for each population
per month (see Appendix 2).

On both control grids therz was a considerable drop in
trappability {(males and females on grid 1, females only on grid

5) din January 1974, This did not occur in gither sex on the
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supplemental food grid 2: but females declined on grid 3, which
was not supplied with supplemental food until the end of the
month, Practically all other cases of low trappabilit§ coincided
either with very cold weather or raccoon disturbance (see
Appendix 1), Cold weather, especially snowfall, may reduce the
mobility of mice. Also_the Longworth trap mechanism may becone
frozen during vary cold nights, and hence reduce the
trappability of P. maniculatus.

‘Trappability in high density populations tends to be lower
than in low density populations (e,g. see grand totals for grids
17 and 2 in Table I). In 1974 males had a higher trappability
than females on four out of five qrids. But females were mnore

trappable than males in 1975 in three out of four grids.
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Table I. The trappability
parentheses. rl=nales, FH=f

Seasgn Grid 1 Grid 2 Grid 3 Srid 4 Grid 5
AL iy iL T uL | HL FA nL g
Ainter 1573-4 © 77(26) 69120) 85129) T4{35; 82(17) 857{15) -- e 36 (6) 67(3)
Suamer 1§74 82(33) 75131y 64(58) 57(€3, 85(30) 91(30) 69(23} 63(25) 81(z1) 5720
Total 1974 §0{45) T2136) T2(84%) 63({7L) B83(38) 89(35) 59({33) 63{25) 384(27) 60(25)
Yinter 1974-5 74412y 68(13) 65(23) T7(20 -- -- 65{32) 65(19) 61(22) 76{271)
" Summer 1875 73{22y  73(23; 4%{28) 65(31) -- -- 57(20) 69{23} 83(29) 68(25)
Toral 15675 ©73(25) 75(28) 55{42) 70(29} -- - 62{356y 69(13) 75(41) 69(32)
Grand Total 77(65) Tu(52) 66{97) 65(i0s) 33(38) 89:35) 63(52) 67({37) 7T3(58) 6T(4S)

13

€T
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Hilborn et al = (1976) have shown that the reliability of
pinimium number alive ( MNA ) as a population measure drops off
dramatically when trappability falls below 65%., At a
trappability of 65% and survival of 0.8, MNA gives a 10%
underestimate of population size. I have noted by an '*! the
periods when the trappability was egual to or lower than 65% on
each P, maniculatus grid (sse Appendix 3). This means that the

error in MNA is -10% or worse in each population for those

trapping periods.

Male numberé on the two control grids are given in Appendix
3, and plotted for grid 1 in figure 5. After the autumn increase
in 1973, male density declined: on grid 1 from 25 to 9 and on
grid 5 from 16 to 7. When breeding began in June 1974, there
were 12 males on grid 1 and 7 on grid 5. Both control grids
showed a slight autumn increase, but numbers on grid 1 then
continued to decline.

The addition of food at the end of December 1973, clearly
resulted in the male population on grid 2 increasing rapidly
frcm 19 to 33 by the end of April {(Figure 5). Food had a similar
effect on grid 3, where it was added a monﬁh later; the male
population here doubled in a month {Appendix 3)., Through May and
into June 1974, males declined on both grids in spite of there
being superabundant oats, The population on grid 2 then remained

fairly stable +through the fall and wintazr but at a higher
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Figur= 5. Number of male and female mice on grid 1 and grid 2.
Wintar months are shaded,.

upp2r graphs = grid 1 (control)

lower graphs

[}

grid 2 {long-term food)
A - food added to grid 2

dottzd line = males

501id line = females
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density than that of the controls (see Table II), In +the last
trapping 4in October, male density dropped from 20 to 14: this
wvas probably the result of a raccoon invasion (see Appendix 1). .
At the end of February the following year, the number of males
on grid 2, which was still receiving supplemental food, was 22
compared with 12 at +this time on the control. Also on grid S
with food this year, there were 16 compared with 9 males in the
previous spring without food (Appendix 3). Throuqh'March to June
1975, +traps in the grid 2 population were disturbed by raccoons
and cats., These predators and the influx of M. oreqoni may have
resulted in the reduced density of P. maniculatus on grid 2 this
sumper.

Grid 4 has an interesting pattern of male dynamics over the
1974 winter period compared with that on the control ({see Figqure
6) . When food was added in twenty-five stations at the beginning
of August, male numbers rose from 15 to 23 by mid-October, while
males on the control increased only from 9 to 12, With the
reduction in food stations at this time to nine, males went out
of breeding condition on grid 4, and numbers rose to a winter
peak of 27 compared with 14 on the «control, After food was
restricted to four stations at the end of December, males
deélined from 27 to 19 by the end of April, while the control
increased from 14 to 18, Then the food was completely removed,
and males declined by nearly 50% (from 19 to 11) over the
following six weeks that grid 4 was trapped. A spring influx of
M. oregoni to all grids may have reduced the number of

P. maniculatus a little (see Section H). But the early start and

e e T e eoe S o o o

long duration of the decline on grid 4 alone suggests that once



Table I The meazn density of P. maniculatus on each qrid over three mbnth intzrvals in 1974-75.
ML=gales, F#=females. '

Hopths Grid 1 Grid 2 6rid 3 Grid & Ggld 5

BL | ML Ed 4L ! ML | %L n
¥ov-Lec 1973 16.8 13.8 17.2 17.4 11.0 6.8 -- -- 14,2 20.0
an-#ar 1574 18.0 16.2  26.0%%  31,2%% 12,8%  12,5%  -- -- © 9.0 12.8
Apr-Jun i - 13.06 15.7 26, 0%%  27,0%= 10. %% 13,6%% -- -- T4 11.43
Jul-Sep " ©10.5 15.2 19.1%% 16, 6%% 8,4 7.8% 16.0% 14.2% 7.8 9.9
Oct-DecA i 10. 1 11.9 17.3%*% 16, 7** 12,3 8.3 22,5% 18, 3% 12.@* 12.3%
Jan-Mar 1975 12.38 13,2 18.5%% 15, 7%x -- -- 22.5% 15.8% 15.8% 18.0%
Apr-Jun " 17.4 15. 1 17.1%% 18, 0%%  -- -- 16,2 10.6 16.8 18.90
Jul-Acg " 10. 3 13.3 14.0 7.5 -- -- 13.0%% 14,3%%*
x*#« = full complement cf food for the whole period

#*
"

partial complement or fed for only part of the pariod

8¢
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Fiquras £, Number of mice on
shaded.
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A -
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the food was reduced to 4 stations, this was insufficient to

maintain the high density population through the spring.

Female mice on the control grids reached winter population
peaks in December 1974 (Appendix 3), On grid 1, females
maintained fairly stable numbers through the spring 1974 (Figure
5), while females on grid 5 deélined@ On both grids the lowest
numbers were reached when the breeding season was fully underway
in late summer 1974.

After food was added to grid 2, females increased and
reached peak numbers mcre rapidly than 4did éales (Pigure 5). On
grid 3 females doubled iheir numbers five weeks after the food
was added at the end of January 1974 (see Appendix 3). As in
males, female numbers declined over the éummer on both food
grids.

The mean winter population of females on the control was
11.9 compared with 16.7 on grid 2 with food (Table ITI). This was
in spite of a reduction in females from 22 to 15 following the
raccoon invasion {(Appendix 1). On this long-term food grid
spring numbers peaked at 22 at the end of March compar2d with 16
on the control. As with males, female spring densities in 1975
on grid 2, although higher than those on the control, are lower
than those in 1974, As suggested, this may héve resulted fronm
raccoon or cat disturbance and the immigration of M. oregoni.
Also, 1975 was a more nearly normal bfeeding year on the control
{see Section C), which suggests that natural food conditions may

have been better in 1975, Also, immigration to the control was
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higher and closer to the rate for grid 2 this vear (see Section
E). On grid 5, which was supplied with food in twenty-five
stations in November 1974, females increaséﬁ to 21 by the end of
March 1975 compared with 11 in March 1974. By contrast, femalses
on grid U4 started to decline when the food stations were reduced
to nine on October 1974 and continued to decline throughout the

spring (see Figure 6).

The addition of food early in the spring resulted in the
numbers of both sexes doubling or nearly doubling on the
experimental grids 2 and 3, The mid-winter addition of food to
grid 5 reversed the normal slow winter decline in numbers. The
response of both sexes to ihe removal of food varied according
to the time of year. Spring removal of food ({grids 4 and B5)
tended to cause a reduction in both sexes, The summer removal
from grid 2 had a strong effect on females, which declined from
20 to 6 in four weeks, Late fall removal (grid 3) caused animals
to go out of breeding condition (see Section C) and proceed into
a normal fall increase. There was a tendency for both sexes on
all grids to decline in the summer of 1975 as M. oreqoni

immigrated (see Section H).,
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reeding Season

Densities change by births, d=aths, and movements. In this
section I assess the effects of supplemental feeding on the
potential reproductve effort of the populations. I have defined
the breeding season based on the external examination of nmice
captured din the field at each two-week +trapping period. I
considered all males and females weigqghing 17g or more as adults
(see Appendix 4). A breeding adult male has scrotal testes and a
breeding female has medium or large nipples. I defined the
breeding season as the period when 50% or more of +the adult
males or females are in . breeding condition. In Appendix 5, I
present a table of the percentage of adult males and femalés
breeding 1in each trapping period in all five 2._gag;gglg§,§

populations.

I was interested in measuring the .effect of supplemental
food on the onset, intensity, and extent of the breeding season
on food grids 2 and 3 ccmpared with events on the «control grid
1. No males were breeding on any grids in November or December
1973, Food was added to grid 2 after the second trapping period
in December 1973.. One month later 5 males had scrotal testes,
and six weeks later over 50% of the males were breeding in this
pepulation, TFood was supplied one month later to grid 3. In the
following two-week trapping period over 50% of +the males had
scrotal testes. This levél of breeding intensity was not reached

on the control wuntil the beginning of June, four months later
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than on the food grids.

Males in the control population ceased breeding completely
at the end of August 1974, Two males on grid 2, and all foﬁr
males on grid 3 were still bresding. The food was removed from
grid 3 during this trapping period, and no more males were
recorded breeding here. I was unable to trap the experimental
grids in the first week of September or feed the grid 2
population. Practically all the food stations were empty when I
‘came to refillithem at the end of the month., Male reproduction
had ceased completely at this time on grid 2, but started again
the following period and continued for the rest of the study.
Apart from one male that was scrotal on the control in October,
no animals resumed breeding on this qrid until December. The
onset of 'the breeding season on the control was much earlier in
1975, over 50% of the males were scrotal by the end of February., .
In. fact, apart from a drop at the beginning of May, the pattern
of reproduction on the control grid in 1975 was very similar to
that on the long-term food grid.

The. pattern of breeding in females was very_similar to that
in males. One month after the addition of food to grid 2,
females were lactating in January (see Appendix 5). On gqrid 3
females were lactating six weeks after food addition. In both
cases females had perforate vaginas 1in the ;rappinq period
immediately following food addition. One female was found
lactating in March on the control, but no others were found
until July., Females on . the <control bred for only one month
compared with five months on grid 2. Breeding stopped in females

on all three grids for the whole of October. No breeding was
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recorded on grid 3 once the food ﬁas removed, but females on
focd grid 2 started breeding in November, and more than 50% were
lactating by the end of January. Like the males on grid 1,
females bred much earlier on the control in 1975 than in 1974,
The intensity of breeding dropped below 50% in May on the
control while females on grid 2 continued at 50% or more. There
was no response in either males or females to the removal of

foed from grid 2 in June 1975.

On grid 5, I was interested to see if a population would
start to breed if food were provided in the middle of winter.
Secondly, I wanted to see if the breeding condition in late
spring would be affected by removal and later re-addition of the
supplemental food., Grid 5 was run as a control from November
1973 to September 1974, The pattern of reproduction was very
similar to that on grid 1 (see Appendix 5). I added food to this
population at the beginning of November 1974. Males becanme
scrotal and females perforate by the next trapping period. Some
females were lactating at the end of December. I removed food
frem this population in early March. Male reproduction declined
slightly, but the number of females lactating dropped from 8 to
1 two months after food stations were removed. Over this period
female lactations on the control declined from 7 to 3 and did
not change on the long-term food grid. I re-introduced food to
the grid at the end of June but npneither sex respondead
noticeably.

On grid 4, I was interested in seeing how many feeding
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stations were needed to prevent a cessation of breeding in
vinter, Male breeding had almost ceased when I added food in
twenty-five stations,gt the beginning of August, then ceased
when the food ran out in September (see Appendix 5), Three males
became scrotal in October, but ceased breeding after the number
of food stations was reduced to nine at thes end of the month,
Female lactation increased from 43% to 82% lactating after the
food was added in twenty-five stations. But at the end of
October and through November only one female was pregnant and
lactating; she was trapped twice out of a possible three times
at one of the nine food locations on the grid. By the time the
focd stations were reduced to four at the end of December, no

mice were breeding on grid 4. .

The breeding petformance of males and females on the
control grid differed in the onset and intensity of breeding in
1974 and 1975 {see Figqgure 7)., February 1974 had close to the
average mean temperature, precipitation, and hours of sunshine
(see Appendix 5). But March had double the normal precipitation
fpr the month; “this continued through a «cool, rather «cloudy
April. Some males did become reproductive on the controls, but
cnly one female was recorded breeding at the end of March, May
1974 had the lowest average temperaturs ever recorded for this
month in Vancouver, May also had two-and-a-half times the normal
rainfall and 41 hours below the normal sunshine for the month.
Reproductive activity halted in males, and no lactating females

were caught on the controls by the end of May. The weather
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Figure 7. Summary of breeding season data for grids 1, 2, 3, and
5, Winter months are shaded.
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food added

]

food removed

wide line 50% or more adults breeding

middle line

less than 50% of adults breeding

narrovw line no breeding
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improved through June when breeding began. In contrast, October
set a8 new record for the hours of sunshine. Similarly, December
was much milder than normal. One male on grid 1 had scrotal
testes in October. In December four males had scrotal testes and
three females had perforate vaginas in the control population.
The spring of 1975 was not much warmer than that of 1974, but
the hours of sunshine and the total ©precipitation were much

closer to normal.

The fadditioh of supplemental food to grids 2 and 3, at the
end of December 1973 and the end of January 1974 respectively,
enabled mice on these grids to breed earlier and for much longer
in spite of +the poor weather in 1974 (see Fiqure 7)‘“Breedinq
stopped on the control grid at the beginning of Auqﬁst 1974, It
ceased completely on grid 3 when food stations were removed at
the end of the month and temporarily on grid 2 when +the Ffood
stations were enmnptied., Otherwise mice on grid 2 with food in
twenty-five stations continued to breed throughout the winter.
Both sexes on grid 5 were stimulated to breed immediately after
food was added to this grid in mid-winter 1974. The results for
grid. 4 ‘with regard to a threshold level of food abundance for
winter breeding in P, maniculatus are not clear. But vhen the

focd stations were .reduced from twenty-five to nine, breeding

ceased in this population during the winter of 1974,
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Section D: Breeding Success

Breeding on the food grids began four months earlier than
on the controls in 1974, The duration and intensity of breeding
on these grids was also much greater than on the controls (see
Section C), Did this gqgreater reprbductive effort result in a
higher production of young mice? Estimating the recruitment of
young mice to a population, particnlarly in the breeding season,
is difficult, First, aqcording to Sadlesir's hypothesis (1965),
male P. maniculatus are aggressive to all -uveniles. Secondly,
young may be present in the population but 'passively' prevented
from entering the traps because larger mice are caught first.

I held all mice caught on grids 1 and 5 durind the first
night in the Augﬁst‘20-22 trapping session. This meant that all
49 traps were available to ény mice remaining on these grids, In
Table IIT, I compare the number of new subadult and juvenile
mice caught in this trapping period with those <caught in the
preceeding period in August 6 - 8th. On sach grid the total
number of new young mice was much hiqher in the 'removal' period
(Auqust 20 - 22nd) compared with the previous *'normal?! +trapping
period (August 6 - 8th). There were the same number cf breeding
males on grid 1 in both trapping periodgy Further, on grid 5 the
numnber of breeding males increased to 6 out of 6 compared with 4
out of S in the August 6 - 8th period. Therefore, there was
presumably no  decrease 1in reproduction-related aggressive
behavior of adult males between the two trapping periodsﬁf In
addition, 9 out of 16 (grid 5), and 7 out of 14 (grid 1) new
young mice in the August 20 - 22nd period were «caught -‘in the

first check. This suggests that the second factor, namely the



Table ITI, New young mice caught
last two trapping periods. .

August 6-8
Sub=-ad. Juv. Total
Grid 1 1 1 2
Grid 5 2 m 6

41

on grid 1 and grid S in the
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Angqust 20-22

Sub-ad, Juv, Total
8 6 14
10 6 16
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tpassive?! exclusion from traps, was not the reason for the 1low
catch of juveniles in Auqust 6 - 8th.

Two Tecent 1laboratory studies on Peromyscus suggest that
raternal aggression may be important in the dispersal of young
mice, Rowley and Chfistian {1976) found that lactating female
P, leucopus had high levels of aggression, and that they, not
males, were aggressive towards their own youngqg. Savidge (1974)
working with P. maniculatus bairdi, found that a female's
aggression towards her young was manifest only if the female was
pregnant with a subsequent 1litter, If these results apply to
field populations, then reproductive females may have influenced
the observed changes in the recruitment of young mnmice between
the two trapping periods in August 1975. On grid 1, four females
were lactating and two of +these plus two other females were
pregnant in the August 6 - 8th period, but 1in the following
period mno females appeared to be pregnant although five vere
lactating, On grid 5 no females in either period were pregnant,
but five were lactating in August 6 - 8th compared with only two
on August 20 - 22nd.

An index of reproductive ountput is the number of juveniles
(all mice weighing 13 g or less) recruited to each grid. . In 1974
61 juveniles were captured on grid 2 with supplemental food
compared with only 17 on the control {Table IV). Food was
removed from grid 3 in August 1974, yét this grid produced .43
juvenile recruits, Reproductive ountput on the control in the
first half of 1975 was double that of 1974, But gqrid 5, which

was receiving food for the first two months of 1975, had 4 times

the number of juveniles it had in the previous control yeat.
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Juveniles recruited into each population in each
six-month period.

1974 1975
Jan-Jun Jul-Dec Jan-Jun
Grid 8 9 18
Grid 36%%* 25%% 27 %%
Grid 22% 21% -
Grid -~ 20% 16%
Grid 7 19% 29%
** = grid receiving food throughout period
* = grid receiving food for part of period
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The overall breeding success was higher on grids with
supplemental food, but a larger number of adults were breeding
on these grids ({(Appendix 5)., Was juvenile survival increased? 1
estimated early Jjuvenile survival by counting the number of
juveniles recruited at time t, then dividing this by the number
of females lactating at time t-4 weeks (Krebs,1966). This index
assumes that all young from a litter are recruited at a juvenile
weight, s0 it 1ignores those +that may be rTecruited later as
- subadults or adults, In the first half of 1974 early Jjuvenile
survival was highest on grid 2, which was receiving éupplemental
food over the .whole period (Table V). The early survival of
juveniles in the fall - winter 1974 was higher on grids 2, 3, 4,
and 5 than on the control, 2all these grids were receiving Some

level of supplemental food over this period.

The overall breeding success, in terms of the number of
juveniles recruited, was increased by the' addition of food.
During the breeding season, this was chiefly a result of the
much higher reproductive activity on the supplemental food
grids, Early Jjuvenile survival in the fall and winter was higher
in populations that received some level of supplemental food.
But early -juvenile survival during the summer was low in the

high density populations of breeding adults,
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Table V. Index of early Juvenile survival. The number of
lactating females is given in paretheses.

1974 1975
Jan-Jun Jul-Dec Jan-Jjun
Grid 1 0.00 (1) 0,22(27) 0.38{34)
Grid 0.26 (87) ®x% 0,40 (U3) %% 0.20{86)*
Grid 0.01(41)* 0.548(13)* -
6rid -- 0.38(21)* 0.35(26) *
Grid 0.00 (4) 0.45(20) * 0.36(53)*
%% grid receiving food throughout period
*® grid receiving food for part of period
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The first juveniles were recruited to the supplemental food
grid 2 at the end of March 1974. ?he population of males on this
grid had already increased from 19 to 31, and females from 23 to
37 in response to the addition of food.,K Therefore, the rapid
increase in numbers must have resulted from the immigration of

rice onto grid 2.

Inpigration

M

I measured immigration as th total number of new mice
captured during each two-week trapping period. In the first half
of 1974 number of immigrants onto grid 2 was much higher than
onto the control (Figure 8). Females in particular showed a hidh
level of immigration: by the end of June 1974, a total of 68 had
entered the grid 2 population compared with 15 on the control.
Immigration to the contrcl increased during July - September
1974 and was only slightly below that to grid 2. But through the
winter immigration to grid 2 rose to 54 mice compared with only
20 on the control. Total immigration to grid 5 was only 22 in
the winter of 1974/5., But when food was present overwinter in
1975/6, immigration rose to 69 mice.

The pattern of immigration of the two sexes was different
(Table VI)., On both grids 1 and 2 the sex ratio of immigrants
was practically even in the spring and late summer. But female
immigrants predominated in early  summer and males during the

winter, This resulted in an even immigrant sex ratio (grid 1

65:59, grid 2 154:162). The age distribution of immigrants of
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Figure 8. Immigration of mice to grid 1 and grid 2. The data are
sumned for each three-month period of the study.

dotted line
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solid line = grid 2 {long-term food)
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Table VI. The sex and age of immigrants to grids 1 and 2 in
each three-month period, The ratios are the numnber of
males:fenales.

— o — v — — —— . 3 4T . . " ‘s U W O U s A Y e o, TS Y s e . s, R

6rid 1 Grid 2
Ad, Sub-ad. Juv. . Ad. . Sub-ad,d Juv,
Jan-Mar 1974 1:1 4:2 223 16:8 4z 9 3:10
Apr-Jun " 3:1 2:6 1:2 10218 10:11 11:212
Jul-Sep " 7:6 3:5 3:4 9:5 5:9 7:9
Oct-Dec " 6:0 10: 2 022 17:3 142 11 4:5
Jan-Mar 1975 5:3 3:3 4:6 ' 3:6 11:6 6:9
Apr-Jun " 5:4 3:4 3:5 12:14 6:11 6:6
Total 27215 25:22 13:22 67:54 50:57 37:51

S e ot T - i AR A T e T . o M. P A A i AP e il AT i AR T A AT AP
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each sex is also given in Table VI._Thete’aré significantly more
females among juvenile recruits (chi square, 4.30, p<0.05). The
sex vTatio is even in mice immigrating to the sub-aduit age
class, But males tend to predominate in the adult c¢lass (chi
square, 3.83, 0.05<p<0.1). Therefore, females tend to immigrate
as younger mice and males to immigrate later as adults. 1In the
winter period, when the immigrant sex ratio is skewed towards
males, we éee that the age structure also reflects this trend.
211 male immigrants on the control and 31 out of 35 on grid 2

are in the adult or sub-adult age class in October-December.

Survival

Immigrafion to the long-term food grid was higher than that
to the control, but the density of'mice on this grid declined,
If mortality or “emigration was higher on the food grids, the
changes in density might be explained. At present, we cannot
separate emigration from death in mice that cease being trapped. .
A1l we can calculate is the return of marked mice each trapping
period., The value of this survival estimate is closely dependent
on the +trappability of ~mice, since only mice caught in
consecutive trapping periods can be used in the calculation. I
calculated the mpean minimum survival per 14 days for each
three-month period of the study, and plotted the results for
adult males and females in Figure 9. In the FJuvenile and
sub~adult age categorieé, the survival of males and females was
very similar, so I have combined the sexes for ' these two age
groups (Table VII).

The survival of adult males and females on both the control
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Figqure 9. Minimum 14 day-survival of adults on grid 1 and
2, The horizontal line is drawn at survival=0., 75,

dotted line

so0lid line

il

grid 1 {(control)

grid 2 {long~-term food)

females

males

grid



52

N

w
oo

CIVAIAYRS WOWINIW

04"

IFM

AM]

AMJ  JAS  OND
1974 1975

JEM



53

and the long-term food grid is high in January-March in both
years. Adult female survival declined in summer +then 7Tose to
100% in October to ©November on the control, Adult female
survival on the food grid was mnpuch 1lower than that on the
control in summer, but trappability was lower and more females
were breeding on grid 2. The high winter survival of females on
both grids coincides with the lowest rate of female immigration
{see Figqure 8). The lower survival of the grid 2 females may be
associated with their greater reproductive effort; they may be
dying, or emigrating, or both. Myers and Krebs (1971) found that
moved into a removal area in summer was in breeding condition.

Adult male survival also declined in summer, but, in
contrést to females, it remained rlou on both grids through
October to November, This 1low male survival in early winter
coincides with the period of maximum immigration of males onto
the grids.

Excluding the winter months, the survival of juvenile and
sub-adult mice is 1low 1in summer when most adults are in
reproductive condition (see Table VII). If the October-December
samples are not included, there is a weak neqative correlation
(r=-0.76) between the <combined survival of juveniles and
sub-adults and the number of lactating females on grid 1. A
stronger relationship (r=-0.93) exists on the.supplemental food
grid, if the October-Decemnber period is excluded., In contrast,
there is no_relationship~(r=0,18) between the survival of young
and the number of males with scrotal testes on the control but a

weak one (r=-0,71) on grid 2, In spite of the negative effect of
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Table VII. Mean minimum 14-day survival of sub-adult and
juvenile mice on grids 1 and 2. Sample size is in parenthses,
Lfm is the mean number of lactating females, Sm is the number of
scrotal males.

et oy W e = i P . e o oL S i T AP o . = oS S S e Mt i TP . R O P . S S W W R i o Mo A . W P S T S S Y. Yoo o R . MO . A

Grid 1{control) Grid 2 (food)

Sub-ad.  Juv, Lfmn/Sm Sub-ad., Juv, Lfm/Se

Jan-Mar 1974 0.87 0.92 0,.0,0.5 0.88 0.74 4.0/10.7

(63) (12) (56) (19

Apr-Jun "™ 0.93 0.50 0.0/3.9 0.65 0,48 10.9/15.9
{69) {6) (34) (25)

Jul-Sep " 0.62 0.50 5.2/2.5 0.80  0.90 4,6/4.6
{(21) (8) (45) (20)

Oct-Dec " 0. 74 0.75 0.0,0.1 . 0.58 0.70 1.6/4.3
(42) (4) (74) (10)

Jan-Mar 1975 0.92 0.73  3.4/4.2 0.82 0.88  6.0/4.7
(13) (1 (33) (16)

Apr-Jun " 0.92 0.67 3.0/9.3 0.73 0.42 7.7/8.3

(3N (15) {30) (12)
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reproductive adults, for a given number of lactating females,
the survival of young deermice is higher in the presence of

extra food.

The provision of food increased the number of immigrants to
a population at all times of the year. Total immigration to a
population which was fed for one-and-a-half years was 2.5 times
greater than that to a control population. But survival of adult
mice in this long-term food population was lower than on the
éontrol, The lower survival of adults with food may be
associated with the increased reproductive activity of mice in
the presence of supplemental food. This may have resulted fronm
these rTeproductively active mice emigrating or dying. The
results of these experiments indicate that breeding females have

more influence on the survival of young than males.
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A number of studies have shown that the mean weight of
individuals in populations of north temperate small mammals
decreases in the fall 'and winter {(see Iverson and Turner, 1974
for a review). These authors analyse in detail the winter weight

dynamics of Microtus pennsylvanicus-in Manitoba over two years.

— L B e e i B

They conclude that the fall and winter decrease in mean weight
is due partly to the recruitment of small mice that fail to gain
weight, and weight loss by larger individuals.,  They suggest that
the lower winter weights are adaptive because by decreasing its
energy requiremehts an individual minimizes the amount of time
it spends foraging and hence reduces its exposure to predators
and bad weatherﬂ However, they feel that the lack of food is not
the proximate cause of this reduction in weight,

P. maniculatus populations show this decrease 4in mean
weight during the winter (Sadleir, 1965 and Stebbins, 1978). I
was interested to test the hypothesis that food was not a
proximate factor in determining the failure of small
newly-recruited P, .maniculatus to gain weight and larger
individuals to maintain weight during the winter.,

A second interesting feature of winter weights in mice 1is
discussed by Flowerdew (1973), He shows that there is a trend in
Apodemus sylvaticus towards an eérlier start to the breeding

season for a given increase in weiqght late in the winter.,K If
this applies to P, maniculatus, the addition of supplemental
foocd should cause the mice to breed earlier because they 'can

increase their overwintering weight.
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Hinter Heights Of Larger Mice

In Figure 10 I have plotted the weight records for three
long~lived mice from the controls and three from food gqgrid 2.
All three adunlt mice on the controls show the characteristic
decline in weight in winter 1973, The two long-lived females,
1040 and 594, also declined in weight in the following winter.
The two males on grid 2 responded immediately to the addition of
food at the end of December 1973. Both increased in weight and
became scrotal by the end of January and the beginning of
February, while male 1005 on the control never became scrotal.
Female 2759 was pregnant in April, while the two control females
were not pregnant until June and July 1974, Control females 594
{grid 5) and 1040 {grid 1) showed an almost identical decline in
weight into the fall 1974, But as soon as the food was added +o
grid 5 the weight of female 594 increased and she became
pregnant in December. These immediate responses to the addition
of food suggest that 3indeed the winter decline in weight of
1arger‘mice can be reversed in what appears to be a proximate

response to food.

Hinter Weights Of Smaller Mice

The maintenance of a low winter weight in young recruits is
clearly shown in all four mice in Fiqgure 11. .The two mice on
grid 1, male 891 and female 888, continued at 1low sub-adult
weights into fhe'spring of 1974, But male 2796 and female 2788,
which showed the same pattern initially as the <control mice,

increased in weight rapidly after the addition cf food. In fact,
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Figure 10, Winter weights of individuwal large mice on the
controls and food grids,

dotted 1line
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H

solid line food qrids

A
A
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food added to grid 5
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Figure 11. Winter weights of individual

controls and food grids.
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both mice reached adult weights and were breeding by the end of
February., These weight responses of small mice again seem to
have resulted from a proximate response to the 1increased

availability of food,

Overwintering Weight And Breeding Condition

To avoid the problem of the increase in weight of females
associated with pregnancy and lactation, I have considered the
weight distribution of males only in this sub-section. The mean
weights of males on the <control grid 1 and food grid 2 were
similar in November-December 1973 before food was added
(appendix 7)., Following the addition of food to grid 2 at the
end of December, the weights of all age classes of males started
t0 increase {see Figure 12). A month later the mean weights of
males on the food grid were significantly higher than those on
the control, The mean weight remained significantly higher for
the next six weeks, All males were in the adult weight class,
that is over 17 g, by the end of February. In the following
trapping period the mean reached 21,2 g on grid 2, which was the
highest recorded during the study.. The mean weight was not
significantly higher at +the end of March when +the first
juveniles were <recruited, but rose ?qain and was significantly
higher for the whole of April.p/A similar pattern of weight
increase occurred on grid 3. One month after food was added at
the end of January 1974, the mnmean weight of males vas
significantly higher than that on the control (p<0.05). The
mid-winter addition of food to §rid 5 also gave the same result

as these early spring additions, Food was added to grid 5 at the
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Fiqure 12.

closed rectangles

Weight distribution of males on grid 1 and grid 2.

i

open rectangles = grid 1 {control)

grid 2 (long-term food)

food added to grid 2

A

i

x = mean weights significantly different (p=0.05)
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beginning of November 1974. The mean weight of males was
significantly higher one month after food addition compared with
that in the same period the previous control year, The mean was
significantly higher than that on the control at the beginning
of December 1974, six weeks after food addition.

The increase in weight in response to the addition of food
had a direct influence on the breeding condition of males. . The
breeding season was underway on grid 2 by the first period in
February 1974, which was two weeks after the mean weight of
males reached over 18 g, On grid 1, 50% of the males were
breeding by the first week of June, which is one month after the
mean weight reached and remained at or above 18 g. On the
lower-density food grids 3 and 5, 50% of the males were scrotal
one month after the mean weights had reached 17 g in spring 1974
and winter 1975 respectively, The patterns for the remaining
onsets and cessations of breeding are not so clear. One pioblem
is that the mean weight is dependent on the age distribution of
mice in the sample, Secondly, the age at which individuals reach
sexual maturity in a population wmay change throughout the

breeding season.
exual Maturity

I was intereéted to see if there was a change in the age of
sexual maturity through the breeding season and in response to
food, Unfortunately there is no convenien£ method of aging mice
in the field apart from weight, Leslie et al. (1945) used a

quantitative technigue to estimate median body weight at sexual
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maturity. In Figure 13 I have plottéd this median body weight of
males at sexual maturity for both vears combined on the food and
control grids, Since 50% or more males on grid 1 in 1974 bred
only from June to August, I have grouped the data so that these
three months form a period.

There is a trend on the control for a decrease in the
median body weight at sexual maturity with the progress of the
breeding season, 0Only the heaviest males were sexually mature
during the early breeding season, The addition of supplemental
food significantly reduced the weight at maturity of these =arly
breeding males (p<0.05). Over the whole period of food addition,‘
sexually mature males were significantly lighter on both grids 2
and 3 compared with those on the control. The late summer median
was lower on gqrid 2 compéred with that on the control, but on
the lowest density food grid 3 (av. den, 8 males):it was still
lower than that on either grid 1 (av. den. 11) or 2 (av., den.
17)., This suggests that density as well as food may have been

important in determining the age of sexual maturity.

Growth-

Supplemental food increased the reproductive potential of
mice because individuals were able to gain weight and become
reproductively active earlier, Second, the age of sexual
maturity was lowered in males, A third possibility dis that
surplus food may alsc have increased the growth rate of mice.

Growth rates of mice in these populations can be calculated
from weight changes of individuals between trapping periods.,

Pregnant females are excluded from this analysis., W®Within each



67

Figqure 13, Hedian body weight at sexual maturity on grids 1, 2,
and 3, The 95% confidence limits are given,

grid 1 {control)

<
4

grid 2 {long-term food)

a
H

grid 3 {short-term food)
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four-week period, a 1linear regression was calculated for each
sex on the change in weight against the mean weight, ' This was
then adijusted for an average Juvenile (12 gq), an' average
sub-adult (15 qg), and an average adult (18 g) mouse to give' an
instantaneous relative growth rate. The growth rate data for
each sex-age group are given in Appendix 8.

After food was added to grid 2 at the end of December 1973,
the growth rate of all sex-age groups of mice increased. First,
both sexes in all age classes had growth rates less than zero on
only seven occasions after food was added to grid 2 compared
with forty occasions for all sex~age groups on the <ccntrol.
Second, adult males and females on the food grid had higher
growth rates (sign test, males p=0,01, females p=0.02) than
voles on the control, This was also the case for each sex in the
sub-adult (sign test, males and females p=0.02), and juvenile
{sign test, males p=0.06, females p=.02) age classes, Third,
adult males and females, and sub-adult females on grid 2, all
had lower growth rates than mice on the control in September
1974; this 1is the period when the food stations were emptied.
Fourth, mice on the control had fewer growth rates below zero in
the spring of 1975 compared with the previous vyear, when the
onset of breeding was sc¢ late, Finally, the highest growth rates
in adult males on the control were recorded six weeks before the
50% breeding 1level was reached, Adult females had high growth
rates a month later, But on the food grid both sexes and all age

groups had high growth rates at the same time. .
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Fogd Qonsumed

It is difficult to obtain a meaningful measure of food
consumption, The weight of food removed from feeding stations
vas recorded every two weeks. But nice may store the oats, so
that the total measured need not represent the consumption of
food over the two-week period, Consumption per individual may be
an even less satisfactory measure, First, becauss MNA was not
always a good measure of population size. Secondly, because it
is not known whether all mice in the population had access to
~the food statiomns, For example, Dunford (1970) found that
several chipmunks initially fed fromv seed piles that he
provided., But after a short time one or two animals would become
dominant and chase awvay subordinates so that the latter ceased
to use the seed 'piles. Finally, not all mice regquire the same
amount of food, so individuals probably took different
quantities of oats.

The mean weight of oats removed every two weeks from the
grid 2 food stations, and the mean consumption par individual in
the three-month periods of the study are qivén in Table VIII.
Least oat food was removed from stations in late summer. This
may reflect the use of alternative food items which becone
avalable in the forest at this time of vyear, Dietary analyses
indicate that P. mapniculatus switches from seeds to other food
items, particulary arthropods, in the summer (Jameson 1952 .and
Bétzli 1977). . In both years the largest quantity of oats was
removed from the feeding stations in the first half of the vyear.
This is the period of maximum weight gain. January to March is

the period when males gain weight before becoming reproductive,
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Table VIII, The mean weight of oats removed from feeding
stations and mean coasumption per mouse on grid 2.

e B A L A . . S S A S o ot S . o Sy T . —— e e - ———— e e e oo e e

Three-month Kg of Oats Removed G per mouse
Period per two-weeks ‘ per two-weeks
Jan-Mar 1974 , 1.8 31
Apr-Jun v 1.8 35
Jul-Sep A 1.3 35
Oct=-Dec L 1.2 37
Jan-Mar 1975 - 1.8 52

Apr-Jun 'V 2.1 60
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and April to June coincides with the maximum number of lactating
females, Millar (1975) demonstrated that lactating female
~P. leucopus required 2.6 times the amount of food taken by
non-breeding females, The mean consumption per individual

indicates that mice ate the same guantity of oats throughout

1974, However, it is not possible to say whether this is a +true

=2

measure of consumption. The igher consumption in 1975 nmay

indicate that the emigrating M. oreqoni were removing scme of

the oats this year.

The winter decline in weight of larger wmice and the
maintenance of a low winter weight by smaller mice can be
reversed by providing supplemental food, Tﬁe response is
immediate, which suggests that these winter weight changes in
P, maniculatus may be proximate responées to the availability of
food. The resulting incréase in overwintering weight enabled
mice to come into breeding condition much szarlier than on the
control, The consumption of supplemental food also lowered the
age of male sexual maturity so that smaller males came into
breeding condition earlier than on the control, Finally, mice of
all age-sex classes had higher growth rates in the presence of

extra food,
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Section G: Home Ranges

Stickel (1968) indicated that the home ranges of
P. leucopus vary in size between habitats. She sugqested that
home range size may be larger in areas with lower food supplies.
A recent short-term study by Metzgar (1973) suggests that
feeding and exploratory home ranges of P. mapiculatus are not
spatially distinct activities. If food-gathering is an important
component of P, maniculatus novement, the addition of food
should reduce home range size, If individuals in the present
study concentrated their movements around feeding stations, this
might leave room for immigrants to the food grids.

I estimated home range size by Koeppl et al.'s technique
(1975). This model calculates an elliptical home range from the
distribution of grid capture points of an individual animal. The
model does not <calculate ranges for individuals +that are
captured at only one location, or at two Or more ¥ocations in a
straight line, I calculated a home range estimate for such
indivgduals (Appendix 9). Unfortunately, thes 0,8-hectare grids
used in this study are too small to give good home range data.
Over half the mice in all populations had 50% or more of their
capture points in the outer lines of traps on these qrids, Since
the percentage with such captures was almost equal for all
populations I have included these mice in the data analysis. But
mice with 100% of their captures in the outer line of traps were
excluded. |

Home range size 'is hiqghly variable within each population

{(see Table IX). Males have larger home ranges than females, For

example, during the one-and-a-half vyears of food addition to



Table IX, The mean home range size (sg n)

mice on control and food grids.

Tu

of male and female

Nov-Dec 1973

Jan-Mar 1974
Apr-Jun "

Jul-Sep "

Oct~-Dec 9

Jan~-Mar 1975
Apr-Jdun

Means (1974-75)

Grid 1{control)

6rid 5 {(without food)

1757 (17)

Males Females
1642 (10) 1073 (10)
2273 (14) 1352(10)
1511 (13) 1548 (10)
2784 (9) 2881 (10)
1516 (6) 1571(10)
2241 (6) 2008 (8)
2105(15) 1795 (14)
12009 (45) 1615 (37)

Grid 2{food)

Males

e .. e . St e S

1035(13)

1489(18) -

1203 (14)

1338¢(9)

1513(7)

2089(11)

3365(7)

1473(45)

Females

903 (17)

736 (15)

639 (14)

815 (8)

867 (8)

919 (11)

868 {11)

974 (66)

e .t vt i, o . T S ot S i T T S 74 . T Y O O 7 ST. T " ST St o " e A 13

1753 (14)

Grid 5 (with food)

1584 (13)

1151 (18)

The means are for home rangss calculated for the whole
data set from January 1974 to June 1975,
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grid 2, males on the control had home ranges 1.24 times larger
than those of the females, and on grid 2 they were 1.51 times
larger. On a seasonal basis, home ranges of males on the control
are large in late winter and spring (Jan,-Har.)., They decrease
in early summer, peak in late summer (Jul;fSep‘), and finally
decrease again in the fall and wearly winter., K Females on the
control had a seasonal pattern in home range size similar to
that of the males, except in the spring of 1974, when they
showed 1little home range expansion, But in 1975, when breeding
was underway much earlier, female home ranges were also high 1in
the late winter-spring period, Stickel (1968) also reported that
hcme ranges were large at the onset of breeding.

The distribution of home range sizes calculated for males
and females during the whole period of food addition are given
in Figures 14 and 15, The mean home ranges over the whole period
are significantly smaller on grid 2 (males: t=2,41, p<0.02, and
females: t=4,52, p<0.001). In =gach three-month period (see Table
1X), except for males in Apr.-Jun. 1975, home ranges of both
sexes are smaller in the long-term food population (grid 2). But
on the low density q:id 3 population which received food one
month after grid 2, males had larger home ranges (3027sg m) even
than those on the low density control grid 5 over this period
(2638sq m). Females in this population had smaller home ranges
(1488sg m) but not significantly smaller than those on grid 5
(2076sq m)., Certain topographic features of this grid may have
had somelinfluence {see Appendix 1). Over the whole period that
Qrid 5 received food (Nov,-Feb, + Jul,-Auqg,), compared with the

same period the previous control year, the mean home ranges of
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Fiqure 14, Frequency distribution of male home range
sizes on the control{grid 1) and food qrid(2).
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Figure 15. Frequency distribution of female home Tange
sizes on the control(grid 1) and food grid(2).
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males and females were smaller, Females again had statistically
smaller home ranges when the population was supplied with excess

food (t=2.13, p<0.05). .

Home ranges of P, maniculatus are flexible, Home ranges on

the control changed seasonally, with a tendency for there to be
larger home ranges in both sexes during the breeding season.
Mice reduced the size of their home ranges in response to the
addition of food. This response. to food indicates +that
food-gathering is an important determinant of the movement
pattern exhibited by P. maniculatus. The reduced movement of
males and females in response to supplementary food could have
made 'space'! available for immigrants, In fact, the period with
the highest rate of female dimmigqration coincides with the
smallest home range size recorded in the study, Also, hone
ranges of females in particular tended to be smaller during
periods of highest food consumption (Table VIII). This suggests
a cause-effect relationship between food availability and
movenent patterns, Males also reduced the size of their hone
ranges, yet in spite of being lighter than 1actatin§ females and
having lower energy tequirements, they maintained larger home
ranges than did such females. This suggests that males .maintain
larger home ranges than are energetically neccessary. But, since
the overall sex ratio for the fed population remained at 1:1,
males with extra food may tolerate more range overlap than

females.
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In previous sections I have alluded +o possibile
competition from M. oregoni- that immigrated into all
P. maniculatus populations in 1975, When I started trapping the

P. maniculatus populations on grids 2 and 3, I tagged énv
M. oreqgoni that entered the +traps. Over the first summer on
these grids, M. oregoni made only sporadic appearances or

disappeared, so I ceased tagging them. Unfortunately, when they
reappeared I did not have the time to tag them individually. The
nunber of M. oregoni given in Table X is therefore a mininunm
population count. It represents the largest number I recorded in
either check each trapping period, However, in the penultimate
trapping period on grid 2, I caught 23 M. oregoni in one check.
Then, 1in the last trapping period I removed all individuals of
both species that were caught ip the first check, so all 49
traps were available to any remaining mice of either species.
The total number of M. oregoni recorded in this trapping period
was 25, only 2 more mice than my count for the previous normal
trapping period. Therefore, the fiqures given for the M. oregoni
population may not be tocc unrealistic.

Table X shows the mean number of M. ogoregoni - for each
three-month period on each grid. There are unfortunately no data
for the +two controls in the.first half of the study {(Appendix
1) . There was an increasing immigration of M. oregoni- to all
grids in 1975. The number of M. oregoni compared with the number

of P. maniculatus {Table 1II) indicates that there is a

reciprocal change in numbers of the two species. Petticrew and

Sadleir (1974) found a similar reciprocal change in numbers of
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Table X. The mean number of Y, oregoni in each P, maniculatus
population, :

Grid 1 Grid 2  Grid 3 Grid 4 Grid 5

1973
Nov-Dec - 1. 40 1. 60 -— -
1974
Jan-Mar - 1,00 1.50 - -—
Apr-Jun - 0,29 0.57 - --
Jul-Sep - 2.50 8. 40 7.60 -
Oct-Dec 0.57 2.25 10.25 2.86 0.0
1975
Jan-Mar 8.0 5.17 -- 7.8 3.8

——— — e — T qu R — o
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these two specieé in one of ‘their populations in the UBC
Research Forest at Haney., They concluded that some type of
competitive interaction may have occurred. Redfield et al.
(1877) showed that M. townsendii actively excluded
P. maniculatus from grassland areas in the Praser River Delta.
In the present study I was 1interested to see whether food
manipulations had any affect on the proportions of the two
species occurring in the forest, Also, I wanted to see if'tﬁe
M. oregoni immigration was having any effect on the

P. maniculatus populations.

In the 1last half of 1974 there were few if any M. oregoni-
on grids 1, 2 and 5, But on grids 3 and 4 numbers were higher. .
An 1interesting change in numbers of both species occurred in
August 1974, when food was removed from grid 3 and added to grid
4, On grid 3, in the first trapping period in August 1974, there
were 9 M. oregqoni and 16 P. maniculatus. The food stations vwere

removed during this trapping period. Two weeks later there were

16 M. oregoni- and 15 P. maniculatus.  The numbers of

P. maniculatus and M. oregoni on grid 4 at the beginning of

August were 27 and 13 fespectivelya“After two we=sks of food the
declined to 4, Similar changes in numbers of the two species
occurred with the removal of food stations from grid 2 in June
1975, M. oreqgoni increased from 13 to 23, and P, maniculatus.

declined from 35 to 19. . Finally, on grid> 5, when food was

removed in March 1975, M. oregqeni increased from 3 to 13 in two
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weeks, but P. maniculatus in this case increased initially, then
declined, There 1is sone indication of a decrease in
P, maniculatus and an increase in M. oregoni when food stations
are removed frcm a population. There is also an indication of a
reverse pattern of change of numbers when food is added to a

population.

Bemoval Of M. oregoni

In the last trapping period of the study, I removed some of

the M. oregoni from control grid 1 and £food grid 5. In both

on the first four rows of each grid (rows D to G, see Figure 3). .
I did this partial removal of M. oreqoni for two trapping
periods (at the end of July and the beginning of August). Table
XI presents the total number of traps occupied by each species
for these last three trapping periods,

M. oregoni on rows A to C almost certainly moved into LOWS
D to G to replace voles removed. For example, on grid 1 there
were 10 voles in the A to C rows and 12 in the D to G rows
initially. By August 20-22, the number of voles was reduced by
half, From the total number of t;aps occupied by each species,

we see that after 2 weeks of M. oregoni removal this species was

reduced on grids 1 and 5. P. maniculatus, on. the other hand,

e e R Vo i W o o oy —
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increased on both grids, The changes in MNA of P. maniculatus
also reflect'fhis trend: on grid 1 numbers rose from 20 +o 32
and on grid 5 from 25 to 35. The presence of M. orsgoni appears
to have depressed the numbers of P. maniculatus in both

populations in 1975. But the reduction of P. maniculatus in the
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Table XI, £ The number of P; maniculatus and M, oregoni-during
partial removal of the vole from M. 0. =

grids 1 and 5,
M. oregeoni and P.M., = P, maniculatus. The numbers are the number
of traps occupied by each species.

Grid 1(control) Grid 5 (food)
Rows A-C Rows D-G Rows A-C Rows D-G
M.0., P.HM. 4.0. P.NM, H.0. P.H. M. 0, P.M.
Jul 23-25 10 5 12% 12 17 12 6% 14
Aug 6-8 12 12 14% 10 9 14 5% 13
Aug 20-22 5 13 6 22 6 16 5 21

* = yoles removed
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presence of extra food on grid 5‘was not as grsat as on the
control.

To see which age group was being affected by this
interspecific interaction, I have counted the number of recruits
in the month before M, oregoni removal and in the month during
patial rTemoval., It was not possible to compare recruitment on
the two halves of the grids during the removal periods because
H. ggggggi distributed themselves evenly across the grid in the
intervening two weeks. On both grids combined adult recruitment
did not change, but sub-adults and juvenile Tecruitment
increased from 5 to 37, This indicates that sub-adults .and

juveniles were prevented from entering the P. mapiculatus

populations with large numbers of M. oregoni.

It is not possible to say what mechanism produced the
change in numbers observed in the two species in response to the
addition and removal of food. But it is iﬁteresting to note that
P. mapiculatus  home ranges on both control and food grids were
larger in 1975 in the presence of M. oregoni than in 1974 in
their absence. This may indicate that the two species were using
some resource in common, even if only *space'. Individual
P. maniculatus may then have been forced to compensate for this
by enlarging their home ranges in the presence of the vole. But
the responses of both species to the removal of food suggests

that  P. maniculatus can outcompete M. oregopni- if food 1is

provided. Such a response may result if P, mapiculatus- is nmore
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successful at defending a localized food supply than the vole,

The removal experiments suggest that sunbadult and Jjuvenile

E. maniculatus recruitment was reduced by M, oreqoni.
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4, DISCUSSION

The results of increasing the temporal and spatial
availabilty of food to P, maniculatus populations are summarized
in Figure 16, Supplemental feeding changed +the size of the
breeding population, the extent and intensity of breeding, and

the spatial organisation of individual mice.

Male And Fepale Numbers-

The late winter (December 1973 and January 1974) addition
of food resulted in a doubling or near-doubling of the number of
both sexes of P, maniculatus, thus confirming the first
prediction (see H1. Introduction). Similar, though less
dramatic, numerical responses followed the late summer {August
1974) and mid-winter (November 1974) additions of supplementalv
food, The large 1late winter increase in both sexes occurred
before juveniles were born and resulted from an increase 1in
immigration to the food grids. The results contrast with those
of Fordham (1971), who added food to P. mapiculatus populations
in mid-February.amd observed an increase in female density, but
no change in males, Since in a *normal' year, malss can have
scrotal testes by February (present study and Sadleir 1974), it
is possible that Fordham added food after the potential breeding
males had expanded their home ranges and possibly excluded any
surplus males, The early provision of supplemental food in the

present study preceeded any weight gain and home range expansion

in males.
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Fiqur 6., Summary of the effect of supplemesntal food on

e 1
P, mapiculatus populations,
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EXTRINSIC INTRINSIC

PERTURBATION 'RESPONSE
Increase food — » Increased growth

Incr. winter weight —»
X Decr. age of maturityy

SPATIAL ORGANIZATION

Decr. home range size

|  DYNAMICS

~Incr. immigration

Incr. br'eeding popn. & & 2

Incr. reproductive output
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These numerical responses of P. maniculatus to the addition
of food in late winter suggest that food availability influences
the size of the breeding pppulétion, This response may vary with
the stage of the breeding cycle, +the amount of natural food
present, and the number of feeding stations. The importance of
the stage in the breeding cycle dis indicated in the smaller
numerical responses of populations to late summer and mid-winter
food addition and removal, The complete and temporary removals
of food in late summer and fall caused males first to'qo out of
reproductive condition and then to increase in density. This
numerical response is probably a consequence of the decline in
male agonistic behaviour associated with the cessation of
reproduction = {Peromyscus: Sadleir 1965 and Healey 1668,
Microtus: Turner and Iversen 1973). Food removal earlier in the
breeding season had 1little effect on males but did affect
females. For example, the 1late summer removal of food was
followed by a drastic decline from 20 to 6 females over six
weeks, but 70% or more adult females continued to lactate. By.
contrast, spring food removal produced no change in density but
reduced the percent of females lactating from 73% to 20%.

The other two factors that modified the numerical response
of P, maniculatus to supplemental food involve the food itself.
The consumption of supplemental oats declined during late
summer, which coincides with the period when granivorous rodents
are known to expand their diet to include arthropods, leaves,

Batzli 1977: Apodemus: Hansson 1971). If the P. maniculatus

e v s
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populations supplied with oats expanded their diet to include
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such natural food items, and re-ad justed their home ranges to
include these items, then this could explain the summer decline
in density on the food grids. This might also explain why other
populations of granivorous mice supplied only with supplemental
seed food tend to decline in density over summer in spite of the
extra food (Peromyscus: Fordham 1971 and Smith 1971: Apodenmus:
Watts 1969 and Flowerdew 1872). Finally, the reduction in the
number of feeding stations over winter was followed by a
steepening of the normally slow overwinter decline in density.
Meanwhile, two éopulations fed at high levels were stable or

increased, This suggests that the number of food stations also

affected the populations! response to food.

Peromyscus normally does not breed in winter. But a number
of studies have shown that the onset, duration, and cessation of
breeding can be highly variable in one location fronm year to
year (see Sadleir 1974 for a review)., In the present study
P. maniculatus in a control population started +to breed +three
months later in 1974 than 1975. The duration of the breeding
season itself (at least 50% of males scrotal or fenales
lactating), was only +two and a half months compared with over
six months in 1975. The average monthly temperatures were Dbelow
normal in both vyears, but May 1974 had the lowest mean
temperature on record, Male reproduction halted and females
ceased breeding on both controls by the end of May 1974, whereas

no breaks in reproduction occurred in either sex in 1975. Total

precipitation and hours of sunshine were closer to normal in
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1975, 1In fact, the unusually early onset of breeding this year
was probably a direct response to particularly mild weather in
December 1974, .

In spite of the rather 'wintry' weather in 1974, mice in
two populations with supplemental food started to breed. This
advanced the onset of breeding in 1974 by four months ccmpared
with that on the control, In fact, breeding in the long-tern
food population continued for seventeen months apart from a
two-week cessation in the fall 1974, This cessation was probably
in response to a temporary eihaustioa of food supplies at this
time. The mnid-winter addition of food to another population
resulted in males bécominq scrotal and females perforate after
two weeks, These results confirm the predictions of #atts (1970)
and Sadleir et al. {1973), that abundant food supplies can
override the normal cessation of reproduction exhibited by
granivoréus small mammals in temperate winter climates.

.This relationship 'between food supply énd reproductive
condition is also indicated in the winter weight Tesponses of
mice to supplemental food, Mice on all grids showed the winter
weight decline characteristic of north temperate small mammals
{Iverson and Turner, 1973), But in all three populations that
received food in winter, mice increased in weight immediately
after food was made available. This resulted in some individuals
becoming reproductive 1in two weeks after the early November
addition and four weeks after the late December addition. The
delay in the latter case is a result of mice in this population
having reached the minimum overwinterinqg weight by the time food

was added, The presence of extra food reduced the cost of enerqy
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aquisition and enabled deermice to maintain positive growth
rates and reproduce in spite of winter weather conditions. .
Flowerdew (1972) also found that the m2an weights of

Apodenu

i

sylvaticus supplied with supplemental food were 20%
higher than those of controls. These results suggest that weight
changes and, in turn, the onset and cessation of breeding are
prcximate fesponses to food availability in granivorous rcdents.

The consumption of supplementary food also enhanced
reproductive output, Larger numbers of male and female mice bred
on food grids than on controls, The median body weight (which is
equated with age) of sexually mature males was high at the
beginning of the breeding season on the control and then
declined, But the addition of food reduced the weight at sexual
maturity, wparticularly in the early breeding season. Also mice
of both sexes on food grids had higher growth rates than
controls at all times of the year., Therefore, vyounger mice were
able not only to breed but also to reach breeding weiqhts
earlier. Finally, the highest growth rates coincided with
periods when most oats.were renoved from food stations..  These
results indicate that +the abundance of food, through its

influence on the weight of individuals, affects the onset,

s Em T DR RN

Spatial Organisation

In a population supplied with supplemental food for
one-and-a~half years, male deermice had average home ranges 0.73
times the size of male home Tanges in a control populatién“

Females reduced the size of their home ranges even further to



0.60 times that of controls, If home ranges space individuals in
a population (Watson and Moss 1970), then this reduction in
response to food represents a reduction in the use of ?'space' by
the residents., This could explain the high rate of immigration
to food populations. In fact, female immigration was highest
auring the three-month period when the lowest mean home range
- was recorded, Further, females in particular tended to have
smaller home Tanges during periods of highest oat removal from
feeding stations. These results.squest that ~food-gathering is
an important determinant of home range size in 5oth male and
female P. maniculatus.

The response of P. maniculatus- to the immigration of

S s o i A S s " o

M. oregoni- in the present study could also be interpreted in
terms of spatial organisation, Deermice in all populations had
larger home ranges in the ©presence of M, oregoni. This
interspecific competitor may have decreased the availability to
deermice of food or some other extriﬁsic factor. Individual
deermice may have been forced to occupy larger home ranges, and
perhaps also exclude subordinate conspecifics. This would
explain the decline in deermouse density and the exclusion of
juvenile and sub-adult mice 1in the presence of M. gregoni.
'Density compensation' in the presence of a coexisting

_competitor has been observed in bird species (Cody, 197&5. The
reduction in M. oregoni numbers and the increase in

P. maniculatus when supplemental food was provided requires
further explanation, however, Perhaps deermice are bstter at
exploiting seed foods (Caldwell, 1964), especially the clumped

distribution in food stations used in the present study.
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Implications For Population Regulation In Peromyscus:

What bearing, if any, do the results of the ©present study
have on the general population model for P, paniculatus proposed
by Petticrew and Sadleir (1974)? Deermice sharé with other small
mammals the frequently observed spring decline in population
size at the onset oﬁ breeding. The extent of this decline is
variable and depends on the length of the previous non-breeding
season in granivorous mice (Fuller 1969, Watts 1969 and
Petticrew and Sadleir 1974). The end result, whether a larqge
decline from. high densities, or a small one or none at all
following Jlower overwinter densities, is a low density breeding
population from year to vyear. The manner in which this is
achieved is as yet undetermined (Petticrew and Sadleir 1974). .

The present study suggests that the availability of food
may determine both the onset and cessation of breeding and hence
the length of the non-breeding season., Mice in ©populations
supplied with extra food in wid- and late-winter not only.put on
weight and came into breeding condition but also increased in
density. This increase resulted from immigration in response to
the reduction in home range size by residents receiving extra
- food. Like the European wood mouse (Flowerdew 1973), deermice in
this study had to gain weight from 1low overwintering weights
before starting to breed, This pre-reproductive weight gain in
control populations wés associated with home Tange expansion.
Since the food experiments indicate that the size of home ranges
is affected by food availability at this time, I suggest that
males expand their home ranges in the spring in order to obtain

the extra food required to gain weight and reproduce. This
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increase in male home ranges could exclude subordinates
{observed in arena studies by Eisenberg 1968) and hence help to
explain the normal spring decline in male density. Purther, if
larger mpales are dominant (Turner and Iverson 1973), this could
explain why dispersers are light-weight males (Fairbairn 1977)
and also why only the heaviest males become reproductive in the
early breeding season {present study).

Petticrew and Sadleir (1974) suggest that male density is
regulated throughout the breeding season, whereas females can
increase through the season. They also suggest that Juvenile
numbers are limited by the agonistic behaviour of reproductive
males, In the present study, no correlation was féund between
the number of breeding males and juvenile survival, Instead,
there was a negative correlation between -juvenile survival and
the number of lactating females. Redfield et al. (1978) also
found that juvenile recruitment in M. townsendii was related +to
female but not mpale density., Female P. maniculatus in the
present study appeared to maintain nearly constant population
size through the breeding season than did males on the control
in 1974 (Figure 5). Over the long breeding season in 1975, Dboth
sexes 1increased and then declined, possibly in response to
4. oregoni immigration (Appendix 3). Over the same two-week
period (May 29 - June 12) in the 1974 breeding season both sexes
declined on the food grid (Figure 5). This large decline may
have coincided with the summer éwitch in diet from seed to
non-seed. food items. If so0, not only were the sexes behaving

similarly, but they also may have responded to the distribution

of their perhaps preferred natural food supply. The number of
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females on the food grid after this decline was almost identical
to that on the control, The results of these experiments suggest
that female reproduction is sensitive io environmental
conditions, and that females theréby have a strong influence on
population dynamics in ©P. paniculatus. After the spatial
re-organization of males in the spring an increasing number of
males become scrotal, With sufficient food and warmer vweather
some females may then become pregnant and lactate after two to
six weeks, If insufficient food 4is available, or weather is
poor, females may not ccme into breeding condition until later.
The iong delay in the onset of female lactation on the control
in the c¢old spring of 1974 contrasts with there being no delgv
the same year on grids with extra food,

Pet;icrew and Sadleir (1974) suggest that over the
non-breéding period both sexes of P. maniculatus are regqulated
by the length of such seasons. At lower +temperatures enerqy
demands increase, and on the control, mice lost weight, ceased
reproduction, and declined in number. This response was reversed
immediately in winter by the addition of food to experimental
grids, HMice on such grids gained weight, reproduced, and
maintained fairly stable winter denéities. By contrast,
P, maniculatus  supplied with decreasing levels of food
overwinter tended to respond to each food reduction by a
steepening of their overwinter decline (Piqure 6). This suggests
that not only is the 1length of the non-breeding season
determined by a combination of food availability and weather

conditions, but also that +the pattern of decline within such

periods can be influenced by food availability,
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I suggest that natural ©populations of P, maniculatus,
through their spatial organisation in home ranges, are highly
responsive to the extrinsic environment., By means of this
spatial - arrangement, individuals attempt to gain access to
required resources, maintain high weights, and reproduce. The
system 1is probably tightly regulated in P. paniculatus by the
seasonal restrictions of their food supply, which —results in
their losing weight over winter and ceasing to breed. Because of
their high energy demands for lactation, females are probably
more sensitive to these conditions than males and may exert more
influence on population dynamics during the breeding season.

Such a dynamic system <c¢ould be maintained +through +the
interaction of individuals as a Tresult of their spatial
organisation. Interaction could be through direct contact, or
through olfactory stimulation as a result of scent-marking by
individuals {(Eisenberqg 1968), For example, through increased
interaction, individuals <could monitor a reduction in resourée
quantity or quality, and then respond by emigrating to an area
of lower interaction if such exists, or ra2ducing the size of
their home ranges and ceasing to bresd, There are records of low
rates 6f lactation in dense populations and complete
reproductive cessation in extremely dense populations of
granivorous mice (see Terman 1968 for review, and Canham 1969),
I+ 1is interesting to speculate that these females may have
experienced such hiqh rates of interaction when attempting +to
gain access to resources that reproduction was no longer
possible, In the very dense population, +the high rates of

interaction per  se may have had a detrimental effect, such as
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pregnancy block (érnce 1959, Eleftheriou et al. 1962, and Clulow
and Langford 1971). The end of the normal bresding season might
result from a combination of higher energy demands and increased
interaction over decreasing food availability in the aufumna
Reduced access to food éould result in loss of weight and
cessation of reproduction, The associated decline in
reproductive behaviour results in the observed 1increase to
winter densities, Some of these suggestions are highly
speculative, But the bresence of such a dynamic system of
spatial organisation «could explain the observed impact of
supplementary feeding in the present study., Also such a systenm,
combined with the omnivorous nature of their diet, could account
for the rapid and successful exploitation of new food resources
in general by gg;ggygggg, especially human garbage (Courtney and

Fenton 1976).
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MICROTUS TOWRSENDII-
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1. . INTRODUCTION

In spite of half a century of research, the population
dynamics of voles remains somewhat of an enigma. The general
population trend of a two- to five-year ‘cycle!' in numbers ﬁas
been observed repeatedly (see review by Krebs and Mysrs 1974),
But there is no consensus on the underlying wmwechanism. The
hypotheses range from single factor extrinsic (weather, food,
predation) or intrinsic (behaviour, genetics) explanations, to
recent suggestions that involve a combination of several factors
(Bunnell 1973, Batzli 1975, Collier et al. 1976, Gaines and Rose
1976) .

Krebs et al. (1969) put a fence around an otherwise natural
population of Microtus pennsylvanicus and M. ochrogaster, thus
preventing immigration and emigration. The fenced population
increased to unusually high densities, which resulted in voles
overgrazing their food supply and consequently some individuals
starving, This experiment has been repeated with similar results
on Microtus  townsendii (Boonstra' and Krebs 1977). These
experiments suggest that natural vole populations are normally
able +to prevent serious overgrazing of their food supply,
Purther, removai experiments on these species (Myers and Krebs
1971, Krebs et al, 1976) indicate that voles could do this by

inducing dispersal of some individuals and hence limit

population size in a given area. Finally, Krebs et al. 1976,
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found that the recruits to areas from which resident voles had
been removed, were breeding at lower weights than voles on the
control. This shows that excluded voles were capable of
breeding, and that smaller voles on the control were being
prevented from breeding in the presence of larger animals. These
microtines thus fulfill the first three conditions that Watson
and HMoss (1970) suggest indicate that spacing behaviour can
limit population size at least in the short term (Table XII). It
is not known whether this is the case over long periods of time
-icondition D).; |

There .is very 1little evidence for or against condition E
{Table ¥II) in microtines. Krebs and Delong (1965) provided
surplus oats to a low density vole population for ten months,
The population increased at 3% per week over five nmonths
{reaching 8 times its original density), then declined over the
summer to the low starting density in contrast to the control,
which continued +to increase. But this experiment has been
criticised because of the type of food used (Watson and Moss
1970, Batzli and Pitelka 1971). Also, there were many
differences in the vegetation between the contrel and the
experimental area, which was 10 km away. The status of the
experimental area wﬁs uncertain, but the control was clearly an
'increasing! population.

I was interested in testing condition E on Microtus
townsendii, and seeing if the number of individuals that could
be supported in a given area over a long period of time was
related to food distribution (Section I), Second, I wanted to

see if immigration to a new area, and the size of the colonizing
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Table ¥XII, Factors suggested as necessary to show that spacing
behaviour limits population size.

A. A substantial part of the population does not breed,

B. . Such non-breeders are capable of breeding if dominant or
territorial animals are removed. .

C., Breeding animals are mnot conmpletely using up some
resource. .

D. Long-term limitation by spacing behaviour.
E., If conditions A to D are met, and numbers change following

changes in food, then food and behaviour are both limiting
population size,

Taken from Watson and Moss (1970) p. 170. .
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population was affected by fcod distribution (Section II).
Finally, voles, like P. maniculatus, often exhibit a spring
decline in density, and I wanted to see if this was influenced

by the availability of food, or by dominant resident voles

{Section IIT).
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2. METHODS AND EXPERIMENTS

Study populations of M. townsendii were situated in two

ih

qraésland areas south of Vancouver in the Fraser River Delta of
B.C. The Ladner study area is 4.8 km east of Ladner in the
abandoned airbase bordering Boundary Bay. The Reifel grassland
is situated on Westham Island, which is 6.4 km west of Ladner.
Both grasslands have been undisturbed for at 1least ten vears.
The Reifel grassland 1is a relatively confined area bounded by
farmland, water-filled ditches and a dyvyke beside the sea, In
contrast, +the Ladner grassland is bounded on only'one sid2 by
the Boundary Bay dyke.

Two sizes of grid were marked out in these grasslands.
Large grids had 100 trap stations at 7.62 m intervals, usually
in either a 10X10 (0.47 hectares) or a 5X20 (0.44 hectares)
pattern, Small grids had either 50 traps in a 5X10 pattern (0.21
hectares) or 49 traps in a 7X7 pattern {0.21 hectares).
variations in the shape of larger grids were made to fit habitat
restrictions: these are described in more detail in the relevant
sections. The trapping regime was the same as that used in
P, maniculatus, except that M. townsendii were checked during
the intervening day as well as the two overnight periods in each
winter trappianSession. In summer, the davtime trapping period
was abandoned altogether in order to avoid portality fronm
overheating. The type of data recorded on each vole was

identical to that recorded for P, maniculatus.
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These four grids were located in the Ladner study area {see
Figure 17)., 6Grid E was the control population trapped by Krebs
et al. (1976) from May 1971 to September 1975. Grids R and T were
- set up in July 1972. Initially, the 100 traps on grid 3 were
placed in a 4X25 pattern, and grid T had 7 rows of 13 traps and
one rtowy of 9 traps. But the area between grids R and T and the
control (grid E) became a shallow lake 4in late fall, so I
realigned both experimental grids on October 29th to avoid
flooding the traps, Both grids were made into 5%X20 grids running
close and parallel +to the runway. At the end of March 1973, a
high density of food stations {1 per 22 sq m) was introduced to
grid T and a low density to grid R (1 per 73 sqgq m), I had
intended to run these two grids as 1long-term food grids with
high and low densities of food available for the duration of the
study., Unfortunately both were destroyed by ploughing in April
1974 after only one year of supplemental feeding. In May 1974 I
set up grid M and provided it with food stations at an
intermediate density (1 per 45 sq m) at the end of August 1974,
This grid was monitored every two weeks until the end of the
study in September 1975. Food stations were removed from grid N

ten weeks before the end of the study.

6rids 1, 2, and 3 : Colonizatio

and Food -Density-

These three small grids were set up on the area that was

ploughed in April 1974 (see Fiqure 17). By the end of WNovember
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Figure 17. Location of M. townsendii.- grids at Ladner, B. C.
Numbers and letters ccrrespond to those assigned to each
grid.
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1974, grass was re-growing and some mice were immigrating into
the area, I was interested in monitoring immigqration to high,
low, and =zero supplemental food 1levels in the breeding and

non-breeding season,
Grids I and 6 : Spring Decline and Food

Grid I was the control used by LeDuc and Krebs(1975). It
was trapped continuously from July 1971 to Szptember 1975, Grid
G was also used by these authors., The dynamics of voles on the
two grids was "practically identical. In particular +they
exhibited a non-breeding season which terminated in a
substantial spring decline, I decided to use the two grids to
test the effect of food availability on the wmagnitude of the
spring decline, On December 1st 1974, food stations were put out
at each trap 1location (1 per 47 sq m) on grid G, All food
stations were removed on June 27th 1975, eight weeks before the
grid was last trapped.

I looked at the data available from previous years on the
voles that remained on grid I after each sbrinq decline, There
was some indication that such voies were large and came into
breeding condition early, At the low point of the decline, all
mrales tended to be scrotal adults and half the females were
perforate and some were lactating., I therefore decided to test
the hypothesis that 4if such voles were removed frce the
population the voles that normally disappeared during the
decline would stay and reproduce, Two small grids were set up at

the beginning of January 1975, a1l males weighing > 70 g and
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females weighing > 54 g were removed from one grid {Aipha). The
second grid (Beta) was the control, where the same nunber of
voles was removed but as a random sample across all size
classes, Finally to determine what voles dispersed from
established populations at Reifel +through the 1975 spring
decline, I removed voles continuously from a 10X10 grid and a

narrov strip grid of 2X13 traps.
Food Supply

Microtines are herbivores, and the most effective method of
manipulating their food supply would be to provide them with
extra green vegetation or change their grass food supply in situ-
by fertilization or destruction. But the logistics and expense
of the former on a large scale over a long period of time, and
the consequence of the latter on habitat structure made thenm
unacceptable, Further, I wanted to control the distributicn of
food fairly closely. Following the advice of Dr, G. O, Batzli
{(personal communication), I provided voles con grids R and T with
a laboratory chow (Purina #5321) for +the duration of this
experiment. The chow was readily takenm by M. townsendii-both in
the laboratory and from food stations in the field. But the
pellets were vefy sensitive to moisture; after a period cof rain
they became mushy. and developed mildew a few days later.
other food experiments I used oats with a large handful of chow.

The experimental design is summarized in Figure 18.
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Figure 18. Summary of M. townsendii experimental design. The
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winter months are shaded.
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3, RESULTS

BT e ey T

The trappability of voles on the control grid (E) and the
experimental grids (R, T, M) was calculated in the same manner
as described for P, maniculatus. The voles are more trappable
than the deermice at similar densities (see Table I and Table
XITII). But the trappability of voles declines progressively as
the number of individuals increases, Male and female voles are

equally trappable.

The density of vcles on the control grid (E) was very low
when it was first established in June 1971 (see Krebs et al;s .
18976)., From a winter (November) high of 27 voles the population
declined to 12 in March 1972. When grids R and T were
established in July 1972, the control was increasing towards its
second winter peak of 58 voles (Figure 19). Before the
realignment of traps on October 29 1972, the number of voles on
both grids R and T were similar at 63 and 68 voles respectively

compared with 48 on the control. But after realignment, the

. density on these two grids increased rapidly. I think part of



Talble (III, The trappability of voles on grids E, R, and T. Mirimum numder

alive is given ia parentheses, ¥L=males, FMd=females. ’
Season Grid E Grid R Grié T Gzid o

HL r4 L oyl ML Ex ML gt
YWinter 1972-3 91(33) 06 {36} 83 (46) 87(59)y 381(72) ‘81 (€5} - -—
Sumnmer 1973 78(68) 83(57) T4{112) 76 (104) 54{167) 65(183) =-- --
vinter 1973-4 - 85(36) 82(28) S0 (57) 75(61) 63(135) 50 (130 -~ -
Suzmer 1974 89(80) 31179 -- -- -- -- -
Winter 1974-3  78(93) 77(89) -- -- -- -- 59({120) 49(153)
Grand Total (1) B5{124) 85({104) 78 (166) T9(15€) 68{264) 63(259) -- -~

Grandé Total(2) T1{205%) 71(188) . 47(226) 41(290)

E = Control, R = Low-£5d0d,

3

[

(1) = Trappzbility Ovar The Period July 1972 To March 1974

{2) = Trappability Over The Period May 1974 To Sapteaber 1975

11
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Fiqure 19. Number of voles on grids E, R, and T.

A = grid E (control)
x = grid R (low-food)

]

grid T (high-food)

A = food added to grids R and T
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the reason for this increase is that mice from the *marsh! area
that became a winter 1'lake' emigrated to the slightly higher
ground along the edge of the runvway where the two experimental
grids were positioned (Figure 18). The lake remains until April
or May depending on the precipitation, then it beccmes a
temporary breeding habitat for M. townsendii in summer. I
delayed adding food stations to grids R and T in the hope that
the density of voles would decline to the level of the control.
But over the three months (January to March), +the control
declined at an average of 1% per week, while grid R continued to
increase at 2% per week and grid T at 4% per week. The sex ratio
on both experimental gqrids was biased in favour of females (R
37:50, T 59:75), while on the control it was even (19:17).

The number of voles on grids R and T continued to increase
after food was added on March 18 1973 (Figure 19). The number of
voles on the low-food grid (R) increased at 6% per week over the
next three months to peak at nearly 3 times the control density. .
But the number of voles then declined steadily (2% per week) on
the low food grid (R) through the.late summer and autumn (July
to October). The control ({E) population declined at 3% per week
during October and November, while +the low-food ©population
increased at 1% per week. The population (T) of voles supplied
with a high-level of food, in contrast to both the «control and
low-food population, continued to idincrease at 2% per week
throughout the whole period (March to December 1973), Initially,
females increased mdre guickly than males on the high-food grid
and became significantly (chi square, 6,303, p<0.025) more

abundant over the period April to June 1973 (Appendix 10). But
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by the end of the year the sex ratio was even,

The overall density of voles on the control and low-food
grid did not change appreciably over the first three months of
1974, The sex ratio on the control became slightly biased
towards males, while on the low-fodd grid males declined 1in
numbers and females increased. Over the same period, the density
of voles in the high-food population declined because the number
of males declined by 30%. Therefore, both food grids had
populations biased towards females.

Grid M was set up as a 10X10 grid of traps at the end of
May 1974, The density of voles on the grid H was close to that
of the control (Figure 20) at the end of Auqgust, when an
intermediate density of food stations was added to grid M. The
nunber of voles on both grids increased rapidly (control 7.3%,
intermediate-food 9.6% per week) over +the next four months.
Again, the population increase on the food grid was uneven
between the sexes, females increased +<faster than males.  The
control population remained fairly stable over the early sumner
then increased again towards the end of the study in the fali of
1975. The intermediate-food population diverqed from the control
in December and increased to double its number by March. This
increase was contributed to egually over this time by Dboth
sexes, Over the next three months male density declined while

females increased still further with intermediate food.
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Figqure 20. Number of males and females on grids E and M.

unjoined points grid E {control)

grid M (intermediatz food)

joined points

X = males

+ = females

A__,= food added to grid H
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The total number of new voles captured on all grids in each
three-month period of the study is shown in Figure 21. There is
a fairly consistent pattern of capture of new voles on the
control over the first two years of the study. Over the summer
months the number of new voles is higher than over the winter
#eriods. But after September 1974 nearly twice as many new voles
were captured over the 1974/5 winter as over the previous two
winters combined, Twice as many new voles were recorded over the
following summer compared with the previous yzar,

Grids R and T had more new voles than the conrtrol in the
nine months before food was provided. During the summer 1974,
following food addition, the number of new voles on the low food
grid (R) vrTose to 1.9 times the control number and on the
high-food grid (T) to 2.5 times the control number. .The low-food
population had almost the same number of new voles as the
control over the 1973/4 winter, but the high food grid
maintained 2.9 times the control number. The number of new voles
captured on the intermediate-food grid (M) was 1.7 times that on
the control overwinter(197&/5) and twice thz control numbers
over the summer 1975,

The age and sex composition of new voles entering each
population is given in Appendix 11, In terms of the sex
composition of each age class, immigrants to all populaticns of

__________ maniculatus
. The sex ratio in the sub-adult category 1s close to even.

Females predominate in the -qjuvenile age class, while new adults
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Figure 21, New voles captured on grids E, R, T, and M.

<> = grid E {(control)
# = grid R {(low food)
@ = 9rid T (high food)

@ = 9rid ¥ (intermediate food)

>

food added to grids R and T

food added to grid M

| 2
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in all populations are predcminately males.

After food was added to grids R and T both populations
increased over April - June 1973 because of high immigration of
voles of all age classes, Over the mnext three months, adult
immigration dropped on both experimental grids to the same
levels as on the control, Sub-adults and juveniles entered the
low-food population (R) at the same high rate as in the previous
three months but then declined over winter to control levels.
Meanwhile, the high-level food grid (T) had twice as many
immigrants ' in the sub-adult age group in late summer and
continued with high rates into the winter in contrast to the
control and low-food grids. The first new voles on the
intermediate-food grid (M) were in the adult and sub-adult ‘age
class, But over the last six months{January to June), twice as
many voles immigrated to grid M as to the control.

Over the year that food was added to grids R and T, the sex
ratio of new voles to the control was biased towards males
(106:70), Males also predominated (181:152) amongst immigrants
to the control over +the nine months of intermediate food
addition to grid ®. The number of males amongst new voles on
each food grid, in order of food level from low to high, was:
1.5 times, 1.8 times, and 2.2 times the number on the control.
Similarly, new females on each food grid in order were: 1.7
times, 2.3 times, and 3.1 times those on the control. Therefore,
both sexes entered food grids in proportion to the food

available,
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Breeding Season-

——_—— —— . T —

I bave separated the breeding data for the sexes of
M. towpsendii. Although some female M. townsendii-were perforate
in every trapping period of the study except one, the breeding
intensity, in terms of the percentage of females lactating,
seldom rose above 50%  Males, on the other hand, sustained a
high level of breeding in each season. The data are suﬁmarized
in Pigure 22, where +the breeding activity of adults {(voles
weighing >42 g) on each grid is given for the duration of the
study. In a few instances sub-adults (voles weighing 30 tc 42 q)
were considered 1if the percentage breeding was higqher than in
the adult age class, .

Before food was added to grids R and T; male voles on all
grids were breeding, The intensity of breeding in males in the
highest-density population on grid T was slightly less than in
the other +two populations, The following winter, males on the
control had stopped breeding by the end of December 19?3. On
grid R, which had a higher density of voles and a low level of
food, males had gone out of breeding condition six  weeks
earlier. But with a high 1level of food, males on grid T
continued to breed. In fact they stopped breeding for only  six
weeks on grid T ccmpared with 12 weeks on grid R, and ten weeks
on the control.

The breeding activity of females was more sporadic and less
intense than that of males. There was no appreciable increase in
breeding intensity of females with extra food, but the period of
non-breeding was shorter in the presence of a hiqh density of

food, On grid R with a low density of food but twice the density
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Figure 22. Breeding activity on grids E, R, T, and H,

wide line 50% or more adults breesding.

less than 50% of adults breeding

middle line

narrov¥ line no breeding

grid E (control)
grid R {low food)
grid T {high food)

grid M (intermediate food)

h

A
A

v* food removed

food added to grids R and T

food added to grid M

il
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of voles compared with the control, females ceased breeding for
twenty-six weeks compared with eiqghteen weeks on the ccentrol.
Females in the high-density population with a high level of
food(T) did not breed for twelve weeks,

Apart from one trapping period at the end of Augqust 1975,
males and  females bred continuously on the control from spring
1974 until the end of the study. More than 50% of the males vere
scrotal on thé intermediate-food grid in PFebruary 1975, this was
six weeks earlier than the control males. Females lactated at a
consistently higher intensity in the presence 6f intermediaie
food compared with control females in 1975. After the removal of
food stations at the béqinninq of July, male reproduction
dropped below 50% two weeks later and female breeding ceased
completaly; while both sexes on the control continued at their
summer intensity.

In summary, breeding of voles in the control population at
Ladner was nearly continuous throughout the study. This made it
difficult +to observe the influence of additional food on vole
breeding, But, a population with double the control density of
voles, and only a low-level of extra food, appeared to have a
shorter breeding season than the control, But the addition of a
high-level of food appeared to shorten the non-breeding season
of both sexes in a high density vole population., Finally, in
1975, voles with an intermediate 1e§el of food bred more
intensively than control animals, When food was removed from

this population, reproduction in both sexes was reduced.
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Breeding Succes:

Reproductive output, in terms of +the number of young
recruited, varied widely on the control over the‘duration of the
study at Ladner. For example, in the three-month period October
to Decenber 34 young were recruited in 1872, 23 in 1973, and 88
in 1974. Before food was added to grids R and T, 76 voung had
been recruited to the control grid., The number recruited to grid
R was 1,4 times higher (113) and to grid T was 1.9 times higher
{148) than the number to the <control, Over the six months
following food addition 59 young were recruited to the control
(E). The low-food population had 163 young (2.8 times qgrid BE),
and the high-food grid had 215 young (3.6 times grid E) over
this period. So the number of young entering the food qrids was
twice the ©pre-food level. Before food addition to grid M, the
number of young voles present was similar to the number on the
control., But during the next nine months over twice as many
young {337) were recruited to the intermediate-food population
than to the control (159).

Barly Jjuvenile survival is shown in Table XIV. Before food
was added grid T had higher juvenile survival but a lower rate
of female lactation than grid R. Juvenile survival on grid R was
lower +than on the «control. In the six months after food
addition, the number of lactating females on both food grids was
equal, Juvenile survival on the food grids was 1lower in the
first half of 1973 than on the control. But in the second half
of the summer it improved on the food grids, and was highest on

the high-food grid (T). Before food was added to grid M,



Table X1V,
The number of lactating females is given in parentheses.

Jul-Sep

Oct=-Dec

Jan-Mar
Apr-Jun
Jul-Sep

Oct -Dec

Jan-Mar
Jul-Sep

QOct -Dec

Jan-HMNar

Apr-dJun

1972

n

"
n
"

"

1973

"

"

1974

n

Early juvenile survival on grids E, R,

{control)

2.13(15)

3.78(9)

0.77(13) -

0.96 (28)
0.91(35)

1.64 (14)

13.00 (1)

0.87(46)

2,84 (31)

0.90 (49)

0.16 (168)

{low-food)

0.44(10)

2.50(18)

0.56 (43)

0.77(105)

1.26(65)

25.00(M

3.75(8)

130

T, and M,

{high-food) {int.-food)
4, 33(9)

4.79(14)

1. 27(33)
0.78{105)
2.02(66)

2,77(26)

1.90{10)
2.05¢17)

1. 494(71)

1. 40 (77)

0. 56 {220)
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juvenile survival was higher than on the control, but the number
of females was also lower. In the first six months of 1975 the
number of lactating females was higher in the presence of food,

and juvenile survival was also better than on the control.

The mean weights of males on grids E, R, and T are plotted
in Fiqure 23, There is a strong annual cycle in mean weight on
all grids, The lowest mean weiqghts are recordsd in early to
mid-winter and the highest weights in early sumnmer.

The addition of food to grids R and T in 1973 resulted in
the mean weight of these populations becoming significantly
higher +than +that on the control by the following trapping
period, On grid T with the highest level of food the mean was
significantly higher +than the means on both grid R and the
control. Four weeks later grid T reached its Qeak of 579 while
the control was still only at 53g. The lowest winter weights on
the control were lower than those on the lqw-foéd grid, which in
turn were lower than those on the high-food qrid. .In fact, voles
on grid T maintained higher mean weights than did the <controls
frecm the end of November 1973 to the ploughing of the grid in
April 1974,

Instantaneous relative growth rates were calculated for:
voles as described for P. manpniculatus, Before food was added to
grids R and T, the growth rates on these high-density grids was
loyer than on the low density control {(E) {see Appendix 12). In

the period immediately following food addition, the growth rates
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Figure 23. Mean weights of voles on grids E, R, and T.

it

top grid E {(control)

middle = grid R {low food)

]

bottom grid T (high food)

A

food added to grids R and T
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in all age-sex groups were higher on the low-food grid (R), and
highest on the high foocd grid. (T). A month later, all voles on
the control had extremely high growth rates. All age-sex dgroups
in the 1low food population (R), except juvenile females in
August, had lower growth rates than controls through the summer
(June to August)., Voles in the high-food population {(T) had
higher growth rates than voles on gqrid R, but apart from all
males in May, =ach age-sex group had lower growth rates than
voles on the " low-density control until +the énd of July.
Therefore, voles with access to dry, supplemental mouse chow in
mid-summer had lower growth rates than voles on a 1low density
control grid., This situation was reversed in'the winter months.
Voles on grid R had. higher growth rates +than voles on the
control 19 out of 24 possible times (sign test, p=0.003). On the
high-food grid (T) voles had higher growth rates 24 out of 30
times in the period from Auqust to December 1973. In late
winter, the growth rate of voles on the control increased, and,
‘as in P. maniculatus, males increased before females. At this

time on the food grids, as in P, maniculatus with food, males
and females had higher growth rates at the same time. .

Growth rates of voles on the control +through the 1974/5
winter were much higher than in both previous winters._ In fact,
noinegative growth rates were recorded on the control in +this
mild winter. Howevar, voles on the intermediate food grid (M)
had higher growth rates than control voles 35 out of 42 times.

But again, +the extra food, this time admittedly oats, did not

increase growth rates in the summer 1975 on grid M.
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Survival

The survival of voles on all grids fluctuated between 0,80
and 0.90 from July 1572 to March 1974 {Table XV). .In the nine
months before food was added, vole survival on grids R and T was
higher than on the control, The addition of supplemental food to
both experimental grids did not change the survival in their
vole populations, But survival on grid M, with an intermediate
level of food, was lower in both sexes compared with the control
from October 1974 to June 1975. In particular, wmale survival was
below .80 in 17 out of a possible 18 sample periods. In the two
months following food removal, male survival declined to 0.43
and female survival to 0.52 compared with 0.77 and 0.78

respectively on the control.

Home Range Size

Home ranges of voles were calculated byitﬁé same method as
described for P. maniculatus. Voles with one capture point, and
more than one capture 1in a straight 1line (but not on the
peripheral rows of the grids) have heen included wusing the
estimates given 1in Appendix 9, The home ranges were calculated
for blocks of data, one for the nine nonths before food was
added to grids R and T (July 1972 to March 1973), one for the
éame time period a year later, when grids R and T were receiving
supplemental food, and one the following year, when qrid M was
being fed (see Table XVI), In the control year (1972/3) there
wvere no significant differences in home range size of the sexes

on the control from those on the experimental grids. But during



136

Table XV, Survival of voles on grids E, R, T, and M. The
number of voles is given in rparentheses, followed by the number
of periods that survival was >0.90 / and <0.80.

- . St . o i e o W S A o — . T~ — — o — o e o i a1 o e o v ey i

E  0.83(332)7/6 0.87(381)11/3 0.86(433)5/6 0.89(378)10/1
R 0.88(445)12/3 0.89 (615) 12/3 0.87(780)9/3 0.90(726) 9/1

T 0.88{603)7/3 0.93(757) 15,1 0.87(1104)8/2 0.90 (249)13/1

10

ctober 1374 to June 1975
E 0.83(725)3/8 0.85(787)5/4

M 0.69{(792)1/17 0.78({919)5/18

—— > " TV o o o o W . P N S Yo ot AR RO T " M S48, TR ST S . T b o ST

E = control, R = low-food, T = high~-food, # = interm.-food
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Mean home range size {sg m) of voles on qrids E, R,

T, and B, The periods are July to March in each year.

o — — W _— — o e A S — o o " —

Grid E

Grid R

grid T

Grid M

Males
Females

Males
Females

Males
Females

Males
Females

e

1050 (50)
578 (65)

795 (74)
423(89)

1134 (51)
608(38)

445 (79)*
331(78) *

328(102) **x
2671 (114) %%

-

S e . - i, oD . R S, . W

670 (85)
391(79) -

447 (87) **
231(92) **

e e . o e S R PSSl P AR T TR S P S T e T g oy o T W " T T e - T o " S o W

fe ke

]

fok

il

3t
i

high food

intermediate food

low food
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the period of food addition, males on grid R and grid T had
significantly smaller home ranges than did males on the control
{(grid R: t=3.12, p<0.01; grid T: t=3.66, p<0,.001) . sSimilarly,
females on the experimental grids had smaller home ranges than
did controls over this period (grid R: t=3.14, p<0.01; grid T7T:
t=3.88, p<0.001). Although males and females on the control had
smaller home ranges in the 1974/5 period than in the previous
two periods, those with an intermediate level of food (grid M)
had significantly swmaller home ranges than control voles (males:
t=2,63, p<0.01; females: t=3,33, p<0.001), Females had smaller
home ranges than males in all periods on all grids {except gqrid

T with high-food).



139

Section II : Colonization and Food Density

The most significant response to food addition in both
P. maniculatus and M. townsendii was a large increase 1in
immigration. In the next series of short-term experiments (see
Figures 17 and 18), I attempted to see if immigrants to vacant
areas were settling in response to the spatial pattern of food.
The experiment was planned for the winter non-breeding season
(197&/75) and the summer breeding season (1975).

At the outset of the experiment on November 18-20th 1974, I
removed all voles from all grids. On November 25, a high density
of food stations (1 per 11 sg m) was placed on grid 1, a lower
density (1 per 33 sg m) on grid 2, and none on grid 3. After
three weeks of immigration to these three food levels, all voles
were removed in the mid-December trapping period. I teduced the
density oﬁ food stations. on grid 2 to one per 68 sq m. Voles
were then allowed to immigrate freely for the next four months
to all three grids. I reduced the density of food stations on
both grids 1 and 2 by half 1in Januwary 1975, ¥Food cans were
removed at the end of april, and all voles were removed for the
next three trapping sessions., The experimental treatments vere
then switched so that no stations were placed on grid 1, qrid 2
had a high density of food {1 per 87 sq m), and grid 3 now had a

low density (1 station per 136 sgq m).



140

The number of voles removed (vertical 1lines) and the
minimun number alive for the intervening colonization periods
are shown in Pigure 24. Practically the same number of voles
were removed from all +three grids before food was added, and
also after the first week of food addition. But over the second
and third week of food addition to grids 1 and 2, 37 new voles
entered the high-food population (1), 28 entered the lcﬁffood
poéulation {2) , and only 19 entered the ccntrol popuiation (33).

over the four-month colonization period, the population
with a high level of food (1) increased at an average of 50% per
week compared with 30% and 35% respectively on the low-food grid
{2) and the control (3)., After the +three removal periocds in
April and May 1975, the total number of Qoles {males:females)
that had colonized the high-food grid was 188 {97:91), comparéd
with 116 ({62:76) on_the low-food grid (2), and only 53(16:37) on
the control. Therefore, three times as many voles colonized an
area with high-food compared with one with no food, and twice as
many colonized an area with low-food compared with one with no
food,

The second colonization experiment was not run for a 1long
enough period, However, voles again colonized the highest-food
area (2) at a higher rate (22% per week) than they did the

low-food area (10% per week) and the control (10% per week). .
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Figure 24. Number of voles on grids 1, 2, and 3. Vertical 1lines
are the number of voles removed.
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A total of 241 new voles was captured on the high-focd area
{1y over the first colonizéticn period (Table XVII)., Only half
this number(136) of new voles was captured on the low-food area
(2) and slightly greater than a guarter the number{77) on the
control (3). In the +two-month colonization period in summer
1975, 153 new voles were captured on the high-food grid (2), 143
on the low-food area (3), and 106 on the control (1).

During the first colonization period, the number of new
fenpale voies on the low food area (2) and the qontrol {(3) were
similar. But nearly three times the control number of females
entered the high-food area (1). New males, on the other hand,
entered the populations 1in proportion to the food available.
Over the short summer period, the trend din the sexes was
reversed, namely, females appeared to be more responsive to the
different food levels.

During the first colonization period, the age-sex
composition of immigrants vrTeflects ©previous trends found for
both species in this study, Namely, the sex ratio of sub=-adults
entering all grids combined was close to even. Adult immigrants
were predominantly males (163:110), and juveniles wvere
predominantly females (24:44)., A second feature is that an
increasing number of smaller voles immigrated to areas in
proportion to the food available, During the first colonization
period, only 27% of the immigrants to +the <control (3) were
juveniles and sub-adults compared with 35% and 47% of those to

the low- and high-food areas respectively.
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voles captured on grids 1, 2, and 3 in each
Ratio of number of males:females

to May 1975

Jan.
6rid 1 2adults T8:51%%
Sub-adults 34: 35%%
Juveniles 15:28%%
Grid 2 Adults 56:32%
Sub-adults 19:12%
Juveniles 8:9%
érid 3 Adults 29:27
Sub-adults 7:6
Juveniles 127
% =
% =

high food

low food

to Jul. 1975

36:26
16:24
2:2

38:4 1%
20:30%*
T2 1T7%%

465:33*
18:27*
Q9: 7%
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Breeding Condition And Reproductive Success

A1l voles bred through the winter 1974/5 at Ladner, so it
was not possible to detect any influence of food on the breeding
seascn on grids 1, 2, and 3., The number of males and females in
reproductive condition is shown in Table XVIII. Over the
winter-spring colonization period, males and females bred at a
higher intensity on grids with extra food., The number of females
breeding in the food populations (1 and 2) was in proportion +to
the amount of food available. Over the short summer colonization
periocd, males bred equally intensively on grids with and without
food, but females again bred more intensively in the presence of
extra food, .

The nuﬁber of +vyoung {<404qg) recruited reflected the
intensity of female breeding in each population. Between January
and May, 52 young voles were recruited to the high-food grid
{1, 28 to the low-food (2) and only 10 to the control (3). Over
the two month summer colonization, 26 young were recruited to
the high-food population {2), 18 to the low-food (3) and only 9
to the control.

Early juvenile survival was also higher imr both
colonization periods in proportion to the food maae available to
the population. In the high-food populations, 1.41 SJuveniles
were captured per lactating female in the first period, and 1.73
in . the second. ©Early Jjuvenile survival in the 1low-food
populations was 1,00, and 1,39, and on fhe controls it was 0.50,

and 0.82 in each colonization period respectively.
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Table XVITI. Mean number of males scrotal and females
lactating on grids 1, 2, and 3,

[ —. ——— e e o W v A Y 2 A Y B T o g e

Jan. to May 1975 Jun. to Jul. 1975
Grid 1 Males 11, 3%% 12. 8
Females T 3.0
Grid 2 Males 12, 7% 12, O#x%
Females 5,0% S 3%k
Grid 3 Males 4.1 15, 3*
Females 3.9 5. 0%
*%* = high food
* = low food
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The fluctuations in the namber of mice on qgrids I and G
were very similar to one ancther from July 1971 to July 1973
{see LeDuc and Krebs 1875). The pattern of change in numbers is
also remarkably consistent between years over this period and
again in 1974, Table XIX lists the +trapping periods when the
population on grid I reached maximum and minimum numbers each
year. The population was unusual in 1971: it was at a
low-density when trapping began, and reproduction continued
thrtoughout the first winter (see LeDuc and Krebs 1975)., In 1972
and 1973 the ©population peaked in December then declined over
the spring to reach its lowest levels in late April and early
May in all three years. In 1973 and 1974 the number of voles at
the end of this spring decline was almost equal at 46 and 41
'respectively, and 100% of the adult males were scrotal., This
pattern is suggestive of the annual cycle in numbers exhibited
by P. maniculatus. The population déclined in the spring to a
low-density breeding population. Then, when breeding c¢eased in
the fall the population increased to a winter peak in density. .

Food stations were placed on grid G on December 1st 1974.
Both grid G and the control grid I populations were well dinto
their Qinter increase by this time, But the density pattern over
this winter turned out to be completely different from that in
all othert yea;s,/males on grid I peaked early in January at a
ruch higher density +than in previous years, and females
continued to increase in numbers until March., Further, neither

sex exhibited a spring decline in density; by the end of April
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Table XIX. Periods of maximum and minimum nuzbers at
Riefel from 1972 to 1975,

Maximum numbers Iotal Males Fepales
10 to 12th January 1972 170 77 93 (+2)
12 to 14th December 1972 231 93 138
22 to 24th December 1973 233 118 115
6 to 8th January 1975 327 149 174 (+10)
Minimum pumbers
1-3rd May 1972 88 26 62(~2)
30 April to 2 May 1973 46 14 32
15 to 17th April 1974 41 15 26 (+2)
28 to 30th April 1974 273 95 (+2) 178

S o . A . . ot e S e . e — s ——— Tt - — . T s WO . Ty T~ WA T SN s o S T

(- or + #) indicates the weeks before or after the date given
that numbers peaked for this sex
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1975, the number of males and females was six times that of +the
previous two years (see Table XIX). This, combined with the very
low trappability of voles in the extremely denée population on
grid I throughout +the summer of 1975, and the resulting
overgrazing, made any attempt at data comparison between the two
grids meaningless, Similarly, the number of dispersing voles was
fairly 1low on the removal areas which made the results of the
selective removal experiment almost meaningless.

It would be very interesting to conduct these experiments
again under ﬁore tightly controlled conditions. In order to
overcome the possibility of being swamped by voles immigating to
the extra food, I would conduct the feeding experiment and
selective removals on fenced grids with a dispersal 'sink’
included {(of the type now beinq used by Beacham, Ph., D, in

progress),
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4, DISCUSSION

It is hard to interpret the the effect of the three levels
of long-term food supplementation on +the dynamics of these
M. townsendii populations. This is because of:-

1. The «control grid (E) exhibited an unuswval pattern of
fluctuation over the four years of the study. The density of
voles was fairly stable for the duration of the low- and
high-level food experiments, But, durinag the period of
intermediate food supplemenf to grid M, the number of volss on
the control proceeded to increase fairly steadily.

2, It is difficult to decide what influence the seasonal
availablity of breeding habitat had on experimental grids R and
T. In the summer the 'lake area' dried out and was colonized by
voles, but inp +the autumn and winter the area became.a shallow
lake.

3. The two long-term food grids were destroyed after only one
year of supplementary feeding,

4, Apart from grids R and T, I was not able to feed these
B. townsendii a suitable supplementary food. In fact, I doubt
the effectiveness of the chow that was used on grids R and T in
wet and very dry weather conditions,

Before food was'added, the density of voles on experimental
grids R and T increased; this was probably in respoﬁse to
flooding- of the ‘'marsh'., In retrospect, I should have dela?ed
adding food until the lake had dried out in the summer of 1973,
because some voles might have 1left both areas (R and T) to

colonize the new habitat, and hence the densities on these grids



151

might have been closer to that on the control (E). However,
after one year of low-level food supplement, the grid R
population still had twice the number of voles that were present
on the control (E). The grid T population reached 4.2 times the
control density after one year of high-food compared with its
pre-food density of 2.8 times the control density, After nine
months of intermediate food, grid ® had double the control
density of voles, having been at the same density prior to food
addition., Therefore, over the periods that these experiments
were conducted, areas with extra food were able to maintain
higher vole populations +than that on a control area with no
food. Also, populations with intermediate and high densitiés of
food stations doubled their pre-food numbers,

The number of new voles captured on an area was always
higher in populations with extra food, Also voles immigrated
into the populations in proportion to the extra food available.
This may have been facilitated by males and females reducing the
size of their home ranges on areas with exira food compared with
those of voles on the control areas. The colonization of vacant
areas provided with different 1levels of food confirmed the
observations for the 1long-term food grids. The largest
populations were established on areas with the highest levels of
extra food. Also, such areas had higher numbers of immigrants in
proportion to the food available. |

It was difficult to detect any ‘influence of food

availability on the breeding season in M. townsendii, partly

because breeding was almost continuous on the controls. The

non-breeding season was shorter in a population with a high
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level of food compared with one with no extra food. BAlso more
pale and female voles bhred on areas with =extra food, Larger
numbers of young voles were recruited to food populations than
to the controls, and early juvenile survival was improved with
extra food. Finally, mean growth rates of voles were higher over
winter on areas with additional food. |

Since the present study was initiated, two feeding
experiments conducted on the European bank vole
Clethrionomys glareolus have been reported. Flowerdew (1973) in
England found no significant change in the breeding season of
bank voles supplied with extra wheat food. But these voles did
have higher overwintering weights +than did the ccntrols.
Andrzejewski (1975) in Poland found that 90% of fewmale bank
voles had an open vagina in early spring on a plot with
high-level o0at food, compared with 53% on a low-food area and
only 23% on a control plot, Both studies reported little change
in survival of voles on their food plots. Andrzeijewski (1975).
found a large increase in immigration to his food plots, but
Flowerdew (1972, 1973) found an increase one year but not the
next, In a 1later short-term experiment, Flowerdew (1976)
concluded that his equivocal response resultsed from the fact
that the bank ﬁoles did not significantly change their
distribution in response to the extra food., In another
experiment in Poland, Andrzejewski and Mazurkiewicz (1976) found
that an island population of bank voles with supplemental food
had smaller home ranges than they had had in previous non-food
years.,

The squivocal nature of some of the results of these food
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experiments on voles may be a consequence of the type of
supplementary food that was provided. If voles prefer green
plant food, as suggested by Batzli (1974), or require it to
reproduce, as suggested by Negﬁs et al.. (1977), then such
results might be explained, But in spite of the type of
supplementary food wused in the present study, the results
indicate that véles are sensitive to the availability of food

resources in their envircnment.
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GENERAL CONCLUSIONS

e o oy - e S TS

spacing behaviour by the possession of home ranges. This
behaviour may limit the number of breeding' individuals in a
given area.  Two recent experiments by Fairbairn (1976) on
P. maniculatus and Krebs et al. (manuscript) on M. townsendii-
provide more thorough evidence for this., By usinq a 'pulsed
removal’ design these authors showed that dispersers into an
area from which residents had been removed were able to colonize
and establish wviable populations. Thus both P. manicuiatus and

e i i o e e 2D S e e R

8. townsendii fulfill conditions A and B (Table XII) of the
experimental design suggested by Watson and Moss (1970) for
showing +that spacing behaviour 1limits population size,

P. maniculatus 1in the present study was able to breed in winter

when extra food was provided., This may indicate that food itself
limits breeding in P. mapiculatus at this time of the vyear.
There ‘is no evidence, at present, as to whether food or any
other extrinsic resource is limiting for these small mnammal
populations (condition <C). Further, it is also not possible to
say whether §pacing behaviour 1limits these populations over long
periods of time (condition D). .

The overall purpose of the present study was to see if
spacing behaviour {neasured as home ranges) of P, maniculatus
and M. townsendii could be changed followind an experimeﬁtal

change in food availability (testing condition E, see Table

XII), P, maniculatus with extra food reached a maximum density
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of 82 mice/hectare compared with 33 mice/hectare on the control.
M, townsendii with a high 1level of extra food peaked at 734
voles/hectare ccmpared with 209 voles/hectare in a 1low food
population, and 98 voles/hectare on the control. The following
year, an intermediate food population of M. townsendii peaked at
504 voles/hectare compared with the control, which this year had
280 wvoles/hectare, Females in both species responded mnmore
gquickly +than males to the addition of food., Immigration to all
populations of both species with extra food was always higher
than to the controls, The age-sex distribution of the immigrants
to all populations showsed +the same pattern: there were
significantly m@more females in the juvenile class, and
significantly more males in the adult class, Residents in
populations of both species reduced their home range size in the
presence of extra food, and this probably facilitated the
increased immigration. Therefore, the home ranges of these small
mammals were responsive to changes in food availability, and
this affected their population dynamics, thus providing evidence
for condition E (Table XIY), But having done this, I think it
remains to be determined whether any other factors (as suggested
in Figure 1) can act on spacing behaviour in this wav.
Flexibility of spatial organisation 4in response to food
availability has recently been documented for other vertetrates.
Mares et al. (1976) showed that Eastern chipmunks reduced the
size of +their home rTanges in response to three weeks of food
supplementation. Iguanid 1lizards reduced the size of their
territories 1in response to only 14 days of food addition (Simon

1975). Both species expanded their respective home TrTanges
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following withdrawal of the extra food. These studies, like the
present one, are short-term experimental perturbations, But a
study by Zach and Falls (1975) indicates that such responses can
and do occur naturally. They observed that ovenbirds responded
to a spruce budworm outbreak by reducing their territory size
and increasing in density, These studies indicate that the
spatial organisation of established individuals can change in
response to perturbations in food availability, and that this in
turn can change the number of individuals that occur in a given
area.

P. maniculatus and M. townsendii have  different  food
habits., The results of the present study confirm McNab's (1963)

observation, that the granivores have larger home ranges than

the herbivores, But after the provision of extra food, female

the difference in home range size in the two groups is a result
of the distribution of food in the habitat. Further, the present
study indicates that both species can respond to different food
densities, Therefore, it is interesting to speculate that the
spatial and +tenmporal pattern of food in the 'typical?! habitats

that the two groups of species have been studied in previously

may have influenced the dynamics observed.

restriction of its food supply in the forest overwinter by
ceasing to breed, and hence exhibits an annual cycle in numbers.
By contrast, the food supply in a typical homogeneous grassland

habitat appears to be far less restricted for low density
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Microtus populations., For example, a low density, increasing
population of m@microtines wusually breeds through its first
winter, which may indicate no temporal restriction of food and
result in high population densities, On the othef hand, the
results of the present study indicate that P. maniculatus will
breed overwinter in the forest if extra food is made available.
Further, a population of M. pennsylvanicus living in woodland
habitat (Grant, 1975) appeared to cease reproduction in winter. .
its food supply could be temporally restricted. Perhaps
grassland populations of M. townsendii are a case in point. .
Temporal and spatial heterogeneity of whole pieces of habitat
may be 1imposed by the winter flooding of these grasslands., In
summer such areas are gccd breeding habitat, and the voles move
out to use them, But in winter they have to leave them for
~patches of higher ground, which themselves may not be high
epough to allow deep burrows. This increased density mavy,
through increased interaction, as suggested for P. maniculatus,
cause a decline 1in weight and halt reproduction, thus giving -
rise to an annual cycle in numbers. Pinally, a major difference
between fhe-two groups is the fact that the food supply of voles
is also their cover protection, Under conditions éf peak
density, voles have been observed to reduce their major food
plants by as much as 85% (Batzli and Pitelka 1970). Locally, the
spatial and temporal heterogeneity of vole habitat could serve
to protect patches of gréss from such overexploitation by
M. towpsendii. Then, for example, if an impact of high densities

of wvoles is a reduction in cover, this will occur in patches.
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But, as the water-table subsides in the spring, the remaining
voles  will be able to invade the previously flooded patches,
vhich now may be favourable refugia, as well as burrow deeper in
the o014 patches, A similar patchwork of favourable and
temporally unfavourable habitat on a larger scale may be
important to microtine dynamics in general. These speculations
are too parsimonious, but they should be readily testable.

It would still Dbe interesting to determine the effect of
food and removal of dominants on the spring decline in voles, as
outlined in Section III above, Since voles responded to extra
food by increased immigration, this experiment should be
conducted in an enclosure with a dispersal éink {see Beacham Ph.
D. in progress). A suitable ‘'herbivore-food-supplement' should
also be used. Second, if future feeding experiments are carried
out in open populations of either species, it would be
interesting to provide food to the central part of a large
trapped area, It should then be possible to determine whether
the immigrants are 1local animals or not{,Third, it would be
interesting to test some of the ideas raised on the influence of
habitat heterogeneity. Specifically, can P. maniculatus be
induced " to ‘'cyclet if a continual supply of suitable food is
provided? Can the winter weight syndrome be reversed and
reproductive condition manipulated in both species Dby the
provision of extra food in the fall? Can this also be done by
reducing poﬁulation density in the fall, hence allowing the
remaining animals unmolested access to resources? If
reproduction can be maintained into the winter, what effect does

this have on future population dynamics, and in voles, on the
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structure and quality of the grasses. Finally, if a patchwork of
good and poor habitat of different sizes can be 'created, ﬁhat
effect does this have 6n the movement patterns of individual
voles, their reproductive condition, survival, and population

dynamics?
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-I was not satisfied with the Sherman traps which Daphne
Fairbairn had been wusing on this grid. The nature of the trap
prohibits one from putting what I consider is sufficient cotton
batting and focd to keep mice warm and fed over a cold night in
winter, The system with the Sherman trap was to use: a small
piece of artificial cotton and a piece ofbmouse chow attached to
the side of the trap by peanut butter., I used this method for
the two trapﬁing periods in ©November, 1974. During these
trapping periods two mice died from having insufficient food and
insulation., Two more mice were extremely weak; they had eaten
the peanut butter but 1little of the chow, Neither of the latter
two were present on the grid again. A fifth mouse had attempted
to chew on the grill af the rear of the +trap, its teeth had
become stuck in the wire and it was dead. In addition, I
reqgularly caught Microtus oregoni-in my Longworth live <traps,
whereas Daphne Fairbairn caught only dead ones in her Sherman
traps. Since I had not lost any mice up to this point in ay
study, I abandoned the use of Sherman traps and used Longworths
from December 1974 onwards, The grid was not trapped on January

8 - 10th, 1975 because of a warning of heavy snowfall. There was

- s i S
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This grid was not trapped during the first period in
September, 1974, Unfortunately, all the food stations were
depleted over this period., The third trapping period in October,
i97u was disrupted by an invasion of a raccoon. The raccoon was
seen on the grid, most of the traps were disturbed, and scme had
blood on them., The second check was not run on January 9th, 1975
because of a snow warning., The catch during the first trapping
period in February was reduced because many traps froze.
Raccoons or possibly a feral éat were 'a problem on HMarch 5th,
April 17th, May 1st, and June 27 in 1975. This, combined with
the large influx of M. oregoni, caused me to abandon this grid a

month earlier than I had intended.

I set up this grid at the same time as grid 2, intending to
feed it at a lower food level, It becama apparent that +the
populations were not comparable: grid 3 had only half the
population of Grid 2. I think that because of its location this
grid was similar to Sadleir's Grid B (Sadleir, 1965). His grid
was in a small 'island' of forest, and the P, maniculatus
population became extinct during his study. Apart from a large
influx of M. oregoni after I removed the food stations from this

e i i vy e e e

grid, nothing else untoward happened.
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The second cheék on January 9th was abandoned because of
snow warnings, and in February many traps were frozen in the
first trapping period, which reduced the catch. Raccoons or a
cat disturbed the +traps on March 20th and 21st and again on
April 4 to 5th and May 15th, M. oregoni-: immiqratéd onto this

grid in late winter and spring..

Again I was not satisfied with the Sherman traps on this
grid so I replaced them with Longworths on December 11th, 1974,
No +trapping was done because of the snow warning in January
1975, After the first removal of food from this grid there was

an influx of M, oregoni, which maintained high numbers for the

rest of the study.
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Female weights are confounded by the increase in weight
associated with pregnancy, so I have considered males only.,
Taking the data for‘both.breeding seasons for the control grid,
I calculated the percentage of males which had scrotal testes in

each weight class:-

Height Class(g) Number of Males: % of Males Scrotal
10 3 0
11 8 0
12 6 0
13 17 0
14 18 11
15 30 13
16 32 . 19
17 61 . 33
18 64 45
19 72 57

The percentage of mice that are sexually mature changes abruptly
from 19% to 33% at 17 g. Also the actual number of sexually
mature males changes from 6 mice to 20 mice. Therefore, I
consider that mice ofv 179 and heavier are adults. No mice
weighing 13g or lower were ever found with scrotal testes, I
considet all these mice to be juveniles, Subadults are nice
weighing between 1i4g and'56g, Other workers on P, maniculatus

ore S e S o . TR P Toem

have used the following cutoffs:~-

Fairbairn {1976): "all ‘mice weighing at 1least 15 g were

considered to be adult.®
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Sadleir (1965): Mice "weighing less than 16 g were considered
juvenile unless they had either perforate vagina or descended

testes, "

Sullivan (1977): all mice weighing 17 g or more were adults,
Sub-adults weighed from 13 to 16 g and juveniles weighed 12 g or

less,
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Apr.

May.
Jun.
Jul.
Augqg.
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Oct.

Nov.
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Feb.
Mar.,
Apr.
May.
Jun.
Jul.
Aug.

The

1973

"
1974
n
n
n
.

n

n
"
"
"
1975
"
"
"
n
"
"

7"

deviation
parenthses.

e e

39.6
41.5
36,7
40.3
43,0
48,2
51.0
58, 2
60.6
63.2
60. 3
50.5
43.6
41.6
36.3
36.7
41,2
45,0
53, 1
57.7
64, 4

60.4

from
These records are from the

i

(-3.3)
{+2.6)
(+0. 4)
{+0.3)
(+0.5)
(-0.1)
(-3.3)
(-1.4
(-2.8)
(+0.5)
(+2.7)
(+0.4)
(+0.7)
(+2.7)
{0.0)
(-3.2)
(=1.3)
(-3.1)
(-1.3)
(-1.8)
(+1.0)
{(=2.0)

the

0.79
2.97

0.13

'Normal

(+1.57)
(¢£2.77)
(-0.99)
(+1.8)

(-1.33)
(-1.48)
(=2.8)

(+2.04)
(+0.89)
(+1.0)

(+0.63)

{+0.11)

(=1.46)
(-0.14)
(-0.81
(=0.7)

{+2.52)

Monthly

174

54,5 (=15.1)
39.1 (-5.3)
83.8 (+28.5)
62.9 (-29.6)
117.1 (-12.4)
131.0 (-49.0)
211.6 (-41.4)
260.7 (+17.2)
254,8 (-49.7)
305.1 (+50.1)
252.5 (+64.6)
179.0 (+63.2)
63.7 (-5.9)
49.8 (+5.4)
57.5 (+2.3)
69.0 {-23,5)
173.2 (+43.7)
177.7 (-2.3)
258. 4 (+5.4)
218.0 (-25.5)
333.5 (+29.0)
145.7 (-109. 3)

Mean'! is given in

Vancouver . International

Airport Atmospheric Station of Environment Canada.
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Appendix 7.
Peromyscus: Mean Weight Of Males And Females In Each Trapping
Period. Ml=males And FM=fenmales.
Date 6rid 1 Grid 2 Geid 3 Grid 4 Grid 5

ML M ML EM ML EM- ML EN nL  FH

Nov. 1973  16.0 15.6 15.2 13.1 14.4 15.4 15. 4 14,
14,9 15.7 14,4 14,0 14.2 15,4 15.2 13.8
Dec. . ™ 15.7 15.2 15.1 14.0 14.4 16.7 15.4 14.6
15,9 15,4 16,1 13,9 15.1 15,2 15.0 14.1
15.5 14.5 15.8 13.4 15.1 15.4 14.9 13.9
Jan. 1974 16.2 -- 16,6 14,5 17.0 15.0 15.2 14.5
16.8 14.8 18.2 14.5 16.9 14.7 15.5 13.3
Feb, " 16.8 15.7 18.2 16.0 16.4 15.4 15.9 14.0
17.3 14.8 19.8 17.5 19.0 18.3 15.9 14.8
Mar. " 17.2 15.5 21.2 19.7 19.1 18.6 16.5 15.1
17,2 15.6 18.6 18.0 18.3 19.6 16.5 4.4
Apr. " 18.3 16,1 20.1 20.3 19.8 19,4 16.5 15.5
16,8 15.9 19.0 17.9 18,1 16.7 16.3 15.5
May, ™ 17.1 16.2 18.7 18.5 17.4 18.8 16.0 15.6
18.1 16.6 18.9 18.2 15.0 17.4 17.2 16.5
18.1 17.2 18.9 19.6 16.6 17.9 17.6 16.7
Jun. " 17.7 14.8 19.1 18.1 16.8 18.6 15.3 14.8
17.4 16.8 18.6 17.3 17.0 15.7 17.8 17.0 16.5 15.7
Jul., " 19.9 18.3 . 19.2 19.4 17.3 18.4 18.3 17.2 17.7 19.3
18.5 19,1 16,7 17.6 16,0 19.6 18.2 18.8 15,7 19.8
Aug, " 17.9 18.6 16.3 18.3 16,5 17.1 17.1 18.7 16.8 18.7
16.9 18.0 15,9 15,8 17.0 18,0 17.1 17.8 17.2 .16.2
Sep. " 17.0 16.1 --  -- - -- -~ -- 12.8 14.5
6.1 16.6 15.4 14,1 14.5 16,7 15,9 15.2 12.6 13.9
Oct. " 17.7 17.1 16.0 14.3 14,6 14.4 16,4 15.9 15,5 14.6
16.0 15.4 16.3 15.0 15.3 14.9 16.4 15,2 14,7 13.6
15.9 16,8 17.2 16.3 15.3 15.1 16.3 16.0 15.5 15.3
Nov., " 16.7 16.7 18.1 17.6 15.3 15,6 16.8 15.2 17.6 17.1
6.7 17.1 17.9 18,1 16.9 15.8 17.1 16.8
Dec. " 6.3 16.9 17.9 17.9 17.1 15.6 18.0 17.6
17.8 18.5 17.5 17.7 17.5 15.9 18.7 19.9

Jan. 1975 --  -- 17.6 20.1 18.9 17.0 --  =--
18.4 21.1 17.4 19.8 19.4 16.5 16.6 18.0
Fek., " 19.6 20.6 17.1 16.8 19.5 16.6 16.7 17.8
19.4 21.8 18.0 18.8 20.0 17.1 17.8 16.9
Mar. ™ 17.0 18.8 18.2 18.5 20.4 16.6 17.9 18.5
17.1 16.9 17.6 17.4 19.2 17.5 17.7 18.4
Apr.,. " 17.3 15.9 17.6 18.8 20.4 19.3 15.2 18,0
17.9 18.6 18.5 18.2 19.0 17.2 16.1 16.4
May. " 18.1 16.9 19.2 21.0 19.3 17.7 16.5 15.4
18.8 17.0 18.2 18.5 19.3 18.2 16.6 16.6
18.7 17.2 18.8 19.1 19.3 16.6 17.4 17.3
Jun, M 18.9 18.9 17.7 20.1 17.6 17.9
, 19.4 19,0 18.3 17.6 20,0 19.6
Jul., " 18.5 19.7 17.3 20.2 19.6 17.5
18.3 20.7 15.9 20.0 17.7 19.3
aug, " 18.3 20.3 17.5 18.5
15.1 17.1 14,6 15.2
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286 216 538
2386 LS7 351
668 8¢E5 12233
275 552 715
566 779 1432
194 957 252
250 906 183
267 14 358
10= 5 (q)

fegales in

adults

Ju

each age class:-

juveniles

-12
=126

376
555
741
3490
852
752
1434
1363
336
9
503
574

'5(_) ’

19
8

W o= O

[ASIENG I &

1138

1627
1080
227

I
e

231,

213

779
595
703
15490
1612
734
565
95
757
774
1518
233
799

1667
1793
1163
2298
310
127

449

9LT



Peromyscus And Microtus:

I <calculated hone

capture points in a straight line by multiplying the

different

these circles:-

Grids 1,5 :

Grids 2,3,4 :

All vole grids:

1,5

2,3,4

211 vole grids

capture

locatio

r=7.50m

r=7.62m {

r=3,.81Tm {

176.7

182. 4

45.6

ns

o

range s

{ca

izes

177

Straight-line Home Range Calculation

for each animal with all

number of

p) it visited by the area of

11

1t

353. 4

364.8

91.2

(half the distance betwsen stakes)

1 1 )

? L8 ) )

530,1

547.2

136.8



Microtus:

Jul

Oct

Jan
Apr
Jul

Oct

Jan

Appendix 10

Iotus: Minimum Number Alive on 6rid
Three-month Period.
Grid E 6rid R

ML FY nL- FM
Sep 1972 16.3 14, 3 20.0 24,9
Dec " 22,2 25.0 27.7 37.8
Mar 1973 22,0 23.3 34.7 u48.9
Jun " 26,3 23,0 46,7 58.8
Sep 29,4 26.9 58, 3 54,1
Dec " 23,8  22.7 46.8  46.5
Mar 1974 25.9 21.1 42,3  50.7
ML = Males And FM = PFemales

52.6
54.7
77.4

105.8

86.9

178

ity
=

23.0

50.5

71. 4
84. 3
1.3

109.8

109. 1



Dec

Mar

Jun

Gzid E Grid 2 Grid T Grid :

Ad Sa Ju Ad Sa Ju Ad Sa Ju Ad Sa iy
23:17  9:11 12:12 23:15 12:12  4:26 27:16 13:15 8:1% 37:33 10:10 12:1
7:1 4:3  12:17 7:5 7:6 17:18 8:12 19:19 18:20
10:1 2:7 L4 12:5 6:9 4:8 22:6 11:12 5:17
25210 5:15 7z 4 25216 24:16 20:28, 25:21 21:27 20:21
10:3 13:9 8:9 7:1 27:8 22:27 9:5 53:37 23:25

0:0 6:2 8:8 3:1 10:7 2:7 9:5 32:40 10:3
13:0  4:4 2:6 15:3  7:9  2:3 30:12 7:15  0:5
27:9 29:19 23:27 ' £2:33 37:40 19:22
35:14  8:17 7:16 60:39 29:40 19:28
37:41 7:33  4:6 62:72 36:36 25:27

E = control, R = low-food, T = high-food, M = intermediate-food

Ratio = males:females, Ad = adults, Sa = sub-adults, Ju = §uveniles

6L1.
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