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ABSTRACT

Demography of populations of Clethrionomys rutilus and

Peromyscus maniculatus on two islands in the Mackenzie

~ River wés studied by means of‘live trapping on grids and
snap trapping in_ the summers of 1977 and 1978. Vegetation
at live trap grid points was analyzed in Juiy 1978 to cor-
relate vegetation variables and animal captures.

Y

Clethrlonomys numbers reached a summer maximum in early

' July in. 1977 on. Igiand 2 and remained high thereafter. In
1978, numbers increased exponentially until late August

when they-werg sti;l only:about~50% of the 1977 maximum.

In 1977, a high but declining number of young was recruited
“into the’frap?able population,, juvenile Survival was lower,
and a smaller prdportioh of both sexes reached sexual matur—'
ity than in 1§78..Centers ofvactivity of mature females were
uniformly disﬁersed in both years, whereas they tended to be
randomly dlspersed in other classes. AdJusted range lengths
of males were 31gn1flcantly larger in 1978 than in 1977. The
number of voles increased more slowly to a lower summer max-
imum both years on Green Island. The number of recruits into
‘the trappable“pqpulation_inéreaséd.exponentially through the
summer, and a high proportion of young matured each summer:.
Adjdsted*range lengths wére significantly larger in 1978
than in 1977 except for overwintered females where the diff-
erence wés nof.significdntt Litte£ sizes did not differ sig-

nificantly between islands or years. With the possible excep-

© o



tion of a smali sample from Green Isiand in 1978, prenatai
mortality was negligible. Differences in body weights and
lengths a%peared unrelated to variations in population den-
sitykaoles on Green Island experienced more wounding than
those on Island 2, largely because of much’wounding among
immatures on Green Island in 1977. Regulation of numbers of
voles was suggested by an inverse relationship between den-
Sity of adult voles and recruitment juvenile survival and

maturation and, by uniform dispersion of centers of activ-
— _
H

ity at high denSity
On}Island 2 in 1977, Peromxscus numbers reached a sume

mer maximum in mid-July and showed slow growth thereafter.
In 19%8, numbers increased exponentially through the summer
to a level similar to that reached in 1977. Breeding began
- earlier and with a smaller breeding population in 1977 than
in 1978. Deer mibe on Island 2 in 1977‘suffered deblining
juvenile.survival and recruitment of young into the trap-
pable bopulation. No mice matured'in the summer of birth.
Centers of activity of mature males were uniformly disper-
sed while other mice tended to show random dispersion. Ad-
justed range lengths of mature males were Significantly
flarger than those of mature females. In both years, numbers
of mice on Green Isiand increased exponentially through the
summer. Numbers of recruits into the trappable population
increased exponentially in both summers. Densitiés of mice

were higher on Island 2 than on Green: Island in both years.

Differences between 1slands ?r years in body lengths or



weights did not relate %o Qarigt}ons in populatiog density.
Losses of up‘to 50% were estimated émong nestlings.'Woundﬁ
ing was more prevalent among matures than immqtﬁfes and
among mice on Green Island than those on Island 2. Regula-.
tion_of numbers was suggested by an iﬁverse relationship
betweén the size of the spring brééding population and re-
cruitment and Jjuvenile survival, but repféductive output

. was invériable gnd no young of the {year matured.

Obsefved spatial.variabilit&\}~ density may be expiain—

ed by moisture demands by Clethrionomys and cover needs of

o . . .
Peromyscus. Differences in capture rates associated with

habitat types explain some of the differences in denSities
between islands. Lower capture rates for Greeﬁ Island than
for Island.2 on the same habitat type are without explana-
tion. Spatial segregation of voles and deer mice was sug-
gested only in 1977 on Island 2 when both population dehj

'sities were high.

i . vi
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INTRODUCTION -

Population growth does not continue fndefinitely. Berry
(1968) saw an island population of Mus increase 10-fold in
the breeding season when it had the potential to increase

150-fold: Annual population peaks of Clethrionomys rutilus,

the northern red-backed vole, varied between years by only

a factor of threel(Koshgina 1965). Fuller (1969, 1977a),

working wifh Clethrionomys gapperi, observed on average
2-fold increases in snap trap indices of populafion density
between May and August. He‘also found years when density
dropped by a half (1967) or increased By over 4-fold (1976)
durlng the breeding season. Higher annual populatlon growth
rates have been a38001ated w1th cyclic peaks in numbers.

The phenomenon of population cycles and the control gnd
: reguletion of growth have been under study since Elton
(192L) treated the subject. Such studies demonstrate vary-
ing attitudes toward fluctdations in populétioh size. If we
adopf the position o% Cole (1954a) that populatioh fldctua—
tions are.random, there may be no regulating mechanism to.
‘study. Alternatively’Lidicker (1966) proposed the interac-
tion of multiple factors to_eiplain a decline in Mus dnlan
island. Krebs et g;.'(1973) and Krebs‘and Myers (1974)
argued that some fluctuations fit a cyclic pattern and fhat
a single. mechanism’operates during each cycle.

That populatlon size can vary between breedlng seasons
indicates that growth does not always reach 1ts full poten—‘

'tlal and 1t is therefore 1mportant to. ask how.growth is



limited. In this paper,~I éhall distinguish between control

| and regulation. The ‘latter term will be reserved for situa-
tions in which a facfor (or factors) seem to be acting as a
result of negative feedback triggefed by increasing density,
whereas the former'implies no negative feedback.

To explain the breeding densities of Peromyscus,

Fairbairn (1977a) had to add controlling -factors ofAspriﬁg
~weather-and overwinter food supply to regulating factors of
onset of femaie breeding and male aggréssion. Unfavorable
weather was not seen by Fuller (1969) to affect breeding in
c. rutilus. He did not find year to year variétioﬁs in
cessation of breeding_and.observed that lgﬁer spring breed-
ing could be compenéated for by more intensive breeding.
Failing to find an.explanation for demographic changes in’
extrihsic factéfs, Krebs (1966) favbred regulation throﬁgh
genetic shifts in the populétion reflected in quality and
fitness of individuals. Also in studies bn Microfus,_
Hoffman (1958) concluded that population regualtion was
effected by weanling and juvenile mortality, not by any
reproductive change. However, Koshkina (1965) Sgggeéte
that'increasé in Q. rutilus abundance stops moré becau of
a cessatidﬁ'of breeding fhan bécauée of increased mortal-
ity. Chitty (1967) assumed that éome behavior traitwof-all'
species of animals could prevent unlimitéd increase in pop-
ulation density. Such a behavior trait persists becausé of
its survival value; Survival rates change in response to

changes ‘in behavior.



Grant (1976) concluded that extrinsic factors are su-

perimposed on an underlying behavioral regulation.?‘

"
~

~Christian (1970) saw dispersal as the variable related to

social tolerance and population density. Krebs (197b)'pfo_
posed thaf dispersal, differential reproductive suecess or
differential survival of young could be the mechadism
throdgh which behavioral changes operate. When surviyal is
high, most disappearing individuals seemed to disperse
rather than die (Krebs g;g__l_. 1976). Clark (1956) noted
viéerous aggression among Microtus females that were nurs-
ing young or were in the late stages of pregnancy. This ag-
gression might serve to drive awdy"ofher mature females,
males: Qr.&buﬁg'of previous litters, but may also result in
infanticide and cannibalism. Friesen (1972) observed ?5%'
and 20% losses among C. rutilus and C. gapperi litters res-
pectively. Small mammal and researcher interference at
nests may be important factors in breeding success. Gliwicz
(1975) noted compensating mortality between early and late -
summer litters. | | N
o Identified negetive,feedbaek mechanisms do not act con-
sistently to regulate populations. While Batzli and Pitelka
(1970) found high Microtus popuiations affectiné the ‘abun-
dance of preferred food plants, apparent food llmltatlon or
high mouse den31t1es are not sufflclent to brlng about pop-~
ulation declines (Krebs ‘and Myers 1974). If the hypothes1s

of - a s1ngle common mechanlsm of population regulation is to

3

be pursued witheany success, a greater emphaéis must.be'



\
j /;
placed on eliminating or controlling factors that do rot
consfétently regulate numbers as eritically high densjities
are approached. Isolated'buﬁ ad jacent populations of the
séme and different'specieé'shguld receive increased étten—
tion.‘So&rces of variability between study areas such as
predation, disease, food supply, weather and winter degths
may be considered controlled in adjécent populations, and
thus allow examination of factors varying with population
density: However, habitét and miérohabitat of such comparé—v
tive sfudies ¢cannot be ignored. West (1977) sugéestedlthat
habitat was a significant factor. in winter survival.
Because the present study was located on islands, the
dispersal hypothesis favored by Errington (19565; Lidicker'
(1962)- and Krebs and Myers (1974) may not‘be applicable.
Regulatory mechanisms of island populations are of interesé
4in light of the Krebs effect (MacArthur 1972). MacArthur

proposed that densityvmight be inversély related to island .

size. However, Dickinson (1976) studied Clethrionomys
rutilus on islands, including those of the present stugy,
and was not able to demonstraté a.negétive relationShipibe_

tween animal density and island size. Herman (1979) studied

island populatidns of Peromyscus maniculatus and did not
find evidence of a Krebé effect. |

The isiands used in this_project are locafed in a 21 km
section of the Mackenzie River northwest of Fort Provi-
“dence, Northwest Térritories:(Fig.nl). Previous work on

these islands by Canham (1969) and Dickinson (1976) sug-



gested relatively consistently high densities of Clethrion-

~
.

omys rutilus and Peromyscus maniculatus and densities usu-—
- - I

ally higher tﬁan,found on_the mainland. The live;trapping"

and snap-trapping of the present study were done to deter-
mine whether numbers are nearly constant on an island from
‘year to year'and whether or not densities are the same on

- different islands. If numbers are high and constantly high

on islands and if diépersal is not a useful means of popu-

2 . : R 2
lation regulation, how. are numbers controlled or regulated?

This study examines the demographic'paraméters of natality
(litter size, recruitment, méturation) and mortality (intra
-uterine, pre-maturation, poét—maturatiqn, winter)  in two
species of small rodent on two superficially\similar is~-

lands, and attempts to identify those parameters that may

act to bring about regulation through negative feedback..

3
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Abstract

s

Populations of Clethrionomyé rutilus were studied on

two islands fIslaﬁd 2 and Green'IsI%nd) in the Méckenzie
River\ering the summegg of 1977 and 1978 primérily by
live-trapping but also By snaﬁ—frapping and éutopsy.

The number of voles on Island 2 in 1977 increased uﬁtil
late June and then remained nearly constant unt?l trappiné:
ceased in laté August. On Green Island in 1977 5hq\1978 and °
“Island 2 in 1978, populations grew all summef and ev in
- August had not reached the densities founﬁ“during the 1977
high on Island 2. Isldnd 2 in 1977 had an unuéually-low
number of maturiﬁg young ?oléém Litter size, fhe numbér‘of
young recruited per overwinteréd female, prenatal mortality,
sex ratios and body length and weight showed no coffélation
with differences in population density. Highgr wounding
rates and shorter adjusted range lengths were associated
with higher population densities. Overwinter sur&ivai rates
(0.87 t6'0.99 for 14 days) exceeded those of sumﬁer (0..50 |
to 1.00 for 14 days) and did not differ betWeen islands.

"Although high densities of voles were reacﬁgd early iﬁ
the summer of 1977 on Island 2, expaQ§ion of ﬁopulation ‘
size was observedcto stop before the end of the breeding
season. Restraint of gggwtn pptential was seen in poor‘mat—'
uration of the young and in déciining jufénile survival and

recruitment of young through Summer. r



~ Introduction

Lo

Studies of island populations of small mammals have led

to a number of intefesting observations. Lidicker (1973)

noted 2-year cycles in Microtus californicus populations on
islands concurrent with.mainland cycles of fhree or more ~
years, and attributed the shorter cycle length to lack of

- mammalian predators. Variations in body size,were séen in
Apodémus by Deiany (1970) and in Peromyscus by Foster

(1964). Bé?ry (1968) found‘island populatiohs of Mus to -

Nave larger litters énd bgﬁies than mainland populations.-
Berry and Jakgbsvn*ftQ?ﬁf attribufed diffefing body si;es

on islands to founder effects while Redfield (1976) associ-

ated increases inIPerog§scus bedy size with "isolation

itself™". Sulli;an (192?) compared(Peromvscus populations
and found differences in growth rates and dispersal tenden-
cies befween mainland and island populations. Crowell
(1973) investigated factors contriputinéj%% fhe success of
thfee small mammal species in coloﬁizing and occupying is-

lands and concluded that Microtus was the most successful

insular species. Clethrionomys, which have poor dispersal

abilities, ayd Peromyscus, which require large population

sizes' to prevent extinction (Redfield 1976), were less suc-

cessful-asAiéland colonists. Crowell found significant pos-

itive correlations for'Peromyscué and Clethrionomys between
population growth rate and island size and concluded that
density-dépendent effects were observed sooner'with the

lowef overall numbers of small islands. From his 6bserva—
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tion of asynchrony between populations:, he concluded that
the populations were regulated by urnknown intrinsic con-
trols. Bujalska (1970, 1975) sought factors stabilizing

population size in an island population of Clethrionomys

glareolus She found that territoriality among mature fe-
males affected the number of females reaching reproductive
-status. Thereby the reproductive capaCity of the population
was limited. Survival of young was important in determining
the island's peak population size. Red Jield (1976) suggest-
ed that mouse populations on very small islands maintain
very high denSities. He found that islands below a critical
size could not support aj population, that trapping success
was high on small islands and that island populations had

" different schedules of r cruitment and generally heaVier

animals than adgacent mainland populations of. Peromyscus.

Krebs et al. (1969) observed habitat destruction in a

/fenced population of Microtus and concluded that dispersal

was necessary for normal population regulation. MacArthur‘
. (1972) extended this "Krebs effect” to geographic islands.
to explain why higher densities are often found in_island
populations than in mainland populations He noted that the
Krebs effect disappears as island size increases. In the
summers of 196?, 1973 and 19?6 small mammal populations
from a number of islands in the Mackenzie River near Fort
PrOVidence, Northwest Territories showed high densities of
animals in comparison with the nearby mainland (Canham
19693 Dickinson 1976). No habitat destruction wasﬁobserved.

/
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If dispersal from islands is minimal, these findings appeaf_

o 3
-3

to be contrary-to expectation, which suggests that these
populat}ohs may be regulated below levels thatjﬁoﬁld result
in habitat destruction. The,population dynamics of these-
islaﬁd populations became t e/Subject of the present study.
.The present experimenté¥ design allowed consideration

of two general questions in-ﬁopulation biology - why does
_pbopulation densify_vary o&er time an&'why does densit§ vary
bet&een isoiated populations? Although Krebs and Myers
(1974) state that cyclic microtine populations are the rule
and that non- CyCllC populations are - the exceptlon, the
;ravallable historical 1nformatlon orn the upper Mackenzie

€ EE

hiver‘pOpulatlons ofClethrionomys rutilus on-islands sug-

- gests constantly high numbers - an exception to the rule.

B

The islands used in this study are located in the
Mackenzie River'heathort Provideﬁ?e, Northwest Territories
(61921'N 117°%40'w). Islands became accessible by boat in '
spring frem mid-May to early June after ice -had clearéd.

The start of rlver travel was on May 27 in 1977 and June 7
in 1978. The- later startlng date in 1978 than in 1977 was

E

1nd'cative of a later spring in 1978. The islands are domi-

nated by white spruce' (Picea glauca) but locally’important

patches of trembling aspen’ (Populus tremuloides) and black

spruce (Plcea mar1ana)<a;e also found Green Island

(30.6 ha) is largely covered by whlte .spruce. Island 2
(7.7 ha), while its cover is domlnated by whlte spruce, has

large areas covered by black spruce and aspen. Cover domi -~
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nated by white spruce was intérpreted as climax vegetafidn_

which has been undisturbed for somé time. From this climax
, : - ! ,
condition on study islands and ‘a general appearance of sim-

ilarity, it was concluded that the islands'had\éuperficial—
N .

N,

ly similar habitat. Other islands with recent fire history

are dominated by trembling aspen, are in different.stages"
of Succession,and;therefore cannot be consideféd to ha&e,

=]

similar habitats .
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Methods

One grid was surveyed for capture-mark-release studies
of rodents and shrews on each of two islands. Intersections
of grid lines were separated by 25 m and a Longworth trap

was placed within 2 m of each 1ntersectlon. If it is assum-

id
ed that each trap samples an area 25 1w square, the suitable .

habitat on Island 2 (6 L4 ha) was covered by 103 traps in
llnes of varying length An 8 x 8 array (4.00 ha) of 64
traps was‘placed on Green Island in 1977 and expanded in
.1978“tg a 10 XG}O array (6.25 ha)e Thus, only about one-
eighth’(}977) or one-fifth (1978) of Green Island;.which_

has an area of 30.6 ha, was sampled.

Longworth traps caught both Clethrionomys rutilns and

Peromyscus maniculatus on both islands. In addition, a few

shrews (Sdrex cinereus) were taken on Green Island only.
Traps were equipped with'terylene fibre for-nesting mater-

ial and a suppiy of sunflower seed fcr fccd One'trapping

periodv or rota began with the openlng of traps, generally,

SRS *\\;ﬂ’

late on Saturday afternoon. Anlmals were cleared from traps
ih the morning and evening. startlng on Sunday and contlnu-
1ng until after "the Thursday morning clearance. Individuals
“were toe-cl;pped for identification. Population estimates
for each.rota included;previously»marked animals missing
that rota’but;fecaptured’later. Records of pregnancy, con-
,dition;cf‘the vagina, prominence of nipples, position of

- testes, body welght and location were recorded In the

first two rotas, voles welghlng more than 18.0 g at <«first
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capture were designated as overwiftered but thereafter were
considered as mature young-of-the-year. Rotas began on
Island 2: June 19, July 3, July 17, July 31, August 13,

1977 June 18, July 2, July 16, July 30, August 13 and

© August 25, 1978. Startlng dates for Green Island rotas were:

June 12, July 10, August 19, 1977; June 25, July 9, July
23, August 6 and August 20, 1978. Trapping began as soon as
the river was'clear of ice and safe for boat travel and
after the completion of grid surveying. |

Island 1 (1.5 ha) and Island 3 (270 ha) were chosen for
an 1ll-fated experiment to test t%e predictien'that limita-
tion of winter food would affect survival. To nark all ani-
mals,:lines of Longworth traps were distribﬁted on Island 1
(40 traps) and Island 3 (37 traps). A rota of marking:and
releasing animals was started on August 7, 1977. In the
same week, an attempt Was made to remove all berries of

Geocaulon lividum, Vaccinium vitis-idaea and Viburnum edule

from Island 1. During the week of June 12,_1978, Museum
Speeial snap traps baited with peanut butter were used to
recover marked animals. One hundred traps were set for

three nlghts on Island 1 and for flxe nlghts on Island 3.

~ The experlment failed with respect to C. rutllus because no

voles were found on Island 1 in 1977.

Animals for autopsy came from.two sources. One was, from
trap lines consisting of 100 Museum Special snap traps,
baited with peanut butter and'set at 10-pace intervals. One

such line was run for one night (August 10, 1976) on Island

14
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2 and others were set on June 26, July 24 and August 21

-~

1977 on Green Island and run for three nights. The second
source of animals was from the live-trap grids on Island 2
and Green Island at the end of the study in 1978. During
the last two days (August 23, 24) of the fifth rota on
Green Island, captured animals were kept fof autopsy rather
than released Then the Longworth traps were replaced by
snap traps for three nights. On Island 2, the Longworth
traps werekopened to start a sixth trapping period (August
25) andtanimals taken during the first three” days were kept
for autopsy. Live traps were then replaced by snap traps
fof‘twe additional nights.

Autopsy procedure consisted of noting wounds, taking
body weight and embryo weight, measuring total length and
tail length, noting testis’size, countingffollicles,
corpora lutea, corpora albicantia, embryos andhplacental
scars and removing skulls for agelng, The morphology and
development of roots on the second upper molar (Mz) were'

used as indices to age (Tupikova et al 1968).



.Results

Numbers

. Increases 1n total numbers of voles and decreases in
numbers of overW1ntered voles were for the most part expon-
ential (Fig. 1). The maximum number of voles on Island 2 in
1977 was reached in early July and the slope of ‘the growth
curve was not significantly different from zero due to slow

growth in July and August. The breeding season of 1978

- began with half as many overwintered animals as in 1977 and‘

maximum numbers were only attained at the end of the sampl-

Alng season. While new recruits were still appearing at the

termination of live trapping in 1978, it is not likely that
by mid-September nunbers could have eoualled or exceeded
those of 1977. Extrapolating numbers in 1978 to mid—Septem—.
ber, a population of 41 voles was predicted, well below the.
90 - 100 voles found in August 1977; Rates of increase in

total numbers and decrease in numbers of overw1ntered voles

'did not differ s1gn1f1cantly between years,

Initial densities of overwintered voles .on Green Island

were hlgher in 1977 on the smaller grld than in 1978

Growth in populatlon size resulted in similar August den-

51t1es in 1977 and 1978 on Green Island. A single short—

tailed weasel (Mustela erminea) was captured on Green Is-

“land in August of both years. Weasel predation may have

kept numbers down, but should have had no differential
effect between years. Numbers of overwlntered voles declln-

ed more rapldly on Green Island than on Island 2 in the

16
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summer of 1978 as shown by a significantly (P<0.05) diff-

erent slope in the overwintered population curves.

Breeding

Sﬁring densities of overwintered fTemale voles were sim-
ilar on both islands each year but were about 2.5 times as
great in 1977 as in 1978“(Table 1). The ndnber of young(
known alive in August per overwintered'female was similar
both years on Island 2 and on Green Island in 1978‘bﬁt
Green Island females appeared to be only about half as suc;
cessful as Island 2 females in 1977. Density of young in
August was greatest on Island 2 in 1977 andtidentical in
both years on Green Island. ; \

Half the females and less than half the males taken in
the first two rotas on Island 2 in 1977 matured in the sum—
mer of birth (Table 2) whereas all young appearing in Rotas
1 and 2 matured in the other populations. In these popula-
tions only a few animals first caught during Rotas 3 and 4
failed to mature in their first summer. For Rotas 1 and 2,
Island 2 in 1977 differed in tne number of mature females
(P<0.05, % test) and mature males (P<0.005) from the
other populations pooled For Rotas 3 and 4, the same popu~
lation differed from the rest pooled in both sexes
(p<0.005). The dlfference'between 1977 and 1978 on Island
2 was significant for. both sexes (P<0.01). Reduced matura-
tion of young*of the-year voles coincided with hlgh popula—v S

tion density on Island 2.

Estimates of litter size from embryo counts did not

A -
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differ significantly from estimates based on counts of the
-most recent placental scars (Table 3). This was true for
populations treated separately as well as pooled. Estimates
of litten size based on combined embryo and placental scar
- counts did not vary signifiltantly between islands or years.
Dickinson (1976) also found no differences in litter siges
for voles on Island 2 and Green Island. Although she\found
significantly larger litters in overwintered females than
in young females, the differences found in the present
study wsre not-significant. Based on embryos alone, over-
wintered females had litter sizes of 7.0040.50 (5) and
young females had litter sizes of 5.92+0.36 (13) embryos.
Based on both embryos and placental scars, ovsrwintered fe-
males had litter s1zes of 5.92+0.79 (12) and young females
@gﬁ/lltter sizes of 5. 86+O 32 (22) embryos. There was no
significant dlfference between the larger lltter size esti-
mate based on embryo counts and the smaller estimate based

on placental scar counts.

Survival ang~Recruitment

Survival of juveniles (trappable young) from one rota
to the next was generally hlgher through the summers on
Island 2 than on Green Island (Flg. 2a). In 1977, survival
rates of young voles declined through the summer. In 1978,
survival rates generally’increased over(time on Island 2 _
whereas they fluctuated erratically between 50% and 100% on

Green Island.

Krebs and Myers (1974) (and elsewhere) used a 36—day
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survival rate of 0.707 (14-day rate of 0.841) to separate
ﬁeripds of "high" and "low" sﬁrvival. Monthly survival was
close to or exceeded 0;707 on Island 2 except iﬁ'July 1978
' qnd August 1977. On Green Island,'mohtgiy surwvival was
b%low 0.707 except for late July -1978.

QNRecruifment of young into the trappable population de-
clined steadily on Island 2 in 1977, but showed a general
tendency to increasezin 1978 (Fig. 2b). Recruitment in-
creésed over time in both years on Green_ISland. Both juv-
enilé‘survival and recruitment appeared to be reduced in a
regulatory response to high population denéities~on Island
2. Recruitment of young on Green Island on the smaller grid
in 1977 was similar to that on the larger grid in 1978.

' However, the number of young known alive in August per
ovéfwintered female was lower in 1977 than 19%8. Low 1ll4-day
survival rétes (0,62 - 0.72, Fig. 2a) may explain the low
numbers of young found in August. |

Wpere overwinter survival rates did“not‘féll fo zero,
they were comparable to or higher than summer survival: .
~rates (Table 4). Ratios of numbers of voles surviving from
August 1977 to June 1978 to numbers not surviving show no
difference bq§¥een isla%ds CXZ test). Although the 14-day
survival.rates§were high, overall mortality was heavy.
Spring counts revealed one to .three survivors from counts
of 10 to 53 individuals ih the:preVious August. Given the
_possibility of repqpulating‘disper%al on thé,Greéﬁ‘Island
grid, the possibility of exfinctioh is low.

!



Extinction does -appear to be a real possibility for
small mémmal populatiornis such as on Island 1 or Island 3.
Snap trapping, preliminary to this project, revealed the
presence of voles on Island' 1 in 1976. Live trapping.on
Island 1 in 1977 revealed no voles while snap trapping in
1978 revealed one vole. Of the 54 voles marfed on Island 3

"in 1977, only one marked vole was recovered in 1978.

More unmarked voles were captured in spring 1978 on

Green Island than Island 2 in spite of a later end to trap-
.ping on Green Island in 1977. This suggests either that
fecruits were still appearing on Green Island in late Au-
gust 1977 or that dispersers reached the grid from eise—
where on Green Island over the winter. Slow increase‘in
total numbefs tﬁrough the summer on Green Islénd in 1977
(i.e. outward dispersal) and the high number of unmarked
animals peculiar to the small grid.favof the dispersal ex-

planation.

Nestling Mortality ' )

To estimate the number of young born on the grid, the
estimated number'of litters dropped was multiplied by the
mean litter size based on combined embryo and placental
scar counts. Number of litters dropped on the trapping grid
was estimated from weight changes éf individual females
captured repeatedly in live traps and from the number of
sets of plaéental écars in autopsied females. This estimate

was then cdmpared with the number of yoﬁng surviving to

20



trappable age. Green Island in 1978 showed the hlghest sur-
vival to capture (number of young captured/estlmated number
of young born) (Table 5), which may have contrlbuted to the
apparent dlfference between years on that island in the
success of overwintered females in producing a large number
-of August young (Tabfz 1) in spite of poor surviVal as juv-
eniles (Fig. 2a). A higher proportion of the potentiel num-
ber of young was captured on Green Ieland than Island 2 in
1978 (P< 0.003, Xz test). Mortality among nestlings (young
which have not reached trappable age)’appeared to be an im-
portant source of loss of young but it did not seem to be
consistently related to pppulation density.

Considering all populafions together, prenetal moftal;
ity did not contribute signifipantly tO'moftalityngable 6)
but 83% of the total observed loss-occurred‘oniééeen Island
in 19?8..The observed losses probably have little signifi--
cance for population regulation. In 1973, incidence of re- -
sorption of embryof)was very low (Dickinson 1976). One case
of monozygotic twgnning was ooserved‘on Green Island in |

1977.

Body Weight and Length

lee welghts were compared only for reproductive young
~males because there were too few overw1ntered voles to re-

veal differences and female weights were influenced by re-

peated pregnancy. Green Islgnd'voles were lighter (P<0.05,

Fig. 3) than those on Island 2 in early July 1977 but the

21.
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difference disappeared after the second rota and was pro-
" bably related to a later start of the breeding season on
Green Island. Weights of voles on Island 2 in 1977 and
Green Island in 1978 eihibited.similar declines from mid-
July to eariy August followed by increases in late August.
The declines may represent a -time of heavy recruitment of
smail young from the second litter or a general_t}end\for
animals to loée weight through summer. Increasing mean
weight may represent decreasing recruitment and the growth
of second-litter young. |

Augﬁst samples .of kill;trappedcdverwintered voles
showed no difference between sﬁmples in body length or
weight (Table 7).

August samples of kill—traﬁped young without roots on
M2 were subdivided according to whether or not the anterior
labial groove was open. There wére no significanﬁ differ;r
ences in weights either between islands or between years in.
either category (Table 7). Body lengths (total length - :
tail length)zpf young with closéd grooves were significant-
ly_(P'<0.05) longer on Green Island than on TIsland 2 in
1§76. Young With‘open M2 grooves wérelsignificantly
(P<0.05) shérter‘on Island 2 in 1976 than thgse of Green
Island in 1977 and 1978, and in 1978, voles frém Island 2
were shorter (P<0.05) than those from Green Island. The
1976 sample was taken 13 days earlier than any other sémple
and this may explain the smaller sige, but the ldnger ani-

- mals on Green Island may also be related to lower densities
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A
of animals there than on Island 2 which may have led to
faster growth rates because of a lower level of competition

No significant differences appeared in lengths or weights

between years on the same island. , : S

Sex Ratios

There-weré more young males than females recruited on
Green Island in 1978 (P<0.01, Table 8). More young males
than females were recruited in Rota 3, (P<:bm05) and Rota
5, (P<0.025) on Green Island in 1978. The imbalance on
Green Island in 1978 led to a sjgnificant (P<0.03) differ-
ence betweén islands in the éex ratio of recruits in that
year. - |

The male:female se# ratio fyr the total population in
all rotas combined on Greew Island in 1977 was 20:16 and in
19?8 was 33:15. On Island 2, the sex ratio was 78:85 in |
1977 and 29:29 in 1978. There were significantly (P<0.01)
‘more males than females on Green Island in 1978 in all
rotas combined. Among overwintered animals on Green Island, '
the male:female sex ratio in all rotas combinea was 6:6 ‘in
1977 and 5:4 in 1978. On Island 2, the sex ratio was 11:15
in 1977 and 4:4 in 1978. No imbalance in sex ratios of
ovérwimtered animals was found from liVé‘tfapping.

. The male:female sex ratio in all snaﬁ trap»samples from
Gfeen Island in 19?7 (all ages - 16:19, overwiﬁtered'anié
mals only - 3:6) and from Island 2 in"19761(a11 ageé -

17:1?, ovérwinfered animals on;y - 1:1) Suggests no imbal-’



ance among overwintered voles or in whole samples.

.Spacing Behavior

Spatial patterns were eXamlned in a nearest neighbor’

analy51s (Clark and Evans 1954) of centers of activity
£
(arithmetic mean of capture locations).

3

Centers of activity of all sex and age classes tended

to be unlformly dlstrlbuted on Island 2 in 1977 (Table 9).

Mature females were also unlformly dlstrlbuted in 1978 but

the mature male pattern changed to/predomlnantly random.
With the one exceptlon of Rota L 1n 12“§ aggregatlon was
not apparent in the period of study. Lacking an abundance
of data for Green Island, only a few pat ns could beé de-
termined. Mature males in Rota 3 of 1977 an¥ Rotas 3 and 4
of 1978 and mature females in Rota 5 of 1978 were all dis-
tributed-randomly. It appears that uniform dispersion is
the best way of aecommddating pPeak numbers.

There was a sufflclent number of overw1nfer survivors
on Island 2 to examlne loyalty to a territory between years.
The distance moved from ‘the center of activity established
- in 1977 to that of 1978 was 81gn1f1cantly less (P<:O 01) ¢
-for females (27.3+9.6 m) than for males (123.3+28.2 m).

There was a significant difference (P<:O.Q1) in adjpst_
ed range lengths between overwintered and young males on
Island 2 in 1977 (Table 10). Consistent with expectations
based on generallj lower densities, range lengths were lar-

ger 1n 1978 than in 1977 on Island 2, where both overwin-

24
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tered and young males showed a significant differenee’”mﬁ\‘w
(P<0.01) between years, and on Green Island, wherg ranggsK
were significantly different (P<0.05) between ; rs qigépt'
for overwinteréd females. Interigland comparisogs of gange
‘lengths Were, howeve%, contrary to exbectation gince‘they )
were consistently lgfger'on Island 2 than on Green Island,
- but this difference was signifiégnt (P<0.01) for young fe-
males of 1977 only. This anomaly_may result from an earlier
decline in seasonal territoriality or it may indicate a
higher social tolerance peculiar to small island popula-
tions or it may reflect the difference in grid éize on
Green Island between years.

Analysis of variance_showed that sex, year, age and

island were all importanf factors in_determining ad justed

range lengths of voles (Table 11).

Wounding

| ﬁThepe was no significant difference in the amount of
wounding in Auggét between male and female or between adult.
and young (Xz teét, Table 12). There was more wounding of
immature voles (sexes combined) on Green Islaﬁd in 1977 o
than in 1978 (P<0.01)., Immature voles of Green Island in
1977 sﬁowed significantly (P<:O,61)'more wounding than
those of Island 2 in 1976 aﬁd in 1978. Differences in
woundiﬁg ‘between years on Green Island can be relatedito

differences in population density but density cannot ex-

plain the observed variation between islands. Due largely



26
to immatures of 1977, there was more wounding on Green
Island than on Island 2 (P<9.01). The extent of wounding

observed was only one or two bites per wounded'individual;
!

Trapping Success

Because 103 traps on Island 2 captured 104 Clethrionomys

and 85 Peromysous in Rota 4 of 1977, and given the high
.proportion of tran§‘per rota filled by an"animal (Tabi2v13),

I examined my dafé fer the sufficiency of traps..Table_lu
-shows that on average a single rota was effective in re-
cording the presence of resident fplesq One vole missed
captune in two consecutiyevrotas and six miseed one rota}

The atfempt to remove‘all animalg ffemithe live-trap

grid at the end of the 19?8‘trapping season aliowed anothefe
measure.of the success of live—%répﬁiné% Bésed on mean sum-
mer survival rates, I expected to capture 84% of the voles &
known allve during the previous trapplng perlod on Island 2

and the removal trapping took 83% of those anlmals. A1l -~ ' {
overw1ntered animals and most of the mature young were re-

cdptured and removed from both grids in tnéffirst two'days

of femoval trapping. Since none of the overw1ntered and

'meture young were unmarked I concludb that few, if any,.
individuals consistently avoid capture in the live traps.
Three unmarked mature'youné males were'found‘on’Greén Is-.
land but they were,probably immigranﬁe. No marked“animals
that hadﬁdisappeéred earlieffin the summer reappeared on the - .

Green Island grid.during the removal phase;dwhieh.suggests

7 o
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that they did not simply shift their'fanges off the trap-
ping grid. Hilborn and Krebs (1976) obser&ed %hat disap-
pearing individuals located in evacuated areas aﬁd marginal'
habitaﬁ. Space adjacent t§ the'Green>Iéland grid.Was either
" fully occupiedi-through the summer or of inferior habitat
éuality as no marked and;presumably dispersed individuals

returned fo‘the grid‘auring the removal phase.
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Discussion

Overwinter survival rates, litter size and sex ratio
did not appear‘to be related to differences in densities of
voles between islands or to the limited population growth
on Island 2 in 1977. Reductlon in survival of juveniles and
reduction in the maturatlon of young voles suggest regulat-
ed population growth. Generally lower densities of VoleS'eﬁ

Green Island than on Island 2 may be explained by the dis-

persal option, lower survival to trappabie age and/or

lower juvenile survival or differences in suiltability of
the two islands.

The gép between numbers of nestlings and numbers of
young recruited into the trappable population revealed a
large source of mortality. This substantial area of loss
did not vary sufficiently between yeers to completely ac-
count for population fluctuatlons, but it did: vary between
islands in 1978 when dens1t1es were similar, suggesting
that nestllng mortality cannot be the only source of popu-
lation regulation for voles. Whitney {(1976) recognized large
and varlable nestllng mortality and Okulova (1975) recorded
60% to 80% nestllng mortality in C. rutllus. Crowcroft and'
Rowe (1957), referring to nestling Mus, and Krebs et al.
(1969), referring to untrappable weaned young Microtus, ar-

gued that survival was not correlated with populétion‘size.

Nestling morfality was called the primary control of popu-.

lation size in Mus (Southwick 1955a). Food supply (Calhoun -

1949; Christian 1961), breakdown in maternal behavior

28 -
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(Koshkina 1966; McPhee 1977) and«interference at the nest
(Brown. 1953; Southwick 1955b; Friesen 1972; Savidge 1974)
have been proposed  to explain nestling mortalify.‘

Kalela (1957) found little annual variation in litter
size of fluctuating populations of C. rufocanus, while
Pitelka (1957), Koshkina (1966) and Fuller (1969) observed.
that litter sizes appeared to be inversely related to pop-
Qlation size. Litter size Qaried directly, but not signifi-
cantly, with population density in this study. Green Island
had both a higher density of—ovéfwintered females and
larger litters in 1977 than 1978.

Prenatal mortality was generally not an imporfant
source of loss with the exception of Green Island in 1978.
The observed losses on Green Island are oflquestionable
-V-significance because of the small Sample size. Okulova
-(1975) fdﬁnd insignificant levels of fesbrbtion in c.
rutilus. Kalela (1957) demonstrated low levels of prenatal/
mortality in C. rufocanus, which did not vary between

years. Pre-implantation and post-implahtation'mortalities

each ranged from 6% to 12% in Microtus and #eromyscus (Beer
et al. 1957; Keller and Krebs 1970).

| Among young born in late summer, there were n& differ-
ences between &ears.in body weight,'but;therevwerevdifférf N
énées in length with Green Islénd voles being larger than
those on Island 2. If the larger size of Green Island voles
is associated with greater viability of the young, in ac-

cordance with Chitty’s hypothesié, then one would predic%



superior survival of young on Green Island with respect to

Island 2, but tnis was not the case. Foster (1964) corre-

lated large body size with island isolation, but Island 2,

smaller and more isolated than Green Island,'has the small-
er animals, not the larger ones. An explanation involving a

founder effect could be implemented but one would expect

the long trip through cold water to Island would select

'against smaller colonizers. \
Densities on Green Island were higher in\}9(7 than 1978,

- except for the last rota when densities were 51m:Tér, and

more immature voles had wounds in 1977 than in 1978 Thus
one might postulate that amount of wounding is positively
correlated with density. But vole densities were higher on
Island 2 in 1976 and 1978 than on Green Island in 1977, yet
Green Island voles were more frequently wounded leen the
small number of wounded"anlmals“even in 1977, it seems un-
iikely that aggression reSulting in wounds nas any signifi-
cance in the limitation of population growth. A low'rafe.of
wounding was also found in an island population of Mus

(Lidicker 1966), and McPhee (1977). suggested that C. ruti-

lus seldom exhlblt aggres51ve encounters in the wild. In

. studies of Microtus breweri on an island and M.Apennsxlvan—,

icus on the mainland, Tamarin (1977) found more wounding

in the mainland species\fhan in the island species. Lloyd

‘and Christian (1967) saw a decreasing trend in aggressive

behavior in two confined populations of Mus.

With the decline in vole density on Island 2 between

.30
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1977 and 1978, dispersion. of centers of activity shifted

from uniform to random except for mature females. Mature

females also did not show a significant increase in adjust—k_d

ed range length as was shown by_males; Thus mature females
appear to maintain stable, probabl§'exclusive, territories
with no change in size over at least a 2-fold change_in
'jdensity. These distinct territorial requirements suégeef
that mature females play a major role\ln populatlon regula-
, tlon. Bujalska (1970) regarded the. coﬁstancy of territori-
Cality among adult females as the key t 'regulatlon of re-
productive capacity in C. glareolus._S e observed uniform
: disbersion,’and little change in the degree of oveflapping
of home ranges,‘fof adult females. Imma ufe females were
observed»in aggregated distributions andxexhibited variable
amounts of home range overlap. | | |

The ialand location of stddy populations is of interest
in the context of population regulatioﬁ. Mazurkiewicz
(1972) observed an annual population maximum in maiﬁland
populations of C. glareolus in October, whereas on an is-
land tRe peak was reached in early to late summer and peak
den31ty was 2 to 2 5 times higher than for the unrestrlcted
mainland population. Gliwicz et 'al (1968) found an early
peak of numbers in an island populatlon of C. glareolds and
a later peak for malnland anlmals. The dlfference was at-
trlbuted to either the spe01flc character of the years or
to the spe01flc ecologlcal nature of the 1sland. In years

of rapid populatlon growth, 1nd1v1duals born in later
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litters had a lower capacity for survival than those born
in spring litters (Gliwicz 1975). This was observed on

Island 2 77 when there was a continuous decline in

Cosurviv " of oung through summer and essentially no popu-

\lation| growth after late June.
\ .
Three observations can be made about these island popu-

\1\ . - - -
lations of C. rutilus. First, densities reached by August

of each breeding season, while generally high in comparison
with mainiand.po ulatiqn densities (Fuller, pers. comm.),
were not consta y between islands or years. Second, consis-
tently lower densities of voles were fOund on Green Island
“than on Island 2. Third, the vele population on Island 2 inv
1977 increased little after late June and recruitment
thereafter was limited to replacement levels, whereas other
populations appeared to'be still increasing in size in
August.

In terms of the number of young present per overwinter-
ed female ih August, there was little difference between the
two years Zi Islandv2‘or Bethen the two islands in 1978,but
in terms of absolute numbers (or densify) of young, Island
2 in 1977 stands out. The large crop of young, despite de-
creas1ng recrultment and survival and poor maturation of
young, p01nts to a hlghly productlve first breedlng in 1977

I had no way to predict the unusual success of the
first breeding and -I can only suggesf that it was dependent
on favorable weatheralUnfavorable weather may affect breed-

ing by delaying’ 1ts start generally, by: lowerlng the per—

centage of females that part1c1pate in breedlng or by re-



ducing the surv1val of young. Koshkina (1966) and Martell
(1975) thought that the start of breeding was climate-de-
pendent although Fuller (1969) considered Q..rutilus to be
ineensitive_to spring weather and did not find a delay in
breeding in a year with a'late_spring. That the date of in-
itiation of breeding in spring varied between islands or
years could not be directly determined from the present
study because of late starts in trapping. Recruitment of
the first young-of-the-year occurred at different times on
Green Island and Island 2, and in 1973, populaticns on
these islands began breeding on different dates (Dickinson
1976). Weather cannot.simply explain different starting
' detes'for breeding on adjacent islands in the same year.
But since §oung of the first litter mature and breed, they
can have a strong effect ch the season's output.
Contributing to the consistently lower deneities of
voles on Green Island with respect to Island 2 was poor re-
\crultment of young into the trappable populatlon in June
(later start of breedingj. a lower rate of recruitment gen-
. erally, a lower Juvenlle sygylval rate, the possibility |
that animals dlspersed from. the grld and the presence of a
weasel Because only one weasel was captured and only in
August, in both 1977Vand 1978, dlfferences between years in
the success of mature females in‘building an autumn popula-
tion are pfobably not due to differential predation loss.

The difference in population density between islands and

mainland is consistent with MacArthur's prediction regard-

33



ing the Krebs effect (MacArthurA1972). However, Dickinson
(1976) with data on seven islands (including Island 2 and
Green Island) was unable to demgnstrate the Krebs effect.
- The levelling off of growthvin 1977 on Island 2 is of
: .

interest because it occurred at a time when other popula-

tions were still expanding. Several factors contributed to
this early stabilization of numbers. Sﬁfviv‘l of both'nest—
- lings and juvenileé declined through suﬁme and many early-
born youné?voles failed to mature. 'In contra
crultment and subsequént survival increased through the
summer in 1978, and almost all early-born young matﬁred.
Each of these factors could, therefore, have been respdnd—
ing in a negative_feédbéckvway-to overall denéity. On Green
Island, where densities were much lower, recruitment and
maturation rates were both high while juvenile survival was
erratic. Taken together, the evidence suggests that the

summer maximum in 1977 on Islapd 2 was set by negative

feedbacks, i.e. the population was régulated.
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Table 2. Percéntage of young C. rutilus maturing in the
year of birth.

Time of Initial Capture in:

Rotas 1+2 Rotas 3+4 Rotas 5+6

% Mature N % Mature N &% Mature N

Island 2 1977 Male 39 33 0 17 0 10
Female Sso 28% 11 19 o 11

1978 Male 106 7 67 3 -0 13

Female 100 = 6 100 2 25 16

Green Is. 1977 Malé - 0 60 5 0 5
) Femalé 100 1 100 2 20 5
1978 Male = 100 2 100 9 100 L

2 100 L 50 ¢+ L

Female 100 -




Table 3. - Litter size of C. rutilus from counts of. embryos:
and placental scars of the latest pregnancy. '

4

Litter Size Derived From:

Placental  Embryo and

Embryq Count Scar 00unt’ Scar Counts \
X+S.E. (N) X+S.E. (N) X+S.E. (N)*

— i |
Island 2 1976 7.00+1.41(2)  4.00+0.00(2).  5.50+1.11( 4)
1978 5.75:0.48(8)  5.60:0.67(5) ¢ 5.69+0.36(13)
Green Is. 1977 7.25+0.55(k)  5.86+1.38(7)  6.36:0.87(11)
1978  5.75+0.55(4)  5.50£0.71(2)  5.67+0.37( 6)
Totals: 6.22+0 5.5040.60(16) 5.88+0.32(34)

.31(18)
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Table 4. Overwinter survival rate and numbers of marked

and unmarked animals surviving winter.

Number Known Alive in iu—déy,

Sex mid-Aug. 1977 mid-June 1978 . Survival
| Recapture New Rate
Green Is. M 9’ 0 4 <0.91
| | F 10 | 1 3 0.90
Island 2. M 53 3. 1 | 0.88
F 51 2 2 0.87
Island 3‘ M 20 1 | 1 0.87

o F 34 0 0

¢0,84
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Table 5. . Comparison of C. rutilus potential versus observed
numbers of young. (Potential young predicted from
reproductive pafameters and live-trap observations)

(&N

Lo
A

Observed Number of Young Survival

No. of Litters Potential Captured to Capture
. /"“‘ . } - .
(

AN

Island 2

1977 35 - Lo 198-226 . 137 0.61-0.69
1978 14 | ’ 81 50 0.62
Green Is.
1977 5 -8 32-51 2l 0.47-0.75

"1978 8 o ss5 397 0.87
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“™Pable 7.

Length |
N
i .

Weight
N
X

Length
N
X
_”Wg}ght
N
X

‘Length
. \N'

X

Weight
. ' N N N
N i

IS- ‘f2

~

L 2

Comparison of August samples of C. rutilus for
body length (mm) and weight (g) by Duncan's
multiple range test. (sexes combined). Values
underlined by the same llne are not s1gn1flcantly

dlfferent at P<0.035.

OVERWINTERED VOLES

Green '78  Is. 2 '76  Is. 2 '78  .Green '77

=) 1 3 2
95.0 99.0 103.3 104.0
Green '78  Is, 2 '78  Green '77  Is. 2 '76
1 3 2 1
.18.4 " 23.0 25,1 ' 25,3

YOUNG WITH GROOVES OF SECOND‘UPPER MOLAR CLOSED

'76 -~ Green '77  Is. 2 '78 Green '78
3 5 . 6 12
88.0 90.2 . 90.8 94,5
Is. 2 '76  Green '77  Is. 2 '78  Green '78
3 5 ' 6 12
164 16,7 17,3 18.1

'

YOUNG WITH GROOVES OF EEGOND UPPER MOLAR OPEN

2’%76 ‘Green '78

Is. Is. 2°'78  Green '77
27 26 b | 13
82.7 _ 84.8 - - 88.8 . 88.8
Is. 2 '78  Gréen '78 © Is. 2 '76  Green '77
.26 T 13 27 4
14,3 15,0. _15.4

16.1



Table 8. Numbers of young male and female C. rutilus

entering the trappable populatlon. (Tested

by 2 x 2, 3, 5 or 6 X ).

o

1977 ; ——
éOta N MmoF M F
\
i Island}2 o1 ) 23 " : 3
v f 2 12 21 & L
v /{ 3 8. - 1 1
f | L 14 i ) :
.~'~f’"‘f"f"”’" ) ' 3
‘ = e —2‘5‘_'2‘5'
\ 2x 5 0? 6 X2 - 6.24 »
| 4ﬁ\ e NS NS
e E 1 1 2 o2
2 5 ) : ‘1
3 8 ) 7 1*
L | 2 3
5 : \4**
: : - 5 28 11t
2 x<3‘-§!_7¥‘- 5;2 . —
 sig. | NS e
A4 — +
.P<0&5 P<0.01

**pL0.025

u2
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.Table 9. Dispersion of centers of activity for C. rutilus
on Island 2. Animals with single appearances
excluded. (U = uniform, R = random, A = aggregated)

1977 | 1978

Rotas 1 2 3 4 5 1 2 3 4 5 6
Mature Male R U U U U R A R R
Female U U U U R R U U U U
_Immature Male . R U U U R R
Female U R U R |




Table 10. Adjusted range length (m) for C. rutilus

‘having four. or more captures.

’ e

Young

Overwintered
X+S.E. (N) X4S.E. (N)
Island 2 Male 1977 182517.5 (10" 128+ 9.4 (45)
| 1978‘l‘A266116.9 ( $™ 212417.9 a)**
Fémale 1977 106#11.2 (10) 87+ 4.8 (43)F
1978 121+ 7.2 ( &) 106+10.9 ( 6)
- ;
Green is. VMaléi 1977 136428.7 ( 5) 122416.6 ( 6)°
1978 213435.8 ( 2)°  19s:21.2 ( )*
~ Female 1977 84i11.4 (4) % ‘.541 8r3 ( 5)
| 1024185 ( 1)

1978 - 112416.2 ( 2)

*significantly different from 1977 (P € 0.05)

*

t

*sighif’i_cantly different 'erm young (P < 0.01)

*significantly different from 1977 (P €0.01)

significantly different from Green Is. (P 0.01) -

N

Ly
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‘ Table 12. Proportion of August samples of C. rutilus
\ ' showing one or more recent wounds.

Mature ? Immature

Proportion (N)  Proportion (N)

Island 2 1976 Female 0.50 (2) 0.00 (15)

Male 0.50 ( 2) 10.07. (15)

1978  Female - 0.00 (10). 0.00, (13)

N\ Male 0.00 ( 6) 0.00 (13)
Green I:§\1977 Female 0,00 ( 2) 0.60 ( 5i
\ Male  0.50 (2)  0.50 (4)

1978 Female . 0.00 ( 6) ° 0.00 ( 2)

Male . 0.20 (10) b.oo ( 9)

N
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. Table 12. Mean number of C. rutilus captures per trap
" per rota. (9 trap checks per rota). -

/ e

, . Island 2 ‘ Green Ié.
Rota 1977 1978 1977 1978
1 1.5 0.87 0.55  0.50
2 ©3.60 130 | 0.28
3 3.0 1.61 1.22 0.65
"y 5.07  0.99 0.57
5

3.90  1.23 . 0.97  0.70
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Table 14. Number of times at risk of capture needed to

S

recapture a vole. Count of number of times at
risk begins with the first day of riext rota and
continues, spanning rotas if necessary, until
the vole is recaptured. A rota consisted of 9
trap clearances. Interval between clearances
was #12 hours. Data for C. rutilus on Island

2 in 1977.

/
<)

\ L

Ré?overy - ‘No. of Times at Risk ofLCapture
‘afﬁer , Needed for Individual Recovery
Roté\No. _ range méan S.E. N
T " - - L
1 1-10 2,02 0.31 51
2 1-27 3.83 0.4? | 72
3 1-1k 2.29 9.281_ 72
oy 1-9 2.112‘&""1 6%19 76

)
PN



Figure-1. Minimum number of Clethrionomys rutilus known
' to be alive., )

o @® Total Population

© Overwintered Populafion

Statistics for prediction equations based on ‘exponential
model. .

lﬁ(Nt') = ln(No) + bx where to = June 1 and x is in days.

AT - .
Island Year Population. Constant Slope+S.E. . r2 P
2 1977 Total -1n(58.22) 0.009+0.004 0.43 NS

 Overwintered 1n(38.73) -0.022+0.007 0.78 <0.05
1978'- Total 1n(12.00) o.oizio.oou 0.65 <0.05
Overwintered 1In(11.51) —0.015i0.002 0.96 <0.01

Green 1978 Total 1n(6.55)  0.015+0.006 0;65; NS
| _ Overwintered 1n(16.19) -0.032+0.007 0.88 <0.05
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Figure 2.

'Survival from previous rota and numbers of young
C. rutilus entering the trappable population.

Dashed line is the 14-day equivalent of Krebs'
monthly 0.707 used to separate "high" and "low"
rates of survival.

® 1977 . o 1978

P
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Figure 3. Mean weight (g) of.reproductive young male
' C. rutilus. (‘i 1 S.E. (bar), 95% C.I. (line)).

® 1977 01978



BODY. WEIGHT

BODY WEIGHT

R\

19
18
1
16
15

/

15

20

<

ISLAND 2 .

FUUNET JuLy T Ave 1

RS GREEN IS,

S : 2 i 3 ‘
o o v g7

] _ 1@ | )

r 6 ) s

- TOuNE TouLy T ave 1

-5k



&

Literature Cited

BEER, J. R., C. F. MACLEOD !ﬁd L. D. FRENZEL 1957.
. Prenatal survival and loss in some cricetid rodents.
J. Mammal. 38: 392-402. '

\///\BERRX,'R.-J. 1968. The ecology of anrisland‘ﬂopulation”

of the house mouse. J. Anim. Ecol. 37: 445-470.

BERRY, R. J. and M. 'E. JAKOBSON. 1975. Ecological genetics
oﬁ the house mouse (Mus musculus) J. Zool. 175: 523-
540. : ‘

BROWN, R. Z. 1953. 8001altbehav1or, reproducfion, and
pogulatlon changes in the house mouse (Mus musculus
Ecol Monogr. 23: 217 -240.

—

- BUJALSKA, G. 1970. Reproduction stabilizing elements in an
.island population of Clethrionomys glareolus (Schreberr
1780). Acta Theriol. 15 381 -h412, o |

=

BUJAﬁSKA G. 1975 Reppoductlon and mortallty of bank
voles and- the changés in the size of an island |
populatlon. Acta- Therlol 20: h1-56. Vo

. N

CALHOUN J. B. 19&9 A method of self- cohtrol of populatlon
growth among. mammals living in the wild. 301eﬁce 109\

333-335. i

“CANHAM R. P 1969 Serum proteln varlatlon and selectlon
: in fluctuating populations of crlcetld odents.! Ph.D%- \
Thesis. Un1vers1ty of. Alberta. Edmonton 121 p.‘ N

~ CHRISTIAN, J J. 1961 Phenomena associated with populatlon
den51ty Proc.-Nat. Acad. Sci. h?: L28-449 ,

CLARK P. J. and F. C. EVA . 1954. Distance 'fo nearest
nelghbor as a. measure ﬁatlal relatlon hlpS 1n
populations. Ecology 35: Lh5-453. ;

_ CROWCROFT, P. and F. P. _ROWE.“1957. The growtH of confined
o colonies of the wild house mouse (Mus mus ulus L. ).
. Proc. Zool Soc. Lond 129: 35 370. ‘ :

;

introduc-

535-558.

,DELANY M. J. 19?0 Variation and ecology of island
v " populations of the long-tailed field mouse (Agodemus
\_ T sylvaticus (L % . Symp. Zool Soc. Lond 261 283-295.

CROWELL K. L. 1973. Experlmental
tlogs of mice to small 1slands‘

. 55-;_'



DICKINSON D. M. 1976. Numbers, reproduction and growth of
Clethrlonomxs rutilus (Mammalia: Cricetidae) from '
islands in the upper Mackenzie River and adjacent
mainland. M.Sc. Thesis. University of Alberta,
Edmonton, 105 p.

% FOSTER, J. B. 1964, Evolution of' mammals omn 1slands.
Nature 202: 234-235,

FRIESEN, J. 1972, Spatial and temporal utilization of semi-
natural enclosures by Clethrionomys gapperi,
Clethrionomys rutilus and Peromyscus maniculatus.

" M.Sc. Thesis. University OflAlberta, Edmonton, 91 P.

FULLER, W, A. 1969. Changes in numbers of three spécies of
small rodent near Great Slave' Lake, #.W.T., Canada,
1964-1967, anhd their significance for general
population theory. Ann. Zool. Fenn. 6: 113-144,

GLIWICZ, J. 1975. Age structure and dynamics of numbers in
- an 1sland populatlon of bank voles. Acta Theriol. 20

57-69.

GLIWICZ, J., R. :ANDRZEJ’EWSKI, G. BUJALSKA and K.. . :
'PETRUSEWICZ. 1968. Productivity investigation of an -

island populatlon of Clethrionomys glareolus (Schreber, -

i?SO) . Dynamlcs of cohorts. Acta Therlol 13: 401-
13 : > 0 4 :

HILBORN, R. and C. J. KREBS. 1976. Fates of dlsappearlng
1nd1v1duals in fluctuating ﬁopulatlons of Miecrotus
townsendii. Can. J. Zool. 5 1507-1518. :

KALELA, 0. 1957. Regulation of reproductive rate in.
" subarctic populations of the vole Clethrionomys
Egufocanus (Sund.). Ann. Acad. Sci. Fenn. Ser. A4 34: 1-
0. ‘

IJ

'KELLER B. L. and C. J. KREBS. 1970. Mlcrotus population
' brology, ITI. Reproductive changes in fluctuating
. populations of M. ochrogaster and M. pennsylvanicus in
- southern Indlana, 1965 67. Ecol. Monogr. Bo: 263-294.

KOSHKINA, T. V. 1966. On the periodical changes im the ¢
numbers of voles (as exemplified by the Kola Penlnsula)
Bull. Moscow Soc. Nat., Biol. Sect., 71: 14-26.
(Translatlon, w. A Fuller, Unlverslty of .Alberta)

KREBS, C. J., B. L. KELLER and. R H. TAMARIN. 1969
Mlcrotus population biology: demographlc chariges in
fluctuating populatlons of M. ochrogaster and M.

enns lvanlcus in southern Indiana. Ecdiogy 50 587?
207 o : _

-.

56



KREBS, C. J. and J. H. MYERS. 1974. Population cycles in
small mammals. Adv. Ecol. Res. 8: 267-399.

,‘LIDICKER W. Z., JR. 1966. Ecological observations on a
feral house mouse population declining to extinction.
Ecol. Monogr. 36: 27-50. :

LIDICKER, W. Z., JR. 1973. Regulation of numbers in an
island population of the California vole, a problem
in community dynamics. Ecol. Monogr. 43: 271-302.

LLOYD, J. A. and J. J. CHRISTIAN. 1967. Relationship of
activity and aggre531on to density in two confined

Eopulatlons of house mice (Mus musculus). J. Mammal.
8: 262-269."

MACARTHUR, R. H. 1972. Geographical‘Ecelogy. Harper and
Rowe, New York. ,

MARTELL, A. M. 1975. Demography of tundra and taiga
populatlons of Clethrionomys rutilus. Ph.D. Thesis.
University of Alberta, Edmonton, 170 p. .

MAZURKIEWICZ, M. 1972. Density and weight structure of
. populations of the bank vole in open and enclosed:
areas. Acta Theriol. 17: 455-465, : .

MCPHEE, E. C. 1977. Parapatry in Clethrlonomys Ethologlcal
aspects of mutual exclusion in C. gapperi and

C. rutilus. Ph.D. Thesis. Unlver51ty of Alberta.
Edmonton, 186 p. .

Pl
OKULOVA, N. M. 1975. Reproduction and mortality in a
population of the northern red-backed vole
(Clethrionomys rutilus) and, the main factors
influencing these processes. Zool. Zh. 54: 1703- 1714
(Translatlon, S. Mihok, Unlver81ty of Alberta) .

PITELKA F. A. 1957 “Some aspects of population structure
in the short-term cycle of the brown lemming in :
northern Alaska. Cold Sprlng Harb Symp. Quant. Biol.
225 237-251.

REDFIELD, J. A. 1976. DistributiOn,<abundahce. size and
genetic variation of Peromyscus maniculatus ori the Gulf
Islands of Brltlsh Columbla. Can."J Zool 5l s 463-474

SAVIDGE, I. R. 1974, Maternal aggressiveness and litter-
surv1val in deer mice (Peromyscus maniculatus balrdll)
Am. Mldl. Nat. 91: 449-L51, B ‘

'SQUTHWICK C. H. 1955a. The populatlon dynamlcs of conflneg'

house mice Supplled w1th unlimited food. Ecology 36:
212-225. - , .

57



SOUTHWICK, C. H. 1955b Regulatory mechanisms of house
‘mouse populations: social behavior affecting litter -
survival. Ecology 36: 627-634.

SULLIVAN, T. P. 1977. Demography and dispersal in island
and malnland populations of the deer mouse, Peromyscus
maniculatus. Ecology 58: 964 978 _ .

TAMARIN R.-H. 1977. Reproduction in the Island Beach Vole,
Mlcrotus breweri, and the mainland meadow vole,
Microtus pennsylvanicus, in southeastern Massachusetts.
J. Mammal. 58: 548,

,TUPIKOVA N. V., G. A. SIDOROVA and E. M. KONOVALOVA. 1968.
' A method of age determlnatlon in Clethrionomys. Acta
Theriol. 13: 99-115.

WHITNEY P. 1976, Populatlon ecology of two sympatrlc

species of subarctic microtine rodents. Ecol. Monogr.
L6 85 -104, s

(o] 58



Paper 2

Population Dynamics of Island Populations of |

Subaretic Peromyscus maniculatus
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Abstract

Numbers of deer mice on Island 2 in 1977 were already
high in late June. Density increased insignificantly there-
after. Populations on Green Island in 1977 and 1978 and Is-
land 2 in 1978 showed growth throughout the summer; Higher
densities were reached on Island 2 than on Green Island.

The stable population on Island 2 in 1977 suffered!a de-
clining number of'joung entering the trappable popdlation
through summer and decreasing survimal of‘trappablenyoung.
vahe‘mean number ef August young per breeding female:varied
| between islands and years. Overw1nter survival rates did
‘not differ between islands. and were hlgher than surv1val
rates in summer. "Litter sizes, sex ratlos and body weights
and lengths did not show any relaflonshlp with population.
density. Adjﬁsted'range lengtns and wounding rates}were
‘consistent with eXpecﬁations of a territorialisnecies -
larger rahnges at lower‘population densify and more wounding
with high numbers of mature animals. Higher wounding leyels
.on Green;Isiand than on Island 2 were‘not consistent with
expectation. |

Surv1val of nestllngs and Juvenlles was negatlvely re-n
Vlated to the sprlng density of breeding females. This rela-
tlonshlp, along with a pos1t1ve correlatlon between wound-

1ng and density, suggests that numbers may be llmlted at

4

o

least in part, by negative feedbacks.



" Introduction

. Preliminary observations of populations of Clethriono-

mys rutilus and Peromyscus maniculatus on several islands

in the upper Mackenzie River near Fort Providence, North-
west Territories (61021fN il?°b0'W) showed numbers,consis—‘
tently higher than ‘on the adjacent mainland (Canham 1969,

~ Dickinson 1976). Burns (1979a) described the demography of
C. rutilus on two of the same islands and found some evi- )
dence that numbers were limited by negative feedbacks. The'
present paper describes’ the demography of P. maniculatus
and fpermits cons1derat10n of the follow1ng questions: (1).
Doe Peromyscus regulate its numbers below levels that

woul result 1n destruction of its food supply9 (2) If S0,
how i regulatlon brought about? (3). Why does populatlon
densit vary over time and Why does populatlon dens1ty vary
- between isolated populations'> (4) How does populatlon re-

gulation differ between Peromvscus manlculatus .and Clethri-

onomvs rut11us° Y

Krebs et al (1969) observed habitat destruction in a
fenced populatlon of Mlcrotus and concluded“that dlspersal .
was necessary for normal populatlon regulatlon° MacArthur
‘(1972) noted that small 1slands have. much in common w1th
. Krebs',fenced plot and suggested'that they ought to have,H
dense populations and consequent habitat destructlon. He

N

further noted that, since contlnents are merely very large

o 1slands, the "Krebs effect" ought to dlmlnlsh w1th inereas-

1ng 1sland size. Herman (19?9), whlle f;ndlng suggestlons

(S L
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of relationships between woun&%ng and aggressiveness and -
.isiand size, found:no consistentareiatieﬁship between den-
81ty and island size.

Islands used in the present study became acce581ble by
boat in Sprlng from mid-May to ‘early June after winter ice
left the river. The start of river txavel was on May 27 in
1977 but was not until June 7 in 1978, as a result of a
later sprlng in 1978

Green'Island (30.6 ha) is mainly covered by white

spruce (Plcea glauca) Island 2 (7.7 ha) is largely covered

by white spruce but also has large areas covered. by black

spruce (P. mariaria) and trembling aspen (Populus tremuloi-

des). Relationships between small mammals and habitat types

on the islands are explored ih another paper.



/o Methods

Peromyscus  maniculatus (and sympatric Clethriononys\
rutilus) populatighs\were studied on live-trap grids and by
autopsy of snap;trapped samples. The li%e—trap grid on Green
Island occupied 4.00Ahau(8 x 8 array of 64 Longworth traps
at 25 m intervals each assumed to sample 625 mz) in 1977
and was extended to 6.25 ha (10 x 10 array of 100 traps) in
1978. Suitable habitat on Island 2 was covered by a grid of
103 traps (6.44 ha) in both years. Animals for autopsy came
from snap-trap lines on Island 2 in August 1976 and on
Green Island in June, July and August 1977. Additional ani-
mals for autopsy were taken from both»grlds at the end of .
llve trapping in 1978 Standard methods used in live trap-
ping, snap trapplng and autopsy are descrlbed in Burns
(1979a). OyerW1ntered and young-of-the-year deer mice, both °
dead and alive, were separated primarily;enrthe basis of
\:Qpelage. Secondarily an arbitrarj I8.0 g_boundary\for body-q
-weight was used to distinguish between young and overwin-
tered mice. ” . | |

An i11- fated experiment was des;gned to test- the hypo-
thes1s that llmlted food resources in winter would affect
‘ surv1va1 Lines of Longworth traps were‘dlstrlbuted on Is-
- ‘land 1 (40 traps) and Island 3 (37 traps) in August 1977
and anlmals were marked during one trapp}ng period or rota
(4.5 days). Slmultaneously. an attempt was made to remover‘

vall berries from. Island 1. One hundred snap traps were set

on Island 1 (3 nlghts) and Island-3 (5 nlghts) in June 19?8

63



to recover surviving marked animals. The experiment failed

bécause there was evidence of predation by Lynx canadensis

«during winter on Island 3 buf not on Island 1.
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Results
Numbers

Spring numbers of overwintered deer mice on Island 2
were about twice as high in-lb??las iﬁ,1978 (Fig. 1). Num-
bers were already high in June as trapping began in 19?7:
Increases in total numbers and decreases innnumbers of

\Lﬂﬁverwiﬁtered animals over the summer of 1977 were minimal
(slopes of:lines did not differ significahtly from zero).
In 1978, total numbers exhibited ekponential increase and
numbers of overwintered animals showed exponential decline.
'Siope of the increase in £978 was significantly (P<0.01)
greater than that in 1977'and slope of the decline in over-
w1ntered mice in 1978 was 81gn1f1cantly (P<:O 001) greater
than that in 1977 The summer max1mum was apparently reach-
ed in early August 1977, but numbers may still have been
incfeasing in late Aﬁgust 1978. If.so, Septe%ber numbers
of 1977 could have been exceeded in 1978.

On Green Island,  numbers 1ncreased exponentlally
through the summer of 1978 and were probably still grow1ng
in late August each year. Overw1ntered anlmals\decllned in

' 19?7, but 1ncreased in 1978 as a result of ‘immigration onto
the grid. - |
_ Thekrete of growth in numbers oniG;een,Island was, -
greater than that on Island 2 in 1978._Slopes_of'growth;‘
-curVes diffefed significantly (P'<0.02):,Extrapolations
-bf-these curves euggest.that numbers on the Green

Island grid (125 mice) would have just surpassed those

oy
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on the Island 2 grid (120 mice) in .mid-September.

Breeding ;

- The population on Island 2 consisted mainly of young as
early as mid-June ‘1977, whereas only one young was taken in
mid-June 1978. This suggests that breeding begah earlier in
1977 than in 1978, probably as a result of earlier disap-
pearance of the winter snow cover. (The riverdwas ice free
abeatill days earlier in 1977 thah’in i978.) \

“~

_Breeding_behavior of Peremyscus appeared.to‘beVinflex-

ible. OYerwintered mice all matured, and-feﬁales shrvivingn
to the endAof summer produced two_lixters; There was no ev- '
idence ﬁhét young deer mice participated in'breeding in the
“year of their birth. However, oh.Island 2 in- 1977 a small
" number of young' showed some ipdications'of métﬁﬁing (per- -
forate vagina, body weights.reaching 18 to 20 g, enla;ged
'testes). As none of the mice on Is;and Z,Wefe_adxopsied in
1977, ; could not confirm‘%hat no young'had attained sexual
maturlty Young mice were snap trapped in 1977 on Green
Island and no males had sperm and no females had placental
scars or embryos. Thus é;eedlng appeared to be carrled out
\ by overwlntered anlmals>only. |

: The;den81ty of oyerw1ntered‘femalesywas abdﬂp one per
,hectare onxlsiand 2 in 1977 and:oh‘Gfeen’Island in both
 years, ‘butf;tpindreased by'a factor of three on Island 2 in
p1978 (Table 1). In splte of the dlfferences in 1n1tial
sprlng den51ty, the August dens1ty of young on Island 2 was .

(1‘
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virtually identical. This suggests an inverse relationship
‘between initial density and production of young, which
could act in a regulatory manner. Densities of breeding fe-
males and August young on Green Island did not differ be-
tween yeafs. Spring densities_were the.seme as on Island 2
in 1977 but the density of August young Qas smaller in both
years. Dispersal from the grid to sdme_other.part of Green
Island may account for some of the appafent difference be-

tween islands in breeding success, but there 1is probably

also a real difference in carrying capacify.

Mean litter sizes of Peromyscus sampled‘in August were
determined, in the absence of bregnant females,sfrom‘pla-
.cental scar counts only (Table 2). Litter sizes found on -
isiand 2 in 1976 were significantly (P<0.05) different
from those f;odereen Island in-1977_and 1978. Because - the
19?6.eemplevwas taken earlier in the month than the Green
Island sample,dtnere-was mOredcontrast,between early and
late scars in 1976. The 1976 figure agrees with the mean
litter size based on embryo and placentai‘scer counts for
June to Angust>1973i/whiCh Qere 5.3110.36-(13)‘on Green Is-
land ‘and 5.84+0.62 (9) on Iél?nd 2 (Dickinson,.unpubfished
deta) 1" therefore consider the Green TIsland estimates fof
“. 1977 and 1978 to be unreliable and conclude that there is

probably little varlatlon in lltter size between 1slands or

years.

Surv1val and Recrultment

1

Ratlos of numbers of mice surviving from August 1977 to_
{

7 RN



June 1978 to numbers not‘surviving (overwlnter survival)

- did nof differ significantly between islands (X test

Table 3j. Rates of overw1nter surv1val were generally hlgh—
er than summer rates.' Although Green Island was sampled :
later than Island 2 in 1977 there were more unmarked anl;
mals on Green Island in 1978 which suggesbs that anlmals
were recrulted into the population on the grld after trap-
ping ended in 1977 or that there was . 1mm1gratlon onto the

- Green Island grid. Decllnlng numbers of new young in August
1977 on Island 2, and 1ncreaslng numbers on Green Island at
‘the- same time, point‘to later breeding and recruitment on‘
.Green Island than on Island 2 in 1977, but 1mm1gratlon can-

not be ruled out

On Island 1 oHe male and . one female surv1ved to June

1978 after 14 males and 12 females were marked in the pre— '

vious summer. ThlS represented an average 14- day surv1val

rate Qf 0.89 even though thelr food supply had been reduced.

Survival rates of juveniles (trappable young) on Island

2 decreased through the - summer of 1977 (Flg. 2a). Excludlng

va drop in early July, surv1val was . high in 1978 Young "~ sur- -

vived well on- Green Island in 1978 to late July when sur-
v1val decllned Because the grld covered only part of Green
: Island the apparent drop i surv1val may have been caused

' by emlgratlon.

%Ecrultment of young 1nto the trappable populatlon was. .
delayed on ISland 2 in 1978 -and on Green Island 1n 1977 i

Upresumably as a result of delayed onset of breedlng (Flg.'ﬁ

6.
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2b). Young appeared-on Island 2 ~in large numbers in June
1977 but recruitment declined thereafter. Recrultment into
- ithe trappable populatlon 1ncreased over summer for the

- other populatlons.

\/”ﬁestllﬁg Mortality

v : . .

- The calculated surv1val of nestllngs (young which have\
'not reached trappable_age)_for.bothrlslands in 1977 sug--
gests that I‘underestimatedulitter size, or number of lit~ .
ters dropped on the grld,(or both (Table 2). If placental
scar counts tend to overestlmate lltter size (L1d1cker
1973), then my estlmate 'of the number of lltters dropped
must have been Tow. Because number of litters for 1977 was
based only on. obserwatlons of weight changes in breedlng
females,.small 11tters (11ttle welght change) and 1nsuff1-
.; clent trapplng frequency may' have led to the underestimate. -
) " Surv1val -to capture‘(number of young captured/estlmated ’
‘ number of young born) was h1gh on both 1slands in 1977. butf
"in 1978 surv1val to. capture was 79% on Green Island and '

> <
only 55% on Island 2. Nestllng surv1val appears to be 1n—’

versely related to spring den51t§ of overw1ntered females. )

e Spr;ng denslty of breedlng anlmals and surv1val of young to -

trappable age may be parts of a negatlve feedback that re-'ﬁ

Sulates populatlon size.‘ﬁo;kh,lf?
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son.

- were significantly (P<0.05) li”ghi:er than all other island-

»year samples and overw1ntered mice from Island 2 1n 1973

70

tween islands (Fig. 37. Early July weights on Island 2 were '

higher in 1977 than 1978'reflecting the earlier appearance
of young in 19?72‘Welght appeared to rise to a peak'in late
July and then drop in August in both years. The same trend
appeared on GreeniIsland in 1978. The rise was causéd by
%rowth ofhthe first litter'young°and the_decline was caused
by thé appearance of lighter yonng,of the second litter. ﬁ
Lengths and Qeights of snap—trapped‘samples from di£;‘ 
ﬂerenr islands; years and age-classes showed'no significant |
difference'between‘males and females,‘so sexes were combin-- .-
ed for further analysis (Table L). Data from the’present o
study were supplemented w1th unpubllshed data<from chkln—
Among overwintered mlce,sthose‘from'Green Island were

~s1gn1f1cantly (P<:O 05) shorter than mice from Island’z in

- 1973 and 1978 and from Green Island in 1977. OverW1ntered

mlce from Island 2 in 1976 were s1gn1flcantly (P<:0 05) &
shorter than those from the same island 1n 1978 and from '

Green Island in 1977. Anlmalsj£§0m=Green Island 1n‘19?8

lwere 51gn1f1cantly (P<O. 05) heav1er than those from the

same 1sland in 1976 and 1978 and-from Green Island 1n»1973.-

-Because the 51ze of overw1ntered anlmals varled4from year

T;to year, 1nter181and dlfferences 1n body 81ze probably have

TR

;'no 31gn1f1cance in relatlon to 1sland 81ze.v3~ -f’;'

- Among young mlce. those from Green Island ln 1973 were

P



' ;1ons-showed a gi,

's(53:56) or tv

significantly (P<L0.05) shortér ‘than mice from the ‘same is-d
© land in 1977 and 1978 and frqm Island 2 in 1978 Young of
1978 from Green Island and Island 2 were'llghter (P<:O 05) .

than mice from Green Island in 1977 and Island 2 in 1976.

'As wlth the overw1ntered deer mice, there were no consis-

tent dafferences between islands iin the 81ze of young mice.
Samples of young mice were generally ordered by mean size
in ‘the ‘same way as the overwintered mice of the same island
and year were ordered. » | |

Larger or smaillbod& size eouldvnot be consistently
associated witn:one island or one year or with popnlatlon ’
size. | . |

g

‘Sex Ratios - ' L T

Sex ratios of young recrﬁits,‘although showing an'over-

" all female. bias, showed no significant imbalance. by single

4

rota or by island and year (Table/él;»//f’ff’f

erated on Island 2 in 1978

Among overwintered mlce 3
there were fewer males JRan females (9:21) (P<:0 05 X

test) but Island 2 A 1977 (malesfemale'- 4y ) and Green

Island in 1977 (Os ) and in I978 (6:7) showed no 81gn1f1- |

cant 1mbalance. Th male:female sex ratios in total popu1a4v"’

»

-15ndfz‘gfid,inf;97 (43369) but not on that grid in 1977

-*Fr218:21. overwintered'population - #s6)~and Island 2 in11976

snap~trap samples from Green Island in 1977 (all ages ;;fﬁﬁfei

71

ificant imbalance (P<0.025) Pn the<Is- f_'v

_Green Island grid 1n 19?? (15:18) or in 197& ff'

A °




(all ages —,13:10,voverwintered population - 3:3) showed no
sex ratio imbalance. ‘ |
Sex ratios of young recruits (rotas pooled) did not

differ between islands or years.

- Spacing Behavior ‘);44"

Spatial patterns were examined in a'nearest neighbor:
analysis (Clark and Evans 1954) of centers. of act1v1ty
(arlthmetlc mean of capture locatlons)

Dlsper51on of* centers. of act1v1ty ofbmatdre male mlce:_
was"predominantly uniform (Table'é). Other‘classes were .
d1sPersed randomly more often than unlformly. No aggregated

pattern of d1spers1on was observed durlng “the perlod of

study.

Island 2 prov1ded sufflclent overwinter surv1val to ex-"
: amlne loyalty to locatlon from year to year. The dlstanoes

between 1977 and 1978 centers of act1v1ty were' s1gn1flcant--

ly (p<o. 01) greater for. males ‘than females. Females shlft-

:ed thelr centers an average of h8 5+13 3 m and males moved .

' an average. of 135. 3+13 5 m.

LY

On Island 2 ad;usted range lengths of overw1ntered

l'males were 81gn1f1cantly dlfferent from those of overwln-,d”

tered females in 1977 (p<0.01) and 19?8 (p<o oz Table if.

17) Young males and females showed very 81m11ar range

'jAvrlengthB overwintered males generally had 1°n89r ran@e

,lengths than young males (51gnificant (P<0 01) on Is’land

Jf:2 in 197?) Range le

hs' of females varied arratically

B S ey o A SR
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with age. Young males and females and overwintered females

on Island 2 had slightly shorter range lengths in 1977 than

in 1978 which_is'consistent with';he-hypothesis that range
size vafies_inversely with densitya,However]‘overwintered
males on Island 2 had longer range lengths in 19?? then;in
. 1978. None of'the differences was significant.

;~ On'Greenﬁlsland, ad justed range-iengths:of young males
and females we}e-slightiy shonter in 1977 than in'19?8

. Overw;ntered females showed gpmore marked, but still 1n81g—
nificant dlfference. The general increase in range length
was probably due to the increase in grid area between 1977

and 1978 Therg were no s;gnlflcant differences in range

length betweenda&erW1ntered and young or between males and

females, although, as expected, adults had larger ranges
than‘juveniges and male rahges'wefe larger than those of

females.

pr
There'were no significant di erences-in range‘length '

-between 1slands Eh splte of dlff rences in grld size, popu-

latlon densxty, 1sland size and whether or not a dlspersal‘-.

optlon was avallable. |
_ Analy81s of varlance showed thpt among the factors of .

: ‘sex. year. age ‘and 1sland, only Sex ‘was found taaaffect

/

E ﬂadgusted range length (Table 8). ,“_;gi{
"ﬂgundlng‘ SRR IR

o Frequency of wounded animals in August samples was
' "-_,"’_,low (T&ble 9) N
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Mlce on Island 2 experlenced almost no, wounding with no_
differences between sexes or years. Mature anlmals, however,

had significantly (P<O0. 05 7( test) more. wounds than Lm- :

/

/

/

mature animals. - ‘ /

Mice on Green Island shoWed no differences in wonnding
c - s
frequency by age, sex or year : o _/

A 23% woundlng rate among 1mmature female mlce/on Green

1

Island in 1978 played a large role in 1nter1sland/compar1-

sons. Young from Green Island showed more wounds /than young
from Island 2 in 1978 (P<:O 05) and in both year comblned
(Ple 05). Overw1nteréd mice showed a significa tly . :’
(P<O. 05) hlgher frequenoy of wounding than youn_ mice
'(sex, 1s1and and year classes combined). A significantly
(P<0.05) hlgher wounding rate was found Qn Gree Island
than on Island.sznen sex,‘age‘and year“classes ere com-

“bined.

. Trapping Success ) - | ‘7‘ _--'-\'
‘ The sufflclency of trap densxty ‘and trapplng,suc ess %y
,was examlned Island 2 ln 1977 at Rota 4 was crltlcal\ w1th o

3%

'peak numbers of 85 eromxsgug and 104 Clethr;gg y§ kn wn

to be alive and vulnerable to 103 traps. Nocturnally a y‘fd;{ .
deer mlée were only vulnerable to capture five times pS* G
:rota. Given an average of 2 68 captures per trap (Table 10»ﬂj
_animals may have avoided capture in some rotas. Howeven.v |
'f single rota was found to be effective in demonstrating the
’;spreeence of’most nesident trappable animals (Table 11)



Overall. two'deer mice missed capture in two'consecutive
rotas, and six missed a single rota{

Continuous removal oflanimalsvfrom the grids at'the end

of live trapping in 1978~permitted further evaluation of
| live4trapping success. Based on survival rates'through the;
’ Summer on Island 2, I expected tolcapture 86% of the mice
from the previOus trapping session, and Ifactually took
90%. All overwlntered mice and 85% of the marked young ul-
timgtelv recovered were captured in the first two days of
removal trapplng on Island 2. Sixty- elght per cent of all
unmarked animals captured were taken from the third to
fifth trapplng days. ‘Social subordlnatlon and lack of open
traps may have prevented earller appearance of unmarked ‘
. young in traps. No marked animals that had dlsappeared
earller were recovered from the "blologlcal vacuum" created
| by removal trapplng on the Green Island grld Wthh sug-
gests that those anlmals that dlsappeared had either dled
or dlspersed over a con51derable dlstance.

On Island 2, the snap trapplng phase of removal trap-. R
plng caught no unmarked adults or subadults, i. e. anlmals\y _ ‘
fthat mlght have been living on the grld yet evaded capture
lvln live traps. On Green Island two adults (one of euch
'sex) were caught in snap traps on’ the second and fourth
»days of removal trapplng.,They may well have been 1mm1- .
”-grants but dven if they were: residents ‘that had not enteredx-"
ithe llve traps. trap avoidance ‘was . not a maJor source of g.l

Cerrors et Sl
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Discussion

Previous sampling by Canham (1969), ’Diokinson (19?6)
and the prellmlnary sampllng in this study indicated con-
- sistently high populatlons of small mammals on several is-
lands in the Mackenzle River. That 31tuatlon was confirmed
in the present study although the populatlon on Island 2 1n
late June and July of 1978 was probably lower than in any
prevlous aample.aEarly spring populations consistingvonly,
ofboverwintered~animals would reveal little differencevbe—
- tween 1slands because of 31mllar numbers of overwinter sur-
v1vors. Populatlons diverged follow1ng blrth of the first
l;tter.lemlng and fate of that litter therefore affects'
capture'rates in'iate June and July samples. Survival of
guvenlles was relatlvely ‘high at the . tlme of the flrst llt—
ter in- the present study. Fairbairn (1977a), however, found
Llow surv1val of young at the start of the. breeding season
7 and 1ncreased surv1val at the- end of breeding. ‘ ‘

Reproductlve effort was not a variable in the demogra—
Iphy .of Peromxscus. Young-of the-year mice did not mature in
fithe year of blrth ALl overw1ntered females that . llved long~
"enough hid two 11tters.~ o '

*’i‘ Although 1ndiv1dual reproduotlve effort was not a varl-'

able, growth 1n numbers of. mlce was not con31stent. There
.

'WES llttle or no 1ncrease 1n numbers after early July

oh Island 2 in. 197? (Slope of the growth curve did not d‘

U.dltfer 81gnificantly from 2ero ) Numbers grew rapidly

'throughout the breeding season in 1978 on Island 2 and

L~



Green Island. |
Recruitment, or survival of nestlings to trappable age,
1ncreased through summer on both islands 1n\1978 and on -
Green.Island in 1977. Recruitment on Island 2 1n 1977 was
hlgh ;n June but declined thereafter. Survival of trappable
vyounglon Islandlz’in 1977 also declined thrdugh the‘breed-
ing season wnile survival ef juveniles from Island 2 and
Green Island in 19?8'remained~generally high during summer.
Dispersion of centers of activity of mature males was
predominantly unifdrm whereas it was usually random for
ther deer mice. Adjusted range lengths of deer mice varied
iny by sex. Males had longer rangeklengths than»females.
Year, island and age did not affect range length.b
[TWounding was more prevalent among overwintered than

young mice. If aggres51on hy adults agalnst Juvenlles is

_1nvolved in populatlon regulatlon. one would expect to flnd“‘

many young wlth bite wounds unless everyvanlmal attacked

| was killed grddrivenvdut; and,few(survivdrs received any
bites. The low incidence of wounding;'esPecially on Island
2, therefore,.probably reflects a low level of~aggres31on
'on the part of adults. Juvenlle surv1val is apparently not
related to the den81ty of .resident adults durlng the breed-

1ng season (Sadlelr 1965) or the aggreSS1on dlrected

'l'agalnst Juvenlles by breeding males (Falrbalrn 1977a).'~"

Green Island anlmals shoWad more woundlng than Island 2
;anlmals among the young and all ages comblned Generally
low levels of woundlng may be an adaptatlon reflectlng the
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lack of a real dispersal option. Dispersal from the Igland
2 grid was probably negligible, however, the possibility of-
limited dispersal maybhaf% played a minor role on Green Is-

land. Animals probably moved onto.the grid.over winter, and
A ‘ R
some of the'disappearance of young during summer was pro—

- bably due to emigration from the grid, but dispersal to and

from Green Island must have been severely limited
f* 1
Changes in Various demographic parameters can be inter-
AN
preted in their apparently appropriate \\ming in relation

to changes in density, to indicate regulation of numbers.
The conditions_opropulatdon growth on Island 2 in 1977

o (little increase,in numbers in July and August) contrasts
‘with conditions on Island 2‘and.Green ISlandzin>1978 (rapid
‘growfh in numbers through.Summer). Reproduction,.adjusted
ranEe'lengths, dispersion of centers of activity, litter
Size, sex ratios and body length and weight showed. either

no variability or no relationship to population growth in

~

either year, or on either 1sland Both nestling and juven- .

-

' ile surVival declined on Island 2 in 1977 when the density
of mice was high Nestling and juvenile ‘survival~ appear to
. be adversely affected by high population density. If so,

they constitute an important mechanism for population regu—-
-1ation. L R 5 - '
o Differences between densities achieved at peaks on
‘Green Island and Island 2 cannot be satisfactorily explain-'
ied by trends seen in the" gresent study. OverWinter sur-'
':vival did not differ s1gnificantly between 1slands. Breed-

f¢ing populations were Similar in size in. 1978“but the peak

ch - <
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density for the summer was lower on Green Island than on
Island 2. Survival was only slightly lower on Green Island
then Islaﬁd 2 during summer and little difference wesqevi—
dent in recruitment of young into the treppeble'poﬁdiation.
Dispersal from the Green Island grid was probably insignif-
icant. | | | ,
Wounding was more prevalent on Green Island than on

‘Island 2. Dickinson (1976) found low wounding rates on

small 1slands W1th hlgh den81t1es. Herman (1979) found an

1nverse relatlonshlp between wounding among Peromyscus man-

iculatus and island size but hot between density and island
size. High density may reduce the threat of extinction on’
small islands (Redfield 1976) but why there was almost no
wounding ;é not-clear. It is especially puzzling in light

_of the apparenf positive fglatienship between;numbers and
the propoftiqn of WOundedvyoung on Green ISiand,

-

Under the conditions imposed,by the island. location, ,

Peromvscus maﬁiculatué and Clethrionomxs rutilus popula-
tlons must regulate thelr populatlon den81t1es. How do the

b demographles of Peromxscus and’ Clethrlonomxs compare?

(1). Overw1nter surv1val (ratlo of riumber of anlmals sur- - -

v1v1ng w1nter to number not surv1v1ng) was 1gn1flcantly'

hlgher for deer mice than for voles (P<O 001 ‘x test)
Voles are winter-actlve but deer mlceﬂgo 1nto torpor.
';;/,/63erw1ntered females on the 11ve trapplng grlds showed
_ hlgher densitles for deer mlce in 1978 on. both grlds,}
V lower densities for mice on Island 2 in 1977 and the

I
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ssme density as‘fer voles on Green Island in 1977.

(2). August densities of volesbwere‘mOre variable than
those of deer mice. On Island 2, voles were more numer-
‘ous than deer mice in 1977 but the reverse was true in
19?8 On Green Island, deer mice were more numerous than

- voles in bhoth years. Growth rates of populatlons did not
differ significantly between spe01es on Island 2 in 1977
' and 1978 and on Green Island in 1978, 'Rates of growth 1nl

numgers of both Clethrlonomvs and Peromvscus were lowest

‘on fsland 2 in 1977 (slopes: 0:009 and 0.004 respective—‘
Aly); were intermediaﬁe on Island 2 in 1978'(slopes:
FO,012 and 0.016 respectively); and were highest on Green.
Island in 1978 (slopes: 0.015 and O 029 respectlvely)
This suggests an overrldlng 1nfluence on population '
‘growth of both specles by conditions peculiar to certain
islands or years but therfate of overwintered voles and
miee refuteS‘this idea. Declines'infoverwintered voles
were hlghest on Green Island in 1978 (slope: -0. 032) but.
1mm1gratlon of mice caused an 1ncrease in thelr numbers.
'Thevlntermedlate rate of decline of voles (slope: -0. 022) ’
- occurred on Island 2 1n 197? where deer mlce experlenced
thelr lowest rate of decllne (slope: -0, 001) Voles de- |
clined at thelr lowest rate (slope: -0. 015) agp deer )
. ‘mice decllned at thelr hlghest rate~(slope: —0 012) on
'Island 2 in 1978. Decllnes 1n numbers of overw1ntered
7?an1mals ovér the bréedlng seaso appeared to be more

e:_rapld 1n the voles than the mice (81gn1f1cantly so on
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Island 2 in 1977 - slopes of declines different at

P<:O.6255; Declines in numbers of overwintered voles

were conSistently'rapid leaving 25% or less of June.

numbers by mid-August.

_(B)Q The breeding .pattern of deer mice is inflexible - only
overwintered animals mature and mature females surviving
\long enough prdduce two'litters; Among - the voles, an

overwintered female ma§ surV1ve long enough to have:

three lltters. Young- of the-year females may drop zero,

-

one or two litters depending on the date of their blrth

and whether or not they mature.'Maturation‘of young

voles was negatlvely correlated w1th numbers of maturezlg

anlmals (e g- Island 2 in 1977).

(%). Estimates of surv1val to trappable age ranged from 55%

varlable among deer mice than among voles.

to 100% in Peromvscus and from 47% to 87% in Clethrlon—

mys. Extent of nestllng mortallty appeared to be more
%

- \\; o

(5). Trends in® surv1val after recrultment were 81m11ar in

both spec1es on. Island 2 in both years.‘On Green Island'
vole surv1val fluctuated w1dely and appeared to be gen—

N

erally lower than mouse surv1val

_‘(6) Welght dld not dlffer between populatlons of young

- voles (M grooves open or closed) or overw1ntered voles.

L8l

There were ‘no dlfferences in welght of . small samples of

overw1ntered voles but young voles showed some dlffer~

’ ences between samples by welght Few dlfferences in’

length were found among populatlons of young and overe'
s S
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N

» wiritered deer mice. Mouse populations also showed few

dlfferences by welght however, overﬁ‘ntered mlce on

Green Island in 1978 were 51gn1flcantly é}ghter than all

‘other samples of overw1ntered'm1ce; There was(no corres- "

A 4 N *

: . ’ ¢ .o, . ‘
pondencé "in size between Clethrionomys and Peromyscus

(rank order of island and year samples).’

‘(7). The terrltorlal séx in Peromyscus is the male whlle it

-

1s the female in Clethrlonomys. Mature female voles and

mature-male deer mice ‘showed unlform dlsper51on during -

82"

the study perlod generally. Mature male voles and maturef‘

female deer mice were unlformly dlstrlbuted at high denf

2

S1ty but were otherW1se randomly distributed.
%L & a '
(8). AdJusted range leng h was correlated with sex,. year,v‘

greater for mature males than for mature females, and

for overw1ntered anlmals than for young in both spe01es.

(9) Peromyscus sex ratlos showed a femile blaS‘whlle

lethrlonomys showed a balanced. or sllghtly male-blased

sex ratio. There ‘was no s1gn1f1cant difference ;n sex ' )

: ratlos in comparlsons of the two spe01es by 1sland and

-t w . T . . - @ ,
year. ‘,,“ y . : : 1 ‘

(10) Woundlng.rates d1d not dlffer between spe01es among

s

young or overw1ntered anlmal§ on Island 2 or on Green

Island (X test)

@

o
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&
Table 3. Overwinter survival rate and numbers of marked'
and unmafked P. maniculatus surviving winter.
(Survival rate based on recovery of marked
animals only.) | '
Number Known Alive in 14-day
Sex mid-Aug. 1977 mid-June 1978 Survival
Recapture%  New Rate
Green Is. M 14 1 5 0.89
F 13 2 5 0.92
Island 2 M 38 7 2 0.93
- F L7 15 5 0.96
Island 3" M 14 O/ 0 <0.89
L F 10 3 1 0.95
Island 1 M 14 1 1 0.85
F 12 1 "0 0.89"

el

R
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Table 5. Numbers of young male and female P. maniculatus

entering the trappable populatlon (Tested by -
2x2, 3, 50r 6. X ). )

1977 | 1978 .

Rota M F M F
islanq 2 1 25 28 | \ o 1
| 2 2 30 n
3 10 9 Lo 10
L . 8 7 10 16
5 b2 7
-6 L. 10
5 b9 49 E)
2xsor 6% 1.6 - . 8.60
. sig. . N NS
Green Is. 1 0 1 \_- 3 3
‘ 2 5 6 1 3
3 10 7 6 1
- b 9
5 Ly 10
'S 15 14 28 26
2 x 3 or 5%° 1.62 .~ 8.23
' Sig. NS NS

Q
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Table 6. Dispersion of centers of activity for P. manicu-
latus. Animals with single appearances excluded.
(U = unifo§m;aR = random, A = aggregated)

-

1977 © 0, 1978
Rota: 1 2 3 4 .5 1.2 3 4 5 4§

Island 2 Mature Male

U R U U U U U U
Female R R R R R R O U U
Immature Male R R U U U R U R R
Pemale R U R R U R R R

<

Green Is. Immature Male , R

.

Female R U U U

oo
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Table 7. Adjusted range length (m) for P. maniculatus 8

having four or more captures. ' @

N

~
J S |
Overwintered ' Young
X+S.E. (N) X+S.E. (N)
Island 2 aMale“:¥977 225¢20.4 ( 4)% 130+10.1 (35)
1978  171+20.5 ( 9)° " 136+13.6 “(21)
Female 1977  119+20.37( 7) 121+ 6.8 (41)
1978 123845 (17) 127+ 9.7 (32)
Green Is. Male 197% - ( 0) 106i1?.2 (7)

1978 169+28.7 ( 5)  134+12.7 (16)
Female 1977 1144140 ( 2) \ 104+19.1 ( 7)
1978 157+14.5 ( 6) 129+11.9 (16)

* - '
significantly different from females and from young

(PL0.01).

*3

‘significantly different from females (P< 0.02).

(
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Table 9. Proportion of August samples of P. maniculatus

showing ONé or more recent wounds. .

(24

Mature Immature

Proportion (N) Proportion (N)

Island 2 1976 Female 0.00 (3) 0.00 ( 7)
| Male 0.00 (3) . 0.00 (10)

- 1978 Female 0.33 (6) 0.03 (L0)

Male . 0.1k (7) 0.00 (28)

Green Is. 1977 Female 0.33 (3) | 0.13 ( 8)
| :' Male 0.67 (3) _ 0.10 (10)
1978 Fema}e-v 0.00 (6) 0.23 (22)

'Maie - '0.17 @67\\ .; 0.06 (17)

)
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. Table 10. Me%n number of P. maniculatus captures-per trap
per'rota. Deer mice were at risk of capture five, °
times per rota.

Island 2 . Green TIs.
Rota 1977 1978 1977 1978
1 1.33 1.31 0.03  0.29
2 1,86  1.52 | 0.34
3 '2.34 1.76 0.56 o.éo
4 2.68  2.18 1.73
. .

2.48  2.85 1,36 1.77
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Table 11. Number of times at risk of capture needed to
recapture a deer mouse. Count of number of times
at risk begins with first day of rota following
capture and continues, spanning rotas if necessary
until the mouse is recaptured. Mice were vulner-
able to capture 5 times per rota or once per day.
Data for P. maniculatus on Island 2 in 1977

Recovery  No. of Times at Risk of Capture
after ° ' Needed for Individual .Recovery .

Rota No. - range mean S.E. N

1 o 1-12 2. 4L 0.27 59

2 1-12 2.05 0.29 55

3 1-3 1.82 - 0.1k 65

s 1-7 1.72 0.2 67
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Figure 1. Minimum number of Peromyscus maniculatus known

to be alive.

@® Total Population

O Overwintered Population

@

Statistics for prediction equations based on expeonential

model.

ln(Nt) = 1n(NO) + bx where to = June;l and x is in days.

Island Year Population Constant Slope+S.E. r2 P

2 1977 Total 1n(59.53) o.oouiofaoz 0.54 NS

| Overwintered  1n(1o,o7) -0.001+0.002 0,03 NS
1978 . Totél In(21.76) 0.016+0.002 0.97 <0.05
Overwintered 1n(33.50) ~0.01240.001 0.98 <0.05

Green 1978 Total | »ln(5;62) 0.029+0.004 0.95 <0.05
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Figure 2. Survival from previous rota and ‘number of young

P. maniculatus entering the trappable populatlon;

Dashed line is the 14-day equivalent of Krebs'
monthly 0.707 used to separate "high" and "low"

rates of survival.

P
]

® 1977 O 1978
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Figure 3. Mean weight (g) of immature young male <
P. maniculatus. (+ 1 S.E. (bar), 95% C.I. (line))

® 1977 O 1978
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Abstract

qIn July‘of 19728, e vegetation anaiysis was carried out
on two islands in the Mackenzie River on which I had/obser-
‘ved different densities of two species of small mammal.
Three ﬁajor habitat tyﬁes were 1ldentified by multivariate
statistical methods. Distr;butiOns of measured habitat

characteristics and habitat types were eompared with dis-

tributions of Clethrionomys rutilus and Perodomyscus

maniculatus captures.

o

s
Cover in the form of logs appeared to have some ;impor-

tance for Peromyscus distribution and groups of water-

assoclated plants suggested some significance of moisture

for Clethrionomys distribution but there was no correlation
between abundance of known food plants and animal distribu-
tion. |

Two of the major habitet types were poorly repfesented
on Green Island but were well repreSented on Island 2.
~leen that both voles and mice showed preference for those
two types of habitat, it was not surpiéflng that Green
Island had lower overall dens1t1es of both mammal spec1es;
than Island 2. The third habitat type, common to both

islands, harbored fewer anlmals on Green Island than Island

2 and this difference.is w1thout explanation.

102
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‘ Introduction : ,

Annual peak densities reached by island populations of

C. rutilus and P. maniculatus were observed to vary betwien
islands (Burns 1979a,b). This begs fhe question - can habi—
tat differenges account for the spatial variation in den-
sity? |

Jkﬁabitat can be examined 1in terms of the food resources
and cover it provides énd the competitors and predators it
supports. Lack (1954) considered food shortage to be a sig-

nificant source of rodent mortality. Fluctuations in over-

wintering weight and the size of4spring populations of

Microtus geconomus were associated by Tast (1972) with

variations from winter to winter in abundance of tﬁe main
df{t item. Getz (1969), Goszczynski (1970), Miller and Getz
(197?) and Flowerdew et al. (1977) provid:1 evidence for
habitat\§electi0n by small mammals on the basis of *food
selection and need for, or avoidance of, watef.

I studied habitgx chafécteristics of two islands. Green

Island (30.6 ha) is covered by white spruce (Picea glauca)

with some patches of black -spruce (P. mariana) and scatter-

~_ed white birch (Betula papyrifera), trembling aspen °

(Pophlus tremuloides) and willow (Salix spp.). Island 2

!

\(?.V/ha) is dominated by white spruce, has significant por-

tions covered by black spruce and trembling aspen and a
scattering of white birch and willow. Upstream ends of both
islands show the strong influence of ice action at spring

break-up. The east side of Green Island consists of a 5 m
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high vertical mud bank whereas fhe west shoreline is rocky
and \slumping. Island 2 has an average height of 2 - 3 m.
Its upstream end is pushed up.to 4 m by ice and its down-
stream end tapers first to marsh and then to submerged
sandbars. The islands are separated by a distance of 12 km,
and ére subject to the same macroclimatic regime. Both
~islands have escaped fire and other disturbance for idng
enough to develop a typical climax vegetation in contrast
to nearby islands covered by aspen that are in earlier
seral stages.

Burns (1979a,b) dealt with temporal variations in

Clethrionomys rutilus and Peromyscus maniculatus popula-

tions on islands. In the present paper, the spatial varia-

7

tions'of.thése populations areg examined. The spatial,

pattern of captures (Burns 1979a,b) is:CQmpared,with dis-

. ¥ , :
tributions of habitat variables for food and cover and of

captures of "competitor" species.

£



- Methods

Grid points es@ablished on two islands in small maimmal
\5apture—mafk-release studies (Burns 1979a,b) were used as
’éampling points for ayvegetation survey in July 1978. This
provided 103 sample pointgﬁpn island 2 and 1OC-on Green Is-
%land altﬁough only 64 siteé‘pn Gréén Island were‘used‘inv

1977 for live trapping. At each sample site, vegetation was
examined in a circle of 1 m radius. Vascular plants were
identified according to Moss (1959). Stem counts were used
for vascular plant species, but an estimate of per ceng ~ .
cover was applied to leaf litter, Cladonia spp., Peltigera
SPP . Sphagnum.spp( and "other mosses". Also rec&rded in
each sample area was the mean diameter at breast height
(DBH. ) of all trees (spec%g combihed), the number of logs
larger than 2 cm in diameter ana\ihﬁjdistance tq, and the
species of, the nearest tree. Records for specles of plants
éppearing at, fewer thén three-sample sites were deléted
before.da§é’were analyzed.

I used the data to answer four questions: (1). Is
the habitat on Green Island different from that on Island
2? (2). Which habitat variables influence;the distribution

of animals as reflected by the distribution of captures?

N\\\\j (3). Do groups of-habitat variables or habitat types corre-

late with animal captures? (4). Do capture distributions
show correlations,between years or between species and

thereby demohstrate the &ignificance of habitat to animal

distribution? (If certain habitat variables are important
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to vole or mouse distribution patterné, the patterns should

be similar from year to year and be positively correlated.

"If certain habitaf variables distinguish niche boundariés

 for sympatric rodents and these habitat variablés are not \\,

“uniformly distributed, then capture distributions of the AN

sympatric species should be negatively correlated.) A com- N/
rpﬁter program for vegetation anaiysis‘designed to compute a
”ploté.by species mafrix, principal ordination axes and
vegetation groupings" (written_by Brian Pinchbeck, Comput--
ing Services, University of Alberta) was used.in treating
ques@ions 1 to 3. .
The computer program takey/fhe raw data (matrix of
sample sites X habifa%'VE?Tégleé), does a factor analysis
(matrix of habitat variables x factors), calculates and
plots ratings of the factors for each sample point (matrix
of sample sites.x factors)‘and then uses Ward's Discrete
Classification (Ward 1963) to merge similar sample points
into groups of.sample points representing hap%fgt.types. As
the merging process proceeds, similarity ofagfoups of
points being merged declines. The experimenter determines

the number of habitat types by stoppingAthe merging process

before two very Q}ssimiiar groups are’brought together.
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Plant species found on Island 2 and Green Island are

listed in Table 1. Juniperus communis (Pinaceae), Larix

laricina (Pinaceae), Mitella nuda (Saxifrag&ceae), Ribes

“hirtellum (Saxifragaceae) and 0xycoccus microcarpus. (Erica-

ceae) were found at one or two sites only, do not appear in
Table 1 and were dropped from data analysis.

On Island 2,'captures of C. rutilus were assoclated

with Picea mariana and, Larix laricina in both years. Cap-

tures were also strongly associated with Betula‘papyriféra,

Salix spp. and Picea glauca in 1977 but only weakly in 1978

when population density declined (Table 2). Captures of

4

P. maniculatus were associated about equally with Picea

glauca, Populus tremuloides and Betula papyrifera. Results

for both rodent species on Green Island, probably affected
by small sample sizes for some trees, showed no consistency
betﬁeen yeérs nor with Island 2. .

The ?requency of tree species closest. to grid intersec-
tions was significantly (P<0.01, Xz‘test) different be-

tween grids. The predominance of Picea glauca at the

expense of other tree species on Green Island caused this
difference. The number of trees per site (all species com-

bined) was used as an index of'canopy cover., Clethrionomys

showed significant (P <0.002) positive correlation with

Canopy cover in all sampies ekcept on Green Island in 1977.

Peromyscus showed significant (P<0.02) negative correla-

tion with canbopy cover in all samples except on Green Is-
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land in 1977.

e

A general comparison of ﬁabitat between islands by
Hotelling's T2 test showed no significant difference (T2\=
2%6}30, P =\0-.746). Failure to demonstrate a difference be-
}%een betweg¢n islands maj have be?n caused by the large

///%umber of/zeros in the habitat d ;a. Although the assump-

tion that plants are Qormaily diétribﬁted is questionable

if not u ikély,‘the probability"that the null hypothesis

i
R

is trlue is too high to question its acceptance.
The strength of relationship between habitat variables
and rates of capture was investigated in a stepwise multi-

ple regressioﬁ. Table 3 shows the first habitat variable to

entea\each regression against captures per site. C. rutilus -
e - - =

) . o .
captures correlated best with a different variable each

year on each island: Picea mariana, Sphagnqm,spp., Betula

and DBH., but P. maniculatus captures correlated best with

£

nﬁmbers of logs on Island 2 and with Viburnum edule on
Green Island 1in both years. These habitat variables e%—
plained 4 to 21% of variance in captures. Regreésfons wefe:
repeated using all grid points.and ipoluding'captdres of
the "compéting" épecies as.én additional hébitat variable.
The addgh captures variable displaced a habitat variable as

: ’ . . ’ . .
. first variable to enter a regression in three out of four .

cases in 1977. With both Clethrionomys and Peromyscus ex-
hibiting high densities on Island 2, the interaction of
competitors explained 52% (r = -0.72) of variance in cap-

tures. The correlation coefficient was positive for C.

108
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‘rutilus’on Gfeen'Iéland in 1977 suggesting a lack of com-
petition among the two cricetid spegies under conditions oft'
lo@ density. Habitat was secondary to eompetitienlin imﬁor—
tance to captureadistributions of ﬁopulatione‘with high
.densities.vgegressioné Qere repeeted again ueihg data from
grid points where there were fewer than four captures in
either year or more than 20 captures in either year. This
',was done in an attempt to clarify both the p081t1ve amd
.negatlve relatlonshlps between habitat, varlabies and cap-

tur®s. In only three cases did the‘flrst varlable entering

the new regressions expiain more. than 20% of capture vari-

ancel'Ferty per. cent of capture variance in Bﬂ maniculatus

in 1977 on Island 2 and 56% of cépture variance in the saﬁe
w7’spec1es in 1978 on Island 2 was explalned by distributions
%pr Shepherdla (r‘= -0.63) and Salix spp. (r =“f0.75) res-
E pectlve}y when grid points with more than 20 captures were

used. The distribution of Pyrola spp. (r = 0.81) explained

65% of P. maniculatus capture Varianee‘on Island 2 in 1978

when grid pointgbwith fewer than four captures were used.

There was no clarification of relationships between cap-

tures and habitat for Clethrionomys generally and fo¥ &

: : <4
Peromyscus on Green Island.

—_—

Habitat variables such as number of logs, DBH

Equisetum scirpoides, Picea g;auca Salix, Betula,
] ‘ RS . {
Fragaria, Empetrum, Cornus canadensis, Galium; Lihnaea and

3

Viburnum, ngseﬁ as good predictors of captures by multiple

regfession, were not predicted intuitively. For éach of ‘. ¢

[N



those variables, data for grid points having a zero count
for the habitat variable were deleted and a linear regres-
sion was done. No line was significant. Sites with and

without logs were compared for captures. Clethrionomys and

Green Island Peromyscus attached no importance to the pre-

sence of logs. Island 2 Peromyscus in boEb/years showed

significantly (P<0.05) more captures at{trap sites with
logs than those without. logs.

Factor analysis of habitat variables and capture rates,
showed that both the plants and the animals were respond-
ing to some of these factors. These factors repreaent a
combiqation of biolagiaally—méaningful variables but unfor-
tunately the identity of variables represented in a factor
is not always oﬁvious. Along the factor 1 axis; cover,by
leaf litter (large%y aspen leaves); numbers of logs and
numbers of Rosa plants'had high positive eigenvalues and

" cover by Cladonia, numbers of Ledum‘groenlandicum plants

and numbers of: Rubus chamaemorus plants had low negative

eigenvalues suggestlng that facior’l represents a m01sture
gradient. The arrangement of habitat Variables along the
other factor axes did not suggest a 31ngle physical or blO—
logical interpretation for those factors. Factors 1 and 3

separated captures of Clethrionomys and Peromyscus.

Five habitat‘groupings or types emerged from analysis
oﬁ/éaéa from both grids combined (Fig. 1). Three points

marked "4" or “Sf did not closely resemble any of the three

ma jor habitat types and were dropped from further consider-

Q
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ation. Habitat Type 1 may be described as open Picea gléuqa

- moss foest, Type 2 as mature Populus - Roéa forest and

Type 3 és Picea mariana bog. Types 2 and 3 are more common

on the Island 2 grid- than on the Green Island grid. Prefer-

ence shown on Island 2 by Clethrionomys for Type 3 and by

Peromyscus for Type 2 habitat (Table 4, Fig. 1 - 3) may
partly+explain the lower capture rates of both species on
Green Island than on Island 2 (Tables 2 and 4). While pre-
ferences for habitat types were clearly éxpressed on island
2, captures gn Green Island appeared to be randomly associ-
ated with habitat types (Table 5). The low densities of
both rodent species on Green Island and a need for high
density for habitat selection‘to be expressed or simply the
low number of trap sit;s classified as Habitat Types 2 or

3 may explain the random association of captures and habi-

tat type on Green Island. Habitat Type 1, used randomly by

both Peromyscus and élethrionomvs, had higher numbers of

captures on Island 2 than Green Island for both épebies in
both years (Tables 4 and 6). Habitat Type 3, preferred by

Clethrionomys, showed highef capture rates of voles on Is-

land 2 in 1977 than on the same island in 19Z§_and on Green
Island in both years. ' | -

Grid points from both grids were plotted with respect
to the first three factors (Fig. 4). Island 2 exhibited
extremes along each axis and thus the outline of Green
‘Island grid points was largely included inside the outline

of Island 2 points.
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Exémination of capture distribution can‘iiﬁiggﬁe the
degree of.importance of habitat to study species. Similar
capture distributions from year to year suggest that the
animals exhibit some form of habitat selection. Strong
negative correlations between captures of sympatric species

suggest segregation of habitat between species. Peromyscus

~and Clethrionomys on both islands showed strohg cérrela—

tions (0.001< P< 0.02) of preference for trap sites between
years (Table 7). Habitat did not act as the primary influ-
ence over capture distribution, however, habitat was impor-

~

tant in separating distributions of Clethrionomys and

Peromyscus on Island 2 in 1977 and 1978 because ranks of
sites showed a significant (P<0.001) negative relationship
betWeen specles. Generally lower densities of animals on
Green Island than on Island 2 and the scarcity of the
favored habitats (Types 2 and 3), which contributed at
least in part to the lower overall densities of animals on
Green Island, may account for the evident lack ofvdiffer—
ences in site preferences between the two rodent species

on Green Island.

4
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Discussion

Two aspects of this comparison of habitat and the cap-
ture patterns of two rodent species are of interest. One is
the faillure to clearly demonstrate an association of cap-
ture rates With any measured hab@%ﬁt characteristics The
second 1s the observation of different capture rates on the
two>islands in‘the same type of habitat. o

Vegetafion has been interpreted in three ways with res-
pect to small mammals. Plants can be seen as a source of
food, as cover, or as an arena for definition of niche
boundaries.

Seed- and'fruit~producing plants such as Geocaulon,

Rosa, Rubus;‘Empetrum, Cornus and Vaccinium, contrary to

. expectation, did not appear in data analyses to be attrac—
tive food sources. As spe01mens of Viburnum on Green Island
~were small and without flowers or fruit and as there were"
no indications that vegetative parts were being eaten, it
is dlfflcult to explaln the pos1t1ve correlatlon of deer
mouse captures with Viburnum dlstrlbutlon on that 1sland
Winter should be the time to find relatlonshlps between
plants used for feod and captufe distribution. The critical
nature of winter food was demonstrated by Tast and Kalela
(1971)ﬂin their -association of good C. rutilus survival in
winter with profuse flowering of plants in the preceeding

summer. Whitney (1976) concluded that C. rutilus has a

broad niche and has variable habitat and food preference in

the presence of Microtus or Peromyscus. Dyke (1971) noted
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the ability of C. rutilus to survive on foods low in pre-
ference and nutritive value such as the vegetative parts of
plants which are high in roughage and are available

throughout the year. Peromyscus, while showing strong pre-

ference imn late summer for fruits, rpeduces overwintering
food restrictions by going into torpor (Stebbins 1971).
Greater annual variation in fruit préduction than in over-
all production, as seen by Dyke (1971), would affect deer
mice more than voles. Capture data for the present study
cgmé from only the summer months when non-selective consum-
ers are eating the fruit crop of a diversity of plants and
therefore it is not too surprising that analysis of capture
distribution'and plant distribution did not show étrong
correlations. A \

I deduced in two ways that food resources were of
little éignificance in the demdgréphy ard the distribufion
of captures in summer. First, habitat desfruction was not
apparent and animals appeared to be in good physical condi-
tion and therefore food limitation could not have brought
about population limitatidﬁ. The rodents of the present
study were not seen to affect the éontinuous availability
of food supply as Krebs et g;..(1969) and Batzli and
Pitelka (1970) found with Microtus. Populations did not
crash as the_consequencé of habitat destruction, either
with predation (Green Island) or without predation (Island
2) (Murdoch 1966)# The second suggestion that food plays a

minor 'role came at the start of the -breeding season. Breed-
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ing was initiated at approximately the same time on Island
2 gnd Green Island in 1978 but in 1977 breeding began
eariier oh Island 2 than on Green Island. Assuming that
plant %?owth began in spring at the same time on both is-
lands, and that initiation of plant growth was a critical
factor in the initiation of breeding, it is difficult to
explain why breeding did not begin at the same time on both
islands in 1977. Andrzejewski (1975) and Watts (1970) cén—
sideréd that the start and end of breeding were not related
to food avaiiability.

The pattern of captures showed little éorrelation with
individual habitét components. Appearance of sﬁch positive
correlates as Sphagnum and number of logs and such negative
correlates as DBH. as good predictors of captures suggests
a weagfielationship with cover. This observation agrees
witéijke (1971) who found correlétions between numbers of
deer mice and frequency of fallen trees and between vole
distribution and habitaté,with dense cover. Morris (1955),
noting the wide omnivoréus diets of rodents, decided that
Covér was a more critical aspect of habitat than foraging
possibilities. A close association of vole distribution
with ground cover and an increased correlation between dis-
tribution and cover in wintér.was noted by Kikkawa (1964)
and West (1977).

Mixed habitats provide an opportunity to demonstrate

‘niche segregation. Miller and Getz (1977)°studying

Pepomyscus‘leucopus“and Clethrionomys gapperi attributed
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their niche differentiation to food preference and behav-

‘ioral avoidance of standing water by Peromyscus and the

restriction of Clethrionomys to habitats with high water
availability due to low kidney efficiency. No interspecific
r’

aggresslon was found. Getz (1969) and Goszczynskl (1970)

also no%@d the role of a moisture gradient in Clethrionomys

distribution. The preferences of c. rutilus for bog habitat

and of B. maniculatus for aspen forest seen 1n the present

study are consistent with the observations of Getz and
Goszczynski. Crowell and Pimm (1976) found displacements
from habitats shared with compefing rodent species as‘pOpu—
lations fluctuated. Trap siteé were siénificantly different

in terms of numbers of captures of Clethrionomys and

Peromyscus on Island 2 where rodent densities were higher
and availability of water on the island was more variable
than on Green Island.

divén the d;fferent capture rates aésociated with each
habitat type ana the differing distributions of habitat
types(on the two grids, one would expect that'capture rates
would differ between grids. Such a difference was found but
the céptureﬁrate‘associated with Habitat Type 1,:found most
commonly on both»érids, also differed between islands. Cap-
tures of both spgcies in Habitat Type 1 were significantly
lower (P<0.01) on Green ISland than Island 2. Also, in

Habitat Type 3, captures of Clethrionomys in 1977 were sig-

nificantly lower (P<0.01) on Green Island than Island 2.

My observations are in accord with Redfield's (1976)
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suggestion that natural selection ought to favor_high den-
sity %p populations living in small confined spaces as a

hedge égainst extinction. Consistent with this idea are the
uniform distribution of centers of activity on Island 2
(unfortunately sample sizes were insufficient for Green Is-
~land) and the lower rate of wounding among voles and deer

mice on'Island 2 than Green Island. Populations on iéIéhd\%\ -
differed from those on Green Island in several\démbgraphié o
characteristics (Burns 1979a,b) but my data do\héivallow ﬁe
to say whether demographic changes caused, or wéfé caused
bj; differences in density.

While not knowing what habitat vériables must’be mea-
sured to gain some understanding of fodent distribution,
lthe difference between capture rates in some habitat types
indicates that the mathematical process of sorting habitat
variables did have some meaning in relation to the way the
animals perceive their habitat. Summer distribution of
Voles and deer mice depends primarily on physical charac-
teristics of habitat such as moisture and cover and secon- ’
darily on habitat offering food resources. The importance
of the food factor may be more evident in diverse habiltats
under conditions of.high numbers and densities of compet-
ing species. These factors affect distfibution of captures
or animal density across continuous space..Differences in

density between isolated populations, however, may also be

related to enclosure size.

I3
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Plants enumerated on Island 2 and Green Island.

Table 1.

(Based on 103 sample sites on Island 2-and 100

sites on Green Island).

' No. Sites Having Plant
Family Species Island 2 Green Is.

Equisetaceae Equisetum arvense 20 . 0
Equisetaceae Equisetum scirpoides 0 10
Pinaceae Picea glauca 65 - 8L
Pinaceae Picea mariana 23 7
Gramineae - Calamagrostis canadensis 39
Salicaceae Populus tremuloides 16
Betulaceae Betula papyrifera 18 9
Santalaceae Geocaulon lividum 66 95
Rosaceae Fragaria virginiania L 1
Rosaceae Rosa acicularis. 72 60
Rosaceae Rubus bhamaemorus 11 0
Leguminoseae Lathyrus ochroleucus 10 0
.Empetraceae Empetrum nigrum 0 '5
Elaeagnaceae Shepherdia canadensis 13 -0
Onagraceae Epilobium angustifolium 22 2
Cornaceae Cornus canadensis L3 16
Cornaceae Cornus stolonifera 3 1
Pyrolaceae Pyrola spp. .16 27
Ericaceae . . Ledum groenlandicum 27 12
Ericaceae Ledum‘pé\ustre K . 20 L
Ericaceae Vaccinfg; vitis-idaea 88 88
Rubiaceae Galium boreale 3 0
Caprifoliaceae Linnaea borealis . 25 21
Caprifoliaceae Viburnum edule 11 15
Peltigeraceae Peltigera spp. 15 28
Cladoniaceae Cladonia spp. o 2h 28 .
Sphagnaceae Sphagnum spp. 5 1 ”

"other mosses"” 87 98




Table 2. Differences in C. rutilus and P. maniculatus

-mean capture rates at vegetation sample sites

classified by nearest tree species.

No.

"with Nearest -

of Sites

Mean Captures Per Site

C. rutilus P. maﬁiculatué_

Salix sp. 3

Tree sp. 1977 1978 . 1977 1978
Island 2.
Picea glauéa - 57 14.8 3.8 1?.7 13.3
Picea mafiana 22 22.3 10.9. 5.9 3.7
Populus tremuloides 7 13.3 . 6.9 12.4 10.6
Betula papyrifera 13 16.9 7.0 10.5 10:7°
Salix spp. ‘ 3 15.0 3.3 7.7 8.7
-Larix laricina 1 16.0 16.0 1.0 0.0
Gfeen Is. 1977 1978
Picea glauca 57 86 2.8 2.7 2.0 5.2
Picea mariana 3 7 1.3 2.7 2.0 3.0
Betula papyrifera 1 2 1.0 0.0 1.0 3.5
5 7 k2 1.7 6.2
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Table 6. Level of significance of dlfferences in mean
number of captures per trap site by island and
year in habitat types 1 and 3 (from Table 3).
Clethrlonomvs in upper-right corner, Peromyscus
“in lower- left»corner. ’ '
& Habitat Type 1
Island 2 : Green Is. . .
1977 1978. 1977 - 1978
Island 2 1977 . PX.001  P<.001 - P<.001
L 1978 NS P01 P<.01
Green Is. 1977 . ° P<,001 P<.001 . N4 NS
1978 P<.001 P<.001  P<.001 . )
Habitat Type 3 B
{\
(Island‘Z Green Is. -
1977 1978 1977 1978
Island 2 1977 P<.01  P<.01  P<.01 -
1978 NS oM . NS
Green- Is. 1977 . NS NS : f::Ns, )

1978 . NS NS NS

\»s
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Figﬁre 1. Distribution of habitat types on Island 2 and
Green Island. (Box outlines Green Island grid
of 1977). ' )
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Figure 2. Distribution of captures of C. rutilus and
P. maniculatus on Green Island in 1977 (left
bar) and 1978 (right bar).
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Figure 3. Distribution of captures of C. rutilus and
' P. maniculatus on Island 2 in 1977 (left bar)
and 1978 (right bar). :
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Figure 4.
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Appendix 1. Summary of vegetation data for Island 2 and

' Green Island. Enumeration was done by estimate
of per cent cover (denoted by *) or by stem

- count at each sample site.

TSTAND 2 GREEN ISLAND
X S. D. X S/ D,
No. of logs 3.5 2.64 4.0 3.28
Picea glauca 3.3 .&.74 5.4 8.27
P. mariana , 1.8 L,o1 0.6, ‘ 2.78
Betula papyrifera 0.3 0.70 0.1 0.37
Populus tremuloides 0.2 0.49 0.0 0;10,
Salix spp. : 0.1 0.69 0.4 1.35
Rosa acicularis 10.3 14.80 4.0 5.51
Ledum palustre o 8.0 25.00 3.4 32.01
L. groenlandicum - 8.8  21.01 2.7 13.29
Viburnum edule 0.7 3.37. 0.8 " 3.27
Rubus chamaemorus 1.6 5.49 0.0 0.00
Shepherdia canadensis 0.3 1.15 A 0.0 0.00
Empetrum nigrum 0.0 0.00 4.8 27.28
Vaccinium vitis-idaea 217.6 201.73 248.8 223.57
Linnaea borealis 19.7 58.75 13.2 50.63
Cornus canadensis 13.0 29.18 1.8 6.36
Pyrola spp. . 1.8 7.84 1.0 3.09
Lathyrus ochroleucus 0.3 1.22 0.0 0.00
Geocaulon lividum 8.3 12.47 22.2 17.61
Epilobium angustifolium 1.3 4,09 0.1 0.51
Fragaria virginiana 0.1 - 0.93 0.0 0.20
Calamagrostis canadensis.- 30.8 . 121.12 0.7 3.05
Equisetum arvense 0.7 2.27 0.0 0.00
E. scirpoides 0.0 0.00 0.6 2.16
Sphagnum spp.* ‘ 0.7 3.73 - 0.6 5.50
"other mosses"* 43,8 36.86 73.2 28.25
Cladonia spp.* 7.6 19.79 L.8 12.81 .
Peltigera spp.* 0.9 - 2.50 2.4 5.43
leaf litter* 46.9 40,66 19.1 25.22

-
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DISCUSSION

The presen% study dealt with island populations of
small mammals for which dispersal is not an optiog oryis
only an option of last resort. In the aBsence of a real
dispersal g;tidn, higher relative densijies have been
found on these islands than on the adjacenf mainland. Not
only was there no evidence of destruction of the food base

at high densities, but Peromyscus survived even after the

attempt to-hafvest all berries on Island 1. Therefore fhese
island populations must be limited in some way.

Factors limiting population size can be separated into
two type% - those that exert random control over numbers,
and thosé that regulate density through negative feedbacks.

AWeafhef may:limit density through its effects on var-
ious deﬁographic parameters, but it does not function in a
regulatory manner. Lower temperatures hinder reproduction
(Baker and Ranson 1932). Bergstedt (1965), working with Q.
glareolus, concluded that spring weather affected spring
welght gain, entry of the first litter into the trapbable
population and the start of the breeding season. Differences

in annual juvenile survival as well as duration of breeding

“

‘of Peromyscus were attributed to yeariy environmental vaf—
lation by Sadleir (1974). Variations in the stafting dates
for breeding were ngted By Whitney (1976) but not by Kalela
(1957); In the location of the present\§tudy, there was

variation between isiands in the timing of the firét litter

in 1977 (this study) and 1973 (Dickinson 1976).
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Factors such as-epidemiCs, heavy parasite loads; compeF
tition and predatlon, all of whlch can act as nagative feed-
backs, are not necessarlly rellable methods of preventlng
overpopulation. In the present study, little or no dlsease
was observed and vefy fewrintefnal pérasites wefe found.
Therefore, no difference in populations of different'den:/
sities was found. It is unlikely that competitors (e.g.
hares, squirrels,lgraminivopous pirds) or predafors“?g.g.

weasels, marten, hawks and owls) ekerted_differential‘ef-

fects on Island 2 compared with Green Island. It is possible
?

[

that lynx on Island 3 durlng the winter may haVe exerted

hlgher 1nten51t1es of predatlon pressure on Clethrlonomys

on that island than elsewhere ‘
Food shortage is ultlmately a rellable method of popu-
lation regulation’ butJlt may result ;n extlnctlon if starv;
ing animals destroy their food supply. IR |
Negative feedbacks between density and some demograﬁh—
ically-significant variables have been observed. Southwick
(1955a) found that pestling moptslity increased and natal-

ity decreased with increased density'in populations of

Mus. Sadleir (1965) associated reduced survival and re- -

cruitment with aggression by mature Perom yscus males‘inﬁ

itiated by high dens1ty. Petticrew and Sadlelr (1974)
also in deer mice, observed that ‘breeding seasons were
shortened and surv1vslA@f young was reduced as den51ty _
increased. RysszWSki aﬁd‘TruSZkOWSki (1970) found a sig;
nificantﬂdrep in litter size in late spmmer pfobab}y_’

q

related to age structure changes. Whitney (1976) -
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noted low survival of C. rutilns males during population .
iiereasesnand peaks. SurviVal of young varied with the size
Lfof an island population (Bujalska 1975). Martell (1975)
found no differences in survival of young in a fluctuating
poéhlation,of C. rutilus. Errington (1946) thought that
heavy,mortality of early yOung'ef mnskrats was offset later
DY thenexiension of the breeding season and{increased sur-
vival. Kalela (1957) observed hign.mortality of C. rufocanus
during’the breeding season and noted a\negative relationship
_betweengjuvenile maturation and the number of overwintered

animals.

The breeding season for Peromyscus varied in its onset

and the number of breeding females. Young appeared on Is-
| landnz'in 1977 earlfef than on Green Island in 1977 or on.
'”the same island in 1978.“The number of breeding females
ranged from seven in 1977 to 21 in 1978 on Island 2 but on
Green Island, density of breedlng females dld not vary be-
tween years. = < |

Deef mice‘had a fixed“breedingipattern; OverWintered fe-
males surviving thfough summer had two litters.»There wash
no maturation of yqung.mice. Lifte size did»noffappear'to
‘vvary and prenatal mortality was negligible,;
o - Final dens1t1es of. young were 51m11ar between years on
the same grid but dens1t1es yere lower on‘Green Island than
Island 2. Density appeared to have been regulated.'Varla—
‘tions in the-breeding season, affected by such unpredictable

factors as weather, cahnot result in a negative feedback

1



for populatio; regulation. Fixed reprdddctive parameters
cannot regulate density. Mortality among nes%lings and;juv—
eniles, inversely~related’to adult density,. may form’'a neg-
ative feedback to regulate density. ’

The breeding season for Clethrionomys varied in its

.onset and numbers of breeding animals fAs with the deer
mlce,.an earlier start of. breeding was found on Island 2

in 1977, Den51ty of breedlng females dld not dlffer between
islands but did differ between years. \

‘Overwintered voles exhibited the consfant part sf vele
breeding patterns - all overQuntered voles mafured and may
have survived to produoe three or four lifters.in fhe breed-
,1ng season. The role of the young is varlable - few young
may mature at high population densities or all early-born
. young may mature and produce one or two litters at lower
deﬁsities. Litter size showed no significant'vsriation be-

_ tween islands or years and prehatal ﬁortaiity was negligi-
ble.L | |

August densities of young wer ;:ivariable7 On Island é,
changes in numbefs of‘young/;:i;:ied per yeér"can be relat-
ed to veriations!in the size of the breeding populatioh.
Similar densities of young voles.were_found.in'1977‘and
1978 on Green Island. DeAsities of voles were limited both
through moftality and natality changes. As with the deer

mice, nestling and juvenile mortality were inversely relat-

. ed to densify._Maturation of young voles was also inversely .

i ) \ _ . .
related to density. Negative feedbacks for population regu-
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lation may be found in both maturation rates and mortality
ratesvamong néstlings and juveniles.

A number of interpretations can be given to the lack of
correlation between any food item in the vegetation analy-
sis and the'distribution of captures of mice. The measures
of plant abundance may be inadequate. Important food items
méy be geographically widely available. The mice may havg
wide feeding niches. The assessment of Beer (1961)-that
cover would be more important than food plants in winter
may also be true in summer. That there were differénces in
capture rates between vegetation types on Island 2 was
clear but the reasons for.the differences were not clearly
demonstrated. Cover, moisture and food availability may all
- be involved in habitat choice.

The islénd location for this project was one of its
most interééting aspects. Two extinctions (one probably of
human origin on Island 1 - cutline widening and snap trap—‘

Ping may have caused Clethrionomys extinction) and one

colonizétion event were observed. Densities of animals
found on the islands were ¢onsisteﬁt with prediction based
on the Krebs eéfect.‘lsland population densities exceeded
those on the mainland and»density on Islaﬁd 2 exceeded that
.on Green Island. Dickinson (1976) noted higher island thén'
mainlénd rodent densifies'as did Mazurkiewicz (1972). §
MazurkieWicz_also saw earlier énnual pbpulation peaks on “

islands with respect to mainland populations. Without the

option of dispersal or redistribution of surplus animals,

4
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populations on islands (particularly smaller islands)

reach higher peak densities than those on mainland.

o
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