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ABSTRACT

>

During a study of small,mamqals near  km 42»on the South
Canol Road, south—centrallYukon, 1142 animals of 14 species
weré capiured in 23,940 trap nights in 1979, 1980 and 1981. |
The -northern red-backed vole (Clethﬁlonomys Putllus) which
inhabited five habitat types, constltuted 82.3% of the total
catch and was clearly ghe numerically dominant species. The.
meadow véle (Microtus pennsylvanicus), second in abundance,
‘accountea for‘3.6% of the total captures, with 12 species
comprising the remaining 14.1%. Clethrionomys rutilus i
.abundanée,varied among seasons, years and habitats, but
therelwas little evidehce of a multiannua1 cycie. Various
demographic parameters were examinea‘in an.attempt to
' determine the habitat preferred by C. rutilus. Although
abundance differed among habitats, body weight, body léngth
and condition showed no'significgnt differences among
habitats. Young bf the year voles were predominantly in age
Elass I‘in 1979 and age.class II in 1980, presumably aé a
rééult of an earlier onset of breeding in the second year.
Otherwise, age structure of the samples was similar across
habitats. Overwintered females had more and significantly
larger litters than young of the year females, but there was
no 51gn1f1cant d1ffe:ence-1n reproductive output per female

between habitats.

‘\ ‘ |
< . ~ ~



Two of the 5 habitats (Habitats II and III) appeared to
be the most favourable with reference to both animal
abundance and quality, as measured by the various .
,demographic parameters., Protection from predatién is assumed
to be the priﬁary reason for greaterJvole épundance in sites
with more cover. Habitats II qnd 111 possessed much debfis
.and tﬁe plant‘species afforded ground cover for the fesident

voles.
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INTRODUCTION

Few detaiied surveys of small mammals have been
unqertaken in the south-central Yukon. A study was conductéd
by Krebs and Wingate (1976) in south-western Yukon, and .
other authors (Rand, 1945; Baker, 1951; Cameron, 1952;
Banfield, 1974{vYoungman, 1975) have discussed small mammél
distribufions in other regions of the territory.

- This study was initiated by the Yukon Wildlife Br ich
in an at£empt to éain more ihformatién‘about the prey base -
of the pine marten (Martes amEPicana), which has aiways been
an important part of the Yukon fur harvest (Archibald and
Russell, 1979). The initial_purpose of the study was to
’detérmine the relative abundance and diversity of prey
spécies in each of sevetal habitat types. The objective was
later broadened to inélude a study of habitat preference by
the most abundant murid, Clethrionomys PUtilus,'present on
the study site. Differences in hébitat quaiity may result in
differential habitat use or preference by this species of
'smail mammal, and in addition may be reflected not only by>
abundance but also'ﬁy "animal quality". To this end, various
indices of animal quality (eg. body weighéﬁ body length,
condition factor and reproductive output) were ;onsidered in
an attempt to determine if E@bitat differences had any

effect on énimal guality.



Five distinct vegetation or habitat types in the.boreal
- coniferous forest were defined and delineated by the Yukon-
Wildlife Branch for both marten and small mammal studles.
The term "habltat type" has been used in this context to
include only vegetation parameters and does not include
other biotic or abiotic factors which influence the
distribution and abundance of the resident flora and fauna.
Use of plant communities by small rodents may be
ihfluenced by a number of factors related to vegetation
structuré. A variety of other factors are no doubt involved
in determining the distribution'and abﬁﬁdancé‘of a
particular species ofvsméll rodent, for example thé
processes of dispersal and competition (Krebs, 1978), but
this study is concerned only with the analysis of vegetation
structure. Vegetation composition and structure is of major
significance for certaln spec1es of small mammals, as
several studies have shown (Findley, 1951;VQuast, 1954;
Wecker, 1963; Zimmerman, 1965; Grant, 1971; Miller and Getz,
1972; 1973; Kirkland and Griffin, 1974; Douglass, 1976;
Drickamer, 1976; Meserve, 1976(b) ; Dueser and Shugart, 1978;
Randall, 1978). Available moisture, vegetation density and
habitat complexity, among othérs, are intricately involved

in determining the abundance and diversity of small mamma 1

‘communities.



STUDY AREA

The study area is on the north- fac1ng slope of "Mount
Mouse" in the Big Salmon Range at approximately 60° 45' N.,
133° 15" W. It is accessible by way of a 6 km trail thet
leaves the South Canol Road at Kilometre Post 42 (Fig. 1).
Its area is approximately 14 km? and.it extends from just
below tree line in the south (elevation 1220 m) to Evelyn‘
Creek in the north (elevation 850 m). |

Across the widﬁh of the study area eight transects were
- cut af intervals of 0.8 km. The eut~lines, averaéfng 2 km in
.length (range 1.5 - 2.7 km), provided access within the
study_area fpr'the placement of both live and snap-traps.

The study area, w;ich lies within the region of the
boreal forest in the Central Yukon section (B.26b) (Rowe,
1972), contains stands of Pinus contorta (lodgepole pine),
Abies lasiocar'ba (subalpine fir), Picea glauCa (white

pruce) and Picea mariana (black spruce) ”;ﬁwus contorta and
Picea glauca are the domlnant forest types‘p well-drained
soil of the V57 »rs and lower silopes, whereas a dense scrub
of A. lasiocarpa extends up the mountain slopes to an
-elevation of?approx1mately 1500 m (5000 feet) (Por51ld,
1951). A ‘
Ail forests.along‘the Canol.ﬁoad, except those growiné

2 ) ] :
on mgyst north and east slopes and near timberline, have

/
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_been destrofed by fires at one time or another (éorsild,
1951). Stands greater.than 170 years oldAcan be considered
late succession to climax‘forests, Stands 105 - 160 years
0old, which resulted from a burn about 170 féars ago, were
arbitrarily called mid-successional stands. Early
sncéessional.stands are located in two parts of tné'study
area. The nortneaSt section burned about 60 years. ago while
in the far“southwest corner a firedocdurred approximétely
110 years ago. | | | |

It is 6b;ious that Pinus Contonta quickly invades an
area after a burn (Porsild, 1951), and remains in the stand
for vary1ng amounts of time dependlng on site conditions
‘(the drier the site, the longer the species remains). The'
oldest stands appear to be dominated by A. IaSIocaPpa and in
spruce—dominated, late succe551onal stands, Abies
contributes the only understory regeneratlon,,lt appears,
fnefefore, that an Abjes forest is the climax type énd that
succession takes nt least f?O.years to reach climax
conditions dependlng upon site condltlons. Flgures 2 and 3
(Archibald and Russell, 1979) deplct the study area in
'dlscrete«age and height classes respectively and help
explain its fire history.

GIécial‘influencés on yegetation are’réflected through
soil parent materials. Porsild (1951) indicated that very
poorly drained nrganic.a:eas could be httribu}sd'to glacial
boulder clay deposits. In'many of the hygrlc %{ies such a \

51tuat10n does exist, However, some clayey soil 5\can be

‘ /
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‘minimum of 3.6°C (Table 2) . 2

attributed to post-glacial decay oflshaie bedrocks (Porsild,
1951; Armson, 1977). This is true of higher elevation sites.
A sporadiC‘whiEé volcanic ash layer can be found

throughout the area (Dawson, 1898; Lerbekmo et al., 1975;

vCrampton, 1982). Pofsild (1951) quotes other authors who

suggested that this ash layer is approx1mately 1400 years
old and was washed down from mountain slopes by wind and
rain. |

The climate in this area is continental with cold

winters and moderately warm to warm summers. Snow cover

usually lasts from October until May. Snow was much deeper
and persisted longer‘at\the higher‘elevgtions (Habitats II
and V), than at the lower elevations at the base of the
mountain (Habitats I, III and 1IV). The nﬁmber of snow-free
days each habitét experienced was similar in both years.
Over the two summers of this study there was an average of
103.5 snow-free days (Table 1) and 79 frost-free aays. These
observations are consistent with those of Keele (1910) who
concluded that 3 months of the year (25 May - 25 August)
wére practically frost-free. During the course of the field
seasons%ﬁMay - August, 1979 and May - September, 19807,
there was an average of¢60.5'days with rain and 64.5 dags

with at least some sunshine. The average maximum temperature

over the two summers was 17.8°C, with a mean seasonal

!

“



METHODS

SMALL MAMMAL TRAPPING

1. Snap-Trapping in Habitats

Within each habjtatvtype,'snapftrapping of small o
mammals waS conducted during”the spfing and fall . 1979 and
1980, and‘during the spring of 1981, Four lines, each
consisting: of 50 Museum Spec&al snap traps baited with =~
peanﬁt butter, were established in each habitat typé~(Fig.
4). Care was taken to ensure thét the entire ﬁrapline was’
placed in-4 single habitat type.(krebs,a?d Wingate, 1976).
Each line was run for 3-consecutivé nights ih spring (late
May - early June) and again in fall (mid—Septeﬁber); thus,
i9 each trapping period fhere_were 600 tfaﬁ-nights of effort
in each habitat type} Trapping iﬁdices wére not corrected
for sprung tfaps or trapslqccupiéd by .non-target species.

Although the calendar dates differ among ye -s in the
spring trapping, an attempt Qaé made to trap at similar
phen?logical dates. Trapping commenced when the émount of
snow cover and air temperature were comparable among years
(Table 3). |

Museﬁm Special tfaps are relatively éfficient in éhe
capture of muridsMkMartell, 1979), and‘ﬁeVeral'authors (ie.

Inverson and Turner, 1973; Yang et al., 1970: Stiickel, 1946)'

are in agreement that snap-trapping is a reliable way of

I
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estimating relative numbers of small mammals, Pucek (1969)
and Edwards (1952), however,  indicated that it was difficult
to estimateé the population of Insectivora (Sorex and
MiCPOSOFex) from énap-trap captures. Few shrews were taken
in this study. | .
Trap stations wereyspacéd at approximately 10 m
intervals, as determined by paéing, and their.position§ were
perﬁanently marked~in order to allow repeated sampling in
the same locations. This trapping method may produce a bias
- (ie. trapper'bias in the plécement of traps), but since the
bias was yaffaxmly present (ie. one trapper), capture
indices‘;re considered to be indicative of relative
population changes (Fuller et al., 1975).
| Autopsies were performed on all animals fecovered'dead
from traps during the summer. Before opening, the carcasses
were weighed to the nearest 0.1 g on an-qsbﬁus dial—o-grgm
balance and measured (total_length, tail vertebrae, and hind
foot) with a 30 cm Helix”Fuler. For males, length and width.
of the testis were recorded and bccésional smears of
seminiferous tubules and epididyhis vere madé and examinea
on the spot for the presence of sperm. This procedure was
usually followed for animals with testes of intermediate
size. For females, visible embryos, placental scars and
corpora lutea were recorded. When embryos were present, tﬁe
‘ Crown-rump length of the embryo was measured tovthe nearest
0.1 cm and the weight of the reproductive tract was

subtracted from the gross weight to yield a corrected body
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weight.

2. Additional Snap-Trapping

In addition to the spring and fall snap-trapping of
habitats, additional snap-trapping was done during the
summer months (June - August) of 1979 and 1980. These
traplines were located‘outside the study éreé, but in
habitat fypes similar ;g those found in it. Each line
consisted of 50 Museum Special snap traps, baited with
peanut butter, and was positioned using the same techniques
" as those previously mentioned,. but not permanentiy marked
and not trapped répéatedly.

The pufpose of Ehis trapping effort was to furnish more
information concerning the.reproductive dynamics of
Clethrionbmys rutilus and tb iqigease the sample size for
data collected through autopsy. All small mammals collected
in this aspect of the study were autopsied in the
aforementioned manner, ‘

Skulls we;eisaved AZrom all animals so positive
identification could be made, if that was not possible in
the field. After C.-Put}lus skulls had been cleaned in a
dermestid beetle colony, their approximate'age was |
determined from the development of the second upper molar

(M?), (Dickinson, 1976; Tupikova et al., 1968).
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3. Age Determination

Several methods of aging Clethrionomys spp. have been
aescribed (Mihok,:1980; Perrin, 1978; Lowe, 1971; Tupikova
et al., 1968; Viitala, 1971; Martell and Fuller, 1979). In
this study, all autopsied C. rutilus were placéd in one of
‘four age classes according to‘the state of>development of
the»segond’upper molar (M?) as described by Martell and
Fuller (1979). Skulls were examined'under a Zeiss binocular
dissecting microsqope at x10. One maxilla (usually the
right) was chipped away with a scalpel to expose the molar.
The stage of develdpment of thp tooth was noted, and if
roots weré present; the root length, from the closure of the
anterior groove along the anterior root, was ‘measured by
means of an ocular grid to the nearest 0.1 mm (Martell,
1975). - _ x |

Four successive stages in development of the tooth were
evident:

(i) "anterior groove open,

(ii) anterior groove closed,

(i11) shoft roots (0.1 - 1,0 mm), and

(iv) long roots (>1.0 mm). ‘
Overwintered énimals were distinguished by the presence of
roots greater than 1.0 mm in length. Young of the year
animals were separated into three age classes depending upon
the development of the'molar.-Age class I animals possessed

a molar with the anterior groove open. Those individuals .
v

with the anterior groove closed were assigned to age class

L~
o
s
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II. Individuals in age class IIT had molar roots\20.1 mm and
<1.0 mm. In terms of absolute age, if C. rutilus molérs
develop at abouf the 'same rate as those of Clethrionomys
gapperi, then age ciass I animals vere younger;than about 30
days, age class II animals were between about 30 and 60
days, and age class III animals were olde; than 60 days
(Mihok, 1980). |

_Live-trapped animal;, for which skulls could not be
obtained, were separated into weight classes. Those weighing
.more than 26.0 g were‘considéred to be overwintered (OW)
animals. Young of the year were arbitrarily placed in two
categories: | | |

(i) an older cohorf, probably mainly age classes II and

I11, with weights of 18.1 - 26.0 g, or

(ii) a younger cohort, probably mainly age class I

.animals, weighing 18.0 g or less.

Age of embryos was established from>weight and
crown-rump length (Huggett and Widdas, 1951; Martell,
personal commuﬁication)._This.information was used to
back-date preénancies to determine when conception probably
took place. |

%)

4. Determination of Maturity

(i) Males
Males withi scrotal testes, enlarged epididymides in .
which the tubules were visible to the naked eye (Nalbaﬁdov,‘

1976), and enlanged‘seminal vesicles were considered to be
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reproductively active énd therefore sexually mature.
Presence of sperm in smears of testis or epididymis was also
accepted as evidence of maturity. At the end of-the breeding
season individuals were found with testis flaccid‘and
purplish in colour, lacking sperm in smears; but with
accessory glands still enlarged. They were considered to be
regressing, and therefore sexually mature.

Repfoductively inactive males were those which had not
attained sexual maturity gt the timé of capture..immature
individuals were characterized by abdominal testes, usualiy
- creamy white in colour and roughly 3 mm x 2 mm in size. The
epididymides and seminal vesicles.were small and epididymal

tubules were not visible.

(ii) Females

ThoseifémaLes in reproductive condition were
‘characteriégd by one or more of: an opaque or vascularized.
uterus, utefus with embryos or placental scars, corpora
lutea in the ovary, much mammary ;issue, moderate to large
nipples ( often surrounded by a hairless area), pubic
symphysis open or parting.

In immature females the uterds-wids usually thread-like
- and trénsparent, only small follicles were present in'the

ovary, mammary tissue was virtually absent, nipples were, not

readily observed, and the pubic symphysis was closed.
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5. Live-Trapping

In 1979, live-trapping was carried out on the four
transects (numbers 2, 5, 6 and 7), that had the greatest
varlety of hablt;ts. Transects varied in length from
approximately 2000 to 3075 m and each passed through
examples of at least three habitat types (Table 4). Several
authors (Petticrew and Sadleir, 1970;: Stickel, 1948a,b;
Hanssoh, 1967) héve suggested that. index iines are an
efficient method of sampling small mamma 1 populations. The
purpose of this trapping effort was to further aetermine
habitat use by C..Putiius.\By using live-captﬁre'data, in
addition to the snap-trapping results, it_was'ﬁhought that
if.any habitét preference by C. Putilué existed,‘it.could,be
demonstrated.

The total trapping effort in each habltat was
approx1mately proportlonal to the area of each habltat
‘present (Table 5). Longworth traps, with their large nest
chamber, were used because it was important to provide
bedding (terylene fiber) and food (sunflower seeds) for
survival. Traps were placed at suitable locations (in
runwaYs; beside ﬁéllen logs or close to burrow'openings)
within 1 m of each permanent marker. Each;trap_waé covefed
‘with moss, lichen, leaves or other forms of vegetation to
prétect capturedbanimals‘from'inclement weathér and airect

‘insolation. A trap interval of 29 m was required to cover
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?

the total transect length with the number of traps (N=110)
available. |

Traps were eupplied with fresh bait at the commencement
of each trapcing period, or rota, which began'by opening the
traps in the late afternoon or early e&ening of day 1. They
were then checked, usually between 0700.and 1000, in'the
morning of .days 2, 3 and 4;‘left set during the day, and
revisited betwéen 1900 and 2200 hours on days 2 and 3. In
1979, traps were picked.up in the morning of the fourth day,
rebaited, and reset on the next transect in the evening,
where the same-routine was repeated. In order to trap all 4
transects in 1979, a 13-day rota was needed. A week of
Snap-trapping,outSide the study area followed this and then
the live—trapping was repeated ‘Therefore, each transect was
live-trapped for a 3- day perlod every 3 weeks. Four rotas
were conducted durlng the summer of 1979 (Table 6).

Because the capture rate on transects 2 and 7 dﬁring
1959 was loy, effort was concentrated on transects 5 and 6
in‘?980. Again, traps were placed'at‘29 m intervals and were..
left open for 3 nights. Enough extra'traps were eupplied so
that both_transects‘could be trapped at one time. Therefore,
the rota beéan by opening the traps on -both transects in the
late.afternoon or early evening of.day 1 and'they remained
open until the rota ended on the morning of the fourth day
(Table 6). |

SlX l1ve trapping sessions were conducted durlng the

summer of 1980 in order to monitor the small mammal
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poéulations on the two trénsects for a 3-day period every 2
weeks. There was a se&enth and final rota in late\September
which consisted of 2 snap-traps placed atwevery live—gggp
location. Traps were checked every morning for 3 da§s and~
‘the animals collected in £his trapping éession were
autopsied. The animals removed during this final rota

" provided information about reproducfiQevhistory and age
composition of the population, as well as being a check on

. the efficiency of live—tf%ps (Table 7).

The trap mechanism was conétantly checked for
sensitivity, freshvbaif was supplied after evefy capture and
terylene was replaced as needed. Peribdically, usually after
every second rota, the traps were picked-up, examiﬁed,
brushed out, readjusted if required, and supplied with fresh
bait and new bedding as needed. At least some old, used
‘terylene was present in every trap and the éraps were not
cleaned in soapy water until the end of the summer, thus
ensﬁring that the "mousy-smell" would remain in the trap to .
attract animéls. |

Captured animals were weighed and examined for external
signs of sexual maturity: testes abdominal or scrotal if a
male, vagina perfofate or not-perforate, nipples visible or
not—visible,‘and pubic symphysis open, parting or closed if
a female. They were then released at the point of capture.
On first capture, each animal was toe-clipped for individual

identification.
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VEGETATION SURVEY . . \

To cﬁaracterize the microtine rodent habitats over the
study area an intensive vegetation survey was cbndﬁcted.
Five habitat types were identified by vegetation studieéﬂ
conduéted by the Yukon Wildlife Branch in conjunction'with/a
study of Mahtes amehicané which was underway at the time
this projeét wasvundertakén.'The purpose of this veggtatiod
survey was to describe and characterize the habitats. .

In each of the five habitat types, two 2O X 50 m (0.1
ha) macroplofs were placed and the vegetation within them
'was'analyzed; Macroplots be{e located in the same areas
where the index snap-trap lines were situated. Since each
trapline was completely within the habifat typé il was to
represent, the macroplots were élso plaEéd thére in order to
ensure that the vegetation surveyéd was repééSeqtative of
that habitat type.. 7 - -

A uniform étand of the vegetation type was4biseé£éd;by
means of a>50—metre chain on an east—ﬁest liné (baseline) )
where possible (north—south fof vegetation plots 1-1 and
3-2). Information regarding slope aégle; slope aspect,
mic;orglief, drainage class and moisture regimé was t'en
'recorded.

Within each macroplot, cover classes of the major
gféwth-forms (ie. trees, shrubs, herbs and terrestrial
Bryoids) were recorded on a standard form (Appendix 1).
Total cover class estimates were also made for thé plant
community as a whole, ie; irréspeétive-of height. The“plént

7

;:‘/,
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strata and substrata represented wene_arbitrarily named (eg.
tall, me@ium.ana low shrub) and estimates in percent cover,
as well as averageﬂstratum‘height and clarity of development
(resolution: hign - medium - low) were also recorded. At the
.25 m.mark,on the baseline a soil pit was dug, from which the
colour and thickness of each soil horizon\were~determined.

A1x1m collapsible,frame was ccnstructed in order to
form a 1 m* microplot (quadrat)_ in which plant species could.
be<assessed»for.helght,and cover class. Microplots'were
sequentially placed 5 m frcq the baseline at the 5, 15, 25{
35, 'and 45 m marks to the left, and at the 10, 20, 30, 40
and 50 m marks to the rlght of the basellne. These 10
quadrats per macroplot were used to assess the spec1es
composition and abundance of the understory shrubs and
herbs._Plant'nomenclature according to Hale (1969) and
Hulteén (1968) - U'_ ’ |
The cover class of every plant species found in the P
m"mlcroplot and in the 0.1 ha macroplot was determlqed. |
This value consisted cf.a'range that the actualvpercent
cover was thought to be in (ie. 1:- 5%; 6 - 15%, etc.; see
Appendlx l): Vaers of plant couer used in analyses involved
the midpoints of these ranges of cover values.

A S cm Bltterllch wedge-prism was used to estimate stem
cover (ie. basal area in ft?/acre) of 11v1ng and dead trees
_from survey p01nts at che 5, 15, 25 35 and 45 m markslon -

“the baseline. The Bltterllch method allows for’ rap1d anq

accurate analy51s of stem cover by spec1es in semlcomplex
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- forest commuﬁities in which the“ﬁndergrowth is primarily

, herbaceous‘ﬁMueller—Dombois and Ellenberg, 1974). When
viewing. through the prism, tree stems abpear displaced to
one side. Where the displacement is withinithe trunkline,
the tree is counte&; where the displacement is outside, the
tree is ignored (Mueller—bombois and Ellenberg, 1974). A
bordefline‘tree is counted as half-tree (Dilworth and Bell,
1967) Small-diameter trees are 1ncluded in the count only
1f they are close to the observer, whlle large- dlameter
trees are included at greater dlstances.away from the
observer. The diameter at breast height (DBH) was recorded
for the trees found to be "in" by the wedge—prismusightings.
Taere ie a bias in the tallies of tree DBH by‘the prism -
method, however, because a greater number o§‘larger trees
will be counted than smaller trees. However, this bias is
consistent‘among habitats..ln addition to the timber cruise,
cover class estimates of eaeh tree species .in the macreplot
‘by helght class were also made. This 1nformat10n could glve
“an indication of habitat quallty, as usually fertile sites
have hlgh basal areas (La R017,personal communlcatlon)

The mean cover class m1dp01nt values of the plant
spec1es found in the habitat types yere-analysed
sta;istically by’a étepwise discriminant functions analysis.
This waé done ih'an attempg.to delineate E?e habitat types
using<ch%raetetistic veéetation,species. Species were not

retained in the analysis unless the cover differed

signif?canfly-among habitats at the P = 0.05 levé&. The
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stepwise procedure initially selected the single best | -
discriminating variable( or plant species. A sécond
d;scriminating'variable was selected as the variable best
able to improve the value of the discrimination criterion in
combination with the first, and so on until the remaining
variables no longer contributed to further discrimination.
When that point was reached, the stebwise procedure was
halted and furtheg analyses were performed using oply the
selected variableén(Nie,.et al., 1975), Thié analysis was
used in an attempt to see if habitats differed with regard
to vegetation, and if so, which of the plant st :iés best
delineated the habitat types.

Each of the 340 live-trap sites was assigned to one of

the five habitat typés in 1979, during the months of July

‘and August, when most vascular plants should have been

flowering or fruiting. Plant species found within a 5 m

“radius of the trap location were identified and recorded on

r 4
"Vegetation Observation Cards" designed by the Yukon

~Wildlife Branch (Appendix 2). Characteristic indicator plant

species were then used to determine in which habitat
! L]

category to place the trap site.

As a result of this information and similar vegetation

analyses conducted by the Yukon Wildlife Branch (D. Russell,

personal communication) a vegetation map was produced (Fig.

4).



RESULTS

VEGETATION ANALYSIS*
Since a major aspect of this study deals with the

habitat preferences of Clethrionomys rutilus, it. was

- mecessary to determine the various habitat types present

within the study area. Forty-six species of shrubs, herbs,

.mosses and lichens were identified and included in a

&

discriminant functions analysis (see Methods) in an attempt
to classify the habitats on the basis of vegetation

characteristics. Although only two cases (data from two

' vegetation plots per habitat) were included in the analysis,

it was clear that the habitat types were different and the

four indicator variables (Equisetum arvense, Gramineae spp.,

Mitella nuda and Pleurozium schreberi) correctly classified
them 100% of the time (Table 8).- -

Othey plént species also apgpeared to be characteristic
of certain habitats and helped in their classification and
Aidentificationi A summary of the important—and diagﬁostic
species comprising the habitats foliows; =

Habitat Type I, Pine Fofeéf. This type is generally
found on mesic or submesic sites on lower to)middle slopes
having well-drained sandy or silty sand soils (Table 9).

Generally the habitat is located on the lower slopes or

‘flats inbthe north-east section of the study area. The |
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, Overstory consists primarily of binus contorta although
Abies IaSiocéPp@ and occasionally Picea glauca do occur.
This habitat is easily distinguishég\from the rest as it is
the ohlyvohe dominated by an/oyerstof of P. contorta (range'
of cover ciaés midpoints 10.0 - 20.0{? Table 10). Two
distinctly different areas of type I can be found. In the
north-east section of the study area, this type dominates a
70-year-old burn whereas in the far western portion it
o?curs as a-180—yea;—old stand (Don Russell, pers. comm.).
The shrub layer is moderately well-developed with

patchy Abies Jasiocarpa regeneration (although none were
observed in the microplots), some Pinus contorta
regéhenétion; Empetfum nigrum (which attained its highest
mean cover of 22% here), Ledum palustﬁe,'VacciniUm
UlfginOS(Jm and Vaccinium vitis-idaea (again the most of any
habitat at 4% cover, Table 11) normaliy occurring. Shrubs of
low to medium height (9 - 40 cm) made up the majorlty of the
shrub cover with 29%, whereas taller shrubs (mean helght 2
m) contributed 2% to the total shrub cover.

| The herb layer is poorly developed with low species
richness (8 species) and abundanée (3% cover).‘COPnus
canadensis, Lupinus arct icus, 'Lycopod ium. annot inum and L.
complanatum are the‘main herb species present. Epilobium
angustifol ium is present only in this habitat in the

microplots, but only in trace amounts (0.03% mean cover,

Table 12).
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A well-developed terrestrial 1ichen'layer, second only
fo Habitat II in abundance, is present within this habitat
type. Lichen species diversity is greatesﬁ (9) in this
habitat (Table 13). Cladonia sp., Cladina mitis, Cladina
rangiferina and Peltigera aphthosa can usually be found..
Cladina stellaris is present only in this habitat. Mosses
however,'are'very poorly developed‘with the least abundance
(7% mean cover) found in any habitat Mesophytic mosses are
the main representat1ves, contrlbutlng 5 7% mean cover to
the total moss abundance (Table 13). : f

Habitat Type II,‘Fir Forest. This type normally occurs
on mesic middle and upper\alopes.<Soils on these sites tend
to be well- to moderately well-drajned, shallow, and derived
from glacially-deposited sands and clays weathered in situ
(Don Rdésall, pera. comm., Table 9). ( .

The tree layer in these higher elevation forests tends
to be tﬁin and consists almost exclusively of Abies
Ias'ibcar'pa. Some Pinus conteorta and Picea glauca (3%
combined cover out of a total tree cover of 41%, Table 10)
-can‘occasionally be found in the overstory, but seldom if
evar in the understory. The shrub layer has the lowest
«spécies'diversity (9) and the lowesf mean cover (11%) of any
habitat. Seedling-sized A. Iasiocaﬁpa,(S%)‘and Empetrum
nigrum (4%) dominate the understory of this habitat (Table
11). The remaining 7 species, except Ribes tfisté,_have the
lowest estimated abundance of any habitat type. Although its

mean cover was very low (0.05%), R. triste was present only
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in this habitat, and therefore is a good habitat indicator
species. _ -

The‘herb layer, in contrast, has a high species
diversity (17), however not a vefy large abundance (4% mean
cover, Table 12). Cornus canadensis, Equisetum arvense,
Lu,oinu}é arcticus, Pyrola sp. and Moneses uniflora (the
latter absent from all 1 m? microplots)lnormally occur in
this type.

This habitat type ﬁas the most extensive lichen layer
(mean cover = 26%) of any habitat. Cladina mitis is at its
greatest abundance here (mean cover = 12%), and Cladpnia
sp., Peltigera aphthosa and Nephroma arcticum are also
common‘hére. The feather moss, Pléurozium schrébeﬁi, occurs‘
in high abundance throughout most of these stands, probably
as a result of colder témperatures and higher relative
humidity.‘

H#bitat Type IIl, Fir-White Spruce-Pine Forest*z}his
type is found in mesic to subhygric sites on middle to lower
slopes (Table 9). Soils, primarily of clay and sandy parent
material, are generally imperfectly to poorly drained, and
in many éandy soils, buried clay horizons prevent rapid
drainage. Both sites where type III was analyzed contained
permafrost layers with low ice content.

As with Habitat Type I, two distinctly different areés
exiét with regard to the overstory. Vegetation plot 3-1
consisted of a ﬁﬁ glauca dominated stand 105 - 160 years

old, with Abies lasiocarpa.regeneration in the understory,
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whereas plot 3-2 was in a stand dominated by both immature
and mature A. Jasiocarpa 175 years old or older.
The shrub layer is moderately well—developéd with 11

species, and a cover value of 17%. Abjes lasiocarpa layers

and seedlings dominate the stratut:LB%r\Iible 11) and
-achieve their greatest abundance in_this habitat. Other .

important shrubs inc;udé Empetrum nigrum and Vaccinium
vftis-idaea, which make up 6% of the 9% mean cover. Alnus
Cffspa‘was observed in'this.habitst, but it did not show up
in any of the microplots. | | | |

The herb layer is poofly developed with only 10 species
represented. However, itsvmean cover of 8% is the third
highest (TaSle 12). Commoniy found species.in this type are
Cornus. canadensis, Petasites sp., Pyrola sp., Rubus
chamaemorus, Lycopodium annotinum and Mbneses unl flora (even
though none were observed in the microplots). Cornus
canadensis, Pyﬁola sp. and L. énnotinum reach their gfeatest
abundance in this habitat.

The lichen layer is moderately‘well—developed with 6
species present and a mean cover of 8% (Table 13). Peltigera
aphthosa, Nephroma arcticum and Cladina mitis are the mogt
represented species, with a combined. mean cover .of 7%. The
moss layer has the highest mean cover of 83% in this
habitat. Pleurozium schreberi normally forms deﬁse carpets
in these sites and mesophytic mosses are at their greateét
abundance here. Habitat Type III is one of two in which

Sphagnum spp. are present (10% mean cover).

N

(Y

[



28

Habitat Type IV, White Spruce Forest. This type is
located on moderately well-drained mesic .lower slopes in the
»study area. Soils_are generally sandy to'sandy-clay with a
comparatively higﬁ loam content (Table 9) and some
permafrost present. The organic horizon is better developed
in this habitat type than in the others, with a
well-decomposed layer of humus averaging 19 cm thick.

! Picea glauca comprises virtually the entire overstory
" with a mean cover of 38% (Table 10); the remaining 3% is
contributed by an Abjes lasiocarpa understory. As Pinus
contorta is present in every other habitat, in varying
amounts, 5 distinguishing'oharacteristic og this habi;at
type is the absence of P. contorta in hoth over- and

understory.

The shrub layer of thls habitat is very well- developed
with a high spec1es d1ver51ty (12) and the highest mean
cover of any habltat at 41% (Table 11). Abies lasiocarpa,

‘ Prcea glauca, Alnus cmspa Betula glandulosa and Sallx spp.
form the tall shrub component (mean helght 1.9 m) with a
combined mean cover of 14%. Arctostaphylos rubra, Empetrum
nigrum, Ledum palustre, Po,tentil'la fruticosa, Vaccinium
uliginosum and V.'vftiS—idaea dominate the low shrub
component (mean height = 24 cm) with a comblned mean oover
of 26%. Plcea glauca seedlings, A. cnlspa, A. Pubna, B.
glandulosa and P, fruticosa all achieve their greatest

abundanoe in this habitat and therefore could be considered

diagnostic species.
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In addition to having a very high shrub species
diversity,-Habitat Type IV boasts the highest aiversity of
hérbs at 18 species. The mean cover is moderate at 8%,
second only to Habitatlv. Among the common species occurring
in this habitat type are Cornus canadensis, Geocaulon
lividum, Linnaea bohealis, Mertensia paniculata, Mitella
nuda, Pedicularis labradorica and Rubus arcticus with a
combined mean cover of 6% (Table 12). with the exception of
C.vCanadenSis,.all reached their greatest cover in this:
habitap.JSéneCio triangularis wés present in-this habitat.
and no othefs; however, it was observed only in the
macrdplot and not in.any of the microplots.

Lichens are very poorly represented Here with Cladina
mitis and Nephroma arct icum éhe 6§1y spécieé‘p:esent,in more
than trace amounts (Table 13); Pleurozium schreberi is at
its greatest cover (71%) in Habitat Type IV where it
normally fbrms ag almost continuous carpet in these moist
sites. ‘ | v |

‘ Habitat Type V, Spruce-Fir Woodland. This:type occurs
on the Qettést sites of the study area. Moisture conditions
range from mesic ;d;hygric on middle slopes. Permanenfly
frozen soil is common, resulting in .sparse tree growth and;
normally, a preaominance of shrubs and herbs.

The treeblayer‘consists generally of Pfceafglauca and
' P. mariana. However, due to uncertainty in the separation of
‘these twé'épecies, they were unfortﬁnately cémbined under

the common'heading of "spruce". Theztreé layer is normally
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sparse, aue in part to the harsh gréwing conditions in this
area. Abies lasiocarpa is also present but mainly in the
understory with a mean cover of 10% (Table 10).

The shrub layer of this habitat is well-developed in
- regard to species diversity (12) anélbossesses a moderatev
mean cover of 25%. Moisture-loving Séli* spp. has its
greatest cover in this type and as such is a good diagnostic_
genus. Vaccinium-uliginosum, V. vitis-idaea, Arctostaphylos |
rubra and Ledum palustre are weil'represented here; 12% of
the shfub cover 1is accounted'fortﬁy:these four species
(Table 11). |

. The herb layer is hoderately rich in species (16) and
possesses the highest mean-cover (10%) of any habit . arex
sp. isvparticularly diagnostic of this type as it reachesA
its greatest mean cover.here at 10% (Table 12). Other
species that reach their maximum meah percent covér here
are: Equisetum arvense, E. silvaticum, Gramineae spp.,
Petasites sp., and Rubus chamaemorus with a combined mean
cover of 6%. Linnaea boreal is and RLOUS arcticus are also
common species.

The‘lichen layer is species pbor (5 species) and has
the lowesf mean cover (2%) of the five habitats. Cladina
mitis, C. rangiferina and Peltigera aphthosa are the only
species of any signifiéance,.Mosses ére.relatiyelf abundant
in this type with Pleurozium schreberi, mesophytic mosses
and Sphaghum spp. well represented:thrqughout for a combined

mean cover value of 62%. Sphagnum spp. reaches its greatest
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cover in the macroplots and is therefore a good diagnostic

genus (Table 13).

SPECIES DIVERSITY |
The diversity of a community as measured Ey the

Shannon-Wiener function (H) depends on two things: the
number of species and the evenness with which thei
individuals are apportiohed among those species (Pielou;
1975). A greater number of species increases species
diversity, and a more even or equitable dis;ribution among
speéies will also increase species diversity (Krebs, 1978).
The diversity value is a measure of the.amount-ofl
uncertainty in predicting the species of the dext individual
collected, so that the larger the value (H), the greater the
uncertainty. According to Krebs (1978), this épproééh is |
preferred by some becagsgvit is.independent of any
‘hypothetical distribution éuch as the log-normal. The
Shannon-Wiener function Qas used as a satisfactory measure
of diversity following Huhta (1979).

‘ The diversity of.the'small mammals captured in both
spring (Table 14) and fall (Table 15) trapping periods was
calculated for eacﬁ haé}tat and each year using tﬁe-basic

Shannon-Wiener function (Krebs, 1978):

H=-IPj log. FP°



32

In this formulation, H=information content of sample in

bits/individual which is the indéx of species diversity; and

Pi = the proportion of the (th species in the sample.
Equitability or evenness of allotment of individuals

among the species (J) was calculated as:
J = H/Hmax

where J=eqqitability (range 0-1), Hmax =‘maximum species .
diversity=Log2:S; S=number of species (Krebs, 1978).

The diversity and evenness of the small mammals
captured in the spring (Table 14) showed no patterﬁ. To make
seasonal comparlsons total captures for spring. trapplng
(Table 16) and fall trapping (Table 17) were comb1ned across
years. There was a tendency for both diversity and evenness
to decrease from the spring to fall in all habitats but T,
due undoubtedly to the lncrease in captures of one species
(C. rutilus) in the fall censusing periods. ﬁabitat V had
the greatest diversity in both seasons (H=1.65 in spring and
H=1.31 in fall). In addition, Habitat V possessed the .
greatest evenness (J=0.71 in spring’and J=0.47 in fall).
Habitaf 11, however, had a relatively low diversity in both
seasons due, probably, to the'large number of ihdividuals
captured of a (relatlvely) small number of spec1es The -
dlver51ty and evenness in Habltat I went from low in the
spring to moderate in the fall largely due to the appearance
of shrews in the fall sample. The evenness across all

-
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habitats was generally low because of the dominance of C.
rutilus in the samples.
| The diversities of small mammals were then compared by

means of a measure termed DIVdif (Dd) (Jarvinen and

Sammalisto, 1973). Dd is defined as:

DA = H,., - (H, + H,)/2
That is, as the difference between.the common diversity of 2
habitats, (H;.;) and the mean diversity of the same two
habitats [(H; + H;)/2] (Jérvinenland'Véisénen, 1973).
Conséquentiy, Dd'is that “~rt of the total diversity that is
"due to pooling the two'areas,.that is, due to differences
between the areas. It provides a measure of the difference
in species composition'betweén two areas.
o This value vas then inCofborated into a modification of
the index‘Dd. The new index, reiatiVevDIVdif (rb) has a |
_fange,from 0 to 100 (%) and is'definea-by Jéfvinen and

Vaisanen (1976) as:
rD = 100[exp(Dd) - 1],

- That is, "100 times the ;atipvof 'equally common species' in
the combined area to.the gedmetrié mean of the numbers of
fégualiy common species' in the two areas, minué 100. This
transformation of DIVAif avoids the logarithmic nature of

DIVAif."-In other words, if exponents are calculated on the
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~same base as the logarithms_originallysuéed to calculate H,
;D is jindependent of the log system used (Jarvinen. and
 Vdisinen, 1976).

| Values of rD are presented for both spring (Table 18)
'and fall (Table 19) capture data. High rD values mean low
simi arity; thus, the spring data (Table 20) show that
‘Habitats I and V were most different wifh respect to small
vmammal‘diversity, with 28.8% of the total rD between them.
habitats IIT and IV were most similart with only a 2;8%
difference.id relative small mammal divefsityl(rD) between .
them. In the fall data (Table 20) Habitats I and V were
again most dissimilar with respect to_small mamma 1
diversity, with 30.9% of the total rD Between them. Habitats v
I and II and II and IV had rD's of zero and Habitats II and
III (rD = 0.89) and I and_Ilil(fD = 1f25) had veri)iow rD's‘
indicaﬁing that they had either no or very little difference
in rela -e small mammal diversity between them. The two

sets of habitat ranks (spring and fall) are independent of
one'another (Rs = 0.46, Z = 1. 39 Spearman's Rank

Correlation Coefficient) which means that rD changed

v

seasonally.

Like H and J, Dd and rD were consistently lower in fall
than spring in spite of a) more species and b) larger
catches. This_is a result of the dominancenof a single
species of microtine, C. rutilus (80.4%&6féthe gatch'in

spring, 87.4% in fall).
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RELATIVE ABUNDANCE OF Clethrionomys rutilus
Clethrionomys rutilus, which inhabited all habitat

types;and constituted 82.3% of the total catch, was clearly

the dominant species (Figures 5 and 6). No other species was’

taken in all habitats, and none approached‘C. rutilus in
abundance. With greatﬁconsistency,,Habitat$ II and ITI
yielded the greatest numbers of (. FUtilusl(Appendix.3)
whereas the fewest individuals were removed from Habitats I
and IV. | |
| The numbers of C. rutilus captured infdifferenp <
habitats were.compared by means of One—way‘Aqalyses of
-vVariance‘(ANOVA)z The spring data revealed no significant
differehces in the“number captured among habitats, either
for the sexes combined (F(;,,5,_=>1.44) or for each sex
seﬁarately'(male Fea 15y = 1.31; female F(u, 45, = 1,52). The
fall trapping, however, revealed thaﬁ'humbers of»C. PUtflus

captured differed significantly according to habitat type

'(sexes combined: F(4, 635, = 9.09, P<0;001).'Males and females

considered separately, also showed 51gn1f1cant dlfferences
(males. F(s 3s) = 6.95, P<0 001; females. F(a,as) =;5.73,
P<0.005) among hab1tats.-Student—Newman-Keuls (SNK) tests
were pefformed upon these deta to detefmine‘where the
differences occurred For sexes comb1ned (Table 21) and for
males (Table. 22) tested separately,vcaptures in Habltats II
and III differed s1gn1f1cant1y from those of Habitats I, iV
and V. When the females are considered alone, aabifats_Ii

and III are again significantly different from Habiﬁaﬁé":_
y v Pt

d

A
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Figure 5. Catch per 100 trap-nights of gmall mammals in the

\

five, habitat types, 1979. Sexeékcombined. (N) =
sample size. Abbreviations for small mammals:

Clethnlonomys PUtl]US
Lemmus sibricus
Microtus pennsylvanicus
Phenacomys intermedius
Synaptomys borealis
Sorex cinereus -

Sorex obscurus
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Figure 6. Catch per 100 trap-nights of small mammals in the
five habitat types, 1980. Sexes combined. (N) =
sampie size. Abbreviations for small mammals :

Same as Figure 5 plus:

M.1l. = Microtus longicaudus

£
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and 1V, But not from Habitat V (Table 23).

Si;ce the fall sample is composed of animals of
differezk\ages, each age class was separately analyzed by
1-way ANOVA to determine whether the mean number captured
differedﬂsignificantly according to habitat type. The sanple
of overwintered (OW) animals was small, and perhaps as a
result, . revealed no significant differences (F<u;35{ =
2.55). The sample size was also quite small for age class
I11; however, a significant difference at the P<0.05 level
was noted (F(4, 6 3s5) = 3.52). The subsequent SNK test (Table
21) revealed that Habltat III was significantly different
from Habitat I with respedt to mean trapline captures, but
was not different from Habitats II, IV, and V. |

For age class I1I, significant differences among
habitats appeared fos sexes combined (F(4,35) = 5.66, \

0.005<§<0.001), and for each sex separately (hale:'F(qlgs\ =

3.89, P<0.025; female: F (4, 35s) = 4.07, P<0.01). Means wer
then compared by way of SNK tests which revealed that with

the sexes combined there were, two homogeneous groups (Table

~21). Mean captures in Habitats II and III were significantly

greater than those in Habitats I and IV. For males alone,
Habitats II and III had 51gn1f1cantly more captures than

Habitat IV, but nc: Habitats I or V (Table 22). With regard

to females alone, Habitat II differed significantly from

_ Habitats I and IV, but not from Habitats III and V (Table

23).
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When age classes II and III were combined, significant
differences among habitats appeared for sexes combined
(F(a,35) = 5.56, 0.005<P<0.001), and for each sex separately
(male: F(us, 635, = 4.30, P<0.01; female: F(4 35, = 3.87,

'P<0.025). When the meéns were compared by way of SNK tests,
Habitats II and III were significantly different from
Habitats I and IV, but not from Habitat V with the sexes
combined (Table 21) and for males alone (Table 22). For
females alone, (Table 23) mean captures in Habitat ;I’were
sighificahtly greater thanpthosé in Habitats I and IV.

For age class I, significant differences among habitats

appeared for sexes combined (F(4 35, = 3.31, P<0.025) and
for females alone (F(,, 6 a5, = 2.84, P<0.05) but hotlﬁg? males

alone (F(4 35, = 1.94),

| The.fall trapline captures.wé}e then subjectéd‘tbvq
2—Way'ANOVA (Appendix 4) which showed avhigﬁly significant
difference between habitats in numbers of small ﬁammals*-
captured (P<0.001), butlno signiffcant difference_betweeq
sexes. An SNK test (Table 24) conducted on these déta-
revealed that for both sexéstthe,greatest.numbers were
captured in Habitafs IT and III, with Habitats I aqd v
yielding the smallest number of C. rutilus in the falllaha

Habitat 'V intermediate.

“
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SEX RATIOS .

Sex ratios were examined by means of the Gfstatistic,
corrected for continuity (Sokal and Rohlf, 1981) to check
for dlfferences among hab1tats and years. In those anlmals
captured in the spring, there were no 51gn1f1cant dev1at1ons
. from 1;1 in any of the ‘three years when captures from all
habitats were combinedr(Appendix 5). The only habitat in.
which the sex ratio deviated from '1;1 was Habitat V in 1979,
where sigﬁificantlf more males (N=9) than females (N=0) were
caught (G = 8.62, 1 d.f., P<0,005).

Although the proportion of males varied among habitats
and over the years; the pooled values were constant among
the three spring samples: 0.59 in 1979, 0.57 in 1980 and
0.58 in 1981 (Appendix 6). .

Owing to the,smail size of the sample (N=15) caught in
summer, 1979, no analyses could be done. in the 1980
| summer-caught samplevthere were no significant detiations.
from'the 1:1 sex ratio in any habitat or age class (Appendii
7, G-tests. for Repllcated Goodness of Fit). The proportioh |
- of summer- caught males in the overwlntered category (56%)
,was not s1gn1f1cantly different from the proportion captured
in the spring~(57%).or fall (52%) of the'same.year, which
‘1nd1cates that there was no dlfferentlal mortallty between -
the sexes, at least in 1980. o ' o y

Age class II and age class III C. futilus deviated
significantly from the 1:1 sex ratio (Table 25) in both the

1979 and 1980 fall capture data..significantly more males
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than -females of age class II were caught in 1980 (Gp = = .
11.03, P<0.005), but not in 1979-(ép = 2.89, N.S.).'This
Qituation was Feversed in age class iII in which more
females were caught in 1979 (Gp = 7.72, P€0.01) but not in
1980 (Gp = 3.62, N.S.). |

The reason for this revefsal in sex ratios is probably
a sex—related difference in rate ef de&elopment of the
second upper molar_(Ma) (Dickinson, 1976). Dickinson'(1976)
suggested that female C. Putflus may have a more rapid rate
of M? grbwthvthan males before closure of the anterior:
groove, or the M? closure may take place‘at‘an earlier age
in.males than females, or the males may have the same rate
of growth as the females, but a greater rate of. attrltlon.
To check for equallty of sexes in all early-born young, age
classes 11 and III were comblped. In 1979 there was no
departure from 1:1, but in 1980, there'was still a
lmarginally significant excess of males (Gp = 3.88, P=0. OS)u

Analysis of sex ratios across habltats revealed that |
only Habitat III showed 51gn1f1cant-excess of males (of
age class IT) in 1979 (G = 6.40, 1 'd.f., P<0.025) (Table
25). -

Although not'significant (G = 0.23 in 1979-80; G = 0;33
in 1980—81),vthe‘proportion of males in spring was higher
than the propoftion of males of all age classes in September
of the preceding year. Those animals born late in the summer
(age class I) form the bulk of the winter population

*'(Fullef, 1977b). When-the proportion . of OW males- caught in -
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cthe spring was compared with the proportion of age class I

maIes of the previous fall, no'significant differences were
noted (G = 0.05 for 1979-80; G = 2{45 for 1980-81).
Slmllarly, when age classes II and III were combined, the
proportion of males did not change from fall to spring (G =
0;49 for 1979-80; -G = 0.04 for 1980-81). This implies that
regardless of age class the proportion of males in the
population remained relatiyely-constant from fall to spring.
The real signiftcance of these findings, howevér; is that
there was no differential mortality between the sexes among
the seasons. Mature males did not undergo greater losses, as
was observed in Clethrionomys r'ufocanus by Kalela (1971).
There was a tendency for the proportion of males in

Habitat II to 'increase from the fall to the spring of the

'followiné year; No other-habitat-showed'this trend over the

two winters; however, the crude proportion of males

»1ncreased in all habitats except Habitat V durlng the winter

>

of 1980-81. l
Sex ratios were then determined for those C. rutilus
. / .
removed from the live-trap lines in 1980 and similar results

were observed (Appendix 8). Age classes I and IV (OW) showed

" no 51gn1f1cant dev1atlon from the expected 1'1 sex ratio,

but age classes-II and III did. Age class II showed a
significant bias in favour of males4(Gp = 8.64, 1 4d.f.,
P<0.005), whereas females were more numerous in age class
ITI (Gp = 12.09, 1 d.f., P<0.005). When both age classes

were combined to check for equallty of sexes in all
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early-born young, mg significant deviation was observed (G =
0.99, 1 d.f., N.S.). |

The proportion of males captured in the fall of 1980
did not differ significantly between areas snap-trapped and
‘those-live?trap areas censused with snap-traps, in any age
class or habitat. Since no significant differences were
noted between the two kinds of trapping in 1980, the results
were poolea and compared with the proportion of males
~captured in 1979, Again, no 51gn1f1cant dlfferences were

\

noted in any age class or among hab1tats >

AGE STRUCTURE
To determlne if the proportion of age classes of C.
Putllus dlffered among the habitats, ages of all animals
were determlned and analysés were performed upon these datahj
As would be expected, only overwintered (OW) animals
were captured in the spriné trapping periods (with one %Q%“
exception - a young male captured in Habitat IV in 1979, at w
the end of the sprlng trapping se551on) and young of the
vyear 1nd1v1duals domlnated the fall captures.
Certain trends concerning the age structure of C.
Putilus‘were reQealed‘when the supplemehtary'trapline data
were analyzed. Overwinteted animals declined through the
eummer from their peak.in the springh(Fig' 7). The majorlty
(88%) of captures in June con51sted of OW anlmals' however,

| none were captured in August of'elther_1979 or 1980. No age



N

Figure 7. Proportio'n of age classes of C. rutilus captured
~on the supplementél traplines. Years and sexes

combined. t N
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clasé I individuals.were captured in May and two (12%) were
captured in June. Tﬁe peak (44%) abundance of individuals of
ape class I was in July, with August seeing a slight decline
to 32%. Fewer animals were breeding in August, %nd
consequently fewer age class I 1nd1v1duals were present in
Vthe population. Age class II animals first_appeared in July
but in relatively low abundance (13%) because members of
this age group were.members of first seasonal litters. The
numbers of 1nd1v1duals of this age class peaked in August
(61%) malnly because age class I animals from July had

attained. age class ' II in August. Age class III C.‘hufilus

were rare and present only in August (7%) and September n;.:

(9%). ,
J
When the total numbers of C. Putllus (sexes combined)
over: all habltats in the falls of 1979 and k980 are compared

by age class, some differences emerge. The proport1on of age

class I.an1mals decreased 51gn1f1cantly (55% to 34%; P = 9.4

x 107", Fisher's Exact Test) froim 1979 to 1980 (Table 26),
thle the.proportion‘of aée'class IT 'individuals increased
significantly (32% to 48%; P =29.8x 10").(No difference in
proportion (P = 0.23)'was noted in age class III animals
between years (9% to 10%); however, when age classes fI and
IIi'Qefe combined‘the proportion increased significantly

(423 to 58%; P = 0.0001) from 1979 to 1980. Finally, age

T T
l‘ _.(}"'?’

class IV, the overwintered 1nd1v1duals, showed a significant

increase in proportion (P = 0.05) over the two years. Taken

_together, these findings suggest that the mean age was older

-

4

Ve
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in 1980 than in 1979. In the case of OW an1mals, survival
may have been better in 1980 than in 1979, and in the case
of young of the year, the older average age may have
resulted from the earlier onset of breeding '

[

To see if habitat had any -effect on age structure, fill

‘capture data were compared among habitats by G-tests of
1ndependence. The proportion of age class I animals was
51gn1f1cantly greater in 1979 in Habitats II (G = 18.21,
P<0.005), III (G = 4.46, P<0.05) and V (G = 4.24, P<0.05) "
thabfih 1980 (Table 27). The proportion of.age class I
an1mal5 was also greater ih Habitats I and IV in 1979 but

vg.
I

not s mﬂiflcantly so. A high proportion of age class I,
\? _\}u
1nd1v1duals in the fall population is con51stent with late

onset 'of’ breedlng It could also indicate that the surv1val
of late cohort (age class I) animals was hlgh espec1ally in
Habbtats IL, III and V. The proportlon of age class 11
”qlnd1V1duals was 51gn1f1cantly greater in Habitat II (G =
8.38, P<0.005) in 1980 than in 1979, but not in any other
habitat Thls could 1nd1cate that surv1val to age II of age '
class I an1mals was better in Habitat. II ‘than in other

\

habltats. A 51m1lar 51tuat10n was found when age class II
&

and III were comblned (G = 14.36, P<0. 005) This probably
stems from the earl1er cnset oﬁjbreedlng in 1980 which'

allowed a greater proportlonibf the populat1on to atta1n age

v

class - II or III by the time of fall sampllng. The proportlon*

of OW anlmals d1d not differ 51gn1f1cantly-between years org,
%9 .
among hab1tats- however, most of the few 598 animals

‘i

‘1

* 5077
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~collected in the fallmcame from Habitat II (51% of the total
in 1979, and 43% in 1980). |
The .proportion of mature to immature age class i
animals (sexes comhined) over all habitats did not diifer
‘ _ _ ‘

significantly betweeﬁ’years‘(P = 0. 11 ~Fisher's Exact Test),
and thus the 1ncreased den51ty of anlmals in 1980 did not

inhibit matur@tion of age class II anlmals

L2 ]

‘.‘BIOMASS
"“Since 79.9% of the tot.! spi. ng biomass and 84 4% of

the total fall biomass was attributable to C Putllus, the

biomass of that species was a-~ ax)zed to see 1? “certain- ,ﬁﬁﬁ

P

habltats supported more blomass than others. This measure is
. f o "; £
of course related to the number of anlmals present in a
. 'k;
glven area. If there are more animals 1n a given habltat

et

then the blomass will undoubtedly be greater in that area.
S SPRING: | |
.The amount of blomass of C.’ Putllus removed from ‘the
;T;:.-,‘ 't1ve habltats over the three sprlng trappigg se551ons was
not 51gn1f1cant1y dlfferent from habitat- to habitat

‘

: “?{%(F(aiw') = 1 97 P>0.10 2-way ANOVA?“{or from year “to year

"\dﬁF(z s ) =v1 1 P>0. 5)" (Appendlx @) ThlS result is- related,

fﬁto the fact that the sprlng numhers of C. Putllus did not

d1f{er 51gn1f1cantly among the three trapplng sess:ons

3

‘3" (F(z 5)

0.91, N. S., 2 way ANOVA) ,or among the habltats
(Fia,as) = 1.50, NS, ) _ * S

Ia



the combined spring captures was greatest in”Habitats

Even though biomass did not differ significantly

the habitats, certain trends were noted. Mean biomass

T
o]

e . s

vV (Fig: 8)

LV
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1
]
-

among

for

IT and

. mpIn the fall sample, blomass dlffered significantly

ﬁhya,,

.5-amopg the habltats with sexes comblned (F(s, 75y = 13.53,
'1P<0 OOI) and w1th sexes separate (male: F(a, as)y = 6.59,
'-j9<o 001; female: F(A,ss) = 7.08, P<0. 001 1-way ANOVA).

f7Student Newman- Keuls tests condqcted on these data (Table

28). revealed that Habltats IT and III were 51gn1f1cantly

III,«least in Habitat I and intetfmedia'c in Habitats IV and

dlfferent from Habltats I IV and V for sexes combined andq

2

“for males, and dlfferent from only Habitat I and IV forv

females. Affumlng that habltats that support the greatest

blomass of a spec1es are super1or habitats for that spec1es

‘o

then Habltats II and III are superlor to Habitats I and IV,

and probably also to Habltat V.

A 3-way. ANOVA (Appendlx 10) confirmed that the fall

‘(F(,, o) % 21.08, p<o 001) and among ‘habitats (F(s s =

2 16.13, P<ﬁ>001) but not between sexes (F(, ’, = 0.17,
) ,

W

N.S.). No 51gn1f1cant dlfference was noted in any 2- way

N
13 62 P<Q 001)

."C;,. o . » R . e @

1%
1.

nlnteractlon, but a 51gn1f1cant dlfference was observed in

the secondrorder 1nteract10n of all three factors (F(“

Sk

b

0)

n;_[blomass of C. Futllus dlffered significantly between years
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Figure-8. Mean spring (1979, 1980 and 1981 combined) and:

fall (1979 and 1980 combined) biomass per trapline

of C. rutilus by habitat.
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The génk order of habitats, from highest biomass yield
to'lpwest; in the.fall sample was similar to that in the
;pring. Habitéts II_and'III yielded the greatest‘biomass,‘
Habitats I and IV the least, with Habita£ V being |

intermediate (Fig. 8). \

¢%%@?“W?
BODY WEIGHT AND LENGTH
Differences in body weights and lengths imply -
differences in animal quality;'ahy size differences that
occur'ﬁay, in turn, result from differences in quality of
habitats (Sheppard, 1872). Therefore, the bédy weights a?d

‘lengths of the C. rutilus captured were analyzed to see if

“Andeed animals were heavier and/or longer in any particular

habitat.

o -

BODY WEIGHTS
SPRING:

-, Spring body weights wvere compared by analysis of

-covariarnce, with date of capture as the covariate. Sex and

.Qq\_.’

'“.year of trapping were analyzed separately and no significant

g

‘:diffgﬁépges_&h weight were found amdng habitats (Appendix

ﬁ : '

11). , .
B :

.
S e b
3

FALL: . . - _
: Fai} bddyfﬁéights were compared by means of 2-way
ANOVAS. For this series of tests the sexes were separated

, 4 : _
and the body weights of sexually mature (26.4% of age class
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IT and 100.0% of age class III males; 25.0% of age class II
and 100.0% of age class III females) and sexually immature
(73.6% of.age class II males, and 75.0% of age class I1I
females) individuals were analyzed in relatiohship to
habitat type. As Qould be-expected, there was a highly
significant differenceAin mean body weight between mature
and immathre individuals (males: F(,, ,,6) = 17.04, P<0.001;
females: F(, g7, = 156.71, P<0:001) of both sexes, with
mature animals being heaviét. There were, however, no
significant differences among habitats or in the tnteraction‘
of the two (Appendices 12 and 13).°

The fall sample was treated‘as though composed'of an
early cohort (age classes II and IiI) and a late cohort (age

class I). For the: late coﬂ:ﬁt there were no significant

diff hody weights*’among habltats or 'b,e»t;we.en _sexes
(Appendix” 14). This is not ‘entirely surprising because the

' : , { . :
an%mals involved were all less than 30 days of age, and thus

.hadllittle time in which toﬁ?espond‘to possible differences
in qualfty_of habitat. Significant differences in mean body

weights of the two sexes were noted in mature early cohort

b
oty

5

individuals (F(y 54, = 79.33, P<0.001), ‘but not émong e
habitats (F(g, 7 8) = 2.15, N.S.) or in the interaction of the
- two (F(a,78) 1. 03, N.S.). Females of these age. classes

were con51stently heav1er than the males in every habltat
(Fig. 9). Immature early cohort animals showed no
" significant d;fferences in mean body weights (Fig. 10)

between sexes (F(y 125, = 1.42, N.S.) or among habitats



_Figufe 9. Mean body weights'

W
!

"w's
g8
%
$g
+

standard error (S.E.) and

range of mature C. rutilus (éarly cohor;) from the

1979 and 1980 fall trapping sessions. (N) = sample
size. '
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Figure 10.

Mean body weiéhts + standard error (S.E.) and

range‘of.jmmature C. rutilus (éarly cdhqrt)‘from

‘the 1979 and 1980 fall trapping sessions. (N) =

sample size.
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(F(s,125) = 1.45, N.S.).

No evidence that quality of animal, as reflected in
body weight, was influenced by differences in habitats was
observed for late cohort (Fig, 11) individuals or immatute

(Fig. 10) or mature (Fig. 9) early cohort animals.

BODY LENGTHS ‘ -

© SPRING:
Spring body lengths (total length - tail length) were

compared by analy51s of covarltnr , with date‘

the cg%arlate. Since males d&d not differ 51gn flcantly from

females, either among habitats or between years (F(,,a,g) =
0.12, N.S. at the P = 0.05 level 2- way: ANOVA with N
repl1cat10n) sexes; were comblned 1n the analyses. YearsAof -
trapping were analyzed separately in the ANCOVA (Appendix

15) and 51gn1f1cant dlfferences in body length were found

.‘among ‘habitats (1979 Fea,a3), = 28.47, P<0.001; 1980:

Fia,2e) = 37.09, P<0.001; 1981: F(4 52, = 374.88, P<0.001).
Although the habitats did not separate out into gtoups Qhenk
an SNK test was performed upon the 1979 data, animals from |
Habltats I, II'and III in 1980, and Habitats II and IITI in
1981 (Table'zé) were eignificantly longer than anfmals from
the rema1n1ng habltats. Thus, habitat may 1nfluence the

qual1ty*of spr1ng -caught anlmals, as reflected in body

. length.



Figure 11. Mean body weights = standard error (S.E.) and, 
| | range of age class I C. rutilus (late cohort)
from the 1979 and 1980 fall trapbing sessions.

(N) = sanple size.
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FALL:
The body lengths of late cohort C.{hufilus W
compared by means of two 2-way ANOVAS and no significant

differences_were noted among habitats (F(“,,go;.; 0.60,

N.S.) or between Sexes (F},,;go) = 0.63, N.S.) when'the”two

years &f trapping were combined, or among habltats (F(q’1go)
T = 0.57, N.S.) or between_years (F(,,,go) = 0.96, N S ) when .

the sexes.were combined. No‘one habitat therefore, produced

’

significantly longer age class I animals.of elther seéx .in

" either year (Table 30).

When the body lengths of mature and 1mmature early
cohort an1mals were compared the results Were con51stent
with those found in the analy51s of body welghts w1th1n the
same age classes. A hlghly 51gn1f1cant dlfference in mean
body length between mature and 1mmature 1nd1v1duals was
found in both sexes. (males: F¢y, ,,1) = 7. 9}9 P<0. 01"’

.AG

females4 Feij agy = 128 12, P<0 001 . dowever there was..no

L

.‘

_of the two (Append1ces 16 and: 17)

.‘-

¢ b} LERSAEE M

i

‘s1gn1f1cant dlfference among habltats or. fh the 1nteractlon' -

As wlbh bOdY Welghtsr'SIQHIYacant differences between:"‘

the sexes were noted in mean body length ‘for mature earlyﬁ;
cohort 1nd1v1duals (Fev, 70 ', = 63.02, P<0. 001 2 way ANOVA

with’ repllcatlon) but not among hablﬁits (F(n gy = 0.53 {
N, S,J The females of. that ¢ohort were con51stently longer:

than the males in every habitat (Table 31). Immature early.

*. cohort an1mals shéwed no 51gn1f1cant dlfferences in mean -

3 ;
body.length (Table 31) among habitats (F(4 27, = 0.55, i

: B 0k
: ' F . .
— . - . S R

e ‘ . : - . B L

. . f’»‘ : L
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N S') or, between sékes (F(,,127).= 2.72, N.S.).

f-‘ "y*: -

) Thus, no ev1dence was: fougd that habltat 1nfluenced the ,
qual1ty of fall caught an1mals, ‘as reflected by body length i
» .(’3& L

. RN

- . . ! ' g et R

s v ' . o ‘! 1') ’ ’ T
; . R

connlmon L e
Body length and welght data were. 1ncorporated 1nto a
statlstlc called a "Condltlon Factor" (K) 1n ‘an attempt to

" test for the 1anUenée habltat has on. quallty of an1ma1 "In

any materlal body in whlch with in asing s1ze, the l1near
Len TR L ' ) ”#Q;' .

proportlons remain’ %pnstant ’Meigh- i eﬁsity femains

constant) and any bodlly llnear dlmenslon are related"

(Weatherley, 1972) A plot of log werght (' SR

0
.o

gk, “7 » &
slope m: o : .
2 "413‘109 A log L ’ (13
@ "‘.“J ¢ "n* I3
Hence: i
T wWe=Lm e (2)

g The co£d1ton factor As deflned as observed yelght (W)
d1v1ded by predlcted we1gh¥ (L™ ). For C gapperr caught at
Heart Lake, - N w T (Fuller, personal commun1catlon) and for
C Putllugwcaught in thls study a value of m = 0 66 ylelds a g

mean/value of about T for K 1n overw1ntered”an1mals caught

“ :. . N ~ . . . ~ : ) - . l .l . .

s § . . )
" R , . ¢ : G



/ _ , 65

- in May. If$8bserved weight is. greater than predlcted welght

o JK will be >1 if it is less, then K. w1ll be 31 Unless

‘\‘b

, K w1ll fluctuate durlng the lgfe of an anlmal;

“and pet aps seasonally . ' i -n; S ‘
a g IS N . ; ’
;j g&;é Because mean body WEIthS d1d not vary among habltats i
A b “ RN
ereas mean body length% did (in sprlng data) there must "w’

*7.‘1

be d1ffefen8es ﬁn mean K egg 1t'1s poss1ble that any(such

N}( B :W‘l

g »5 .differences W1ll be related‘to@habﬂtat quallty. Caut1on must B

-

. o
& . c be observed 1n thls relat1onsh1p,f ome%er, because even

Wl\'

among the members of onﬁiﬁopulatlon sampled on a s1ngle

date, there may be cons?derable varlétldn }n,condltlon forA t
"any partlcular length and also a, changewdh condltlon w1th ©
length (Weatherley, 1972)hf3 . . , , _if ;
0k SERT v T e . .
S " The ' fall 1979 andﬁfggﬁtcondltlon factors ﬁor each age<
;@5‘~ Fgroup wer@ combared b}iﬁéﬁﬁé of 2- wgy ANOVA' w1ﬁ?, : oo
. w_repllcatlon. No 51gn1f1cant d1fference5warigJBund in late s d\
o cohort anlmals among habliats (males: F(, 0. 67' .
’females- F(, ’]}-= 87) or between yea{s (males. Feo, ag)'#

0. 19 females- F(1’90)\— 27.46) (Tablg 32). ﬁlmllarly no

s1gn1f1cant dlfferences were foung 1n early cohort males

v .
among habltats (F(.,115)-= 0 90) hcwever, mature anlmals

v

were in 51gn1f1cantly better condrtrgn than 1mmature ones

,r(F(1,11s) 14 72 P<0 001) (Tab%e 33)"

w

e Mature early cohort females uere in 1gn1f1cantly

il

better cond1t1on than 1mmatures 1n both years {F(y. 0879

N S

139, 87 _P<0. OL . 2= wg? ANQyA) (Appendlx 18).° A strong

o, - 2 . ~'-',f',‘
. o S

-
’.C:)’ o - “- . ) . . '.‘l’

T . : -
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B
separatiﬁn‘in mean condition ,factor .values between mature” «"

+

and 1mmature anlmals was noted in all habitats (Table 34) A

51ngle marglnal dlfference ‘was.’ also noted among habltats -

mature females in Hab1tat 111" were found to6 bégmn bé%ter

‘ycondltlon than those in Habltat IV, (Table ‘35).

Iy

: ¢ .
,dld-dlffer §1gn1f1cantly betﬁeen Hah@tats III and Iffat the

-

F

In summary tﬂ@n thetresults of these analyses .-

demonstrated that there was llttle ev1dence .that dlfferences
J." M - v

;n habltats'1nfluenced ali

» J.‘A,.f

COﬂdlthRV as measureéghyJ‘¢ g}amature early cohort ﬁémales

o,,anlmal Although the

= "‘\'& .
' abpha = 0 05 level %% hﬂh1tat dlfference was found among

E#ﬁ%flmmatures of eltheh age or seﬁ?rorﬂamong mangre males.&l -

Y

'both sexes%mature 1nd1v1duals had h&gher K values than

lematurﬁs Cﬁ 'lth;g"l v e - L -¢ﬁ~“';" _
. RO oVI ’ v < ﬁi\é}r - ‘! .z.i
o . Lo v
- REPRODUCTION . . . ’
\FEMiJ S ‘_ A ) ; R
NSET OF BREEDING -~ - .

q
The C Fufllus captured in sprlng revealed general X
trends in breed1ng phenology. Although females were not

\captured in ‘every hab1tat every year, 1t appeared from

backdatlng pregnanclls that most concept1ons took place 1n

Q the first half of May. Breedlﬂg commenced subnlvally 1n the

spr1ng each year because pfegnant females*were captured
whlle some parts of the study area still. had 80% snow cover.
This observation is 51m11ar to that of West (1979) close to

Fairbanks, Alaska (64° 15 N, 147f¢43 W) in.which breeding

PN
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e

begar subnivally in thesspring ﬁith no evidence of midwinter

bres3ing. I detected no
- g,.bi\» & 1;"0

. : B W e ¥ o . - .
¥ -ding among habitatg,™ jsplte of”’ d1fferences in snow
wditions (Table 36). -;
Of .the 51 C. Putilu females captured in the pooled ;

sprlng trapplng se551ons, 43 or 84, 3% were either pregnant
or had placental scars, 1nd1cat1ng that they had just glven
blrth to a l1tter Two 1nd1v1duals possessed both embryos

and placental scars, but were caught in mid- June 1979 in

'thOSe habltats (111 and IV) thi;?were the last to be e
he ’ . : ) B » R »\‘ﬂ: £
- # R N ' e
‘ tPBPPEd . S o . .., L coL ig“;b L -
AGE AT MATURITY . e R e
- g )‘ \ ) . v R . 7‘
a Forty two female, C Putllus were captured durang the

- I

wt

summer éhd the proportlon of the various age classes that ’ S

’”'Qmatured wete as expected (Burns, 19&9, DlelnSOH, 1976). One '

w‘hundred percent AN £ 17) of tHe OW females captured were

mature as. judged by the presence of either embryos or ‘%f
placental scars. "Thoge caught in June had e1ther embryos or
one set of placental scars, not both, but those captured
»subsequent to that had elther embryos and scars present ‘in
the-Lterus or had two sets. of scars. Most (8) of the: age
_.class II and III (N -10) were mature. They flrst appeared

‘on 18 July w1th e1ther embryos or one set of placental g;%;“

¥

One th1rd of age class I ‘females (N = 15) matured 1n

the summer of their b1rth ‘Those thqt d1d mature were P

| members of the flrst 11tters of the OW anima? - and were al}
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captured in a narrowhwindow (14 - 19-July).
~Since the bre%dfng season had all but ended bf thihtfme
the fall trapping campaign commenced very few‘pregnant
females were captured+AP1acental scars, 1nd1cat1ng past
freproductlve act1v1ty, were present in all of the OW (N =
.15) and age class~III females (N = 34), 25%'of age class 11
%Pfemales (N = 64) ang'none of the age class ifindividualsﬁ(N
.y = 102). Slnce\maturify was»an,"ail’or none" phenomenon‘in 3
of 4 age classes, only age classlII couldIVary‘among ‘
habltats. No significant difference was found however

“

| among the habltats ﬁﬁcthe prd@ortlon of age class I1I femalesw

that mature%g 1néf§§f12g that the proportlon mature wai

~v“:P 1ndEpendent of habltat txpe. ,‘ »'/i;,* ‘ “' , -_g;

. NUMBER OF LITTERS PER FEMALE T ,

' Wlth the age classes 1n fall samples from habltat
trapplng comblned there was no 51gn1f1cant 1nter year

| d1fference (Fi1 sy = 4214, N. S.) in the number of 11tters

e -‘ produced-(Z—way ANOVA) .- Therefore, the data for both xﬁars

were poole% in a 2-way’ ANOVA (Appendlx 19)Vand no

51gn1f1cant duffbrence 1n number of 11tters was revealed

R
N

among age classes'(F(z,nn¢‘= 2.81) or'habitats (F(a, 618y = ”@}i'
1.63). — | e o
S & _ . _
- . When samples removed from live-trap llnes in September
- "‘-:(‘,{ ‘Ju .. . 44',';1- . .., ':ilf‘“*\) -

Lo 1980 were comblned wrth}samples from habitat trapp1ng, 79 2
'(N'= 19) of the OW C rutilus females that had survived toi
September had given birth to at least two 11tters,.§two sets

of recognlzable scars or pregnant with one set. of scars)

oo
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| in which 27.3% of the mature fémales (N = 22) had had two

69

(Table 37). The reverse trend was observed in age class II

litters, while %Pstl(72 7%) had had only one. In age class ;Mﬁ,‘@

NN

II11 females, 52.6% (N = 57) had had two l1tters, Whereas

47.4% had had one. Only one female was thought to have hag « -

more than two litters in the course of t%e”study. This was @,

*2

an OW 1nd1v1dual captured 1n ﬂabltat III in the fall Of s ‘ﬁr‘
SRR

1980, but the th1rd set of placental scars waslso fa1nt that
R ot

an accu%gte count could ‘not . be made. D1ck1nson (1976§ and "

fFuller (1969) also found that‘%ne or two l1tters were ; S

i ’ ° ;\u

'Dormal three exceptlonal o JR ' L

-~

The mean, number of yﬁgggéper lltter d1d not differ
5 B >
51gn1f1cant1y among habltats an the total sprlng trapp1ng

2

‘,effort (F(.,' 3y = 0. 67 ’—way ANOVA, Table 38). The mean

number of young per l1tter in the sprlng (mean‘= 4,28, N =

| 45) was 51gn1f1cantly less than the mean number in the last
11tter of the three matmre age classes in the fall (mean,:
6. 55 N = 111) (t = 76.38, P<0 001).. * ”j "9
- The size of the last lltter was compared across . by

habltats by means of a 1-way ANOVA ‘and of the three matures

. wxage classes only the mean litter 51ze of age class III

A &

showed an;/51gn1f1cant dlfference (F(, s9) = 2 57, P<0 05)

9(«_&"4‘ . "w

“Af SNK test performed n these data revealed that lltters

from Habltat IV vere 51gn1f1cantly larger than those from

HabltatUI (Table 39)

¥

-

e

et



As*expected‘(Dickinson, 1976;:Stenseth et al.,'1980);

~the-older, heavier, overwintered females gave birth to

I

s signifldantly largerllitters (mean = 8.46 + 0.47, N = 25)

than the younger lighter age olgss I1 (mean = 5.86 + 0.43,
N'= 26) and 11 f*mé”an = 5 26,%-0.28, N = 60) females _
B (t-tests: oW versus 11, t = 5.03, p<0 001; OW versus III,

o= 3 94, P<O 001) The mean 11tter size, of age class 11 did
A 4 g
'EU*tnot d1ffer 51gn1f1cantly fromvbhat oﬁ’age class I1I (t =

16 N 's. )_ Age class 11 andAIII comblned had smallerﬂp
&g§ lltters than OW females (t = 4. 46 P<0 001)

’ﬂF;;f' 1n thoéx'females that had two lltters durlng the\_
o " &

breedlng seasonv(Table 40) the second lltter was usually

largeﬁ than Ehe flrst, however, 1t was not: s1gn1f1cantly
N4

dlfferent at the P ~~0 05 level (OW' t~= 0 29°-age'cla59

III- t = 0. 41 age class II- t = 0. 44) A dlfflculty arlses
’?“‘” in this, analysisiihowever, asighe number.of plagental scars'
“ for the earlier litters may not be clearly v151ble, and
hence_an 1naccurate.co%nt may be obtained, which errs,ln the
direction of a smaller number of young per litter
(Dickinson, 1876). For the-purposes of this study, the_‘
number of young per l1tter was assumed equal to the num
‘of placental scars seen. n
The'mean size of. the first litter did not differ
si gn1f1cantly among the three age classes (F(z z) = 1.93,
N S., 1 way ANOVA) Slgnlflcant d1fferences, however were

noted in the mean s1ze of the second 11tter (F(z =.7.37,

?.i, o P<030050 w1th the ow females produc1ng larger second lltters

&

."-_ ~‘

Q'ﬁ




A,‘¢
SR, 71

»
(mean = 8, iﬁ, N = 20) than either age class II (mean = 6.00,
N = 65 or age class 111 (mean = 6.33, N = 32) females. No
51gn1f1cant d1fferences in lltger size were found between
age classes II and ITI (SNK test)

The.average'output of embryos per female for-the
comblned fall sample was calculated (Table 41) and the . @

totals d1d not dlffer 51gn1f1cantly from habltat to hab1tat

(ch?"= 1.07; 4 d'f ) Even though the reproductlve output

i

varied among age classes, the average output of embryos per

i,

. female of all age classes, d1ffered llttle among habltats

. The total welgﬁfed average output of embryos 1syhaghem 1n B

Habitat Iv t:ﬂ;yhﬁcther hab1tats due to the proportlon of
S

"

age class II1 andtow females in this habltat Therefore,,jﬂf
fewer females produced larger lltters in thlS habltat type,

as has been dlSCUSSEd for the last lltter. An est1mate of

- the total reproquctlve output per'hab1tat can be calculated

by multlplylng the number of mature females of dlfferent age

i

classes by the mean numbew?of lltters/100 trap nlghts and

.>mean l1tter 51ze. NOes1gn1£wcant d1fference (ch12 = 2 20,

(o4 h

_of"young/100 trap nlghts was compared however, the greateSt

: .
reppoductlve ouéput was in Habltats 11 and III (8 65 and -

6. 99 young/100 trap nlghts respéctlyely) w1th Habltat I

posse551ng the least (3 57) Hab1tats 1v (5 75) and \Y (6 35)
: | .

were 1ntermed1ate. ff~;

LENGTH OF BREEDING SEASON

» . “ v . ) . . . .

AR S . g s



According to Dickinson (1976), the frequency of lltters

is in part related to the onset of the breed1ng season.

‘Breeding commenced during the first two weeks of May in bothff
1979 and 1980, and endedfgt the end of August - beglnnlng oflfjf
September for a- total breeding season (first to last .
" conception) of 120 and 115 days for 1979 and 1980 :
respectlvely The length of- the breedlng season observed by
West (1979) in Alaska (64° 51'N) was very 51m11ar to that
found in this study, 'in that C. Putl7us breedlng began in
4early May and ceaded in early to mid- September. Martell
\(1975) fSund a breedlng season for C. Putllus lastlng 119
days at a latitude of. 69° N, which 1§351m11ar\to the breedlng

season lengths found in this study‘g ‘ 'v_- L

~

- MALES
Every ow male captured in the.spring was mature (Table‘

42). Flfty percent - of the age class I males - ptured~(N =

24

24) during the summer months of JunanJuly and August were

\ A

, .mature. All ‘were caught in July Young males caught in June
3

(first appearance 26 June). had no had time to~mature, andg ' P

| no 1ndpv1dual of age class I in August was mature. Most 1’
(72.0%)" age class II. and 111 males captured (N = 25) were'
muture. Although age class II anlmals should have ‘been in

‘ the populatlon in late June, the1r first appearancenln

H'samples was on 17 July. All ow malés captured during the_

summer trapp1ng period were sexuallyamature. 4

A4

A\ ) A



: . .. . ' .e,_g_ _\:Li'f
' Few (N = 14) males Stlf?’l% breeding condltlon were

found in the. September samples, but males w1th regre551ng
testes and accessory glands st111 obv1ous were taken. Only
1.4% of 139 age class I males in the fall sample had
matured. All OW and age class III males had matured and
34.0% of 198 age class II males were found to have been é:}
mature. The proportlon of mature males, 1n age class 11,
".d1ffered 51gn1f1cant1y among//abltats (G = 10 12, pP<0. 05)
There was ‘a s1gn1f1cantly greater proport1on of ‘mature males
'1n age.class I in Habltats II (G = 5.63, P<0. 05) and III (G
= 9.68, P<0. 005) than in Habatat I. Habitats IV and v were‘
not 51gn1f1cantly }{ferent m Habltats I and III. |

/‘zb - "Jw\ )'\\

In general, €°$ t%sults obtalned Yrom the’ sﬂmple of

>

males in the. fall mirror . those of the females. ﬁhd1v1duals
of both sexes that were still in age class I in. September
fa1led to mature (withvthe except1on of 1.4% of the males).

‘Most age class P 1nd1v1duals also fa1led to mature, but: =
* w""é

males matured at a hlgher rake tbang&emales (33. . 8% verSus.?-

o ,20 6%) wh1ch is contrary‘to most reported results for C
14 - 4

Putilus (Kalela, 1957° Koshklna and Korotkov 1975) All age

class IIT and OW an1mals ‘were sexually mature.
mmhe last scrotal male captured‘was on, 15 September 1nvﬁ
wr .
1979 and 18 September in 1980, wh1ch 1nd1cates ‘that the male»

LA ’

breedlng seasqn4ended at much the same t1me over the two
years. Slnce all males m?re sexually mature and scrotal at
the commencement of sprlng trapplng in early May, the |

breeding season is approx1mate1y 4.5 months 1n 1ength

R ) . ' © "‘b

-

¥



“live- trap locatlon, the habltatwat ach trap site could be_
‘aﬁ

“abundance of anlmals. The expected number of captures 'was '

~all habltats by the percentage ©Of traps

LIVE TRAPPING - |

During the two years of study, 7050 trap nights yielded
517 captures of 226 different C. PUTIlus, 1 Synaptomys '
boreal is and 1 Microtus Iongrcaudus. No anlmals marked in
1979, the first year. of trapplng, were recaptured in 1980

probably because of the stall. number (50) marked in; 1979

."and a reduction of the number of transects trapped from 4 in

g .

1979 to 2 in 1980.+ . L M

Since a vegetatlon survey wasuconducted at - each

5 i |
determ1ne which’ thltat types suppottdﬂ“the Jreatest W

P

deagrmlned by mult1ply1ng the total number;of captures over

AR

rhabltat. The 517 captures vere - noildlstrlbuted -equally. among

the’ f1ve hablgz}s (G test of 1ndependence, G = 90.64,
Y

P<0.001), wh1ch 1ndftates arpreference for certaln habitats.

Hav1d§ found’ tgst the captures were not 1n,pﬁoportlon‘

.

to what was expected among the hab1tats, pa1rw1se t:

comparlsonswu51ng Ehe G test were gonducted to determlge

which habltats vere preferred by c.- Putllus. Slgnlflcahtly

S0

&

more total captures were observed in Habltat III than o 58

Habatat I (G 3 11. 83, P<0.005) when the expected number. of.

'captures'was compared with the observed number of captures:

Habitats I and IV were not significantly different in the

* : »,
. , ,
.
v “ - - K\
. ° < - v

.

4

that partlcular mi

¥
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ekpected number:of captures.from each'other (G = 1.60), as
were Habitats IV and V (G = 1.99). The number of'captures in
Habitat I did differ significantly from the number in

Habitat V. (G = 5.51, P<0.025), which had the fewest

captures. The apparent~low abundance of C. rutilus in:\
Habitatlv'may have been a result of insufficient'trapping
effort - only 22 trap statlons of a total of 340 6. 5%) were

located 1n Habltat v. The majorlty (65.7%) of the

captures/100 trap nlghts were in Habltats II and III w1th

‘ However some 1nd1cat10n of moblllty was obtalped The ‘_l

¥

Habltat V the least (6: 3%) anddHabltats I (13 '5%) and IV

(14. 5%) 1ntermed1ate (Table 41) ) ”’;. ‘ e Y,
. a”\_}r¢<= .

It was not p0551b1e'to determlne home ranges or .

den51t1ES of C. Putllus beCause of tpe des&gn of "the. study. sfi

u

Y

greatest d;stance between captures for an 1nd1v1dual was \i;"

vapprox1mately 145 m (6 trap 1ntervafs) The major1ty (78 5%) e

of the marked voles were ‘not recaptured more than one trap ‘ s

— e . o \\ i

«' - g

‘1nterval from ttie p01nt of mark1ng a BEA - fx_rbw&,e;f ';

« . : L

S
Live caught an1mals were placed in welght classes
N

L

rather than age classes..C1ass 1 1nd1v1duals we1ghed‘<18 0

~ G and were probably ma1nly age class‘I Class 2 1nd1v1duals

“

,'welghed 18 1 to0, 25.9 g and were. malnly members of“age ¥;Q

'g' “and were con51dered to be ma

classes II ahd III.’mhose owfr 25 9 g were placed in Class 3
rnly ow Early in the season no ’
youngﬁgf the year had attalned 26.0 g'in welght but by'

August, some young in snap trap samples had done so and it = '“;’

7
[y

vas n0~longer possxble to recognize.ow an1mals with complete J-e

.

f(]" .
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confldence. Class I an1mals began appearlng in Habltats 11

‘and III during the th1rd rota (7°- 10 July), and’'Class 2

- individuals first made their appearance on the llve~trap

Q

lines in rota four (21 -~ 24 July).

Class I 1nd1v1duals comprlsed 47.6% of the total catch
Lo

and Class 2 ‘anima 50. 0% in the s1xth and flnal
lgbve trapp1ng roti“’(N = '82). Of a total of 238 anlmals in’
thé‘seventh fota (where sﬂap—traps vere used) only 28 6%
~had’ been prév1ously marked, The. remaln;ng 71. 4%~wa§”€€mposed

S T S
malnly of age class I and II an1mals %ga% had prev1ously

‘f evaded capture, or had only necently emugrated 1nto the'

Tva . . v
& \ ; L IV N
area. - ~ : . : - ‘o

Sex ratlos in the sample removed from h1ve trap lines.

wegg 91m1lar to tthé from the 1ndex trapplng of habltats.'

N

The proportlon of m%les to females in’ age class I was not

g

51gn1f1cantly d1fferent from 1'1'(Gp\> 0’86) Males exceeded

females in age class I1 (Gp 9.77 0. 005) w1th almost

twlee as many males as females taken (Table 44%: A hlghly

51gn1f1canE7d1f£erence (Gp ‘ 17, 40 P<0 Obﬁ) was noted 1n

L

'wthe sex ratlo of age class III 1n whlch females greatly

outnumbered«males. When age classes II and I1I were

comblned no- 51gn1f1cant dlfference from a 1-1 ratlo (Gp

) N

,,1 35 N. S ) em;sted W1th these two age classes ‘combined (N

= 146) thewproportlon of males (55 0%) is 51m1lar to the

., \
K B o N T
\\ ‘ RS ) o . s & t‘ g : .
. . , ; .

Y
\ e ot i -
\ - : .. :

proport\pn of males found in age; class I (56 0%)

PR
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1

Cun | . amount of t1me 2 spec1es of'MlCPotus spent in/a gmven,_~'g‘*  aiés

- blrds (Alatalo, 1981) w1ld rumlnants Hudson, 1@76“ 1977) 'ﬁ

E sketchy The‘crlter1on used by Douglass (1976)/was the E?e

~ CRITERIA, FOR HABITAT PREFERENCE

.sgandlaca, Leln and Webber"$979) sev ral specles of forest

J study o;/habltat selectxon by P mani#ufatus. Althngh S 3

Y

-~ DISCUSSION

Habltat selectlon or preference by an anlmal by o

deflnltlon is "The ch01ce of a type of place 1n wh1ch te\

: féftrldge. 1978). and has beenlglscussed by’ several

Voo 3

‘where ch01ce has been shown to. be 1nvolved w;th

. "J-

’(y.

exampi‘s 1nvolvﬁhg 1guan1& llzards (SceIODOPuS Jarrowi;

1.

- Simon, 1975) the great it (Parus majon' Royama, 1970)

/

‘Jaegers and owls (Pltelka, et al., 1955) bsnowy cwls (Nyctea

5

v 0 S
‘~1nclpd1ng the 1mpala (Aepyceros.melamp&s, Pettlfer Fnd R :

Stumpf 1981) bobcats (Lynx rufus, Mcéord 1974) /;he ‘red

.fox (Vu]pes vuipes, Jones and Theberge,_1981) and\numerous

P

)

habltat and the average penetratlon of~ind1v1duals 1nto ,
= ! : -

dlfferent hab1gats, vere con51dered by Wecker (1963) in a° .

) rareiy stated it appears that number qf an1mals and thelr f_fﬁ

. L . c , R
T RIS ~ ’\\ o : . :
[ - . ' TR ¢ .
ot n, ) . N . X ¢
. . o ’ - Cr . s - el .
; . re R .
: . v , '
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presence in, or. absence from, a given habitat are the
criteria most authors use to quantify habitat selection.

Since precisely detined guidelines for tae
detetmiﬁation of'habitat preference by small mamméis were
~lacking in the literature, certain criteria were devised in .
this study in an'atteﬁpt to determine whether in@ividuals-of
C. rutilus express habitat pr%ference. These criteria
included the :eiative npmber (catch per unit of effort) of
animals within the different habitats, and several indices
of animal'qualityy— body weight, body length, condit}on
factor and fepréductiv% output. Uhder the null hypothesis
that all habitat types support the same number and quality
~of 1nd1v1duals, tﬁere would be no adva;tage to selecting a
particular habitat type. Habbtat selection would be of value
if'différent_habitats support different densities of
individuals, or individuals of different qﬁalitf.

It is a l%ng held belief that if a smali mammai species
is found in‘an'érea or habitat in a dgreater abundance than
in another area or habitat it is because that animal prefers
the optimal area or hébitat (Findley, 1951; Quast, 1954;
Wecker, 1963; Grant, 1971; Kirkland and Griffin, 1974;.
Douglass, 1976; Dueser and Shugar:, '978;‘Partridge, 1978) .
Animals can be forced into suboptimal habitats due to inter-
or intra-specific competition, or they can select habitats
with few competitors. Intraspecific interaction associated

with high density in one habitat could be a reason for

animals to select other habitats where competition and
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possibly even predators are absent, as was observed by Grant
(1971) for M. pennsylvanicus.

Studies concerning habitat preferences of other small
mammal species revealed that smallémammals préfer a vuriety
of habitats for a vafiety of reasons. Morris (1955) an "
Richens (1974) Eoncluded that dense ground cover, fa len
trees, decaying logs, slash, heaved-out roots and stumps all
contribute to high small mammal densities. Morris (1979) |
‘indicated that sbgéies dénsity of small mammals in
southwestern Ontario was significantly correlated with the -
depth of dead grasses, leaves and other debris on the soil
éhrfacei Mean foliage hgight diversity was correlated with
species denSity; whereas most measures of horizbntalrhabitat
heterogeneity were not good predictors of speqieé numbers
(Morris, 1979). | | |

The white-footed mouse, Peromyscus leucopus, occurred
at sites with primarily deciduahs canopy, low density of
trees, high density of shrub-understory vegetation and low
shrub evergréenness, in a study in eastern Tennessee by
Dueser <nd Shugart (1978). The association of P. Jeucopus
with relativel& ﬁigh density of shrub-understory vegetation
Qas reported by other authoré (Klein, 1960; Getz, 1961; ‘
Smith and Speller, 1970; Myton, 1974; M'Closkey, 1975). The
golden mouse, OChPotomYS nuttallj, occﬁrred atglocations
© with densexground cover and denser than average undergrowth

yand with primarily evergreen canopy (Dueser and Shugart,

-1978).
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The woodland jumping mouse, Napacozapus insignis,
responded to a factor (s) other than the dominant vegetation
iKirkland and Griffin, 1974). Whitaker (1963) and Brower and
Cade (1566) notec . Dositive response of N. insignfs to
ground cover which is generally lacking in we;l\§haded
coniferous areas. Cover by wedgeleaf ceanothhs (Ceanothus
cuneatus (Hook.) Nutt.) was the preferred hab?tat4bf
PePomyscus truei (Quast, 1954) and if ceanothus was absent,
this species used rock hab1tats sheltered by l1ve oak
bushes, a habltat that more generally produced Peromyscus
boylii. Quast (1254) also observed that the tulare kangaroo
rat, Dipodomys heermanni tularensis (Merriam) was associated
with.bare or nearly bare soil and was not found in areas of
tall grass or heavy grass - lltter. Its greatest abundance
occurred on bare soil under the protectlve canopies of
ceanothus bushes/(Quaat 1954). Unlike D. heermanni M.
pennsylvanlcus dlsplayed a p051t1ve correlation between
populat1on den51ty and amount of graminoid cover (Eadie,
1953; Mossman, 1955; Zlmmerman, 1965; Getz, 1966).

The northern redbacked-vole, Clethr fonomys rutilus
(Pallas), occurs throughout the Eurasian taiga and the
mainland tundra and taiga of northwestern North America.;
Taiga populations have been studied in Alaska (Pruitt, 1968;
Whitney, 1976; 1977; West, 1979; 1982), Northwest
Territories (Martell, 1975; Dickinaon, 1976; Burns; 1980)
and the Soviet Union (eg. Koshkina and Korotkov, 1975). The

possibility ‘exists that different demographic patterns hold
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for C. rutilus in northern and southern portions of its
,:geographic range (West, 1982). The effect of varying
environmental factors on‘C. rutilus, and the‘idea that :
intra-specific demographic features should vary in response
to different environmental conditions, have been studied by
some authors (Koshkina and Korotkov, 1975; Lidicker, 1978;
Martell and Fulier, 1979).

Two central Alaskan studies, near the center.ef the
North American‘range of C. Putilus, Whitney (i956 1977) and
West (1979; 1982) shed light on habitat selection by C.
rutilus. Clethrionomys rutilus has been called the |
"Peromyscus of the horth” (Guthrie, 1965 in Whitney, 1976)
because they 11ve 1n a great varlety of habitats: north- and
south fac1ng spruce assoc1at10ns; all types of birch,
poplar, and alder assoelatlons; bogs and creek beds
(Whitney,»1976)..West (1979) referred,tovC. rutilus as'a
"habitat generalist" due to its occurrence in practically
all (98.0%) of the sites he trapped, whilé Whitney (1976)
considered C. rutijlus to have "a broad niche". The results
from my study agree with the earlier flndlngs of Whitney
(1976) and West (1979) - Clethr ionomys nu‘t‘llus was the
numerically dominant small mamma 1 species captured, and was
present in every habitat type on the study a.ea.

| Concerning tﬁe"biology of C. ﬁutilus, mosr authors (ie.
Koshkina and Korotkov, 1975; Martell, 1975; Whitney, 1976;
. West, 1979) agree that a tfpical year starts with a breeding

population in late April”orpearly May composed of

~
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overwintered animals born mostly in the previous August.
These voles produce up to'three litters before breeding
stops in late Auqust early September. All of the first
litter matures, a vériable proportiﬁn of the second litter
matures, and none of the third litter matures. Young of the
first two litters produce one.or two lipters, but none of
thése second generation voles mature until the start of the
next breedigg season.

Both KhlebniRov (1970) and Whitney (197§) observed
subnivean breeding in the winter and early sﬁring, which is
cohtrary to this study and fhat of West (1979), where no
evidence of winter bre;ding was observed. In their study of
'C. rutilus in Siberia, Koshkina and Korotkov (1975)
maintained that the timing of spring repfoduction and the
rafe éf maturation of the spring cohort are correlated with
the spring density of overwintered females. Low spring
density of overwintered females resulted in early
reproduction énd early maturation of fhe first,cohor;,
whereas high spring density of overwintered feméleg was
félldwed by late onset of breeding and late maturation of
the first cohort. Weak support was found for\tﬁis hypbﬁhesis
by Fﬁiler‘(1979) for Canadian populations of C. gapperi,
West (1982) for Alaskan populations of C. Pufilus and in
this study for Yukon populations of C. rutilus. Neither the
onset of spring reproduction nor the.number of reproducing |

first generation females was related closely to spring

density of oVerwintered_females. All first generation
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females matured quickly and, bred.

The C. rutilus pogulétion studied by West (1982)
followed an annual cycle oé'abundanéemin contrast to the
multiannual pattern proposed by Pruitt (1968). Whitney
(1976) also concluded that the population of C. Putilu; he
studied near Fairbanks exhibitea an annual cycle of |
abundance. West (1982) suggestéd>that consistency is not
found in peak fall densities, as Whitney (1976) Eoncluded,
but rather in the annual pe;iods of low density
chabacteristic‘ﬁf'spring and early summer. This observation
'is consistent with fhat'of this study where spting densities
were similar over three years. Thus, in central Alaska
(West, 1982) and in south-central Yukon, C. rutilus
undergoes a mafked annual cycle Qith variable peak fall
density. The determination of whether ;eak fall densitie;
océur at intervals of 3 - 4 years, or at irregular intervals

will require longer-term studies than the one conducted

here.

'THE "IDEAL" HABITAT 0 \

Habitat studies involviné Clethrionomys spp. indicate -
that the distribution of C. gapperi was closely correlated
with the presence of stumps, rotfingvlogs and root systems
in loose forest litter and sphaghum'moss (Gundersdn, 1959)f"
depth of dead grass, leaves and other debris (Morris, 1979},

and fallen trees and limbs, stumps, brush piles and boulders -

<

an
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(Miller and Getz,‘1952)..Kirkland'and Griffin (1974)
 concluded that C. gapperi responded to factors other than
domiﬁant vegetation, and suggested watef as the probable
factof. Butsch (1954, in Gunderson, 1959) and Miller and
Getz (1972; 1973) indicated that the lécal distribution of

: CIethrVonomys appeared to be controlled by fhe availability
of free water. Gunderson (1959), however, concluded that the
availability of free watef was not a limiting factor in
Clethrionomys distribution in his study-area (Cedar Creek
Forest, Anoka County, Minnesota). Clethrionomvs gapperi
appearéd to be more abundant.in areas with greater debris
cover owing to increasedvprotectjon‘from predation. The
amount of vegetative cover may also modify other-
envirqnmental factors such as micfocliméte'at the surface as
well as soil moisture énd temperature (Getz, 1970). Data
concerning the importance of these factors in'habitaf
preference are ;iﬁited in the literature.

Few studies have dealt with habitat preferences of C.
rutilus. West (1979) discussed C. rutilus habitat responses
to central Alaskan forest succession; Burns (]980)\anaiyzed
habitats of C. rutilus on islands in the Mackenzie River aﬁd
Martell (1975) sﬁudied thé«demography of tundra and taiga C.
rutilus in the'Northwest Territories, Canada.

If the ideal habitat for small northefn mammals were to
be described on the basis of those characteristics found in
the literature; it-woula consist of a mature forest (iverson

and Turner,'T‘j%) with fallen trees and foliage cover (Dyke,
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1971) and logs (Miller and Gg;z,:1972;'{973); There would be
high deﬁsity and diversity of shrubs (Iverson and Turner,
1973; Green, 1978) and brush piléé for protection from
predators and from the elements (Miller and Getz, 1972;

. 1973; Green; 1978). Saffi?ient quantities of food would be
present in thé form of fruits, seeds, mushrooms and
chlorophyllous material (Dyke; 1971; Vickery, 1979),
overwintered berries (West, 1982) and thick ‘moss for both
consumption and bedding material (West; 1977). _

‘When the habitats ihythis‘study.are compared with the
"ideél" small mammal habitat and ranked in order of what
should be the most appealing to small mammals,‘HabitatslII
.and II1 were clearly fhe msst similar to the "ideal". With
rggard to forest age, Habitats IT and II1 were the oldest
and ﬁost mature, wfth an age greater than 170 years. Much
debris in the form of fallen logs, trees and branches was
present in Habitat's II and III; very little was in Habitat
I, and varying amounts occurred in Habitats IV and V.
Habitaﬁs I and IV however, possessed the’highest shrub
abundance (Table 11), (which ig desirable from a C. gapperi
point of view (Iverson and Turj:;7—7§é3; Green, 1978)).

Food is certainly pf major importance in any
consideration of growth (Krebs and DeLong; 1965; Batzli and
Cole; 1979; Cole and Batéli, 1979; Batzli and Jung, 1980;
Krohne, 1980) and with regard to the diet of Clethrionomys
spp. and C. Putilus.in partigular, a study of the major food

items present within the habitat types reveals that
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preferfed foods were‘present in varying amoﬁnﬁs'in all
habitats. Ava{lability and abundance of major food items are
important in the selection or preference of habitats by
small mammals (Gunderson, 1959; Zimmerman, 1965; Meserve,
1976ka),(b);‘Holbrook} 1978; Vickéry, 1979; Batzli and .Jung,
19805 and large mammals (Petrides; 1975).

Although analysis of_stémach contents was not pa{t of
‘this study, Clethrionomys spp. are known to eat large
quahtities/of a limited number of fruits as well as seeds,
mushrooms, chlorophyllous material and arboreal lichens
(byké, 1971; Vickery, 1979). Kalela (1957) found that the
shoot tips and leaves of Betula, Empetrum nigrum, Vaccinium
uliginostm and Vaccinium vitis-idaea, the green parts of
‘Connus sp., Pedicularis\sp., Sol idago sp., Viola sp.,
Linnaea borealis, Rubus spp;, Pyrola sp., and Petasites sp.
werebimportant summer food species for C. rufocanus. These
genera plus other fruit- or seed-produciﬁg plants were
present in vérying amounts in the habitat types (see
Vegetation Results). Habitat III had a great abundance of
several of the fruit- or seed-producing genera, as did
Habitat V (Tables 11 and 12), whereas the abundance was not
as Qreat in the remaining habitats. |

YCIethnionomys gapperi (Dyke, 1971) and C. rutilus
(West, 1979) consume ground lichens only during winter and
sp;ing; thus, those habitats with an abundanégmof lichens
(ie. Habitéts I, IT and III) may constitute suéerior

overwintering places. Berries that overwinter (ie. E.
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nigrum, Ar'ctostaphylos uva-ursi, Geocaulon Iividum V.

ul igonosum) are 1mportant food resources in the sprlng pﬁrb:

)
P
~7

According to West (1982), C. Putllus in cent{al Alaskﬁ
,\N

depend upon berries as food during w1ntq;. Fru;t bearlng
plants in central Alaska, and.ln this study, typically
flower inqune and July and produce bérries in late summer
and fall,/réSulting in a superabundance of food in the fall.
Before this food resource can be exhaustedvby smallvmammals,
birds and ihsects, it is‘cuvered by snow. It then becomes |
thé exclusive property of small mammals because it is»
concealed’;pom birds, insects become inactive, and
decomposi%ibn.is essentially halted at prevailing subnivean
temperatu;}s. Thus, fall berry pruduction usually supplies a
substantial food supply throughout winter and early spring.
Concerning.the species of overwintering berries’ found
on the study area, Habitats I and IV appeared to haVe ﬁhe
greatest abundance with Habitats I1 and 111 the least
(Tables 11 and 12). Even thquéh Habitats II and III
possessed fewer berries than other habifats, the amouat
present may be sufficient to supply food during the winter
to the smal; mammal population. It is possible that winter
preference is different from summer preference and the
anlmals move from habitat to habitat, but only summmer use

- was measured in thls study.



West (1979) suggested'that moss,consumptionAprior £
growth of new summeny.vegetation was important to C. rutilus,
but whether it is indicative of limited food.availability_in'
early summer'or a matter of preference requires further
rinvestigation. If indeed moss is an essential component of
the winter diet. of C. rutilus then those habitats with an
abundance of moss species would be superior to.those'lacking
mosses.-In add1t1on to its value as food durlng w1nter a
suff1c1ently thick layer of moss may also be 1mportant as an'
area for escape from predators, and for conservatlon of
energy and the extra 1nsulat10n 1t prov1des under cond1t1ons'
of persistent cold (West, 1977). In my study area, however,
all habitat typeslbut Habitat I contained a‘substantialﬁuoss
layer (from 48% to 83%; Table 13). o ~ ,

With great consistency the greatest abundance of C.
rutilus was found in Habitats II and_IIl;'the least
abundance was recorded for Habitats I and IV, uith Habitat \
usually intermediate. The amount,of C. rutilus biomass
removed from the various habitats mirrors the relatfvev
abundance4of Qoles eaptured'in those habitat types. Since
more voles were captured in 1980, the'biomaSs,value was
greater in that year than in 1979. .

Snall rodent distributions, part1cular1y those OfJ
‘microtine rodents, have been shown to be- closely related to”
the type'and amount of vegetat1ve.cover (ie. Eadie, 1953;

,MOssman, 1955; Hodgson, 1972; B1rney et al., 1976). Habltats

II and III cons1sted of the most mature, least dlsturbed B
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forest in my study area. Iverson and TurnE} (1973) found the

greatest abundance of C. gappeni in mature forests; Habitat
I1 however, had the lowest shrub diVersity of any of the*
habitats; which‘is contrary\to the findings of Iverson and .,
Turner (1973) who found that areas’ w1th great shrub-
d1ver51ty had more voles than those of less shrub d1ver51ty
They go on to say however that it is not known what the.
1mportance of shrub diversity is to the an1mals.r

Miller and Getz (1972; 1973) concluded that the .primary

‘ ‘factor 1nfluenc1ng the local dlstrlbutlon of C. gapperi was

the amount of cover ava11able in the form of fallen trees
and logs, brush plles, and rocky areas. In a few places,
cover from low conlfer 11mbs may act in.a 51m11ar manner;
(Miller and Getz, 1972) . Protectlon ‘from predat1on is
v_assumed to be the prlmary reason for h1gh abundance in sites
with much cover (Mlller and Getz 1972). Habitat II‘con51sts
of mature A. 'IaSIocaPpa forest wh1ch is‘the oldest on the

study area (>175 years) and consequently contains much

'fallen debris and many downed trees. Habitat I on the other

vhand conszsts‘of very few downed trees and little debrls as

bit is composed of young P. contorta trees of less than 95 -
years or between 105 - 160 years of age (Archlbald and\
Russell, 1979) |

Green (1978) suggested that species composition and
'den51ty of the shrub understory, dens1ty of ground cover,
_ accumulatlon of leaf lltter and the presence of deadfall

\

were important habltat components associated with high

f
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numbers of C. gapperi. The shrub canopy in Habitats I and IV
was composed primarily of‘Salix spp. and young.A. Iasiocaﬁpé
which were associated with low numbers of C. putilus. The
presence of these shrubispecies and habitat factofs
associated with them may explain the low numbers of C.
rutilus in these. two habitats. Similarly, the lack of a.
substantial Shrub onderstory (shrubs lese than 2 m tali),.as
in Habitat I,‘limited litter accumulation and the lack of
deadfall in this habitat méy also explain the low abundence
of 'C.  rutilus. Conversely, the presence of Betula, Empetrum
Ledum and Vaccinium vrtls—ldaea in addition to Abjes and
Salix in the shrub canopy may explaln the relatively high
abundance of voles found in Habitats II'and III, and to}a
lesser extent in Habitat V.

Habitat I:was fhe dﬁ&est habitat, which may eaUse it to.
be avoided by C, rutilus. Getz (1968) has shown that C.
“ gappefi has a high water requirement because of a felatively
’inefficient kidney, and the same may be true of C. rutilus.
I1f so, mest C. Futflu; would be expected to occur only in<
those habitats in which free water is évailab;e, or where
adequate water can be obtained ie its food (Millerrand.Getz,
1973; Gunderson,‘1959); Although water aVailability_was not
measured dufing the study, standing water was observed
uthroughout the summer in all habitats bﬁt Habitat I. Mosses
were also observed to assist in retaining water after rains.
Habitat I had very llttle moss (approx1mately 7% cover; |

Table 13).
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Snow cover could play an 1mportanx role in explaining
‘greater abundances of volds in areas of deep and prolonged
snow cover (Formozov, 1946; Pruitt, 1957; Fuller, 1967;
Whitney, 1976; 1977; West, 1982). In upland sites, such as
Fabitat II, the snow lasts longer in the spring than in any
other habitat and thus could provide an extended period of
protection from predators for the.;oles before the growth of
new vegetation. If moisture and cover were limiting factors
'in preventing the establishment of voles igwcertain areas,
one might expect the species to move into upland sites when
snow was present.during the winter moths. The snow could
presumably be used as a direct source of moisture and would
"also afford protection from predation (Miller and Getz,
1972).

Since C. Putf]us*appears to be a habitat generalist

(West, 1979) and was the most abundant MUrid in all

s
s

habitats, it would seem reason-bhle that competition with
other species of small mamma.s is not a major factor in its
habitat preference. In my stadv area; the only habitat in
which interspecific competitior may occur is Hebitat v,
'where 17.6% of the fall catch consisted of M.
pennsylvanicus, the second most abﬁndant,murid; Microtus
pennsylvanicus is a grassland species (Hodgson, 1972; Birney
et al., 1976; West, 1979); however, it has been shown to be
capable of liviﬁa'in’forests (Cameron, 1964; Clough, 1964;
Morris, .1969). Of all M. pennsylvanicus captured (N = 34),

91.2% came from Habitats IV and V, perhaps because these
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habitats had the greatesf cover of grassee. The lack of
Microtus in habitats lacking open grassy areas reinforces
the view that in boreal forest, trophic specialization
restricts the range of suitable habitat for Microtus (West,
1979). |

The black spruce forest (Habitath) was considered
mature (Russell, personal communication) and as such,
according to Iverson and Turner (1973), snould have
contained a.high abundance of C. rutilus. Competition with
M.'pennsylvanicus (Cémeron, 1964; Clough, 1964; Grant, 1970)
or deficiencies in habitat guality could, quite possibly
have prevented C. rutilus from feaching and maintaining high
numbers in Habitat V.

Calhoun (1963) suggested that in a g1ven habitat some
epec1es may be domlnant over others and prevent them from °
entering traps until the dominant species has been removed.
Few members of other smail‘hammal species were captured
subsequent to the removal-of C. rutilus from the area et
every trap check, during the snap-trapping campaigns;

therefore, it is unlikely that the pftesence of C. rutilus

‘prevented other species from entering the traps. It is also

unlikely that other species prevented C. rutilus from
entering traps because‘even in habitats of few C. rutilus

(ie. Habitats I and IV) there was not a greater capture

success of other small mammal species, except the

Fan)

aforementioned M. pennsylvanicus eaptﬁfes in“ﬁgg??at Iv.



DEMOGRAPHY OF C. rutilus WITHV»REGARD TO HABITAT
RELATIONSHIPS |

Few studie; have beeh undertaken, and consequently
little information is available, concerning demographic
parameters of Clethrionomys in relation to habitat
preferencg. Therefore, with regard tovthe second measure of
habitat preference, few comparisons can be made between the
findings of this study and those of the literature.

Body size is a quantitative measure of response to
environmental conditions and hqbitat.quélity, and as such
wds analyzed to determine if body size varied among
habitats. No indication that habitat differences had any
effect on the body weights of eithef sex of C. rutilus was
observed. Mature voles wefe significantly heavier than
immature animals, as would be expeéted, but this difference
was nof habitat specific. |

Body length, on the other hand, did differ among
habitats. The mean body lengths of spring-caught voles found
in Habitats I, II and III in 1980 and Habitats II and III in
1981 were significantly longer than those of voles in the
remaining habitats (Appendix 15, -Table 29). Length, which is
a measure of skeletal development, is more likely to reflect
a‘genetic difference than is weight, which ié easily.
influenced By envirAnmen}aﬁ ?onditions. However, length' in
spring may also be a function of winter conditions,
especially ;he thermal regime ip the .subnivean envi;onment

(Formozov, 1946; Pruitt, 1957). I have very:f§?5¥é
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information concerning snow cover and depth in this study;
howe&er, snow lasted loﬂger in upland sites, such as Habitat
IT and the higher elevations of Habitat III. In addition to
providing an extended period of protection from predators
(Miller and Getz, 1972), the persistent snow cover couid
élso have allowed the animais in thoée areas exclusivé
access to overwintefed berries (West, 1982), thus
facilitaﬁing growth.

Spring temperature is the primary determinant of the
date of disappearance of the snow cover,{and‘in concert with
photoperiod, initiafes new vegetative growth. The éombined
action of snow cover, iight, and food probably influerces
the growth of microtine rodents in early spring. Habitat
differences did not seem to influence the quality of
~fall—caught C. Futilus.as reflected by body length, which
indicates that all habitats supported growth during gummer,
regardless of the a5unda5ce of animals in those habitats.

The use of certain habitats by smail rodents and
‘differences in vegetation among the habitat types may |
reflect the quality and Availability of food to C. rutilus
and in turn, may influence the condition K) of small ‘
rodents in these areas. According to'khis measure of
condition, the condition of C. Putilﬁs tendéd not to differ
"significantly among habitat types. With'consistency in all
habitats, mature C. rutilus appeared to be inwbetter_’
condition than iﬁmature'animals. Mature females in Habitat

III were apparently in better cendition than those in
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‘Habitat IVt A difference in the abundance and variety of
food could‘ptovioe:an explanation for this difference. -
Populatlon den51ty (Scheffer, 1955; Kalela, 1957;
:Chrlstlan T961; Cbltty and Chltty, 1862; Sheope, 1963}
pKrebsf 1964; Bergstedt;'1965; Krebs and Myers, 1974) and
-stfeSS (Scheffer‘ 1955-*Christian 1971) are other factors
. that can affect the body welght and consequently the o
condition (K) of an animal. If the observed weight is less
than predihted weight, then K will-be.{1, and the animal
would'be'considered'in poor condition. Accordlng to Krebs
and Myers (1974),vcondition was "poor" in anrea51ng
populations and "average" to good" in dec11n1ng populatlons
-of Microtus ochﬂégasten, a species which undergoes CYCllC
population fluctuations.-since the abundance of C. rutilus
was dgreater in Habitats 11 ana II1I, one conld argue that
animals in thdse-habitats yould-be in ipoor; éongition |
because of competition for,foog\fesources and matesf*ano
increased stress, but such w not the case. In this'studi?*
habitat differences did no@‘app ar to influence the
condition of qhe animals. VL“_/)’ |
| Since 1t was de51rabl% to determine an index of
population abundance before\and after breedlng, trapplng was
conducted in the spring and ;all The onset and termination’
of bfhedlng may vary somewhat - from year to year wath weather.
conditions, food supply or - other factors (Venables and

Venables, 1965) Several studies (Plnter, 1968; Dyke, 1971;

Cole and Batzli, 1979; Krohne, 1980; Batzli and Jung, 1981)
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have'shoﬁn fhat_quality of natural foods affects
reproduction in voles and lemmings. |

The litter size of rodents may be affected by a variety
of factors including season of the year, body ;eight of -
female, and age and parity of female (Reading, 1966; Krebs
- and Myers, 1974). The size of litters observed in this study
varled w1th the season and the body weight and age of the
.female. In the present study, the mean litter size of OW
females in the spring was smaller than that found in the
fall (Tables 38 and 40) whlch is contrary to the findings of
Koshkina and Korotkqv (1975) in the Salair Foothills in.
Siberia, where OW females produced larger mean-litters in
May than July. The first litter of the breeding season was
conceived duringsthe first two weeks of May . (Table 36) when
much of the ground was still snow-covered. Consequehtly, the
effective daylength under the snow[would'have been sharter
than the .daylength during the period when the lasf_litter
was conceived in late July and early Augusf. This may help
explain whyvthe initial litters were smaller than subsequent
-litters.

) As was observed by Koshklna and Korotkov (1975)
Dicklnson 1976) and Fuller (1977b), overwintered females
had significantly larger‘litters fhan young-of-the-year
females. This was pfobably in paﬁ% a'functionvof the~lérger
body size of OW fémales. Innfhose OW females that had two
1itters durihg the breeding seasoh (Table 40) ,she eecond-

litter was usually .larger than the first, but\no
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: sigﬁificantly so, even though the mean %eight of the females
~yes_gfeater in-July‘ehd in the fall than\én.May; over alt
habitats. , aE s b o

Females in no one partlcular habltat\produced larger
litters or more frequent litters and the number of young per
100 trap nights was not significantly diffe;ent aMong any of
the habitats. Although'more,litters were'prJHuced in
Habitats II and III than in the other Hebitats; that is
merely a reflection of the number ofvbteeding females
\present within those two habltats. When age class II mature
females areicon51dered, the reproductlve output per female
was lower in Habitats II and III than in the other habltats.
This eould‘perhaps be due to competition between the older
OW females and age class II females for established home
ranges as was observed by Kalela (1557) for Clethﬁfonomys
rufocanus.

Puberty occurs at a very early age in some microtines

and the age at puberty in some spec1es has been shown to be

influenced by diet, the social environment, photoperiod,

(Hasler, 1975), and lighr “7Zensity and wavelength (Evernaen
ahd Fuller, 1972). The ra- magﬁrat}on and degree of
participationvin breedir.g ¢ ng-of-the-year animals is
the most changeable incicaccr ° =he intensi:y of ’
feﬁroduction of C. rutilus (k- 2 2 I Korotkov, 1975).
Its variability is‘closely tiec ¢ .2nsi.- of -»pulation

(Krebs and MyerS} 1974; Koshkina . nd lorotkov,. 1375; Fuller,

1979). In years of low individual de-- :y of >verwintered
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-females there is a rapid development of young, and their
early inclusion into the breeding population. Conversely,vin
years of maximum initial numbers of overwintered femalés,
maturation of the young is delayed (Koshkina and Korotkowv,
1975). | | |

§pring densities were hot significantly'aifferent over
the three years studied, yet the matu;ation rate of
~young-of-the-year differed in the two summers studied. This
indicétes ﬁﬁerefore, that maturation was independent of
spring density; which is contrary to thelfihdings of
Kbshkina-and Korotkov (1975). Every animal born in early
_spring maturea in the year of ifs birth.independént of
spring density; however, a variable propértion of members of
1ater‘litters.matured. In 1979, fewer males-than females
matured in age class II (13.5%,ma1e‘g§ 31.8% female) and in
age classes II and III combinéd (15.8% male vs 60.5%
female). These data.are consistent with Koshkina and
Korotkov's (1975) findings where the maturation of young
males wés delayed to a greater dééree than that of females'
in populations of increasing density; In 1980 however, a
year of greater vole abundance in the fall, a largér.
proportion of males (38.5%) than females (17.6%)-matﬁred in”
ége class II. For ége clésses II and IITI combined, males and
females matured at roughly equal rates (41.4% %ale'g§ 44.,4%
female). These data are more in line with Fuller's (1979)
study of C. gapperi in which mq&es matured at a greafeﬁ rate

than females, but contradict the conclusions drawn by Kalela

N
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(1957) for C. rufocanus and Koshkina and Korotkov (1975) for

&

C. rutilus. ' .

Differences in habitats could explain the differences
in the maturation rate of age class II'animals becahse only
in Habitats I1I and III was there a greater proportion of
mature males than females in age class II. Increased
aggressiveness due to competition for food, nesting sites
and mates,ih'those habitats with relatively little debris
"and vegetétion cover (ie. Habitats I, IV and V) could
adVersély affect gonad activity, inhibiting maturatioh, as
was found by Clarke (1956) in studies of M. agrestis. The
greater proportion of mafure age cléss II males in Habitats
IT and III could be because the quality of these two
habitats is superior to the others with regard to more
resources and more debris cover. In addition, there were
very few age class III and OW males alive in Habitats II and
II1 when age class II males became mature and entered the
breeding population, thus reducing competitive encounters
among the malés of these threé_age classes.

As has been discussed by'Pihter (1968), Sealander
(1972) and West (1979), the“gequence of-maturation is
consistent with'the view tha photoperiod is an importént
régulatory cue. for reproductioh in C. rutilus. Overwintered
and early cohort females exposéd to increasing and longer
daylength enter.reproduétive condition, whereas
late-summer-born females encounter decreasing and shorter

daylengths and do not mature séxualLy. There would be no
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“habitat dlfferences in this regard as all habltats would be

exposed to similar daylength perlods



CONCLUSION

4

'In summary, if the habitats arer nked according to
vole demographic variabies, Habitats II/and II1 appeared to
be the most favourable with réference 0 both animal
abundance and quality. Table.45'ou£lines those demographié
‘parameters of C. rutilus that were significantly different
amoné the habitat types. |

Small mammal distributions, part;cularly those of
microtine rodents,'havé been shown to be closely related to
the type and amount of vegetative cover (eg. Eadie, 1953;
Mossman, 1955; Hodgson, 1972; Birney et al., 1976). Habitats
I1 and III consisted of the most mature, least disturbeé\
forests in my study area. Miller and Getz (1972} 1973) \

v

~concluded that the primary factor influencing the local

\

distribution of'CIethPionomys gapperi was the amount of \
_ j
m.0f fallen trees and logs, brush(

cover available ip

\

piles and rocky arewms. érotectidn‘from predation is assumed
to be the primary reason for greater abundance in sites wifh
more cover. | .

- Habitats II and III possessed much debrié and the plant
species afforded ground cover for the resident voles. Voles
may also prefer habitats where free water is available as

standing water, or where adequate water can be obtained

through food, as this has been shown to be a limiting factor

101
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in C. gapbeﬁi abundance (Miller and Getz, 1973' Gundérson,
1959). All habltats except Habitat I were known to possess
at least some amount of standing water, with Habitats IT and
IIT usually possessing more than the remaining habitats. |

Snow cover could play an important role in explaihingv
differences in abundances of voles, especially duripg
sp;ing. In uplahd sites, such as ‘Habitat Ii,.sno& lssts
longer in the spring than in any other habitat and thus
could provide an extended periodléf protection from
pfedators for the voles while awaiting the growtﬁ.of new
vegetation. If shortage of moisture and cover'prevents the
establishment of voles in certain areas, one m1ght expect
the spec1es to move into sites where snow per51sts in early
spring. Snow could presumably be used as a direct source of .
‘moisture and would also afford protectioﬁ fmom-predation
(Miller and Getz, 1972). ;

Clethrionomy rutilus is a habitat generalist and as
others have_noted;nfof‘Cle%hrionomys spp. in general,
preferences, if any, are weakly expressed. Habitats II and
I11 appeared to be the most favourable with’;eference to
both animal abundance and quality, and as such may be
selected for by C. rutilus. Either survival is greater in
these two areas or dispersal into them is greater than into

other habitat types./,««\
‘When ranking the demographic variables of (. rutilus to.

the habitats, a ranking of 1 is best; consequégiiy the best

phy, are

"quality" habitats, with regard to animailgemogr



those with the loWest mean rank{ Since Habitats II and III
had‘the lowest mean rank t appeared to be the bétte: s
quality habitats which was reflected by C. rutilus

demographic variables.
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Table 1. Approximate dates of disappearance of snow and

first snow on the habitats of the study area.

)
Event Habitat
I II III IV v
Last Snow
1979 May 23 June 10 ‘June. 4 June 1 May 25
1980 May 16 June 3 Méy 26 May 24 May 18
1981 May 23 June 7 June 2 May 37 May 25
First Snow
1979 Sept 8 Sept .8 Sept 8 Sept 8 Sept 8
1980 Sept 6 = Sept 6 Sept 6 Sept 6 Sept 6
Snow-free
. Days S
1979 108 91 g7 99 107
1980 114 96 104 106 2
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Table 3. Date On Which Snap Traps Were Set.

107

. 1979 1980 1981
: Trapline
Habitat\xmiNumber May June Sept May Sept May
i 1 23 7 16 7° 23
' 2 27 7 16 7 23
3 12 15 24 15 31
4 12, 15 24 15 31
2 . 25 9 18 9 25
2 25 9 18 9 25
3 26 10 19 10 26
4 26 10 19 10 26
3 1 12 12 23 14 30
2 1 14 23 14 30
3 2 13 22 13 29
4 2 13 22 13 29
4 B 11 11 20 27
2 11 11 . 20 1 27
3 11 12 21 12 28
4 11 1 21 12 28
5 1 21 5 14 5 21
2 21 5 14 5 21
3 22 6 15 6 22 .
4 22 6 15 6 22




Table 4.

traps per vegetation type.

Length of live- trapplng transects with number of

108

Transect Length (m) # bf Traps Per Vegetation Type
IR | T
- I 11 111 1V v
2 - 3074 33 17 0 43 13
5 2523 28 30 25 4 0
6 2262 46 14 o 4 9
7 2000 46 18 3 2 0
Total 153 79 33 53 22
% of Total 45.0  23.0 10.0 16. 6.0
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Table 5; Area of habitat types and percentage of
. live-trapping effort by habitat.

Habitat
I - II. 11T IV \
Area (ha) - 709.2  416.9  235.2  200.9 ° 145.7
% of Total . 40.0 23.5 . 13.3 11.3 8.2
o S o ~
% of Trapping 44.9 - 24.7 - 13.3 111 6.0

Effort




-

. Table 6. Dates On'Which'Live—Traps Were Set.

Rota Number

110

Transect 1 2 3 6 o 7
1979
2 June July  July = Auyg
10 1 22 12
5 June July  July Aug
13. 4 25 15
6 June JulY~ July Aug
16 7 28 18
. o 3
7 June July  July "Aug (
19 10 371 21
[
. 1980
5 June June  July July  Aug Aug  Sept'
“ 9 ¢ 23 .7 21 4 19 21
6 June 'July July>‘ July . Aug Aug Sept'
9 23 7 : 19 20

21 4

- 'Snap-traps replaced live-traps.



Table 7. Marked animals removed by snap trapping the
: live-trap sites.g

Number of Number Recovered 'Percent
Animals Marked During Snap-Trapping Recovered

Females 58 ‘ 23 ' 39.7

Males 97 - 45 - 46.4




- Table 8. Summary of the discriminant function analeis'
. showing the significance of the variables chosen
and percent variance explained by the functions.
i

!
|
{

Speéies | | | Significance
Pleunozium.schnebebi | 0.0001
Equisetum arvense | . ' 0.0000
Gramineae sp. - . 0.0000
Mitella nuda " ' : 0.0000
_ ’ Percent of ‘ Cumulative
‘Function Variance ; : Percent
1 : ' .83.16 B3.16
2 ‘ - 13.64 - 96.80
3 | 2.63 99.43
4 .  o.57 © 100.00

'See methods section for details of discriminant function
analysis. . _ £
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Table 14.

Number of individuals, number of species,
diversity, and evenness of species captured in the
spring trapping sessions.
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Habitat
Year I I1I ~III IV Vv Total
Number in Sample (N)
1979 8 17 14 8 16 63
1980 3 11 12 9 7 42
1981 4 12 10 . 10 12 48
‘ | .
Number of Species (S)
1879 1 2 2 5 5
1980 1 2 3 2 5
1981 2 2 3 4 6
" Diversity (H)
1979 0 0.67 0.37 .06 1.72 1.11
1980 -0 0.44 1.19. .50 0.59 0.96
1981 0.81 0.41 0.92 .47 1.55 1.21
_Evenness (J)
3979 ‘0 0.67" 0.37 .67 0.74 0.48
1980 0 0.44 0.75 - .50 0.59 0.41
1981 0.81 0.41 0.58 .47 9.78 0.47




Table 15. Number of individuals, number J&f Species,

diversity, and evennéss of s
fall trapping sessions.
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pecies captured in the

Habitat
Year I IR 33 8% v Total
Number in Sample (N)

1979 25 61 58 25 46 215
1980 a4 84 70 a2 67 307
Number of Species (S)

1979 4 4 3. 3 6 7
1980 3 4 5 4 6 8
Diversity (H)

1979 1.03 0.45 0.34  0.79 1.36 0.92
1980 0.67 0.35 0.51 0.77 1.22 0.78
Evenness (J)

1979 0.51 0.22 0.22  0.50  0.53 0.33
1980 0.33 0:.17 0.22 0.39 0.44 0.26
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"Table 16. Species diversify (H) and evenness (J) of small
' mammals captured in the study area during spring
trapping; 1979,1980 and 1981 combined.

Species Habitat
1 11 111 v v Total
C. rutilus 14 35 29 23 22 123
L. sibiricus 0 5 0 0 2 7
M. pennsylvanicus 0 0 1 2 5 8
- M. longicaudus 1 0 0 0 0 1
P. intermedius 0 0 4 1 4 « 9
S. borealis 0 0 1 0 2 3
- Sorex cinereus 0 0 1 1 0 2
# of Individuals 15 40 3 27 35 153
# of Species 2 2 5 4 5 7.
H (Diversity) 0.35 0.54 1.03 0.83 1.65 1.16
J (Evenness) - 0.35 0.45 .0.41 0.71 0.41.
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Table 17. Species diversity (H) and evenness (J) of small
mammals captured in the study area dur1ng fall
trapplng, 1979 and 1980 combined.

Species ’ Habitat

I IT . III, IV \4 Total
C. rutilus 59 137 120 57 83 456
L. sibiricus .0 3 4 [0} 2 9
M. pennsylvanicus = 0 2 - 1 6 19 28 -
M. longicaudus 0 o . 0 1 0 1
P. intermedius 3 1 0 0 2 6.
S. boréalis - 0 0 1 0 3 4
Sorex cinereus 5 1 - 2 0 2 10
S. obscurus 2 1 0 3 2 8
# of Individuals 69 145 128 67 113 . 522
# of Species 4 6 5 4 7 8
H (Diversity) 0.81 0.43 0.45 0.80 1.31 0.84

J (Evenness) - 0.41 0.17 0.19 0.40 0.47 0.28
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rD values and percentage of total rD attributed to

Table 20.
various pairs of habitats.
- | Spring . Fall
(Years Combined) ' (Years Combined)

Habitats Rank rD % Rank ~  rD %
I-V 1 36.30 28.8 1 12.64  30.9
I-II1I 2 18.64  14.8 7 1.25 3.1
I-1V 3 12.12 9.6 3 ' B8.03 19.6
1V-V 4 11.72 9.3 2 8.80 21.5
II-111 5 10.83 8.6 8 0.89 2.2
I1-v 6 10.81 8.6 5 - 2.17 5.3
I-11 7 8.64 6.9 9.5 - 0 S0
I1I-1V 8 7.65 6.1 9.5 0 0
I11-V 9 . 5.74 4.6 4 5.09 12.5
I11-1V 0 3.51 2.8 6 2.00 4.9°
z - 125.96 40.87
X 12.60 4.09
Sx. 9,28 4,37
S.E. 2.94 1.38
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Table 21. Results of the Student- Newman Keuls Procedure for
: the fall (1979, 1980) mean ‘captures per trapline
of C rutilus. Sexes combined.
A) All Ages Combined

B)

C)

D)

Habitat o Iv I \ 111 11

Mean Capture 7.13 7.38 10.38 15.00 17.13

Age Class 11

Habitat IV I v 111 11

Mean Capture ‘ 2.00 3.00 4.75 6.25 7.13

"ge Class 111

Habitat I v 1V 11 I11

Mean Capture 0.25 0.63 1.25 1.25 1.63

Acez Classes II & IIl Combined

Habi:at I v v 111 I1
3.25 5.38 7.88 8.38

Mean Capture 3.25
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Table 22. Results of the Student-Newman-Keuls Procedure for
: ptures of C. rutilus.

the fall (1979, 1980) mean ca

males in 150 T.N.

A) All Ages Combined

Habitat . IV I \% III I1

Mean Capture 3.63 4.50 4,75 8.13 9.13
B) Age Class II

Habitat v I v 111 I1

-Mean Capture 1.50 2.00 2.63 4.50 4,50
C) Age Classes II & III Combined

Habitat Iv I v o 11 111

Mean Capture 1.63 2.13 2.63 4.88

4.63

70
A\




|
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\ ‘Table 23. Results of the Student-Newman-Keuls Procedure for

?ﬁ) All Ages Combined

the fall (1979, 1980) mean

females in 150 T.N.

oo

captures of C. rutilus

‘B)

c)

Iv

Habitat I \% 111 II
Mean Captgre 2.88 3.50 5.63 6.88 8.00
Age Class 11

Habitat v I IFI .. v " II
Mean Capture 0.50 1.00 “1.75 2.13 2.63
Age Classes II & III oumbined

Habitat R | v . v 111 11
Mean Capture . 1.13 1.63 2.75 3.00 3.75

0

.
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Table 24. Results of the Student-Newman-Keuls Procedure for
the fall (1979 and 1980) mean trapline captures of
C. rutjlus. All age classes combined (F=female,

M=male).

I-F  IV-F IV-M I-M V-M  V-F III-F II-F III-M II-M

2.88  3.50 3.63 4.50 4.75 .5.63 6.88 8.00 8.13 9.13
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Table 28. The Student-Newman-Keuls Procedure for the fall
: (1979,1980) biomass of C. rutilus, in 1200 T.N.
following a one-way analysis of variance.

-

A) Sexes Combined

‘Habitat ,
Mean Biomass

B) Males

Habitat
Mean Biomass

C) Females

Habitat
Mean Biomass

I11 11
149.88 178.88

III 11 -
157.30  182.19

I v \Y
73.40 74.13 106.44
v I \
70.54 87.93 95.54
I : v . v
58.88 - 77.71 117,34

IIT 11
142.45 - 175.58

-~
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Table 29. The Student-Newman-Keuls Procedure for the spring

body length of C. rutilus,in 1200 T.N. following
an analysis of covariance. :

- @

1979 |
Habitat v I 11 111 - 1V
Mean Body - 101.56 . 102.13 104. 14 105.08 .106.20
Length . : _ : ‘

1980
Habitat v v 1 111 11
Mean Body 94.50 98.67 101.67 102.38 103.50
Length » : ‘ ‘ ; '

9 - \
1981

Length

Habitat 1 v o IVzé"‘T;é% 11
Mean Body 98.67 . 99.86 101.\\ 02.63 102.64
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' Table 35. The‘Studédf;‘”j{ ls'Proqedure for the mean
‘ - condition,, ¥ of mature (m) and immmature
(i) . early le C. pgutilus, in 1200 T.N.

following a nalysifh ¢f variance. Roman
numerals for

2

-

Iv v IIT . II I w11 v 1 111
(1) (1) (i) (i) (1) (m) (m) (m) (m) (m)

0.85 0.97 1.00 1.02 1.07 1.27\1.31 1.3¢ 1.35  1.43
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Table 36. Dates of reproductive activities of female C.
rutilus calculated by back-dating, based on a

gestation period of 17 days.

¥

144

[ .
Habitat
| .
I 11 ‘11T v v
Earliest Pregnahcy .
1979 ’- : ' May May May' May -
S 7-8 S 13 13-15
1980 > . - May May. May May
o 3-4 9 6 7
1981 - May*  May  May May
12 13 13-14 . 10-12
Last Pregnancy
1979 - Sept - - Sept '~ Sept
12 15 7

. 1880 Sept




Table 37. Pregnancy rates in the fall 1979 and 1980 combined :
sample of C., rutilus. Includes those a#imals

captured in snap-trapping of habitats and
'~ snap-trapping of live-trap lines.

Reproductive Condition

Habitat

145

and Age Class
I II III IV v
Number in Sample:

Age Class II 21 36 21 7 22

Age Class III - _ 8 20 12 99

Age Class IV(OW) 4 10 4 4 ,
% of Females With 1 Litter:

Age Class I1I 14.3 8.3 14.3 14.3  27.3

Age Class III . - 37.5 45.0 42.9 77.8 33.3

Age Class IV(OW) 0.0 40.0 0.0 0.0 50.0
% of Females With 2 Litters: |

o | _

Age Class 1II 4.8 2.8 0.0 14.3 ° 13.6

-Age Class III " 62.5 - 55.0 57.1 22,2 66.7

Age Class IV(OW) 100.0 60.0 100.0 100.0 50.0
% of Immature Females: )

Age Class 1I1I 80.9 88.9 85.7 71.4 . 59.1

Age Class III ) 0.0 0.0 0.0 0.0 0.0

Age Class IV(OW) - 0.0 0.0 0.0 0.0 0.0
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Table 39. The Student-Newman-Keuls Procedure for the mean
number of embryos in the last litter of age class
"II1 C. rutilus, following a one-way analysis of
variance. Fall 1979 and 1980 Combined  —

.

Habitat
I \ 1: 111 - 1v:¥,
‘Mean Number of o ‘ |
"Embryos in o 4.63 .5.83 6.09 6.64 = 7.67
Last Litter B RS .
- 1]
R 5
‘;‘:n’ﬁi’e’f:;‘t’: O ; i <
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" Table 41.

151

. "J Ty o R
Weighted average output offéﬁ%fyﬁs per female in

the combined 1979 and 1980 fall sample, by habitat
and age. ‘ o .

.\\
Age Class. Habitat
I II ' III Iv : . \"%
A : o o :
II 0.76  .0.42° 0.25 1.13 2.74
111 1.81 2.86 3.76 4.21  1.95
oW 2.16 2.18 1.65 2.70 © 0.84
= rotal 4,73 5.46 5.66 . 8.04 5,53

et
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“Table 44.2§roportion'of males, by age class of C. rutilus

emoved from the live-trap lines during the
seventh rota, 1980. Sample size, male and female
combined, in parentheses. o

Habitat e . Age Categories ;:3‘
I ' Ir 111 IV
I 0.60 (35)  0.63 (35)  0.00 (7) 0.25 (4)
11 0.47 (17)  0.66 (44)  0.08 (12)  0.57 (7)
111, 0.36 (18)  0.73 (26)  0.25 (5) 0.60 (5)
v- 1.00 (4) 0.40 (5)  1.00 (1) 0.00 " L1)
v 0.75 (4)  0.50 (10)  0.00 (1)  0.00 (0)
Total 0.56 (73) 0.64 (120) 0.12 (26) 0.47 (17)
- Gp 0.86 v 9,77 17.40" 0.06

'P<0.005
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Table 45. Habitat ranking with regard to those demographic
variables of C. rutilus significantly different

A
"Habitat

C. rutilus Characteristic I 11 II1 v v
Abundance 4 1 2 5 3
Biomass

Spring 5 1 2 3 4

"Fall 5 1. 2 4 3

Body Lengths :

Spring 1979 4 3 2 1 5

[

&) )

§§%ing 1980 ° 3 1 2 5 4

. Spring 1981 5 1 2 3 4

Maturity of Age Class I1I

Males .o 5 2 1 - 4 3

Females 3 5 4 2 1

-0 ‘ ) ) .

Reproductive Output ‘ A

# of Embryos/Female 2 5 1 3 4

Output/100 T.N.. 5 1 2 4 3
Mean Rank 4.1 2.1 2.0 3.4 3.4

%
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Appendix 2

?
Vegetation Observation Card
Date: \ Observer: )
Location: Marten Activity:
.
Dominant Overstory Species: ' ?O cm d.b.h. )
% canopy cover: -
Dominant understbry spécies:
% canopy cover:
Dominant shrub species: _
Soil regime: Xeric Mesic ‘Hydric '
Snow conditions: depth (cm)\ texturé
Aspcect: + Slope: ' N flevation:'
Plant checklist: .
Alnus \cz’ispa Mitella " Rubus cham.
Afctosia;kglos rub. roneses Senecto
Corcz sp. - Pedic. lab. ’ Sphagnum
Erulcetum fluv. “Petasites Viola
Fquicetum silvat. Pinus cont. : Epilobium ang.
Crawvmminae Poten. fruticosa Clad. mitis
Linvea torealis Poten. palustris Clad. pod.
Lupi»us arcticus Pyrola Clad. alp.
Lucorodium jf o Ranunculus '~ Nephrom
Mertensgia © Rosa acie. .

Peltigera Rubus arct.

|
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Appendix 3

Mean catch per 100 trap nights per trapline

of C. rutilus on 4 traplines in each
in ‘the study area

habitat found
during spring

and fall trapping

177

) (sexes combined).
Habitat Year Spring Fall
Mean + S.E. Méan + .B.
(n=4) , (n=
o &
I 1979 0.34 + 0.28 0.83 + 0.25
1980 0.13 + 0.04 1.63 + 0.14
1981 0.13 + 0.08
S~ i Y
I1I 1979 0.59 + 0.14 2.33 + 1.35
1980 0.38 £ 0,13 3.33 + 0.35
1981 0.46 + 0.30 ‘
II1I 1979 0.54 + 0.14 2.29 + 0.36
1980 0.33 + 0.18 2.71 + 0.42
1981 0.34 + 0.15
IV 1979 0.25 + 0.11 .88 + 0.16
1980 0.33 + 0,12 1.50 + 0.33
1981 0.38 + 0.08
\% 1979 0.38 + 0.17 1.30 + 0.13 °
1980 0.25 + 0,11 2.17 + 0.49
1981 0.29 + 0.08

b




Two-way analysis of variance for the fall

£
Source of

Appendix 4

1979 and 1980 trapline captures
of C. rutilus.

178

Variation SS af MS F P
Treatment 350.05 9 38.8Y,
Habitat 325.05 4 81.26 12.07 P<0.001
Sex . 8.45 1 8.45 1.26 N.S.
Interactioﬁ 5.00 4 1.25 -0.19 N.S.
Error 470.75 70 6.73
Total 820.80 79




Appendix 5
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Replicated Goodness of Fit Test (G-Statistic .
corrected for continuity) for the spring sex ratios.

!

Heterogeneity Pooled Total
(Gh) - (Gp) (Gt)
d.f 4 1 '5
1979 : 7.99 1.00 8.59
1980 0.95 0.26 1.21
1981 1.28 0.24 1.52
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Appendix 6

Proportibn of males, based on indéx—traﬁping of
habitats, for the spring trapping sessions.
Sample size in parentheses.

Habitat

Year I I1 111 v, v "Pooled
1979 0.50 0.57 0.38 0.60  1.00  0.59
_, (8) (12) (13) (5) () (49)
1980 0.67  0.70 0.50 - 0.38 -  0.67 0.57
(3) (10) (8) (8) (6). .. (35)

1981 0.67 0.64 . 0.62 0.67 0.29  0.58
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Appendix 7 “ : ¢

Sex ratios and-replicated Goodness of Fit results
(G-Statistic corrected for continuity) for the
summer 1980 captures of C. rutilus pooled over:-

five habitats. Degrees of freedom in parentheses.

G-Statistic

Age *Proportior - R

Class of Males N Gh Gp Gt

I ‘0.58' 36 0.59(4)  0.45(1)  1.04(5)
11 0:71 24 2.08(2)  2.72(1)  4.76(3)
111 0.33 3 0.00(0) | 0.06(1) 0.00(1)
IV 0.56 34 0.47(4) 0.12(1)  0.59(5)
II+III 0.67 27 2.35(2)  1.84(1)  4.18(3)
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Appendix 8

Replicated Goodness of Fit Test (G-Statistic) for the sex .
ratios of the C. rutilus removed from the live-trap
“lines in 1980. Degrees of freedom in parentheses.

\ : G-Statistic

Age : Proportion

Class of Males N Gh Gp Gt

I 0.57 72 3.42 1.13 4.54
I ' 0.64 120 1.91 .  8.64° 10.55
111 0.12 26 2.43 12.09:? 14,52

!
IV 0.47 17 0. 0.06 0.25
g ,
II+III 0.55 146 1.29 0.99 2.27

'P<0.025

2p<0.005



Appendix 9

Two-way analysis of variance for the biomass .
of the 1979, 1980 and 1981 spring
trapline captures of C. rutilus
(sexes combined).

183

Source of :

Varisation SS - df . Ms F P
: °

. Treatment - 26938.43 14  1924.17
Habitat 17056.35 4  4264.09 1.97 N.S.
Year 4915.31 2 2457.65 1.14 N.S.
Interaction .  4966.77 8 ° 620.85 0.29 N.S.

Error | . -~ 97436.19 45  2165.25

Total 124374.62 59
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Two-way analysis of variance for the body

Appendix 12

weights of the 1979 and 1980 combined
fall sample of mature and immature
male C. rutilus (early cohort).

Source of

188

Variation SS af MS F P
Treatment 109.60 9 12.18 2.77 P<0.01
Habitat . 15.13 4 3.78 0.86 ~ N.S.
Maturity .94 1 74.94 17.04 = P<0.001
Interaction 21,1 4 5. 35 1,27 N.S.
Error £10.73 116 4.40
619.89 125

Total
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® Appendix 13

}
Two-way analysis of variance for the. body
weights of the 1979 and 1980 combined
fall sample of mature and immature
female C. rutilus (early cohort).

Source’ of !

Variation SS . df MS F - P
Treatment 2093.72 9 232.64
| Habitat 79.10 4 18.78 2.09 N.S.
Maturity 1483.75 1 1483.75 '156.71 P<0.001
Interaction 61,18 4 15.29 1.62 N.S.
Error - 823.74 : 87 9.47
/

Total 2917.47 96
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Two-way analysis of variance. for the body
weights of the 1979 and 1980 combined
tall sample of C. rutilus

Source of

Appendix 14

(late cohort).

190

“Variation SS af MS F P
Treatment »51.38 9 5.71
Habitat 39.15 4 9.79 1.19 N.S.
Sex 6.36 1 6.36 0.77 N.S
Interaction 5.87 4 1.47 0.18 N.S.
Error 1561.64 188 8.22 |
Total 1613.02 197
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Appendix 16 ‘ o

h g

Two-way analysis of variance for the body
lengths of the 1979 and 1980 combined
fall sample of mature and immature
male C. rutilus (early cohort).

g
Source of )
Variation - SS daf ‘MS F - P
Treatment ~ 174,03 9 19.34
Habitat 41.33 & 10.33 1,12 N.S.
Maturity 73.01 1 - 73.01 7.91 P<0.01
Interaction 34.84 4 8.71 0.94 N.S.
Error ' 1079.73 117 9.23
Total _ . ‘\ 1253.76 126




Two-way analysis of variaace for the body
1979 and 1980 combined

lengths of the
fall sample of mature and immature

Appendix

17

-
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female C. rutilus (early cohort).
Source of . 7
Variation SS df 'MS ; F P
Treatment -3766.14 9 418.46
Habitat 45.17 4 11.29 ' 0.64 N.S.
MatUrity 2243,74 1 2243.,74 128.12 P<0.001
Interaction 141.28 4 35,22 2.02 N.S.
Error . 1541.18‘ 88 17.51
Total 5307.32 97
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'Appendi;-18

o~
Two-way analysis of variance for the condition
factor of mature and immature early cohort
' (age classes II and III) female
C. rutilus in the combined
1979 and 1980 fall sample.
Source of _ a
Variation : SS af MS F P -
Treatment 3.%91 9 0.342
Habitat 0.f78 4  0.044  2.760  P<0.05
. .
Maturity 2.&64{ 1 2.264 139.874 P<0.001
Interaction 0.091 4  0.022 1.419 N.S.
Error 1.408 87 0.016

Total 489 96
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Two-way ahalysis of variance for the number of
litters produced by the mature age classes

of 1979 and 1980.

of C. rutilus in the fall trapping

Source of
Variation SS df MS F P
Treatment 212.80 6 35.46 :
‘Age Class 98.53 2 49,27 2.81 N.S. -
Habitat 114.27 4 28.57 1.63 N.S
Error 140,13 8 17.52
352.93 14

‘Total




