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Abstract *

Populatlons of four spec1es of shrevs (Sor1c1dae) were
studied frou Hay, 1976 to Decenber, 1977 on u—ha pitfall
removal grids and ﬁitfall trap lines in the-talga south of

' Great slave Lake, N.W.T. Sorex g; _; s reached peak numbets

"in the summer of 1977 ffo-;a lov inf1976;vs ;;cticgg

numbers iucreesed slightly in, 19%3 while M; Q§ ;g; hgzﬁ and

S. obggu;us numbers remained stable. The nunbers of

synchronously peaked 1n:1976 aud crashed'ln 1977. The;
119;5-76 winter had h%gh and uniform subuiveau‘temperarures‘
.- while the § ci r“ prepeak vinter (1976-77) had low and'
fluctuatlng temperatures; Thus; the _summer abundance of |
shrews did not seem to bevgoverned by the subn1vean_>

-. » “
mlcrOﬂllmate.
A -

During the summer,‘shrev populations,~except for SJ

overwlntered anlmals,'whlch were readily separable by means
ofjthelr tooth helght,lndex. Overwlntered-males‘greatly
’k_outnumbered ouerwintered females,‘while’young ef the~je§rﬁ
animals tended to have an even sex ratlo. The greatere;
bactlvkty ofIOVerulntered males assoc1ated with breedlng vas

\.,

probably respon51b1e for their abundance in p1tfa11 catches.

The breedlng season extended from late Aprll to

ezt

iv
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tSeptenber,‘but reproductlve act1v1ty ﬂeclined Sharply after",
1m1d July. The~nean 11tter 51ze vas appr011mately elght far

,5; 5_1_, S. ¢l n_;eus, and\s. agctlcus vhile a pregnan€ e

female Ulth six emhroyos vas ‘the only 1ndicatlon of litter

size for §. gbsg_rus.,Young of the year females of all

speciesvere observed to nature.sexually only in- 1977 when.

v
’env1ronmental condltlonS\were con51dered to\be favourable”

but only S. glnereus came close to realizi ng 1tS’Full

'reproductlve potentlal as revealed by 1ts peak numbers._No

young of the year males vere observed to mature sexually.

Shrew pbpulations"vere»COnfined.to:louland habitats for

.most of the year. lncreases in7populatibn numbers offs;
4

:blrch fens,‘resulted in dlspersal of young of the year»
anlmals into black spruce fens an? upland areas by 1ate
summer. ﬂ. hoxl and S._ob Lus populatlons vhlch tended to
 be. sympa*rlc in black spruce fens remalned at relatlvely
stable levels v1th m1n1ma1 dlspersal. Slnce most shreu
.spec1es appear to be terrltorlal, thelr'populatlon ansity :
seems to regulate the nulber of anlmals in suitable. habltats;

F I

‘andg' ﬁonly a certaln number to bvervinter successfu

. . N .
The dlstrlbutlon of\shrew catches on the removal grlds

erevealed that M. §91g~and S. cinereus preferred' moist

1

mlcrohabltats whether tree cover was'open or clbsed and

‘avoided dry.sites. Se gggtlcus had 51m11ar preferences but'

" seemed to be able to tolerate‘dry areas.lhll three spec;es



,

//' . ) . Yy

/ . . /
a - .

’preferredlafeas ii;y/dense.ground'qover.
R s . | A

/'\/""' ,
Overwintered anllals vere longer, heav1er, and had

lower éranluns/éhan young of the year animals fo;fg. hoyi

7 .
inerenz7/and S. g;g;;ggs.'There vere also sbme sexuxl .
: - N ;

which'in the case of S. cinereuys suggest a

/ /
/sexual dimorphlsm, fenales belng 1arger than males.,The

seasonal variatlons in body length welght, and anlal
: helghé revealed the occurrence of Dehnel 's phe bmenon in
'thes; Nearctlc shrew species, conflrmlng tha

pnenomenon is characteristic of Holarctic

thls.

revs, It is

'.wypothesized.that taiga'shrev popﬁlatidnsdaremconttdlled by

posed by winter

/énergy llmltatlons, partlcularly those i
\ condltldns which limit the1r dlstrlbutlon and thelr sprlng

| populatlon tevels.

v
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Introduction
u

The’numbers of many small r%dent populatlons fluctuate
lln a cycllc manner (Krebs and Hyers 197U),‘wh11e arnual
-fluctuatlons occur 1n numbers of small 1nsect1vore~
Populatlon cycllng in mlcrotlnes has been 1nves 1gatec by

. many in search of. mechanisms that' regulate populatlon

!‘

numbers, but it would seem ‘that the guestlon of populatlon'

"regulatlon would be more relevant to shrews, What llmlts the

. numbers of these anxmals whlch are so hlghly spec1allzed for

.

"thelr lnsectlvorous hablt (Pernetta 1977) and have a high
DV

metabollc rate as a result of thelr small body 51ze° The.;{;f
answer would: seem to be;related to the hlgh energy
regulrements of these anlmals. Shrews have become eff1c1ent
predators expl 01t1ng a high proteln food source, soil

' 1nvertebrates, w1th which_they satisfy their energy
”_reguirements.

.k

Populatlon studles of subarctlc shrews in North America
‘are scarce. Buckner (1966) and Iverson and Turner (1976)

studled shrews in eastorn Hanltoba while Follnsbee (1971)

!

/

studled 1ntroduced Sorex g;g~gg S in Newfoundland In - /.

contrast, Eura51an researchers have contrlhuted much to oué
understandlng of shrew populatlon dynamlcs. It is now up/to -
_North Amerlcan researchers to determlne whether the

populatlon dynamics of Nearctic spe01es of shrews are
\ :
51n11ar to those of Palearctlc spec1es. It has long been

e



e 2

‘known then‘Seasonal'mof;iylogical change; occur in
Palearctic shrews (Dehnel's phenomenon) but almost nothing
is known concernlng this: phenomenon in Nearctlc spec1es. If
ithese changes in body weight, 1ength, and cranial helght ake
‘5adaptatlonssto long, snowy winter condltlons(Hezhzherln‘f;i
196aj,n¢hey.wouldibe expected to ocCur‘in No;nh nmericen

species.

The objectlves of the present study are to describe the -
populatlon‘dynamlcs and ec¢ology o- four spec1es of subarctlc
shrews wlth empha51s on: \ } o ,Vg
11. tho effect of mlcrocllmate on the relative abundance of

~symratric spec1es of shrews and small rodent5°"

N

2. -the‘u1nter blology of'Nearctlc shrews in relation to

~Dehnel's phenomenon; and -
3, . habitat and micrOhabitat preferences in the different.
shreu_speéies.

Morphologlcal changes in shrews are dlscussed as an
. \

adapti®n to talga winter conditions. This has f&d to the

hypothesis that shrev populatlons are controlled by the
‘energy llmltatlons 1mposed by their env1ronment, espec1ally‘
during the winter peﬁéod which annually limits thelr

'ndiStribution and their spring population.levels;



" 4 Study Area

The field work for thls study vas conducted at the
Unlver51ty of Alberta\s\ﬂeart Lake Blologlcal Station- (600
52' N, 117° 22 W) southvest of Great Slave Lake, in the
Drstrlct of Hackenzre, Northwest Terrltorles, Canada fron_
71976 to 1977. The prlmary study area was approxlmately 3 ko
'southvest of the Research Station near Heart Lake (Plg. M.
Fron Heart Lake (2“9 n ASL) the land gradually Tises to
about 270 m at the Research Statlon ‘and then drops off to
' 230 n below a steep limestone escarpment. The escarpment

'Y._‘

-_edge, which the Macken21e nghvay follovs, forms the

| .boundary between the Macken21e Lowlands to the north and the

Alberta Plateau to the south.
[Y

The open black spruce (Plcea marlana) and scattered

tamarack (L_rlx lar1c1na) woodad fen coverlng the removal
'grlds 1s typlcal of the poorly dralned lowlands. of the Hay
River section of the boreal forest (Rowe 1972y occupylng the
.Alberta Plateau. Two other . major components of the 1ow1ands

Y

are raised ombrotrophlc plateau bogs and- retlculate strlng

fen (Cody and: Talbot 1978). Conlferous and mixed forests of

'whlte spruce (Bi e gl__-e). jack pine ‘(Rinus henhsiene).and

'trehbling,aSpen (Populus'tregulo;des) cover upland areas,

The major soils. serles of the area, as. descrlbed by Day»>

‘(1968), are the Matou, Desmarais, Enterprlse and Escarpnent.

Desmarals and Matou 50115, thch occur 1n lowland areas, are

N . . ,.J.



‘Fiqure 1. Map of the study area §Houing the lo¢a£ion.
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of the removal grids, Heart Lake ResSearch

e

Station,.and major physical features.,
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.peaty deposits ovér gravelly loam and mineral soils,

" respec£ively. The study wvwas conducted on areas of Matou soil

which develop in poorly drained basins and havé'perﬁagrostl
o . _ A

vithin 45 cm of the surface. The Heart Lake area is within-

fhe'discontiﬁuousvpermafrost ZOnek(Brown 1970)vand it is in

these boggy areas with their thick insulating mat of

' Sphagnum that permafrost is found.

The Enterprise and Escarpment soil series occur on
upland beach deposits of sand and gravel. The organic layer’
v . ‘ :

;s;extremely thin with the Escarpment soils overlying a rock

. base, that is exposed in many areas.

The Heart Laké area is within the Cold—Temperature
Boreal Zoﬁe of Troll and Poffen'(196u). The climate can
generally be described as harsh, coldjanddgontinental. The
winfefs are long, cold and dry, while summersfafe'short_and

. warm. | - , = '



Removal Gfids

Reﬁbval grids vere located in a wooded fen just vest of
an esker which fcrmed the border“ﬁetween upland'and,lovland
areas ‘Fié. 1)« The ground slopes géntly to thehﬁest
cféating'a moisture gradient. This area is characterized by . -

hummocky relief with water accumulating in the depressions,

especially in the spring.

Black spruce is the dominant tree while tamarac) is

——— EmemmEmmalnassax ———— DL AN

(Juniperus ‘horizontalis) and cinquefoil (Potentilla

~

(Hylocomium splendens and Tomenthypnum nitens) in the moist

depressions. In very wet aréas;(uest end of grids) §g§agggg
‘ . . | . : '
uscum forms large mats around theibases of trees. Growing
. A" .

1a))

. . K% . R
up--among the mosses are horsetails (Egquisetum), bearberry

—— e
- -— ==

P23 3

creeping willow (Salix myrtillifolia), - -owberry (
g;g;gg), and a variéty'of graminoids. A_gteat-many small?
ﬁaémal-burrows are visible, especially at the bases of

“hummocks,



Pitfall Trap Lines 3

- During the flrst summer (1976), and the ~spring of 1977,
trap lines were located in wooded black spruce fens while
.for the rest of the study, shrub blrch fens were selected.
These areas are almost tree’ess with very dense shrub cover
and hummocky rellef The few trees present are tamarack
»shrub blrch ‘and sweet gale (glglca ggle) are the domlnant
shrub spec1es with some patches of willow. Graminoids form
the next stratum beneath the shrubs. A relatively tthk 1eaf
litter layer replaces most of the mosses and 11chens.
Depressions have standlng vater keeplng the leaf lltter
moist. In 1976 the high water table put most of the ground

‘surface of these areas under water.

Small Mammal Comnunity7
In addlt;%$ to the four species of shrews studledi six

species of rodents were also present in the small mammal

communlty. The 1nsect1vore portlon of the community

con51sted of three species of Sorex (S. cinereus, S.

arcticus, and §. gbsgg;gs) and Microsorex hovyi. The'rodents\
present uere meadow voles (g;gggggs'pggnszlvanicgsff w0
red- backed voles (gl thrionomys gapp ri) , heather vqles \\\\

\

(g.enacomx_ 1nte;_e ius), northerp bog lemmlngs (Szgag;omx

bggggl;g), meadow Jumplng mice (Zapus hudsonlus), and deer

mice (Peromxscus manlculatus). S. ob urus, § bg_ggl is, and

" Za hudsonlus ¥ere uncommon in the Heart Lake area.,g

e e e o o

glgtgs was rare in lowlands but abundant in uplands.

i
|



Methods

Relative Abundance o

[

The chanoes in numbers of shrews and other small
mammals were monltored by two methods. Removal grlds
'measured the relatlve abundance of dispersing 9n1mals where
zas pitfall" trap llnes sampled populatlons in dlfferent
lowland areas. The relatlve abundance of anlmals w;;
expressed as numbers per 100 trap nlghts (T¥). It must be
:remembered that both the abundance and act1v1ty of animals

-

1nfluence the ‘numbers captured 1n pltfalls.

fBemoval-grids

Two removal study grlds were establlshed 200 m apart‘
wlthln the prlmary study area. Each grid had 100 trap
statlons set 20 m apart in a 10 X 10 array. The grlds were 4
ha 1n area 1nclud1ng a boundary strlp of M0 m around the

outermost traps. Each statlon was marked by a numbered stake

and orange survey flagglng. Thls allowed Capture pornts to
/
bezldentlfled and ellmlnated the p0551b111f? of mlss1ng
traps. One contlnuous foot path was made from trap to trap,
summer and w1nter, in order to mlnlmlze dlsturbance to the

area.
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s\\r

' The traps\were conical, sheet metal pitfalls Hith,a'\\\f\\\\
flat bottom (fig. 25. Suchlsbape allowed them to be set into
the ground easily or nested together for transportingi One

~ pitfall has.placed uithin'1 m of each surveyed locationizdth
~.:i'.-ts mouth flush with or just below the ground surface. In
‘order not to dlsturb the. 1mmed1ate area around the’ pltfall,'
peat from the trap excavatlon was placed."in a plle at the
base of a nearby tree. It vas p0351ble in some areas~to cut
vSlltS in the thlck moss mat and push traps in. Each pltfall
‘ was rendered 1noperat1ve by means,of a plywood 11d between

o

traPPlng perlods.‘ e .

Host pltfalls contalned varylng amounts of water

/

_because of the hlgh water table. Holes in the bottom alloved

- water to emter and prevented graps from belng forced up out

3

of/tﬁe ground.

-

‘Wweeks fronm May, 1976 to December, 1977, With few exceptlons

Each grld was trapped for a 3-day perlod on alternate

the grlds were operated from Monday to Thursday. The llds
were removed from the pltfalls Monday mornlngs and the traps
'checked Tuesday, Hednesday, and Thursday mornlngs. Thursday
t he llds were replaced after traps were checked. All small

mammals ‘captured were placed in plastlc bags numbered w1th
!

*‘the trap statlon and taken to camp for autopsy.-

‘r , ol . v - o .

T SN )
}L Hlnter trapplng requlred certaln egu;pment’
j o
modlflcatlons but the general procedure outllned above



o

~Figure 2. Dlagram of the 5110 and sklrt p051tloned

over the pltﬁgii\For w1nter trapplng. All

measurements are ln‘Cﬁ‘\\

1

EON
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remained the same. Sheet metal silos fittedfinfo/blywood
skirts vere poeitidned directly over the pitfall; (Fig. 2)
before the first snowfall. This allowed access to the
subgivean space and pitfall via the silo wifhout Serieuely
dieturbing the snow cover. A hooked length of wire uae’used
to removeVAnd replace cigcular lids from the pitfells,
before and after trapping periods.'The lids over the silos
vere cnly removed to check the treps,‘which was done with
the aid of a flashlight. Can;une& animals were rettieved by
a U-claved mechanical arm. Since only 100 eiios were
availagle, every secondvtra? was uSed en‘each grid and the

others were closed. Silos vere removfd and all traps were

used as soon as spring snow conditions permitted. b

Trap lines

fhrious'lowland nebitats‘were Sampled durigé the summer
months by meanS'oé pitfall frap linesr The trap/lines iere
10cated_uithin‘the study area south of the Mackenzie Highway
from milepcst (MP) 78 to MP. 84 and at 1east 500 m from the -
grids.ELines of 20 or 25 trapi, spaced at 10 'm intervals,
vere run from three to four <days withi; a single habitatﬁ\

Traps vere checked every mornlng and anlmals captured wvere

placed in plastlc bags and later autop51ed

]

Traé lines wvere not used until Rugust, 1§76,‘hut they
were ﬁsed throughcut the summer of 1977. In 1976, quart cans
were used for pitfalls, which retained shrews but . ‘may not

.haVe held allnthe‘rodents. In 19737 sheet metal pitfells,
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llke those used on the removal grids, were used on the trap
lines. A1l trap lines were {o:ated in wooded black spruce
fens until mid-June, 1977, after vhich they verc %}aced in

'shrub birch fens.

Pitfall trapping was‘impossible in upland areas because
bed rock was close to the surface. Shrews’caught ln Snap
trap lines run by W.A. Fuller'and»his students were’used>to
calculat“an‘lndex of relatlve abundance. However, it is
well known that shrews are captured much more. readlly in
chE%lls han in snap traps (MacLeod and Lethieq 1963; Brown

. \ R
.1967). Therefore, these indices must be ‘examined with some

caution.
Autopsies

lWet animals from p{tfalls were allowed to dry and
frozen omnes to thav before autoosies mere.performed. Shrevs\
were weighed to the nearest 0 1 g on a trlple-beam balance.
Welghts of v151b1y pregnant femalm vere corrected by
subtractlng the- weight of the reproductlve tract. Anlmals
-partlally eaten by other shrews or ants were not included in
this .part of the analy51s. Standard measurements (total
_length, ta11 length, and hind foot) vere recorded to the
nearest millimeter. Body length yasrcalcnlated by ‘
subtracting tail length from total length. Almost all

measurements were done by myself except from September tO\‘
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December, 1977, when S.‘Pickering, vhom I instructed,
measured the animals, o | |

) . ““\ 7

The sex and reproductlve condition of each. 1nd1v1dual

was recorded In doubtful cases the reprodﬁctlve tract wvas
fixed 1n AFA and transferred to 70% ethanol after flxatlon.
Hlstologlcal preparations were serially sectloned from
‘paraffin blocks at 7 pm, stained with Heidenhaia's
\Haematoxylin and Eosin, and mounted in DPYX (polystrehe

dissolved in xylene)._Slides of histological preparations

werg'examined under a compound,microscope.

All skulls vere saved for use in age determlnatlon and_

measurement of cranial helghk

Aging And Cranial Height

>~

Two ba51c methods:- have been’ used to determlne the age
'¢E'shrew5' |
(N d1v1d1ng\skulls 1nto toothwear classes (Jackson 1928*
Famllton 19&0' Pearson 19&5- Prultt 195&- and others) and
(2) measurlng the teeth (Conaway 1952 Crowcroft 1956-'

Blshop and Delany 1963; Rood 1965-'and Pernetta 1977).‘

I used a modlflcatlon of the technlque of Conaway
(1952). For each skull, four tooth helghts were measured
" from the left maxillary tooth row ani flve from the left
mandlbular tooth row (Flg.\3). All measurements vere taken‘
1by means of an ocular microneter 1n a dlssectlng mlcroscope

P



: - i
_ . . T
Figure 3. Lateral view of the rostrum of a S.
cinereus skull indicating the toothfmeasurements

taken on all shrew skulls to determine a tooth
\.héight index.

' [
‘ .

' 16
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s a

at 10X power. oL TS

Varlatlon in cranial height- v1th age (Jackson 1928) and

season (Dehnel 1949) wvas 1nvestlgated u51ng the method of

Hawes (1975). The skuﬂl vas placed on a glasstsllde so that

it was resting on its front upper incisors and petrosal. The

total height of the cranium and the glass slide was measured

uSing vernier calipers. The thickness of the glass slide was

~measured separately and subtracted from the total to giue

the cranial height. :

Temperature- 8

Alr and m1croenv1ronmenta1 temperatures were measured
dally between 9 and 11 A.M. from June, 1976 to September,
\ : ) )
1977. A1r temperatures vere read from a maximum—minimum

thermometer located in a protectlve screen 1, 6,m(?bove the

ground Mlcroenv1ronmental temperatures vare measured by

'means of thermlstors on thevsurface, 3 cm below the surface,

}Q cm below the surface, in shallow small mammal runways,
\ 1
and 30 cm down- in a burrow. The labelled thermlstor wlres

ran 1nto the screen where they could by connected in’

-
\

sequence to a Yellow SpringS'Instrument telethermometer.

o

. ' . ' VA - ,
Maximum, minimum,'and subnivean temperatures-before,
June, 1976 were taken at the Heart Lake Statlon (W A.

Puller, unpubllshed data).

R
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Rainfall
Daily rainfall records were made available by the
Macken21e Forest/Serv1ce from the Heart Lake Fire Tower

®

approxlmately 3 km north of the study area, These records

-

only covered the May to August perlod. For September the .
\monthly total was taken fronm records of the metﬂorologlcal
statlon at the Hay Rlver airport (”nv1ron. Canada 197s6,
'.A197 ). This statlon is in the Macken21e Lowlands close to
Great Slave~Lake, appr021mate1y 73 k northeast of the study
,;area. The dlfference in total monthly ralgfall between the-
two areas for the May ﬁo August perrod vas 3,1 £ 2.28 mm and
12.4. ¢ 1.93 mm for 1976 and 1977 respectlvely, with Heart
Lake hayving the higher rainfall, Therefore, the September
‘rainfall total from Hay River ﬁouldhbega conservative

estimate for the Heart_ Lake area..

Snow
The snow studles vere done near Gr1d 2 wlth a set ofa
_instruments from the Natlonal Research Council of Canada.:
The 1nstruments and thelr use are descrlbed by Kleln et al.
(1950).“Snow thlckness and. densxty were measured for every

distinct snow |layer every two weeks in an. undisturbed area.

Snow meaSurements for‘the'ﬁinter‘of 1975-76 (V. A.
VFuller, unpubllshed data) were taken from a snow survey

‘location north oL the Hacke321e nghway near MP 83 (Fig. 1.

<
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Microhabitat , ) ‘
The effect of microhabitat on the reIative abundance of
shrevs vas investigated by two methods.

i

Fir=st, within the wdoded black spruce fen covering the
removal grids, four qualitatively different mlcrohahltats

were recognlzed

1. Open-dry: areas of hummocky relief with lichens being

-

the major component of ground cover, Tree cover was

sparse. N
Closed;dry:alichen covered qravel"ridges with tree cover
f black spruce interningled witn jackpine.

3. Open-wet: open areas with mats of §phagggg spreadlng out

_~from the bases of trees present. The ground was
water-logged with water fllled depre551ons.

4, Closed—wet- areas of hummocky relief wlth mosses other
than Sphag_um belng domlnant. The tree cover was
composed entirely of bl%ck spruce. |

The 1mportance of these mlcrohabltats on the distribution of

‘.shrews vas determined bX comparing the observed number of

shrews captured in each with. the expected (number if shrews

.were dlstrlbuted randomly) by means of Chi- -square (XZ).

Second, the'effect'of_Veqetation cover uas examined by
_estimating the cover of the herb, 4moss, lichen,‘shrub and‘
tree strata.~The sampllng procedure used a 2 m c1rcu1ar
quadrat centered at each trap statlon. Percent cover of each

»stratum ‘was estlmated and a551gned a class value (Table 1).

~



Table 1. Cover classes.

21

Class ) ~ Percent cover
< " ~ - a .
| 2 1- 5
3 6 - 25,.'.
4 E 26 -~ 50
5 51 - 75
6 o 76 - 100
_ _ |
\
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The multivariate statistical method, Multiple Classification
Analysis (MCA}, vas used with analysis of variance to
-analyze the interrelationships of shrew abundance and

_vVegetational cover,

Statistics
The data were analyzed u51ng the approprlate computer
programs from the SPSS statlstlcal package (Nie et gl.

1975).vMean values are given with the standard error (t1SE).

~MCAtahalysis is eésentially a'multiple regression
technique using dunmy variablee (Andrevws et al. 1973). The
model specifies that a ooefficient‘belassigned'to;each
category (coyer'clasS) of eachipredictor and the number of
shrew captures for each location be treated as a sum of the
coeff1c1ents assigned to categorles characterlzlng that

locatlon, plus the average for all cases’ (grand mean), plus

an error term: Lo : o B N

Tijon. = Y + aj+ bj+...4ej p
h N
where
.
?qJJ, = . the number. of shrew captures at locatlon n uhlch

falls in category i of predlctor A, category j

/of‘predlctor B, etc,

.



)

ejj..

grand mean.

effect of membership in the i
predictor A.- :
4] : -

effect: of membership in the jtMcategory of

“\

predictor B -

error ternm

"\

th

category of
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Results

 Microclimate -
uicrocigmgric‘data were. divided into fbur periods ef
the year Judged to be 51gn1f1cant to shrews as well as other
small mammals.
1) Pall'trensitidn
2) Deep snoﬁ
3) Spring rhaﬁ

4) Snow-free

A summary of the microclimate for 1975-77 is given in

Figure "4.. The runvay and burrow temperatures were the same

subterranean temperatures are presented. - _ . : \\"41

‘as those at the ground surface and 30 cm below surface

temperatures, respectively. Thus, only the surface and

Fall transition L 3 C T

§ 'Fall‘%ransatlon beglnS'uhen the weekly mean max1mum air
temprature drops below 0° C and ends when the fluctuatlng
moss- sufface temperature stablllzes vith the xeeumulatlon of

30 cm of snow. Thls PerlOd is 31m11ar to the fall CrltlcaI .................
perlod of Prultt (1957). Its length depends malnly on the
rate of snow.accumulatlon-that insulates the moss surface. f

The 1975 fdll?tranSitidn-periodvwaszshert and subnivean
" temperatureSLremained high.rin-contraS£;’ﬁ976 had a lengthy

-
S

24
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Q

Figuré u, Summary of the 1975- 77 m1croc11mate.
Weekly ‘mean max1mum air, mlnlmum air, ground
: surface, and subterranean"temperatures in
relatlon to snou cover ‘and ralnfall. The perlods‘
'fpresente& are fall tran51t10n (1), deep snow - ’

(2), sSpring thaw (3), and snow-free (u).

P
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fall transition with low subnivean temperatures. Though
conditions a* ground le‘ellwere harsh,'subterranean
temperatures were only\a fev degrees below freezing.
Subterranean temperatures were not recorded in 1975. but they
would probably have been similar. The 30 cn of moss

1nsu1atlon causes a temperature varlatlon of only a few

degrees around O° C the entire. year (Flg. 4y,

Deep snow

The deep snow perlod is betweon the end of fall
tran51tlon and beglnnlng of sprlng thaw when Snow cover is
rat least 30 cm deep and subnivean temperatures are stable.
This period was four months long in 1975-76, and only two in
1977. Note that sprlng thaw began at about the same time
~each year so that the length of the perlod of deep Snow was
related, 11ke that of. the fall transition, primarily to the

rate of sSnow accumulatlon. 0ver twice as much snow

accumulated 1n 1975 76 as in 1976—77

r3 t

Snow den51ty measurements for ‘the ulnters of 1975-76.
'and 1976~77 are glven in Tables 2 and 3, respectlvely. These -
measurements are llmlted due to the phy51cal 51ze of the -

-1nstrument used; the_sometlmes thin surface layers;could not

.be measured.

There were few thaws during the'two~winters so that
> Snow cover was unlform and of low den51ty, vhlch prov1ded

excellent 1n=ulat10n once 30 cm had accumulated.
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Table 2, Snow density data measured near MP 83 ‘of the
Mackenz:- Highway, 1975-76 (Fuller, unpublished
data).
|8
" . Dates - Snow density (g/cm2)
Surface layer Layer 2 Layer 3- layer 4
Oct 28 .16 - ' - -
Nov 19 .18 .18 - -
Dec 3 .19 .18 - -
17 L1200 .19 - -
Jan 3 .16 .20 Co.22 - \
19 - .10 <15 o L20 -
: Feb 3 .12 L1600 .20 -
1w L L7 .20 -
Mar 3 .10 0 15 .17 .20
16 . .15 .20 .18 -
Apr 4 - .17 220 o7 .\ -
i 17 . 26 41 - - - )
N
\ ’ # ~
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Table 3.- Snow density data measured near Grid 2,

1976-77.
Dates - - Snow densify (g/cm?) ‘
“ Surface layer Layer 2 Layer 3
A e
. Kov 30 | .1 - -
Dec 14 ' . '.11 .19 | '; 
28 ’ s : S W21 _ -
qa\ "no 12 e .17
B PN | - . .16 .18
Feb 8 .13 L2 -
22 - S Y
Mar 8 .20 .26 -
- ’ 22 | - - .23 .26
Apr 5 - | .26 S T RIT
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Spring thaw
Spring thaw is the period when the veekly mean maximum
. air tempratures-rise'above 0°C and the snow cover melts vith

_floodlng ‘of the mlcrohabltat. The spring crltlcal period of

Fuller (1967) corresponds to thls time,

Exten51ve floodlng occurred in 1976 with water. coverlng
low lylng areas most of . the summer. The 1977 runoff vas\

brief; floodlng was mlnlmal.

~The moss surface temperatures increased with air
‘ temperature and the disappearance of snow in both Years.
Subterranean temperatures only 1ncreased sllghtly in 1977

'and probably vould have exhibited the same trend in 1976.

Snow-free\ - |

The now-free‘perlod ,wWas about the same length for both .
byears. It%&eglns with the dlsappearance of the Snow cover
and ends when the weekly mean maximum air temperature drops
below 0° C,,maklng a permanent snow cover p0551b1e.-W1thout
the 1nsulat1ve cover of snow, moss surface temperatures rose
and fluctuated wlth air temperatures. Subterranean
x

temperatures respon%ed very slowly to the varm air

temperatures, reachlng a max1mum of 10° C in Pugust 1976.

E}cept fornnay, every month in.1976 had'greater
1 ralnfall than the correspondlng month in 1977 June, 1976

‘and May, 1977 had over twice the1r normal monthly ra1nfa11

C oy



(Environ, Canada 1976, 1977). ks a result of the - heavy :
rainfall and jspring runoff in 1976 most lowland:
mlcrohabltats experlenoed some degree of flooding during'the

snow-free period.

Age Groups .

On the baeie‘of the tooth height index it was'poseibie
to recognize two age groups far each shrew spec1es (Fiqg. 5
and 6), Overwlntered (OW).anlmals have a low tooth‘helght
number and have lived pdSt Decembef 31 of tﬁeir yeef‘of
birth. Young of the year}(YY) have'a high tooth heiéht o -

number and ‘have not yet lived past December 31 of the first

yearﬁ ,

There exists a great deal of variation withio each aoe
‘oroup. This is probably due in part to 1nd1v1dua1 varlatlon'
in tooth wear. and to the difference 1n age of 1nd1v1duals
anught durlng a particular perlod Because the breeding
- Season extends ffom'April to September;indi#iduals caughf at

: “ A AP . .
the same time may differ by several months in age.

-~
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Fiéure 5. Scattergrams of the tooth height . indices

of M. hoyi and S. c1nereus. Three cohorts can be

i P i -

—dlstlngulshed on. the ba51s of tooth height: 1975
(closed squares), 1976 (half—open squares), and
1977 (open squares);xow en;mals have lqwer todth

height values thanbYY,énimals.\



131

TOOTH HEIGHT INDEX

124 .

11 -

10 -

4

'MICROSOREX HOYI (86)

33

SOREX CINEREUS (776)

L L] L2 L] I ¥ v‘ fl.‘ L 4 v vv\v 1 L T‘l 'ﬁ
MJ J A SOND JFMA"N\J"J,AS O NOD

1976

1977



34

Flgure 6.sScattergrams of the tooth helght 1nd1ces
. ,0f S. gggggggs and S. ggg;;gg§. Three cohorts
~ can be distinguished on the basis of tooth
.helght"1975 (closed squares), 1976 (half-open
squares),\and 1977 (open squares). OW animals
have 1ower tooth helght values than Yy anlmals.

Note»that.no Ow;lﬁdlvlduals of §. bscurus were

f
t

‘caught..



\13.1:

TOOTH HEIGHT INDEX

35

"¢ SOREX 0BSCURUS (13)

7

o
1§ o
12 o '
)
114
10 4 i -
o \
9 » | o
SOREX ARCTICUS (79)
8 - o o
7 4 - ——r—t ]
MJJ A s ONDJ anA M\JJ A S()N D
137 ' | l]‘
. . no . , o
12 o 0 :
D g 1}
| - |
14 _‘ : o
10 - ’

T rt‘ﬁl‘w LERE 7T 1t Y Y T v LAMNRE SECIE |
MJJASONDJIFMAMIJIASOND

1976 , 18771



36

-Numbers Of Shrews And Sympatric Small Rodents

Removal grids
A summary of the number of the small mammals captured

on the removal grids is given.in Table &, ’ ,

%/////,//’//,,xere’fEEE;EEf;ro;’

the grids 1n g/l*,4876:,the’ﬁumbers of animals dlsper51ng
/,//”’/’

onto the” grlds vere followed unt11 December, 1977. Only M.

After t he small resident populati

B

hoyi, g Eennszlvanlcus, and C. gapperi were trapped .

1n1t1a11y, suggestlng that other spec1es were in low numbers
\

/'
l

or absent, and dlspersed 1nto the area later.

~ PO

The domlnant rodent spe01es, M./p vxl vanicus- and C.
gagperl, had hlgh populatlon levels in 1976 but these
dropped in 1977 (Pig. 7). The same trend occurred in upland
populatlons of C gapperi, whlch are sympatric with p,

ggglcu;gtgg instead of with M. pennszlvanlcus. The upland

populatlon sampled by snap*trap llnes in August of both
years declined from 9.2/100° TN to 3.1/100 T (Fuller, ’
unpublished data), a 66% drop. The lowland populatlon of C.
-gapperi, based on numbers captured on both quds averaged
5.7/100 TN for 1976 and 1.5/100 TN for 1977. Thls was a _
decllne of,7a%. ‘Thus C. gapperi, though trapped in dlfferent
hhbltats and by dlfferent methods, showed 51m11ar trends 1n

population dynamics.

\\ :



Table_u;.Sumnary of the number an
, mammals captured o

1976

—

May,

37

g/pefég%fage of small
~the removal grids from 17

Lzs”becember, 1977r»(Tk = trap nights)

3

1976

Species , , 1977
e (8,050 TN) y (11,550 TN)
\ - - N % of total "'--ifji'N % of total .
»i. Qgi; 29 4.9 . 22 ‘5{9
S. arcticus 3 0.5 11 2.9
S. ;igééggg .-ui 6;9 1é7 50.0 a
5. obscurus 6 1.0 3 0.8
Insectivora -tasirl ;;:; . -;5;:.' :;;:g
R '. : \'.i\\f\\\\\\\\\ .
C. gapperi 138 231 | 34 9.~ __
g; penﬂsleanicﬂs 325 5@.& 68 18.2
P. intermedius . 40 6.7 2 6.4
P. manicilatys Lo 0.7 9 2.k
.é. Qg;ég;;§ PR I 150 16' u;j
2. hudsopius 5 0.8 0 0.0
nodentia eI e S e
Total _597“ - 374



Figure 7. Changes in numbers of M. penn

and C. gapperi on grids 1 and 2.

38
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For a S5-month period duting‘winte;‘end early spring no
small rodents were taken in the pitfalls though‘they were
present on.both grids as indicated by tracks in the snow

crossing my trail between the trapping stations.

M, hoyi was initially the only shrew species on the

grids with S. e;ne&eus first appearing in early RAugust. S;

-

in 1977, S. cinereus started to increase 1n.m1d~July and

reached levels as high as those reached by M. pennsylvanicus

in the previeus year (Fig.'B).

Shrews, like rodents, were almost eptirely absent from

the traps during the period of snow cover.

/

The rate of dlspersal of small mammals durlng the .
summer - seemed to be more or less contlnuous, glv1ng a-
reliable index to their relative abundance even though
_trappingfen the removal grids was done for three days every

two weeks.,



~

Figure 8. Changes in numbers of ‘M. hoyi and S.

cinereus on .grids 1 and 2.
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Pltfall trap lines . | v L

A dramatlc change in the relative abundance of shrevws

~was apparent aftef/trap 11nes were shlfted to shrub birch ‘ ;@@*F

fens. Shrews . 1ncreased in numbers%whlle rodents vere. : e
essentlally absent (Table 5). S. c1ng;gg§ appeared in large‘%

Le

'numbers- S. a;_;_g - and g. hoyi appeared con51stent1y at
low levels (Flg. 9) a The dramatic increase in population

'numbers after mld -June was Dartly due to the appearance of'
YY anlmals ‘but a comparlson wlth the numbers caught on the

gridsQreveals a very,real difference in the_relatlve

abundance. -

;An unusually hlgh local populatlon of S. gangggg§ was

sampled twlce 1n a shrub birch’ fen along Feart Lake. Thelr;

numbers were plotted separatelyv;n Flgure 9e"

The numbers of shrews caught bn trap lines‘infblack
. 'spruce fens were s;mllar to those caught on the removal
grlds while the relatlve abundange index obtalned from shrub

blrch trap lines vas con51stent1y hlgher.'

,}

‘Upland trapplng IR o B
. Intengﬁve and’ extensxve trapplngaln upland areas by pr,

W.A. Fuller and his students turned up_fev shrews.xOnly S.

_spec1mens of H. hgx;.and S. arcticus were. caught,

’respectlvely. S. g;ggggg§ nunbers from snap-trap. lines
\
(Table 6) agreed Hlth the observed 1ow numbers in 1976 and

v
N

Fon aouhimar Aot
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Table 5. Summary of the number andfpércentage of small

mammals capfﬁred on the pitfall trap lines in

1977. There was a total ofﬁ1709\trap‘night$.
Spegies | - N : | v%'of total
| , \
M. hoyi ‘ 26 6.9
S. arcticus 53 | 14.0
S. cinereus 251 o 66.4
S. gbscurus 1 0.3
Insectivora ' E 331 ‘ : : 87. 6

. , | - )
C. gapperi 1w \'. 3.7
' . : ’ . : \‘ . .

A. pernsylvanicus 18 o . " 4.8
P. intermedius 2 0.5
P. mamiculatus 1 0.3
S. hgzgaii§ 10 . o o 2.6
2. hudsonius 1 7 / 0.3
‘Rodentia 46 - 12,2
Total. — N 378

Y



\ |
| L
L 3
v 8
::7, ‘ . > .
| \
4 i
. "Pigure 9. Changes in_numb?rs of M. hoyi, s.-

gcinereus, and S. arcticus on pitfall trap lines.
Very high numbérsof S. cinereus taken locally
along Heart Lake are ,pl'ofted separately (dashed

1ine)“. ‘\\

-~
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Table 6. Upland snapftrappirig indices for S. cimereus, Py

1976-77. (TN = trap nights; C = catch). -
Month IR ' C/100 TH
1976 - ' Lo
Aug | 2259 0.3 ‘
Sep . 600 S %;
1977 L 3 :
Jal . .j938 , L 0.7 ¢
Aug X -2348" : . . 2.8
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5
»

Beak in 1977 froa the present lowland study.

\ - -

‘Reproduction

Males
‘M“

revealed the followlng°'

i.- All males wlth a testls length > 2 nm in M. h_11 and S.

"

c;gg;gus and > 3 am, éﬁ’s. arcticus had spernm ‘in thef.'

— seminiferous tubules. These anlmals were considered to
be in breeding condition. They also had a large

epididymis with visible tubuies and'ehlerged seminal

vesicles.,
" 2. a1l males with a testis length < 1 mm in M. hoyi and S. f
cinereus and <2 mm in S. ar cticus had no speenm in”the !
seminiferous tubules, These anlmals were conSLdered

non- breedlng. The reproduct1Ve system was tiny and ‘,/

- dlfflcult to find during the autopsy. . ]
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Females

Female shrews of all species were con51dered to b%yln

breedlng cond1tlon if they were pregnant, lactatlng, or in

estrus. Animals were judged- to be in estrus if the uterus

was enlarged and opaque, and the ovaries contained mature

follicles.

Previouslyxreproductive femalee could be recognired'by
he rresence of thick-walled blood vessels in the mucosa of
thé uterus (Pearson 19&&). Placental scars were often
present but thelr sometime -absence, as demonstrated by
Pearson (1944) in captive Blaripa, made the appearance of

uterine blood vessels a more reliable indicator of previous
breeding. , ' . - d
A . :

Breeding phenology \

A summar& of the total numbers of breeding‘and

non—breeding.animals.isvgiven in Table 7. Breeding females

- Wwere caught rarely and late in their reproductlve cycle.v
Therefore the beglnnlng*of the breeding season for each

sPec1es was aq’estlmate based on a 20 day gestation perlod

and 21 days ;n the nest as demonst:ated for S. grg__gg‘in

* : :
Europe (Dehnel 1952).

A~1a6tating female was captured on 18 #ay indicating a

oonceprion date before 28 ApriIQ The first independent Yy \



Table 7. Total numbers of breeding and non-breeding male
and fggale shrews in 1976 and 1977. (B = breeding,

~N-B = non-breeding).

Species’ Males |  Fenmales

. hoyi ° 17 s o 1
S. cinereus o SRR T
S. arcticus 1 1 T 0
S. ohscurus 3 0 R
\\
1977 \ |
M. hoyi - 21 11 15 4
§.vgigg£gg§ 281 - 72 292 37 o
S. argticus . 38 -6 | 26_1 3 
s. obscurus 1 | 0 s 2
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anlmals vere taken on 20 June conflqmlng that the breedlng

/

i

' season started in late April or early May.

" The only indication of breedlng in YY females was one
//// in estrus captured on 20 June in 1977. The number of such
females must be small and their contribution to the

population negllglble.
. - °

A pregnant OH female w1th traces of old placental scars

taken on 23 August would indicate that two or p0551b1y three-f
_ . ,

‘lltters could be produced each year.
LYY males dld not mature in thelr flrst year so only oW
males vere in breedlng condition,

S. cjinereus
\

The breedlng Season started in early May as 1mp11ed by>‘
a lactatlng female taken on 31 Hay and YY anlmals caught on
20 June. ow females gave blrth to a second 11tter in early
July. Surv1v1ng oW females, few in number, produced a thirgd
~11tteﬂ¥i¢.1ate Augu; YY females matured rapldly in 1977
| Xuly and, a second in August. As with M.d“

;and had a litter in

'hoyi, it was,onlp 1n 1977 that Yy females vere observed to’

.-h

]

mature, Only females from the flrst 11tters became sexually
maturefas 1nd1cated by the capture of YY females in estrus_“
'onry at the end of June. No Yy males were observed to ma ture

\ in their year of birth.
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~

The breedlng intensity of S. cinereus was evaluated'
from 1977 trap line samples from otherwise undisturbed

populatlons (Flg. 10). Breedlng male nunbers dropped

,steadlly during the summer. The catch of breedlng females

dropped sharply after mid-July. = - |
o . t
S. arcticus L o

No breedlng OW females were taken until late July but'

Yy anlmals caught on 20 June 1nd1cate that the. breedlng
4 .
season started in early May. Pregnant YY females-were taken

in late June; 1977. The last pregnant OW female was captured
i

on 11 August, whlch indicates’ that two or three lltters per

year are possible,
! _

‘Fronathe scant data collected, it would seem that - S.

nggggggg‘has a breeding phenology similar to the other

’§§£c1es. The flrst YY animal captured on 29 June, 1977 was a

“”&

wa

a5

2

fémale 1n estrus another feuale Was taken in mld—August

t&at‘was pregnant. It vas. only ln 1977 that breedlng YY s
y

’ females vere caught, uhlle Yy males vere not obserVed to

L

,?,' :

mature sexually either Xear%

All four spec1es of ‘shrews seenm to have a similar

breedlng phenology. The bxeedlng season. extends from\late

’ April or early May to late August. OH females produce two,

l

'v.vp0551b1y three litters per year. ‘The YY~ females from f1rst

£l



&n977 pltfall trap 11ne data. The number above
the bars lS the sample size, The shaded portlon
. of each bar represents the proportlon of

breedlng Yy females.
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litters matured rapidl: in 1977 but failed to‘mature in"wfﬂf
19764 In 1977, YY females of all species veg@ capable "of .
o i i

~produc1ng at least one’ 11tter with S. C1gereus YY felales

having a second. Only OW males-matured tOsbgﬁea throughout
A : e » g

the summer.

Litter size , . ' ' EU
X e

- : ) .
Litter sizes, estimated-from placental scar counts,

embryos, and a comblnatlon of both, were s1m11ar for M.

-— i . e —— s i < o o

determined;, t was pregnant v1th 51x embryos. Placental
scars were counted only_when;they were-dlstlnct.‘

The mean litter size (8.82 + Q.uuféof-11 OW female S.
g;gggegs was 51gn1flcant1y (p =-0.01) greater than the;mean‘

1it+er 51ze (7.59 £ 0. 87) of 17 YY females.



Table 8. 1976-77 litter size
. S. cipereus, and
(Mean\F SE; n is

PA
estimates for M. hoyi,

grcticusﬂow and YY females,

'ﬁarentﬁeses).

56

Species Litter siie'f
’ Scars Embryos . e , Combined
M. hoyi . 8.50 % 1.50  8.00 8.33 ¢ 0.88
(2) ) (3 .
. '\y‘ )
S. cinereus 8.04 % 0.25 8.25 ¢ 0.85 8.07 + 0.24
(24) (4) (28)
S. arcticus -—-- 8.25 + 0.48

.

(4 4y

8.25 + 0,48
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\

Population Structure ,

Sex ratio

t

The. YY anlmals‘showed no Significant deviations from

(S

he expected 1:1 sex ratio (Table 9). In M. hoyi, S.

—— e e o st e

propertlon of the OW anlmals caught. This was 51gn1f1cantly
hOZl and S. ’

different frcm the expected ratlo for M.
g;ggg us., The large nuabers of OW. males caught explaln the
overall predomlnance of males for each spec1es. The overall

sex ratio dlffered significantly'only-fo:-n. hoyi. The large

number of M. hoyi OW males and small sample of Yy anlmals

caused t he Shlft in the sex ratio.
The large number of OW males caught in pitfalls is

probably the result of their range expanSLOn durlng the
Mlchielsen 1966; Hawes 1977;

breedlng £ 2ason (Shllllto 1963

and others). i .
Effect of habitat and dispersal
The effect of habitdt ahd"dispersal on population
structure ‘0of shrews 1s dlscussed ‘separately for M. hozl, S.

c;g_geus, and s. g; t;gg§. The small number of YY S.
obsc urus caught vere from the removal grlds, 1nd1cat1ng that .

P ..

dispersal occurred even though their p0pu1ation numbers were

low, and their distribution was limited. \

L

\
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N o

1! N X2
80.0 20 7.20 %
‘ 58.5 65 1.86 .
. 63.5 8% 6.22 * h
oW 7 70;0 10 1.6§
34 39 56.5 . 69 1.17 -
Tot?l ue 58,2 79 2.14 ?ﬁ%
5. cinereus |
oW 76 8. b4 90 42,71 xxx
YY . 321 48.9 657 0. 3
Total 397 53,1 747 2.96 :
53,99.92g§§7‘%;§1 |
oW QR — — -
YY o 30.8 13 1.92
Total 4 30.8 13 1.92
o o
\ . xp< o.oé‘ . e | .
| **% p < 0.0
. x%x p < 0,001
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— s s i e S

cipereus in lowlands (trap lines), uplands, and on the

——— s e e e

. removal grids. The population structure was dependent o. the

sampling-location as indicated by the significant

chi-square. o
R

The populatlon structure of samples taken fronm trap

,llnes were 51gn1f1cant1y dlfferent from -samples taken from

removal grids (X2 = 47,89 , p < 0.007) .and uplands (X2 =

41.46 , . p < 0.001). .

A

"~

In 1owland areas breeding animals comprised 27.6% of
-4 ~ . . R o

‘the population as compared to S.BE’and‘S.O% for'fhe grids

and’ uplands, respectlveli} Non~- breedlng YY animals made up

" 94, 7% and 94.0%-0f animals taken on grlds and uplands,

respectively, but only 72.4% of those taken in the lowlahds.
to that found on.the removal grids (X2 = 5,31, n.s ) .
suggestlng dlspersal from shrub blrch fens 1nto both 6f

‘these areas, The hlgh number of 1mmature Y anlmals and the

lack of breeders support this 1nterpretatlon.

. M. hoyi

AN

Only‘two M. hﬁ&i were ever. captured in‘upland'areas

‘ 1nd1cat1ng that its populatlons were essentlally conflned to

lowland areas (Table 11). Although the trend suggests



Table 10. Comparison of the population structure of

S. cinereus in three different sampling

60

locations. Percentages are in parentheses. _

. (OW

\

N-B

= overvintered, YY = young of the year,

females).

non-breeding, B = breeding, M = males;

g
¥

Location - OW oW Y ﬁ;B'; f Bg:wmdﬁai ’
| M F M Yy Y,
B
Removal 7 3 98 . 116 .2 - 226"
grids (3.1)  (1.3)  (83.4) (5%.3)  (0.9)%.
Lowland 61 8 121 02 16 -.308
(Trap lines) (19.8) (2.6) (39.3) (33:1) (5.2) .
3 3 98 90 6. 200
s (1. 5) (1.5)  (49.0) (45.0) . (3.0)
X2 =.78.97, p.< 06.001
“ .
L \
\ .
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disperSal from shrub hirch to wooded &ﬁ?&, tne chi-squareiis
not significant..Though trep'iine samﬁies t-nd tc have
greater propgrtioﬁs of Ow_enimals (32.3%) anc a'snaller
proportion of YY animele (67.7%) than the removgl gridé,

18, 0% and'82.0%, respectively, these differences are also
not significant (X2 = 2.17, n.s.).

S. arctlcgs o ' o S

As;yi§h g.\hgii, §; arcticus was essentially absent
frem thgﬁﬁﬁland;,oniy four YY animals were caught. Table 12‘
bsummarizeS“fheapopulation strﬁcture‘in lewland areas. The’
_populatien Struéture seemed to be ihdependent of the

b locatlon and tended to be 51m11ar between the removal grldse

"and trap 11nes. ‘The small number of animals caught on the

removal grids and in upland areas suggests that disperéal

was minimal. » ' )
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Table 11. Comparison of the population structure of
M. hoyi in the lowland areas. Percentages
are in parentheses. (OW = overwintered;

YY = young of the.year, M = males,

L ' F = females)..
[_l/'»; s [N .
Location oW - oW Yy o YY Total .
: M F M F :
Removal o 7 ' 2 ':“ 23 . 18 50
grids (14.0) o (4.0) C(46.0) (36.0) -
Trap lines g ¢ 2 12 9 39
oy (25.8) (6.5) (38.7) - {29.0)
v o ‘ . I S '
X2 = 2.19, p = 0.53
\ \
\
A
/ -
e \
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géfﬂ"
 3 fé§le 12. Comparison of the population structuﬁ%;of
' ‘§; arcticus in the'lowlahd areas. Percentages
are in parentheses. (Oﬁ = overwintered;in
YY = young of the year, M = males,
F = females).
oW Yy YY  Total
. | F ®
. _ _ ]
‘Removal. 3 6 s 1Y
grids (21, 4) (42.9) (35.7)
Trap lines 6 32 22 60
(10.0) (53.3). (36.7) -
\
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Body Size ’ ‘

Both veight and length (total length minus tail length)
were used as indices of body size. The body sizes of the
four shrev species are compared in Table 13. 7o distinction
was made~betueen'aifferent sexes or age groug  in this

preliminary ahalxsis. Ail the differences we: significant

except for the mean weights of M. hoyi and S. _.inereus.

Except for S. obscurus, for whlch no OW animals uere

——— e o i S

caught, it vas possible to compare different sex and age
. : - ) ) \
groups as well., In S. cinereus it was also possible to

separate YY females into breeders and non-breeders;
Age group varlatlonslb S - | -

For all species the OW anlmals.were 51gn1f1cantly
heav1e:\than YY animals, but only in S. cinereus vas a
significant difference detected between the sexes in
equlvalent age gxoups (Table 14) ., The dlfferences between OW.
males, OW females, breeding YY females, and ‘non- breeding YY

-

were 51gn1f1cant.

\Overulntered anlmals had greater body lengths than Y

<~an1mals and OW females were 1onger than OW males for all

~

‘\species (Table 15) . In S. cinereus each category was

v\ .
sighificantly_different from every other~category.

All these differences suggests that sexual dlnorphlsm

~

~ may occur in shrews, wlth the females being the larger sex.

In S. cinereus OW females are 7.3% longer and 8.7% heavier



L area, N.W.T. Means joined

'line do not differ at the

~

from the Heart Lake

p < 0.05 level of

signiﬂicance (Duncan's multiple range test).

65

by the same vertical

Mean + SE

Speciés N Range
| “ Weight (q) Y
. hoyi 84 3,4 % 0.08 2.4 = 6.0
S. eineress 714 3.3 £ 0,02 2.2 = 7.1
S. gﬁ_\gégg 13 5.-1.: 0.15 4.2 - 6,2
S. apcticus T4 7.0 + 0,13 4.6 = 10,4
BdeQlength (mm) ‘
M. hoyi 82 57.7 + 0.35 49,0 - 67.0
S. cinereus 667 55.6 + 0.09 48,0 - 69.0
S. obscurus 13 64,4+ 0.68 60.0 - 69.0
S. arcticus’ 76 63.0 - 82.0

69.5 '+ 0.38

—
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\
\ c1nereus fron the Heart Lake area, N.¥W.T.

Means jolned by the same vertical line do not
dlffer at the p < 0,05 level of 51gn1f1cance

(Duncan's multlple range test).

Weight (gf‘
Age Jgroups o .
- N Mean t SE Range
H. hoyi |
oM - 15 6.6 £ 016 3.6 - 6.0
on P 4 4.2 £ 0433 3.7 = 5.1
AT 38 3.1 £ 0,05) = 2.5 - 3.7
vy p - 26 3.2 £ 0.08 | 2.8 - 4.2
S. arcticus | _
oW N 7 9.1 + 0.35 7.7 - 10.4
OW F 3 8.6 + 0.50 7.9 - 9.6
T 6.7+ 0.12 4.6 - 8.2
YY F 21 6.6 + 0,151 5.5 = 9.1
S. cinereus | | \
’ow - ew 4,6 t. o:b7' 35 - 5.8
OW F .12 . 5.0 % 0.31“' 3.6 - 7.1
B 1Y P S22 3.9 0.13 3.0 2 os.1
1Y 306, - 3.2 £0.027) | 2.2- .6 i
N-B YT 303 3.2 0% o.ozL 2.3 - A2




Table.15.'Body lengths of M. 5911 5; _gc;; us, and Se .
: ’ \

cinereus from the Heart Lake area, N.W.T.

Means joined by the same vert1ca1 line do not
dlffer at the p < 0.05 level of 51gn1f1cance

(Duncan s multlple range test),

.

A (
B B ——

. Body length (mm)
Age groups - R ‘ : : .
' N + Mean % SE - - Range

61.1 + 0.56 57 - eu

63.7 + 1.38 61 - 67

56.2 + 0.36 | 51 - 60

56.8 o.so‘l 49 - 60

OH M 7 73.9 £ 1.75 66 - 80
OW F 3 78.3 t 1.86 76 - 82
vw 3 68.9 1‘0.33- .83 =12
Syvr 29 68.5 & 0.351I ©es - 72

S. cinereds | | )

. OW M e 59.2«:'6.30 " 54 - 64
oW F | o - 63.5 £0.94 57 - 69
BYY P 21 57,0 4 0.62 52 - 66
YY M | 282 T\Su.s + 0.10 48 - 59

N-B YY F . 283 5533 4 0.09 50 - 63




than the OW males. S. arcticus and H. hoyi OW females are
‘51gn1f1cant1y 1onger but tend to be lighter though the

/dlfference in uelght is not c1gn1f1cant.-

Seasonal varlatlons

- Seasonal varlatlons 1n body size were studied by

comparlng all 1ndlv1duals of the same cohort. Significant

s /

A dlfferences betueen sexes of the same cohort do occur as
-shown above but these dlfferenbes are not as great as those “
caused by lumpf%% all 1nd1v1duals (YYFand OW) of a spec1es

caught durlng a partlcular period tpgether.~An1mals from

1

—msSaass

each spec1es,'except §. obscurus, were divided into three

cohorts on the basis of tooth height and year of capture.
Small sample sizes for .most months made 1t necessary tofuse

»
.

season as the time perlod examlned. Winter was\con51dered to

lhe November to April, lnclusive. Summer consxsted of July

\
and August wh ch &@re analyzed by month because of the large,
‘sample 51zes. September and October constituted the fall
';:period; Each cohort was con51dered separately and seasonal

’

‘-means vere'gompared by Duncan#s multlple range - test.
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1975 c%hort'  " N /

There was a tendency for body le#ch of M, hoyj and g,
gigéggg§ to decrease with increasing age (Figi 11, but‘it
¥as not significanpt (p > 0.05, Duncan's multiple range
test), and'weight varied nbhsignificantly; probably becqqse

43"
sample sizes vere small, g, arcticus was represented by only

6ne-individua1.
1976 cohort

1976 as vy animals, to fall, 1977 as OW animals by which

time there were feyw survivors,

Cinereus samples (rig.

Body lengths of H. hoyi ang S. ci

into breeding condition, Length cohtinued to increase until
August, bput dropped significantly ip fall (September-
October) for S. giggggggg the ohly‘spécies with a fall

Sample, s, arcticus showeqd trends i body 1éngth similar to,

Body weights shgved‘é vinter decrease ang spring *
, ; BiY S ?..- <o . \\A L
‘increase similar to length for y, hoyi and g, g;ggggggj}Fig.'

_15). The Spring‘junp\ih-vgight'uas.g‘gnifiéant (Table 17) |
;but.inétead of iqcrq§siqg with length,‘sumuer mean veights
decreaséd'significéntiy‘froq spring means, The f£§1] veight

. o, : . : \
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. ///

[
i

Eigure 11.-Seasona1 variation in bodf'lengfh of S. |
QEQEEQE§: S. cinereus, and X. hél;- Three |
cohorts are p:esented: 1975 (closed circles),
1976 (open circles{, and 15%7 (ciosed squares) ,
Por each perlod thn mean (horlzontal line) % SE
‘1box), range (vertlﬁal llne),'and sample size
(nrunber ayove symbol) are given, Standg:d errors:
.are shovnlbhly if they'extend.beyond the cohorf

/

';symbols and the sahpie si;é is > 3. ~.
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S .a.sgtegg.s.. S. cinereus, and M. hoyi. Three

4 ) cohprts are pre:Xnted' 1975. (closed c1rcles),

1975’4open c1rc1es), and 1977 (closed squares),\

For each perlod ‘the mean (horlzontal llne) £ SE

v(box), range’(vertlcal 11ne), and sample size

gé v : o(number above symbol) are leen. Standard errorsA
‘ | are shown only if they extend beyond the cohort

symbols and the sample sjze is > 3.
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of S. cinereus contlnued the trend in welght loss but was
.>~not 51gn1f1cant1y dlfferent from the summer means. S.

. a;gtlcus showed trends in weight 51m11ar to M. hoyi and s.
g;ng;gus but again the winter decrease was missing as a
result of the small sample. The spring-mean weight was
significantly greater than the August.mean.

1

1977 cohort

2o
-~ =R ‘.‘0
o

Body length and welg?t of these YY anlmals tended to

~

- remain constast during the»snow-free perlod (Pigs. 11, 12),

ome significant dlfferences (Table 18).

~

s dropped
s1gn1flcanmly between July and August but recovered in the
fall. Thls drop in body size was probably ‘caused by a\large
influx Xf newly weaned young 1hto the trappable populatlon.

T'Peak summer numbers also occurred in this perlod presumably_
as a result of that influx. No 31gn1f1cant changes occurred
in the body 31ze of S. argtlgus though weight shoved,some"

™~

varlatlon. . ‘ S g T



m

able 18, Significance of dlfferences 'in the body size ofu

the 1977 cohort of u. hoyi, S. ccinereus, and S.

e Sl e et e i

line do not differ at the p < 0.05 level of

significance (Duncan's multiple range{test)fgi- }
jody size Mean‘of periods
Height
M. hoyi -  2.80 2,96 3,28 3,31 - i
- May=-Jun Sep-0ct .. Jul Aug ’
v o= : |
S. cinereus  3.10 3,22 . 3.28 3.29. |
\ ‘ Aug Sep-0Oct -Jul May-Jun, ?
Se. acrcticus €,u404 6.69 - - 6.82 7.40
) ~ Jul Aug ' Sep-0c¢ ~May-Jun
Length | ' :
M. hoyi . 57.10 57.60 57.65 57.67 :
. Jul Sep-Oct - Aug ~May-Jun
S. cinereus 54,23 55.00 55.73 55.81 : N
May-Jun Aug: Jul Sep-0ct o ra
S. arcticus  68.32 68.92 - 69.00 69,00 , B g
: Jul Aug Sep-0Oct May-Jun . :3QVMZ
- > - - - - --..-_:%"-"- ;-. n - :.‘T' v_"\
A ; R LT
. \ r: )
‘0' \ . ’
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Cranial Heighi

ey

Cranial helght, l&ke body 51ze, was analyzed accordlng
to age groups and season., For all spec1es, OW animals hawe“""~
lover mean cranial heights than YY-anlmals. This dlffeﬁence
-was not significant for M. hoyi but vas fon_§. éigggggg.and

S. arctigus males and females (Table~d9). Again the animals

of each spec1es, except S. obscutus, were divided into three

cohorts and comparisons were made by means of Duncan's

multiple range\teSt.

1975 cohort

The cranial heights of M. hoyi and'§. cinereu .Showed
some variation (Fig. 13), but there were no significant
differences (p > 0.05; Duncan's mnltiple range test). There

y N o . . %
was only one 8. arcticus in this cohort, .

‘ \\\ ) ' . - B /
1976 cohort- " N

' The seasonal trends in cranlal height were 51m11ar for
M. 21 and §. g;ng;,gg (Flg. 13). There was a 51gn1f1cant

‘decrease to a wvinter low followed by a significant spring

° : = =N ' ' ™~

. - : \ .
increase to a summer level lower than that of the previous

only, to show that the mean fall cranial height was"

'51gn1f1cant1y lower than the Augustgaean 1n both 1976 and
‘o

1977. No SLgnlflcant seasonal dlfferences appeared in the

small sampleswof S. gg_tlcgg,

7
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ticus, and §.

Table 19. Cranial héigﬁgs of M. hoyi, S. arc

4

cinereus from the Heart Lake area, N.W.T.
"Means jbined by the same vertical line do not
. differ at the p < 0.05 level of significance

(Duncan's multiple ;anée test).

4 : \1 : Cranial-height (om)
Age groups . - o =
. N Mean + SE | Range
1+ bovi | ST \
”;%u v 15 4,40 + 0.05 1.0 - 4.7 2
“on ¥ \ 4 4.35 ¢-o.12“ 4o2 = 4,7 ;
20 4 20 T T ~4gb4 £ 0.04 4.2 - 5.1
vy e 'zs‘_”t‘u.eé + 0.07 | 3.6 - 5.1 ) é\n
s: arcticus B S |
owrFr " 3 5.97 £ 0.03 \5.9 - 6.0 R \
oW M | 7 . 6.21 £ 0.03 6.1.f 6. 3
YL F . L 27 6.35 £ 0.04 l‘ 6.1 = 6.9
ww 39 6.42 & 0.04 l 5.7 - 6.8
‘S ginereus / :
oW M 84 - 5,06 £0.02] 4.7 - S.4
COR P 13 497 £0.05 |- e - 5.3 |
YY n'[ : 297 5.46 £ 0.01 4.2?-'5.9'
N-B.YY P - - = 296 5.41 + 0.01] 4.8 - é;o, )
. BYY F 21 5,40 4 o.oS" 5.1 - 5.8

-




V. AR

Figure 13, Seasonal variation inisranial height ot

~

§. arcticus, S. cinereus, and\g. hoyi. Three
;cphotts are preséntedq 1975 (closed circlés);
1976 (opeﬁ ciréles), ahd i977 (closed squareéy:
‘For eaCh-pgriod\the/mean (horizontalbliﬁe) + SE
{box), rangi (#e:fical liﬁé); and'éamplebsiZe |
(number apdve symbol) are~given.TStdndard efférs~
are shdun\onl! if they exteﬁd befqnd the cohort

~

symbols and the sample size is > 3.
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means.

Microhabitat

1977 cohort

he cranial helgbt in all three species decreased from |
spring to fall @flg. 13) . Spring and July heights in all the
spec1es vere not significantly different (Table 21). For: all
three species August and fall means were signlflcantly ‘ x.

different fron each other and from both spr1ng and July

~ v

-

The freguency of capture of Y. hoyi, S. cinereys, and

h S. acct ig_s in each of four microhabitats on the removal

grids uas analyzed (Table 22).‘The ana1y51s revealed that M.

o

ho¥1 and S. cinereus were caught more frequently than

s . o

-expected in moist areas, both open and closed Both spec1es

‘were caught 1ess»freguently than expected 1n\dry

mlcrohabltats. The nunber of §, arctlcus caught in each

\
mlcrohabltat was 51m11ar to the expected proportlons as

!

-gdetermlned by the number of trapplng stat1ons in each of the

:fm1crohab1tats descrlhed These results are 1nterpreted as

')\_preference for or: avoidance of certaln m1crohab1tats by.

shrev spec1es. A.h_gzl and S. c1nereus seemed to prefer \‘

'.m01st areas whether 0pen or closed vhlle they av01ded dry

|areas. §. ggg gus*had sxmllar preferences but seened to be '

ibl= to tolerate dry areas hetter than the tvo snaller

«pocles,»'



N '7: ‘ ' o A Y . ’ .
Table 21, Significance of differences in the cranial height

of the‘1977“cohoft of M. hoyi, S. gﬂnggggg. ahdv

S. arcticuys. Heaﬁé jéined_by the same horizontal
‘ iine.dobnot difger At the p < 0.05 level bf

s}gnificance (Dnncin'slmultiﬁié range tesx),

'Speciesz Heaggbranigg height
f : e
M. hoyi 8,30 4.58. 8.80 - 4,90 . .
- | Sep-0ct Ang C Jul May-Jun !
. S. cinereus 5.17_ 5,40 5. 56 5.62 i
. 2 . ) ° .
‘ sep-oct ‘Aug Jul . May-Jun
$. arcticus 6.12 637 . 6,49 6.63
‘Sep-oOct Aug  Jul - May-Jun .
- ,5/  \" ‘ e
i ] I |
’/ RO
Al ) pa 5 \
e
2 «
. n : )
o ——




Table 22.

Analysis of capture frequencies. of H.

hgi;,
S.‘gigg;ggs, and s. a;éiicg; from 200 trapplngfw
statlons in four nicrohabitats on thg renoval
grlds. The - proportlon of ‘the total is inf
parentheses, -
1{Statistics ‘ Hicrohagﬂtats i‘,
N Open Open ' Closed "Closed X2 -
-Dry " Wet Dry Wet‘fv ' S
| R -
‘Expected " 44 .73 25 - s8°
Observed - - , | v .
M. hbyi .51 2 026 7 0 23 . 21.36x
| (+08) * (.51 (,00). (.uS) -
 S. cinereus 226 27 89 ' 21 1897 21.20%°
- R («12)  (439)  (.09). (.39)
S. arcticus 14 3 - e 1 4 0.49
T (.21 (.43)  (LOT) (. 29) S
R -
*p < 0.005
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These results are souevhat genenal, as a trapping
statlon vas 1ncluded 1n a- particula nicrohabltat on the
ba51s of 1ts location. The ilnediate nicroenvironlent ;'_ ff,*‘-
1 / L
"surroundlng each pltfall 1s probahly nore 1nporhant than 1ts
fgeneral location 1n deternining the nunber of shrevs caught,, -

so a detalled analys;s of vegetatronal cover. vas done at

‘each of the 200 pltfalls on the removal grlds. e
: ' . ’ .1-.-\ . Av ‘ .
lgffect‘of coveri": IR fofi\;\;g f , : .
" The interrelatlonships of shrev abundance (dependent L”.”14.:,$

- variable) and classes’of tree, shrub, herb gra11n01d, noss,fti{fffh
‘and llchen cover were analyzed by means of’ analys1s of ;
”varlance and ‘MCA. Hoss and tree cover contrlbuted little to.d“'

the explanatlon of varlance so both vere omltted from the :
'}flnal analels.vSome of the cover classes had to he combinedhn’ﬁ?'
so there vould be enough cases for analy51s. The dependent
varlable was’ transformed toJ;_:_a—g as suggested by Sokal

_'and Rohlf- (1969) for count data 1nc1ud1ng zero values., af'fﬁ tti S

The results of the analyses of varlance are sumlarlzed fﬁg,si.
in Table 23. There vere sxgnlflc %t dlfferences in- the
\abundance of XM, hoxl wlth llche& and herb cover, s..c;g s.7'”

”wlth herb and shrub cover, and S. arct;_gs wlth 11chenl f

: v A
covéﬂ Though 51gn1flcant. these results do not provrde any .

_1nfornatlon about the pattern of the,effects, therefore, ‘4

these data were further analyzed by MCA,

[}
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& vTabie"zs Results of the analyses of variance of the
ol B abundance of three shreV<spec1es on the

S

'“ﬂ}%renoval grids in relatlon to vegetational cover.

SRR (df degrees of freedom)

A %

" Source of . M. BOYi . S. cigerdus . .S..arcticus
o e aE LR oaf A 4y

-~

. - v . . ) . " -
- “ e : 5 N . ‘
. : . I3

ﬂaln effects‘f'~f3:'ié}79;; 13. 3. 18mxs 13 2.0u%
‘fIShrub‘q*;77f;fjé:“~é.b7{ L zf',e.zstft 27 218
" Rerb r7i firﬁhvif‘ 2.7 '3’”~3¢p3*;gf’ 3 2,62
'rLlchen | ffi;;r“;a:h!12;*e, -Q“:‘}2-3éj~ L d r3.38*'
*s:gm;ninCj“'ﬁ/q]g o;u5ﬂ; o 1.890 L ,0;23x.

CTetal -t 999 T qo9 . - o199

i_*** p < 0. 001iﬁ



'Lwnlcrohabltat analyszs. The proportlon of variance in the »Af Sy

d*dependent varlable explained by a11 predlctors together is

&

VgreSPectively}t'

"and 19 percent of the variance in the: abundance of S.

"coeff1c1ents 1nd1cate that 11chen cover by itself explalned

'['“Gram1n01d cover vas of negllglble 1mportance as a

'glven~by‘the multlple RZ. The predlctors explained 12, 15,
\agctlcus, g. hoxi. and S.4 u respectlvely. The eta2

f10% and 6% of the varlatlon of M. hozi and S. égc 1ggs

5
i

. - : X . it
‘ o : _ : . Lo
. o o ,, ‘ o

Table 2u sullar1zes the uCA statlstics of the

abundance, respectlvely. Shrub and herb cover each explained:
5% of the varlance 1n the abundance of Se. ;ger uS. he rank

%order of the betas 1nd1cate the relatlve importance .of the

L varlous predlcators in thelr explanatlon of the - dependent

varlable while holdlng constant a11 other predlctors.

fdetermlnant of spec1es abundance after other predlctors had

’vsubclass of the predlctor varlables.AA p051t1ve coeff1c1ent

been taken 1nto account its beta coeff1c1ents are betueen

'_A 0.07 and 0.19. The best predlctors of abundance for M. hoxl,

§._cingggg§,'and Se. argtlcus are- 11chen, shrub,-and 11chen,

e a— ——
D3

!
!

P

The major 1nterpretatlon,1n WCA is of the adjusted

- . y

'coeff1c1ents vhlch ‘are expressed as dev;atlons from the P

“

‘overall mean (grand mean - 1east squared mean) for each ;;b...-ﬂ"

bb1nd1cates vhat a greater than average nunber of anlmals were

' ‘caught in a cover class while a negatrve value indicates ’ S

D N

fever captures than the average. The pattern of the effects
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Table 24. Summary of MCA statistict of vegetational cover
| ‘predicférs in relation to the abundance of thé&-

. shrev'speg}es;_

-

. Predictor Statistic - M. hoyi . S. cimeress S. arcticus

"
'~ shrub . Eta 0.07  0.23 0.12
| , Etaz - 0.01 . 0.05 001

| Beta - .0:13 - o;?s , '36.14
|
Herb "» Bta 0.21 b.é3 | 0.19
" Etae 0.06 . 0.05 0.0y
Beta ©0.20 . 0.22 . 0.21
| /o ; L |
Lichen s Eta 032 0.21 D 0428
D‘ o Btaz 1010 0.04 ' ’; 0.06
. Beta  0.31  0.25 0.27
Graminoid  Bta  0.15 0.1 . 0.07
| . Etaz C0.020 o;oz 7 akor
. Beta 0.09 1 0.19 o 0.07
v Muiti§le L . T, - o
RZ 0.15 C0.19 L 0412
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f90
of those predictor variables-that vere significant for at
least one spec1es in the analy51s of varlance is presented
in PlgWre 14, MCA coefflcients 1ncreased with 1ncrea51ng
shrub and herb covers. As 1chen Gover 1ncreased MCA
‘coefficients tended to decrease except for §. _;gtlgus whlch
increased in the 76 to 100 percent lichen cover class. This
indicates that shrews selected areas vlth dense ground cover'
and. av01ded dense llchen coyer, except for\; arct;cus whxch
|

seemed to prefer these dry sites as well as moist areas.

e

-

To test the 51gn1f1cance of the trends observed 1n
~

Figure 14, shrew abundance was compared wlth the cover
classes of each predlctor separately by means of Duncan's
multlple range test (Table 25). All shrews were
significantly more abundant in ‘the 26 to 100 percent herb
_cover class than in the lover classes. S. g_g re was taken
“in- 51gn1f1cantly hlgher numbers in the 26 to 100 perceLt
"shrub cover class.’ The other species showed no significant
dlfferences in numbers for shrub- cover. H. h_xl and’ S.
»g;gggggs were caught in 51gn1f1cantly hlgher numbers at low
lichen cover classes than at hlgh ones, There was, no
51gn1f1cant dlfference betveen low and hlgh llchen cover‘,
classes for S. a;ctlgus, 1nd1cat1ng a preference-fOr both
':dry and wet nrcrohabitats v1th1n lowland areas. ThlS

4

:fr-conflrgs the microhabitat ana1y51s Vhlch found that S.

gggg;ggg showed a- preference for m01st areas but vas alsoﬁf-

t

able to tolerate dry areas. Shrews, in general, seem to

o

» k -

;prefer m01st condltlons under a dense ground cover. v

p=1-)
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‘Figure 14, Abundance
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Table 25. Significance of dlfferences betveen cdver classes

~of - shrubs, herbs, and lichens, and the a undance

of three shrew spec1es u51ng buné%%fs lﬂltlple
range test. Classes,101ned‘by the same horizontal
line do not dlffer at the p < 0. 65 level of

,51gn1ficance. Nunbers are percentages.
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»/f' fo"' "-",' - Discussioan

’ i-\ It is glear that :h{ews are eas11y cau%ht in pitfaLl
trapsﬁénd \hat this type ot trapping prograu glves a better

‘indication of Species conp031tion and relative abundances of

insectivores in small ménnal comuunities than the more N
A “ -

conventional methods of snap-trapping and/or live-trapping
(Buckner 1957 HacLeod and Lethieq 1963° Brovn 1967 Pucek
~1969). Such removal methods have been comnonly used in snall
Y malmal population studies 1n Ex ope (Grodzxnskl et al. 1966-
| Pucek 1969). Removal trapping of any t;be for a prolonged
'rg perlod has effects on relative proportions and - population
structure of the SPECLeS caught. In the present stddy, R
removal trapping created a gap in the conmunity s dominant
7”_small mammal populations uhich was quantitatlvely filled by
} disper51ng animals before the next trapping period._The Lo
.structure of. the populatlon of S. g;nereus on. the gridsv~\
differed from that of the general popnlation (Table 10). It o

2:

’ would also be expected that dispers1ng M. gggnsxlvggicus and

\

gggge;l would differ from the general population 1n age e

and sex comPOSition as Kozaklewicz (1976) found in bank

ivvoles (Clg_h;;__ggzg g__;gglus). M. _gz_, §. _;gtlgus, and
' S. gbsgurus dispersed onto “the’ grids to a. much lesser extent

o than s._glggreusf and no 31gnificant differences 1n their -

3

population structure vere observed.} S

Variatiom-in the numbers of*aninals-dispefsinézznto;thef”

.
1,
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grids seemed to_reflect the variation occurring inftheir

-

populatlon nunbers as demonstrated by Kozakiewvicz (1976) in
| C. g;gggglus- Though the numerical indices were of a )

dlfferent magnitude, the seaso::B population changes of S.

cinereus and . hgii(on he grlds were smlllar to those on

-
the trap lineg Grlds, pitfall trap llnes, and upland

snap-trap llnes all shoue€"§. cinereus numbers neaklng in

~

1977.. Though §.‘g;cticus was only caught occ ionally on the
grids, its nuambers shouod'aq'increase in 1077 but 51nce
none vere caught on trap’ 11nes unt11 1977 no comparlson can

be made betveen grld and trap line Mumbers for 1976 and

———— i e w—

stable. Contrary to Buckner {19¢€6), who found the numbers of

\

sympatrlc populatlons of S. g;gg;ggg and S. gggt;gug to vary
\1nverse1y, the present study would 1nd1cate that they are in
synchrony but at dlfferent levels. Slmllar dlfferences in
the relatlve abundance of sympatrlc shrews were found by
Spencer and Pettus (1966). .In their study, S. g;ggrggg and
Se. ggigagg peaked and’ decllned synchronously in numbers,-
while S. panus and M. hoyi numbers - rerained stable,
vconcurrentbstudles of C. ggggggi in upland areas revealed

- the Sane.nunerical trend (Fuller, unpuhlished data) as.that
on removal grids. Although therevuere;no Studies,with which

| to compare H. penn_xlvanicus numbers from the'grids},the

trends observed probably reflected the varlatlons occurr1ng¥
i N

3 N - . -

in its populatlon nunbers., 7
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"'« Shrews as:well as microtines have an eéorlous potential
for numerical increase vhich is.seldomvfully expressed,
Litter sizes of Y. hoyi, S. gigggegs, and S. a;gtiggg all
averaéed’about eight (Table 8). After tﬁeifirst*litters are
born; a postpartum estrus is possible, as shown for'§.
a;ggggg (Brambell 1935) and Blaripa brev¥jcauda (Pearson ~¥\Q_///.

1944) . This iquld mean that-a second litter could be born.

about the same time as the first litter is‘weaned; Tﬁis,v \
coupled wlth the ability of YY females to breed in their
first year, could cause numbers to 1ncrease rap;dly. Purlng
the present study, however, I caught no-pregnant, lactating
females,'so I have no evidence of a successful postpartum

estrus, Sexually mature YY females of all\shrev'species were'

-

Though all shrevw species seemed to have about the same

reproductive potential, only S. g;ggg.us came close to

reallzlng "this potent1a1 1n 1977. The other species: remalned

at relatléely low populatlon levels.

Maturatlon of YY females,,as 6bserved in 1977, has

prev1ously been reported for S. c;gggggg (Buckner 1966) and

for S. araneus and S. miputus (Pucek 1960) . It appears that
only frrSt litterlfemalesemature sexuallyfwhen this
.phenomenon occurs and they are able to give birth to more
:than one lltter. ThlS is u agreement with Pucek (1960),
’except tﬁat he found no e71dence of a dlfference in’ the size
of 11tters born to YV and 0“ females, perhaps because of the

small size of his sanpdes of breedlng YY females. The
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maximum proportion of YY females observed to be: breeding vas

22% in Pucek's studz, whereas they made up 64, 9% of the

'breedlng female" populatlon in ry study in 1977. Thus in

certain years the sexual maturation of YY females can be

very 1mportant to the populatlon dynamics of the specxes._

Unllke 1Y femaE@s, YY males generally do not mature
sexudlly in their first summer (Pearson 19&6' Pucek 1960) .
although they are known to mature regularly ander laboratory

‘ »
condltlons,(Pearson 19445 Blus 1971), One»sexually mature YY

S. araneus male was reported from a wild‘population'in\

Europe by Koualska-Dyrez,(1967). It appears that 7YY males»

- usually mature in the sprlng of thelr second year and remaln

“in breedlng cond’tlon until they dlsappean from the

population that fall. The. aggre551ve behaviour of mobile

' breeding oW males may, as in the‘case of voles (viitala

1977),.inhibit'the maturatiOn of‘YY males.

Z-'Seasonalvchanges in body size and cranial height in M.

-~

hoyi, s. c1nereus, and S. arctigus are similar to those

observed in S; aranegg from .Europe, The change in these

‘vmeasurements is a phenomenon that has been 1nterpreted as an

adaptatlon to llmlted food suﬁplaes in areas:wlth long, cold'

'

wlnters (Hezhzherln 196&- Pucek 1970).

~It is well known that body velght and length of
Palearctlc shrews decreases over winter (Dehnel 1949;

Crowcroft 1957-'Pucek 1970).'The decrease in welght is the-'

-

 result of a decrease in cellular water, whlch is probably

o

H
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related to a loveringvof netabolic activity (. Puoek 1965).4
This swmaller body 51ze allows shrevs to overvinter v1th a
A‘decrease 1n the absolute amount of food regulred, though the
relatrne‘anount is 1ncreased (Mezhzherln 1964 Pucek 1970).
‘Body 1ength reductlon ls caused by changes in thei\
’1ntervertebral dlscs (Hyvarlnen 1969).v if'}fffV”:f“l:,;

.The body weight of M. hoyi and S. gi_gr decreasedpi»‘
23, 3% and 19 5%, respectlvely, from- August(lnto vinter. Thls
“lS more or 1ess comparable ulth the 32.1% decllne in the
iwelght‘of S. al_ eus from Poland (Z. “pucek 1965). In spring,

——

wlth the onset of breedlng, shreus nearly double thelr

' velght gvjh_xr and S. g;ggggus 1ncreased 91 7% and 92 7% ln

body welght, respec*zvely. Z. Pucek (1965) reported a
comparable 106.7% increase in welght for S. Qg ne s fron.

‘,February to June. Changes in body welght have been reported

for the vole, C. gapperi, in the HeartlLake area by_Fulleru

(1969, 1977b). -

Pucei (1960{wCOncluded that hody.length\did not'changeh \
1n response to sexual maturlty 1n YY females but was av
'functlon of age and season. My data (Table 5) 1nd1cate that
breedlng YY females vere 51gn1f1cantly 1onger than

non—breedlng young*but 51gnif1cantly shorter than oW

'females. Thls agrees wlth Shvarts (1962) and Hawes (1?/5),-

and suggests that body length is affected by reprodu#tlve -

condltlon,’age, and season or that only the 1argest

Vo

- individuals mature,.Dehnel (1952) explalned the sexual .
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maturation of YY females in terms of their food supgly which

[l

‘can be extremely varlable. Yy female .may nature in response

to holding a terrltory wlth optlnal food conditions vhich

'-nwould also promote growth, resulting in large, sexually

mature 1nd1v1duals. Hhen RO space is avallable for new.
terrltorles, maturatlon may be 1nh1b1ted by a phy51ologlcal
' mechanlsm as in mice (Chrlstlan 1955). Tt would follow that
;1f1rst lltter females would be the ones to mature in years
‘llke 1977 when there was plenty of space because floodlng

. Was ‘minimal,

Varlatlon in cran1a1 height. has been attrlhuted to age
(Jackson 1928- Rud 1955) and seasonal\varlatlon (Dehnel
1949). Pucek (1963) showed that the decrease in skull helght
‘was due to reabsorption of bone ‘at the sutures durlng wlntér
ﬁébd new bone growth in sprang. My results 1nd1cated an ‘age
dlfference as welltas a seasonal dlfference 1n cranlal

: helght There was a 51gn1f1cant dlfference in cranlal
,helgkﬁs\of OW and YY S. c1ggggg§ and,a sxmllarﬂpattern wasb
observed in S. ar_g;g s and u.rhozl althouqh the dlfferencég

- Were not 51gnlflcant. Cran1a1 helght was lowest in wrnier,'
increased 1n sprlng, and. reached a mean value for OH anlmals
that was s1gn1f4cant1y lover for Sg ¢ negggg‘and ga'h_z;
than the mean of the same cohort $:e-preuious sumnerjwheni
they vere YYlanimals. Thus, the observed age dlfference in

“cranlal helght can be explalned 1n relatlon to seasonal

var 1at1 ons.
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Pucek '(1963) found a 17‘percent uinter reduction in
'cranial height, in S. araneus from U.S.S.R., Bulgaria, and

v

Czechoslovakla which is- colparable}to the 17 percent

reductlon 1n §. cinereus. in the present study. M. hgxi

s

showed a reductiou_of 25 percent.‘
-‘fhe‘fiﬁdings of the present'stndy~have shown that the

seasonal mOrphological changes dn shrews known'as Dehnel's

phenomenon also occur in Nearctlc species of the ‘genera 2

S r_;tand_u_gggs rex. This suggests that Dehnel's phenonenou

.1s probably characterlstlc of all Holarctlc spec1es of

shrews, “ o ’ |

B .
V

{ _ .
Extreme wlnteracondltlons make heavy enengetlc demands

' on shrev% as uell as. other small mammals that remaln actlve

under the . snow cover. The lower absolute energy requlrements

assoc1ated Hlth the wlnter decrease in 51ze of shrews and

rodents mus{\more than offset any 1ncreased thermoregulatory
cost. © .
: L

Fluctuatlons in numbers of M. pennsxlvanlcus and C.

N

gagg_rl were synchronons but they were out of. phase w1th S.

numerlcal re sgonse was’ totally dlfferent. An explanation for

1

rophic ievels
. \
occupled by the two groups. vOles, being h‘rblvores, are -

this dlfference may lie 1n the dlfferent

'prlmary consumers. The lnsectlnorous d;et f shrevs makes

" their assignnent/to anyisrngle troph1c'1eve1 diﬁficnlt_

- o - Cn

L
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because’ thelr energy requlrements come from varlous sources,
but in general 1 would classify them as secondary - tertlary
consumers..Thls ba51c dletary dlfference is probably

fundamental to the observed dlfference in populatlon

3

At Teast three perlods of. the year have been classed as
"crltlcal" to small mammals that rema1n active throughout

the year. These are\the fall critical perlod (Prultt 1957,

'sprlng cr1t1ca1 perlod (Fuller 1967), ahd mld-wlnter

E .
condltlons (Prultt 1957); which correspond in this study to

the perlods of fall transgtlon, spring thaw, and deep snow,

respectlvely. As the populatlon.numbers were in contrast so

vere the winter condltlons preceedhng the two summers of the

'study (Fig. u). The vinter of 1975 76 W1th 1ts short fall

tran51t10n perlod, rapld accumulatlon of snow and- resultlng

warm stable subnlvean temperatures, could be descrlbed as

-‘"favourable" The wlnter of 1976 -77, in contrast, had a long

fall transxtlon perlod and cold, fluctuatlng subnlvean .

: temperatures as a result of the slow ‘snow accumulatlon.

These condltlons are deflnltely "harsh" in reference to the
temperature reglme that small mammals ‘might be exposed to.
There was one m1croenv1ronment “however, that did not
change. Subterranean temperatures ﬂg:ijned constant durlng

4
the two w1nters. If just the vole populatlons had been

: studled 1t Hould be easy to state that severe wlnter

condltlons of 1976-77 were respon51b1e for thelr decllne,

- but_§..__-e eus populatlon numbers 1ncreased dramatically."

A N
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®hy would shrevs, which are probably more: sensitive to
changes in temperature becausé of ‘ 1eir high surface to
volume ratio thah the larger microtines, survive better than -

voles? |

It has already been observed by other authors that vole
surv1val can be exceptionally hlgh durlng what are thought
to be-"harsh“ winter thermal.condltlons:(whitney‘1976;’
.Fuller 19773i; ConVersely, high mortality has occurrediin'
Vsmall robdent populations during so called "favourable"n
condltlons when the snow cover vas deep and subnlvean‘
temperatures vere r 1at1vely warnm and stable (Beer 1961- :
Fuller 1977a). There are also examples of high survxval of
“rodents. durlng the fall tran51t10nfperlod (Vuller et al
1969; Whltney 1976). These fluctuations in small manmal
‘-populatlon numbers occurred in theepresent study even Hlth a
stable year—round subterranean mlcrocllmate avallable,

' indicating that stable thermal condltlons alone are hot. able
‘;togexplain populatlon numbers at the start of the breedlng ;
season and thus further. populatlon 1ncreases. Wlnter
’coﬁéitioﬁé v1th the1r varl;ble effect on the subnlvean

<

_thermal regime are. also 1nsuff1c1ent to explaln changes in

shrew or rodent populatlons.,"

LY | E
Probably sprlng thaw is: thez'ost 1mpprtant of the

‘perlods because the onset and success of breedxng along with
later. recrultnent may be affected as 1nd1cated by Fuller

4(1969y. However, poor sprlng survlval can 0ccur,1n'years of»
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high population‘growth (Hhitney 1976).\krebs and Hyers
: (1970) cohcluded that subsequent population growth is not
~dependent on survival durlng the spring period., Therefore,
vlt would seen that mlcrocllmate alone is not able to. explaln
'fluctuatlons in populatlon numbers of either shrews or f
.voles, In wlnter, food becomes a finite resource which f
declines as time passes. Avallablllty of lnvertebrate prey,
in the case of shrews, is reduced as a result of them

3

becomlng 1nact1ve and less abundant. In the case of rodents
plant product1v1ty ceases and for both the snow cover
‘phy51cally limits the. effectlveness of foraglng. Thus the
overwlnter sgrv1val rate as well as the seasonal populatlon
growth vould seem to depend on whether the animals can
successfully meet thelr energy requlrement\\'%ezﬁzherln
(196&) has shown that shrews can wlthstand prolonged
exposure to temperatures (-5°C)- 51milar to those in the
subnlvean envxronment if food is present. Therefore it is
- hypotheSLZed that shrew populatlons aref“\gulated by the
energy llmltatlons 1mposed by thelr nv1ronment, espec1a1ly

during the wlnter perlod #hich annually llMltS thelr

'd;strlbutlon,and their sprlng'population.levels.‘ .

Generally shrews show a preference for habltats that o
are m01st and provide dense cover - (Getz 1961; Miller and
-Getz 1977° present study). Con51der1ng the 1mportance of

food 1n explalnlng the spec1allzat10n of~ shrews, the

\

.dlstrlbutlon and abundance of the soil 1nvertebrate fauna

-t -

should he related to the habitat preferences of shrews.
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Shrub birch fens have dense cover of deciduous shrubs. are
Valways moist, and the soil has a mull 1lttef ‘layer from the.
decomposition of deciduous leaves. There are no other
habitats 1n the Heart Lake area that have this SOll
'richness. Black spruce fens Wave a mor litter composed of
‘ac1d1c, partly decomposed peat material sharply separated
from the underlying mineral soil. Upland areas also have a
mor litter but it is thin and usually over bedrock. From the
-woodland}501l study of Bornebusch (1930)‘1t'15 known that
mcr litter supports a small biomass of numerous o
microarthropods.suchaas mites_andvcollembola. The richer
mull litter has a\greater biomass and diversity'of larger
‘but’relativelyyless numerous invertebrates than mor'litter.
A‘Therefore,;potential prey'available to shrews is greater in
biomass, 1nd1v1dually larger, ‘and should give shrews a

greater energy return per prey item in mull litter than mor

‘ : / o “
lltter. ‘ . / - . ’ '

/

S
J
. /

The major part of shrub birch fens were *dooded in 1976
and thus unavailable to" shrevs. The low water table in. 1977
opened this habitat to shrews, particularly S. cin
il§._§;ggig_s hich 1ncreased in numbers. From these centers
. of population grouth, S. ciner gg_ and S. ggt___s dispersed

N , , .
'}pto nearby marginal habitats.

e \

/// - The’ ev1dence for dispersal 1n the present study came
from the difference in age betueen animals caught on’ grids
and on\trapvllues.HThe majority‘of;the shrews, except,for g.

|
1
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hoyl;'capturedvon the grids Here YY'animals with~an even sex
ratio. YY 1ud1v1duals vere also predonlnated in the catch
"from upland areas. Trap llnes caught more breedlng oW
‘anlmals and fever YY,anlmals than the grlds. Dispersers, in
vthe caee,of‘§. cinereus and §. arcticus avpeared to emigrate
into nearby marginal black spruce habitats'first and into
unsuitable’upland areas last. This vas conflrmed fcr Se
captured in the various habltats, ho anlmals were captured
lon_the-remcval grids until early August in 1976. It vae two
veeks later that YE animals‘orhanyfshrews were taken in-
surrounding uplands. The Same seguenCe of.eventé,occurred in
numbers'bullt'up faster than*ln 1?76. The flrst Y
‘:individuale‘pere caught at the end of’June.on,the removal
grlds and by fall S. cinere u‘,vas abundant and found in
every habltat, but by the spring of 1978 it was agaln absent‘
. on the removal grlds and ° 1€%a11 upland areaso(S. Pickering,
"pers. comm,.) . In all three springs S. Cinereus appeared to
lhave a very llmlted dlstrlbutlon, llkely conflned to certaln

N optlmal habltats 1n whlch it waS\able to overwlnter
successfully; .
The catch of s. a___;cgs\con51sted of only three
-1nd1viduals in 1976,’a11 from grlds, but when trap llne
'locatlonevvere changed in 1977 to shrub-birch fens it was

caught regularly. It was not unt11 early August that Y

'anlmals uere caught on grlds suggestlng that 1t took longer

>
! . - :
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fbf Se. a;gticus numbers to bu11d up to. a level where

\ dispersal uould accur than 1t daid for Se cinere u§ M. hoyi
seemed to prefer wooded black spruce'fens-as it vas‘the only
shrew spec1es caught on the grlds when the study started in
‘the sprlng of 1976, The numbers taken on the grlds remalned
’constant over the two years, though a sllght peak vas

' observed in 1976. M. 11 llke S. arcticus vas caught

..———-.—-

‘ regularly on the trap llnes in shrub b1rch fens.

A
/

Studles on Se a;ggggs.and—§..g;ggtg§ by Michielsen "
(1966) and S. vag_gns‘and S; obsguru .by Hawes (1977) have
shown that these spec1es are terrltorlal, that is, they have ’
.contlguous_noufoverlapplng home ranges. Y ahlmals of these\
shrew speCies‘disperse immeddately after 1eavingvthe'nest
T and attempt to establlsh terr1tor1es whlch they seem to need"
in order to overwlnter successfully. Hawes (1977) suggested
."that the effect of territorlallty was to regulate populatlon
hnumbers beforeyfood becane llmlted as in wlnter. In the
:present study terr1tor1a11ty may have placed an upper 11m1th
op/§.’g;gg§;gé7numbers in shrub blrch fens as 1nd1cated by
'-_the dlspersal of large numbers of YY anlm 1s in 1977, thus
_ensurlng the surv1val of a portlon of the populatlon durlng
: wlnter. c | |

. ~ .
B .. " . . . ar

»

o Two dlfferent types of dlspersal have been recognlzed

by lelcker (1975) saturatlon d1spersa1 whrch occurs vhen a_

Apopulatlon is near 1ts carrylng capac1ty and pre—saturatlon

'd15persa1 whlch occurs dnring populatlon grovth before.v~“‘vzv
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saturationgoccurs. The type of dispersal found‘in shrews‘b
that occurs inmediately after‘YY animals leave the nest andn
is governed by territorlal behavlor is pre-saturation
’dlspersal. As suggested by lelcker (1975) thls type of
dlspersal would probably evolve so that dlsper51ng
'1nd1v1duals would have a better chance of surv1v1ng and

pa531ng on genetic materlal or so that seagonally isolated

' populations would be able to 1nterchange genetlc materlal.

Fall snap-trapplng conducted by Formozov, (19&6) showed I

that shreus could be taken 1n all halltats vhen numbers were
Tn thelr nuhbers were.
 low. Pruitt (1959) concluded that phy51ca1 factors were
vrespon51b1e for habltaf expan51ons and contractlons observed
| 1n Blag;na populatlons. The present study argues that it rs-
,vthe energy def1c1enc1es of habltats that make them
: unsu;table for shrews. éhys1ca1 factors such as the floodlng
of shrub blrch fens in 1976 ‘can. sometlmes be respon51ble but

more often 1t 1s probably the abundance of - ‘prey . that

“;controls the dlstrlbutlon of ‘shrews, Most anlmals readzly

dlsperse lnto what are probably only seasonally sultable

' habltats and fev are\able to surv1ve t111 sprlng. Thus,
\

'yearly fluctuatlons observed in some syrew populatlons seem

: //be the result of fluctuatlng prey numbers.‘The energy

'.11m1tat1pns 1lposed by wlnter condltions, however, seen to

act as a yearly check on shrew populatlons,.controlllng

the1r numbe and lllltlnq thelr dlstrlbutlon. Only a
E

certalngpor_ n - of the populathon 1s’able to fulfill 1ts 1

Y
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A

energy regulrenentc and survive ‘the vinter, whlle the energy . ?.

&evallabillty‘during the snow-free period governs the level L

7

/df populatlon grovth*for a partlcular year.".- ___'4-.-. o
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