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ABSTP.ACT

lnfeasurements of subnívean C0, during two r,rírrters (I974 - 1975 ancj

I97 5 - I91 6) j-n six dÍf f erent habitats in the taiga 280 l,¡r northeasr

of winnipeg, Manitoba revealecl that subnivean co, accumulated

consistently in four habitats i^/hile not jn two others" The co,

concenl-rations increaseci up to maxima of f ive times arnbienr ievels.
The accuinulatj-on af CO, was affected primarily by density ancl tiai:dness

of the snow.

A reduction in sma1l inarrrnal numbers ru'âs âssocierted '¡iih the f¿ll-l

c,ritical period. Accumulat j-on of subnivean co, rTas rcreqi;ently

associated r+ith changes r'-n sma11 mammal distr.íbuti.on, lnvoh¡ing

reductioirs in the numbers of animals pïesent at Èhe sites of greatei:

C0^ ccircentrations,
I



AC KNOI^,{,E D GEÞfE ì{T S

This study rdas supported by a NRC grant from lgl4 to 1976. I

received an NRC bursary in 1973 to L9lA.

At thís time I would like to ¿,cir¡rowledge the assj-stance of the

folìowíng people wíthout r''hose dírection the project would ¡ot lrave

got off the ground: Dr. D" Schindler:, Dr" Neil- i\rnason, Dr" Ter:11,

Dick anci especially Dr. I,/. 0. Pruitt .Jr. \"rho creaied the Taiea

Biological station. Fellow students and friends such as Ecl and

Bonny Hi11, Richard i,eonard, Glenn Sutherland, Keith yonge and

suzanne Levíne r,¡ere of great help. Especial tharrtrcs to Bill conley

and Don McDonald without whose support life would have been ¡ruch

more difficult, and lastly thanks to the many peopie ruiro helped

whenever ihey were up at Taíga Biological Sia,cíon"

i-i



TABI,E OF CONTE¡]TS

ÀCKN0l!T,EDGEIIENTS

ABSTIìAC1]

RESULTS

al-

l_

ZT

2L
2.2

24

i-IST OF TABLES

LIST OF FIGURES

INTIìODt]CTION

STUDY AREA

SECTION ].

. . val_r

}TATERIALS AND I'ÍETIJODS

co2 SAÌ'IPLING SrTES

CO? SA},PLI¡TG
CO; ANALYSIS

S ITES

S]]CTION 2. I|I\VIRONMENTAL PITR-{METERS

YtI CROTOPOGzuIPHY

CLI}TATE
SNOI^] CONDITTONS

24
'ì /,

25
SUIJNIVEÁN TEMPEIì1ÌTURE
STÄTISTTCAL AI\ALYSIS

1(
L)

26

28

32

32

3B

56

56

62

16

B9

8 g')

SECTION 3. SMI\']-L I'L\}ßíAL TRAPP ING

SECTION

SECTiON

SECTION

l.

2.

3"

c02 ACCIßÍULATION

FacLors Ínfl.uencinS C0, accumulatíon

EFFECT OF C02 0N SIíALL MAÌIIíAL DISTRIBUTION

S}L\LL i'{A}f¡LAL NUMBERS
MOVEI'fEÌ{T OF SMALL PÍA}$LALS IN RELATIO¡j

T0 c0" ACCI]MULATION
STATISTÍC/,L ANAJ-YSIS 01ì C}UTNGES IN SÌ',íALL

FIT\¡IY¿L DISTRIBUTION

DISCUS S ION

C0, I\CCIJI'ILÌLATIO}ISECTION ]

l-li-



SECTION

SECTION

9l

c/,

9B

)

?

1"

2

3"

FACTORS INFLUENCING CO2

EFFECT 0F CO2 0N SMÄLL

ACCT'IIUL\TIOI'{

I'IÄ].ßÍAL DI S TRIBUTIOì.]

SUI'ß{ARY

SECTION

SECTlON

SECTION

CO? ACCUMULATION

FACTORS INFLUENCING C02 ACCUT1ULATION

EFFECT 0F C0? 0¡l SMALL Þt¿\Ifr{AL DTSTRilIUTTON

9B

9B

99

i_v



Tab1e 1

Table 2

Table 3

Tabie 4

Table 5

Table 6

Table 7

Table I

Table 9A

Table 98

Tabl e 104

LIST OIì TABLES

Definition of environmentar paråmeters as use<ì rln st¿r.tistica,1
analysis . Zl

[lonth1y totals of c0, sar:rples (Z/vorume) for the rvi.;rters ofr ^ra 
¿ '

33

Measured C0, concentratjons (7j/volume) and accumulatior-is
f rom sí>< ñabir:ats during wirrrers Lg73-74,rg74-75 

"rgi -\-1 6

Tabl-e of CO, concenti:êtions (id/."rotuine) in soiJ, (10 cm.
belov¡ surface) and adjacen.L CO? testing tubes in aspen
plo r raken once cn each da.ce iá lgl5_7 6 ,

"40

Hourly sampling of subnivean co., (%/vorume) concenirations at
two stati(rns on 28 and 29 Llerê.n lg75

DiscrimÍnant analysis of r,¡inter LgTL-75 site-clependent andsite-i'deperident environmental factors v¡itli groupeci co,

D'í scr:imínant analysis of wi-nte:: L975-76 s'í te-dependent ancl
si-te-indepe'rient enr¡ír<¡nme't-al facto::s i¿j_th groupecl co.,

,1,1,

C0, concent::ations (7" I vcLut e)
frithín the snor^¡ p rof í-r e at
above the grouncl and 40 cm.
tamara.ck bog at station 17

Means, standard
+ ^-.^ : ^Pa!G¡rreLÉ!¡ Ilt

1.97 5-7 6

measure<i once on each date
Lhe ground-snoç¡ inLerj-ace, 20 cm.
above the g::ounci in Lhe aJ-cler

dev'í ations anC F ra.[ios cf ¿r_11 enviror-rmentai
tl'ii:ee ciifíerent COr groups for r¿j.nter

. " 45

4Z

43

I^/i- thin groups correl,a tion ma Lrix o í
paramel_ers except CO, ior Lcl ,-5--76

de¡viaiions and F ra
three different CO,

"'1t " 
":'t:":"î.:':t 

.

l.i.os of a1-l en.¿ironmental
gïoups for v¡inl:er

.47

al i envircnnental

Ì'íe:nc qt¡nr:l¡r,l
, s vLt

îl,âr-,âmá!fr.rq i¡

197 4-7 5

T¿:.bie 108 i/ithr'-n groups correl.ation inatr:l x of
pâl:ameters excilpt CO r. f_cr i o,7 4_ i5 . '48



Table 1I

Tabl-e 12

Table 13

Table 14

Table 15

'Iab 1e I 5

Tal¡ I e l7

Tab1e I I

Table I 9

Table 20

Table 21

TabLe 22

Tal-¡1e 23

Talt¡Le 2!/+

l'Íean, s tanda::d
coefilicient:
(oc") in rhe

Frequency of occur;:cnce of variables es -l signjf i_c¿irrt
vari-ables ín step-ru'lse cisc:- iminant analysÍs of 6 srud¡:plots í¿ i,;inte¡:s J_974-75 an,j l gl5-j6 

"

Ì'leirn, standarci devi-atlcn a'd correlation coeffic_i.ent of
snorv hard'e::s (Zlcr:-¡ and snor¿ dens:.-ry (g¡cn,) Í* boti-r
i.¡iiiter s

snor,¡cover [hic,hness (crn) r,;ith stanc]¿rci eïr:cï ancl range r*
each l-iabil_ar for L974-75 and 19i5-76 " .t)

5i)

-51

using SPSS

55

tr-

Subnivean mean temperâtures (oC.) r,¡ith standarcl error anCj:ânge in each habitar for l9j4*75 and 1975_76

Nr:nber of smal1 mammals rive-trapped in tire sunimers ofI914, 1975 anci 1976 anrl throughour the stucly

devi.ation and Pearson corre-l_ation
of CO^ (Z/volune) and sr¡bn-i vean feïnperature
i';intê::s of l9l4 to I975 anil I975 ro 1976

cf <lifference of nuniber of caÐtijres oÍ s¡ral.1
i9t3-7 6 .59
cf lir¡e-trapped capturesfl00 trap níghte on

plots throughout tile study. 60

ciìaû.ge in number of s¡nali mammal_s i.rap
r-r:ap faL'_J_ures before and after hj.ern¿:1

.63

SigrrÍfi.carce
marnmals i n

Total number
six s tucly

Significance of
captures and
thresholc'l

Signifícance of
lines in aL-der

nurnbe:: cf
tama::ack

threshold

Í girif icance- of
mainnal traps
threshold

Fi.eiibe::g t s co¡¡ tí.rigency table
L975*76: observeC values

capiures in 3 srnall mamnal t::apping
bog beiore and after híemal

77

number of captules in 4 l:l^nes of sma-il
i,n aldei: taniarack bog befci-e and. af ter hiemai

78

Il'ienberg u s continge-ûc-,v tabl e tes t
19l5-7 6: obsr:rvecl r'al.ues rvr_tl-l A
B : nurnber cí the líne_ (i"e., B.
uI_..) ,and C,_= befo::e and C^ =rf
!',' , B' , o:: C' = combine-d vafues

!'ienber:g I s cgntirigenclr
L97 5-7 6: ){- v¿riues .

for .[:1ack spruce bog

Ì cP-pture of A, f a.ì lu::e,-'= líne 1, B, ía li,ne ?.,
ter the hiernã1 th::eshol_cl "of A&/or B 6'/c:r C B0

[¿rbie tesi f or b].ack sÐruce bog
. 81

':=: :": :':": :':': :':':": 83

\r1



T¿rb1e 25

Table 26

Tabl e 27

tsf ênh,aro c

observed

Fienbers 's
X- values

jii rrnh¡-ro r q ¡nn Êi.- -:.^::-? - 2_..,_ngency table test for alder ridge ecororie_
L975-76:X- values . 

RL.

contingency table test foi: aspen upland Ig75-?6
values

B7

86

contingency tal-r-'l_e test fcr aspen upi_:1nd lg75_76

ì/l_ I



LIST OI' FIGLTRES

tri i¡lrra

l{ I ort-aô

Fi ør:ra

-[ìi oi¡ra

Ìì'ì ør r ¡-o

1

2

3

4

5

Figur-e 6

Fígur:e 7

Figu::e B

Figure 9

Figure 10

M:n nf

ll Lack

¿1ùìJç!l

1¡.1der

/r -Lci e r
rntc

the study

spr-uce bog

tln-l ¡nd nl ni

nlnh

t¿iinarack bog plot

i:idrge ecotone pl,oi: looking f rom the r j dge
the adjacent bog

t0

L2

14

t6

1B

20

65

6B

7I

.Jackpine lidge plot

JackpÍne sandpl.ri-n p.lot

Ðistributj-on of srnall- nammal capiure,s in ihe aslpen
upland frorn 0crol>er l_915 ro April i976

Dístributi.cn of süall i,amm*l captllres in the alde::
riclge ecotone f rcm Octoirer 19 75 to Llav L976.

Distribution of snal1 mamnal
tamarack bog from November

captures in tÌre alder
L97 5 to ,n.pri j- J 97 6 . "

1,,,r



INTRODUCTION

Å. disagreemerìt was f ound í¡. the literaiure å.s to wÌrether or not:

C0, inçrEases in concenlration or accunul.ate.s to levels greater t.llen

ambierrt (-03%ivaLume cor) under the snol¡cove:: and to i¿hat extent

sma1l m¿lmmal di sti:-,-butions are af f ected b1: such accumul_at.i ons .

Bashenina ( 1956) f ounci CO, tevels corÌcentrations increasecl up to 4i{

near lloscorn' " In the areas r^rhere greater concentrations of CO, vrer-e

i:ecorded she f ould subni r¡ean mouse nes is raised higher ¿rbove ihe

groun'J than in areas r¡itir iessei: concentratíons of cor. pichler (in

Geiger 1965) also merrlj-oned ttrat CO, v/as present in the sul¡nívean area of
a rye crop in concenrr:âtions greater than expected. Ke11ey et al
( i968) and Kel l ey aird i.rreaver ( 1969) studíed. co, accumulacion under

the sriow in rhe arctic tunira and quoted ;r. r¿r"nge of 0 " 034 co 0. 1

perceni by volume cOr. i{avas ancr P1?íenpää (Lgjz) f oui-ici subnÍvean co,

to accuritul¿ite to ievels of .03 to 0 " i05 percent/\¡clurne irr a liyiocomium-

ryi_L41"- rype fcresr in Ìjj_nland"

ïn contrast, Fu-l ]e¡ ¡:nd Holines ( 1972) stated that subni¡¡ean CO2

cìid not increase sufficienti.y tc ¿rffect sinaii marnmal djstributions in i:ai¡¡a.

Reiners (1968) found soil co, p:-oduction to be approxí.rnately zerc i¡

Ja-nuary :in a c¿:clar s\,/a.trp. f r,n ;_rnd oak f r:rest. I(e11e1l r,:.c al^ (1968)



and Coyne and Keile1' ( i9 7 i) f oun,j subri:'.'vean C0^ l-evels rf ecleasecl to

ainbient once ¿l snor.,/co\¡er o'f 2A cm. r"-ês estabi_i_sired.

Thereforc-:,, the focus of cl'r'i s thesis is to ârrS\rirrr ihe questions:

1. Does C0. accumulale j,n the subnivean space?

2. rf it does, r+here and iuhy co the accumulatio'Ls occur?

3. Do any accurnulations ínfluence smal1 ¡nammal cj.strit'utions?

C0^ coul<i ¿nnttr,rrl¡in h' arr l¡g¡g¿se either j.n oro¿rr.iiorr .r__? arr lrrLlsdÞrj crLi(ct ,_-_ an

ttl. "ti"r.gtl-i of facrors jnf luencíng retentÍcrn. cc, is producec p-rj*

:narily by tire d.ecomposi.tiorr of l_eaf l it_ter and by plant and rccir-

respíration, It j-s also rel eased fron air pockets or tr¡servoj_rs in

the soil. iì.esp i::ation f orrl s¡nai] mamntals has been cliscounl-ecl as ¡i

qi oni f -í crn'- ^^ntribu[or to âmollnts of surrnivean c0^ (Kerlev et ai.-_o--.-.- r!!ù L.r ÞLrilltlvgd¡I 
¿

1968) " l'{icro-o::ganisrns are tire nain cl ecorrposeïs of i-eaf .l-ittei. (Benoit

et al 1972) aüd irave been sho.;ilil to p-rocluce Lrp tc ?-g7!, ai the co,.

evolved orL a r¿oodlancl soil sur:f¿lce (trrlitlcamp and Franh 1969).

i{oot re-spiration aIon.g ivil-h CO, release<1 froil snall air pockeis i¡

fhe soí1 contributeci che remaíning 72% of C0, rneasured (Witlcanrp an.d

Frank 1969). Itcot respiraLioi'r \'ras also rcported by otirer authgrs as an

importanL c,ontlibuior (40,5"Á) of the or,¡er al-l C0, mea>^urerl (Reiners Lg6B

I(osonen L969, Er:orm arid Macf ayden 1969 " ancl /lncierson 1973) " Root and

micro-organís¡r i:espí::ation are interrelate:d (r=0. 7Z) :,+ilt_lt decompositÍon

(Kucera anrl I(irl¡-hal¡.¡ l97l) " A,iso, Lheir cc;,i¡rb,i-neij coi-rtï.ibìrtioÍr is t,he

inost signíf :icant in suinmer" i,i ttle soj.J- testíng liar; br:en

conducted outsíde i-lie suruner months excep t f.<sr -vr,orf:- cione bv Re,i.üers



(1968) " Therefore in r,¡inter anothe:: facLor, plant respirationenìay

become more important" Both Hagerup (in Ka1ela 1962) and ilavas and

Mäenpää (r972) found signif icant plant respiration uncjeï the sno\^r.

so l+hil-e one source of co, *^y du"lin., another ma¡z increase in

importance "

'Ihe production of COn varies due to envi ronmental contlitions such
L

as temperacure, rnoislure Ievels, pH, ruind as.".'ell as age and amount

of litter. Many authors have found a positive correlation betr;een

planL or bacterial respiraiíon and soil tenìperature, vrhere r:espii:ation

ceases at approximately -7oc" (Flanagan ancì scarborough Lg7z, Benoit

et al 1972). I{orvever, the effect of temperature was observed only

rvithin c::itical linits of moisture, litter: age and depth and all

\,¡ere interdependent (l^Iitlcamp 1963, i966). The effecr of pH on co^

production \,Tas evídent only outside the range 5 to j "5 (Flanagan and

scarboroueh- J.972) . I(e1ley et al (1968) f ound rhar r,.'incl negarively

influenced C0? accumulation.

Differences f;:oin suiÌìmer to rvinter in the dístribution of small

marnmal s have been noted by a number of authors (rverson ancÌ Turner

L972, Beer 1961-, And:-zejevrski and Mazurkieroicz Lgj6u Kalera Lg62,

Buckner 1966, Rier,¡e 1973 and lforris L969). These clif ferences are in

response to changes ir-i the environ¡nent (Stickel- 1960, lrlcNab i963) "

The subni-vean environment is dark (Evern<ìen L966) " roith a relative

huniidity of Ljct%, c¡uir:t (P::uitt 1959a,1960), and has a relatively

constan t r¡arm tcmrrerature l0 ro -7o c .) ,,¡hen conl¡rarcd to the



supranivea-n environment (Pruitt i957, lìr-rller: et a1 1969).

Such a relativelv constairt i:nvÍronme-nt develops rvhen tl-ie sno¡,vcover

reaches tlie triemal ti-rreshold ( 15 to 20 cui. ) , ancl smail- nra-nmals uiil j_ze

or enier thís as soorj as jt forms (pr:ui.tt 1960). i^lithout this

enviror"mer-rt smal.l. mamnals coul.d not survive northe::n .winters iprui,ut

et a1 1961) "

Once the l-it'-emal Ei:lreshol-C js established small mammals still

can ctrange rheir distr:ibutions r¿ithin the habitat (l,,Jest L9l 7). This

distribution change j-s not necessarily co:crelatÈd \,jith t-emperature

(liuller l9l7) or foocl avaílabÍ1iry (Gorecki and Gebczyrrska 1962,

G::odeinslci 1963, Chitt¡z et aL l96B, Flor,rerderv 1972" AnCrzejer.¡skj_ ancl

IÍazurkiev;ic::¿ 1976, Pernetta LgT6anri gairbairn Lg77). Tlhe.refore

someitring else iri the subnive-an envíronment i:ray ìre LrÍ.ggering the

cìrnngels ilr sma1l mammal <i-.1-s;tribu{:ion.

Bashenina (1956) and others suggested co, accumular-íon may

irrf luence sna,Ll mam.mal cl istr j.bution. The e-f -Êec t of co, can be

measured because small m¿rmma1-s responcl b-v Íncreased ventilatio¡ to

increases in its concentrations (Galantsev aLicl Tumanov L969) " The

concení-rations at r¿hiclr C0, r:oulC l¡e detecte<l by or ¿rffect smal.l

maininals is uncier study by a :ium.ber of ¿iuthors, i\quacic lnammal_s have

qui te higìr toler:ances to co2-, i,.iith I0z causing littie ef f ect on

'¡ent ilation oï hear t, rates ( rr:ving ín Scholt et al Lg7 3) " Burrow.ing

¿rnd lr íl>e¡:nati ng na,mm¿ils normaii;r experíence up to 2.5 to 'J'l by

volur¡re CO,, in t-heir clramber¡¡ (liennerll' 1964, SIr-rd.ier anc] proctor
/-



I97L, I^lj-l1iams a¡id Rausch 1973) " These concentratri-or:s are rrery high

comparecl to the ambien[ leve1s. Blrt, non-divine, nr.ln-i-cssor-ial ,

non-hibernatins rodents have a much

( S oholt

lulíc rot',rs

ei 31 1973, Darden l97I) and

and Clethr:icnomys exhibited

or focd are not

ç'reãi-el- selrs j t'ivitr¡ tO C0^'l

genera such as .{Þodc¡:us_,

a reductir:n in ireall rate of

L2 to 257 when exposed to Co" levels as 1o¡^¡ as I to l.5Z by volume

(Galantsev and Tumonov Lg6g) I Otto, iengthy exposure to lov¡ levels

of C0^ (?7") '1 ed ro incr:eased ventilat j on and decr:eased r:ectal
L

rêmrrêrrrrrrês in lulerriamts kanqâroo râis lDínodon"^ -^--j^--'\ /"rholt
--.-.r-.- uv raLr \urPv!rv!¡t)Þ ir.Ll| r.!éirrl / \uL

et al -197 i). I,,lithe::s (f 975) working with small (20 gr¡. )

semi-fossorial ISSg_¿ontX!- glÞgc:|rylg!Ë" found a decre¿sirrg rectal

temÐeïâfrrrr¿ ln r^^^^--^ {-^ -r'i 1^---1^ ^ç Õ^ --t¿-!ter i]ran ambienu,-cslJUrrsc L-u dal l-€\,(:ab wL \,w2 6Lt=

Bauciirrette (1974) founci che ef f ec'r of C0^ lias greater ',¡iren the anirnal

was exuosecl to CO, outsicie thermoneutral tempel-atures of 2C tt-¡,ìOoC.

(Dawson 1955). ,;" subnivean temperatLrres outsicle the nest (-7 to

^o^ .
0"C " ) are clef initely outside the small inammals ther-:noneutral zone.

Nests allorr¡ íncreases in temperatures f::om 7 to 2¿¡ C" greater: than

environmenT:al condiLions (Hay,.+ard i965) buL ¡,¡ould also probably be

âïeâ-c of, ereater ¿'fl ¡ôn.Ê:1 t-rel-iOnS beCauSe Of OCCupatiOn.""?

Therefore, sma1l mamm¿¡.1,-q can resnond f c increased conc-entrations

nccess¿Lri1v correl-a tecl r.¡itha.(\ Tpm¡rarAfirre""2"

¡h¡nooq ili qm¡l l mamnai d-rrstri,bui:ion" The response io increases

CO cô-rceniral:ions mav b¿: rel¿,:Ltcrl r'o ¡h¡nocn in Lhe disrribution
¿

snall narunals.

of
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MATERIALS ANID }IETÌJODS

STUDY ¡\REA

Fielcl research was cc¡.duct;ed arounC the Targa BioJ'ogicai SiaL:ion

ar 51o05' N lar. ; g5o 20 'W long" (Figure i) . 'I'he ar:':a i-s r'";ithi-n Lhe

taiga or borea I conif erous f o::est on the Precarnbrial-l Shi eld ' llabitats

investígateC r.¿ere blach sp::uce bog (Figure 2), aspen uplarrd (Figure j) '

alcier tamarack bog (Irigure 4), alcier- ri-dge ecoi-.o11 e (Figure 5),

jzlckpirle r:i-cige (Figure 6), i:nci jircltpinr.- sanCplaii'i (iîigur.r: 7) "

Àveraße- precip:Ltation is 50 io 60 cn. rainfalÌ equi-t''¿-tlent r'ríth lr0

cn" fall.ing ¿rs ra|n ancl the resjt asi sno"r (Atmosphe-r:Lc ani Environrnenta]

Services 1970) . 'leriperatures r:ar-ige f ron * 50 to +-40cC i'¡it--h m¿x.imu¡r

í-r-,mnâï¡i-rrres in Jrrne and July and rnininta j-n J¿'.¡.uary an<1 Irebruary ' The

fj-rst inajor snov¡fal.l-, establishing the hlemal threshr:ld (snovzcover

thíckness 9f 15 - 20 cm.), cccuïu in laie November til cail-y December:,

and snor¡ <1 Ísaopears írL 1¿'lre Apr:i'.i- or }lay "

Square- gri-ds 0.4 h¿l . i¡L sj-ze '^7ei:e Êsf-ab1 isheci :in <'¡ar:h of the

six habitat- L)/pes. Eacn grid ,øas c.o:üposeci of 100 snai--j- uamm¿r.1

trapping sites spacecl eqr-ri,li.sianily f::c;:r each other jj¡ n itl:r i0 p'3tiel:n
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FIGURE 2

Black spruce bog plot
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FIGURE 3

Aspen upland plot
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FIGURE 4

A1<1er tamarack bog plot
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FIGURE 5

Aldor ri¡loa ê^^t-^nÕ

ihe rirlpe into
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fhe ¡riirnan'|- lrno
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FIGUIì,E 6

J¿ckoirre ricì rre. ¡iot
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each site about 6"5 m. ap¿rt" One axj.s of Li-re grid was labell-ecl A to J

and tire other axis r,¡as numbered I to IC, Ea.ch gricl poini \ùas penna-

nently marked by a ',vooden 2.5 cm. x 2"5 cm. x I"5 m" stalce r¿ith

alLernate yellow and blaclc rlecimeter narkings.

SECTION 1

co^ SA_Ì'{PLING SiTES
I

The same trapping areas lrere sampl-ed for CC^ and small man4¡als.
¿

A'r each c0., sampling síte a 2 m" píe-ce of rubber tubíng (0.6 co'"/--
ins:i-cie díameter) \,¡as taped to one of Lhe:^'cr¡den stakes of the gricl"

The upper end rvas tapeci to Li-le wood.en stake and i:he loruer en.j 'la-y

Orf fþe prO¡lnri-air ints:rF.:-n ^,.,-., f ¡or¡ 1-hr, racrrl ¡¡ nr.j.l ^-ÈL,,^.-^!!!Lsrr_dLs av/dJ __o*__t gI | (l p¿LtnI{ays.

c0. testíng sites lverc establÍshecl io sample as,nuch as possible¿-
of tire microtopographical and i-rabitat vari_atj_on.

Each c0, measuríns site was sampled once per month from mid

December 1973 to eariy April L974 u:nJess it was olrrsserl or othon¿iss

inc;pe::able" This inabi'I Íty to neasure c0, at some sites led to

missing data. One sÍte rua.s set up at each of the most elevated and

at the most depressed sites of the grid ín tire aspen upland and

jackpíne ridge plols. Two ariiacent stations v¡ere chosen i* eacLr

of the relatívely fLat alder bog and black spruce bog prots.

The sites ior L974 1--a 1975 cons-i sLed of lrnes of sampling statiorLs

a:lr'rng ¿ microtopographic¿ I gradient f ron r-he hÍghes t to tirc I oi¿est points on
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the ja-cltpine ridge (fíve starions), aspen upla'd (ten siations),
alder ridge ecotone (ten statícns) and black spurce bog (firre

staLl-ons). A line of r0 c02 testing stations b/as al-sc establisired

across the alder t¿Ùnarack bcg z:nd Íncludecl all the microtopclgra,pÌrical

variation in L:.hr: plot " Two co, st-atioi-r.s v,rere established, one 1n the

open' the oiher in i:he more crensely fcresteci part of the jackpine

sanrlplaín' Acldltional statÍons Ín di f f ering uricrohabitats r,/ere placed

ivithin rhe aspen prot s' trrat a1r soil ancl vegetation types courd be

sampled. 0n the alder riclge ecoione adcjitional testing siies \qere

located oir the r:ídge area of irre p1ot. No extra readirrgs r¡e_re taken

in rhe bog because rire erlder tarnaraclt bog ploc anc the ecotone plot
are aci acent :ior half of their l-ength.. Alt stati.ons wele tested at
least three t:ines a month froin ea::ry December to mirJ Apr:il .

c0, testi-ng siles f or r 91 5 co 197'6 tto-re tlie same as those of
r974 tc: L975 wítrr [he addition o.[ ii.¡o subterranean (10 cm, deep)

lesting stations (one each in the greaLer CO, and lesser CO,

accumul-ati on ar:eas in thi.ck soii as deiernìined f rorn 197 4 to 197_5 data)
ín the âspen plot and ti,¡o i.n presuined mouse holes in the alder ricìse

ecoton¡:ì. These slati.ons r!'ere checked three tr._mes a month or more,

CO^ A].{ALYSIS
¿

c0, conccntrations r¿r€r€ riìeâsr-irecl using a Ðräger i¡ultigas anaryzer
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and analvz ing t-ubes wi th a range of O " 0l to 0 . 3 -Ì-. 0057i /r¡olume. Tl-re

meter aricl tubes v;ere ca1í'u::aLed against ¿ gas chromat.ograpir (se_e

Append:ix A) " The rnu-Lcigas analyzer is essenti¿rI.iLy a sin.rlI harncl purnp

rn'ith a one-\^iay valve. During the co2 meâsurene11 l, a redox re:lction

iakes place in the nieasuring tube, causing a v'iriie to pur:ple col or:

change. The p::oceclure foi: utilizíng the ana_'Lyzer ín the f ield is

found in Appendix B.

One problem encountered cluring ihe re¿ldings was the shatteri¡g of

the glass measriring tr¡bes -Ln the anaryzer. The co, anal;rrZÊr \dês

inr¡perative durÍng January 1976 anci causecl the- loss of a numbe:: or.

rveeks of data bef ore 1{- could be replaced. co. v,,as usually measure-d
¿

once a roreek a-t each station from the onset of the, hiemal i-hreshold

untíl tire snor,¡coveì: w*âs no longer: continous or lhe iesting station

vras exposeci"

c0, readings rver:e talien at t\"/o r-ìtations f,rom 24 Ma::ch r975 to

27 }larch L975 in ari attempt to see if any variation occurred. on <1ay

Lo <iay measlrrements. Kelley et al , (196g) founcl the least ciail-v

varíation to occur betrveen 1000 and 1600 hours. on 28 i,fa::cl-r L 975

houily co, reacÍngs ',üere ral.:en f rom l20c to 2000 (clartt) ¿ri-rd 0600 to

i000 29 trfarch 1975 to nr:te CO, r¡ariation " S1nce the colcrr ch:rnge v,r3s

rrot Ì-eadily di.scernable r.¡hen ::ead ín rhe light of pr:opane cr:

l<erosrene iamps, no further readings !/ere taken af.ter d¿rk"
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SECTIOÌ{ 2

Ei{V I ÌìOI\.MENTAi, PA]L\}{ET ER S

i'lICROTOPOGRAPHY

Accurate data \ùere collected to find micr:otopographÍcal gradieriLs

r,¡ith'ín the pl e¡5. Thís ivas done by establÍshing line transecì_s dor.,¡n

ihe A to J plot lines and al-ong the //1 baseline of the ptots. r

neasured the distance to the ground from a levellecl string every _50 cni.

along Ehe transect lines. These reaciíngs v¡ere 'l ateu corl:ecied Lo m¿rke

tire lowest poir-rt eqrtaj- to 0 and thus the total rnjcrotooosr-;rr)fì.'c

varia[íon in t]re pJ-ot coulC be visr.r aLi.ze!. i'{aps shoiuing maj or f eatures

such as bare rock, iarge drops betrr¡een línes and depressions betrveen

línes r¿ere also made"

CLII'{ATE

Temperaiure, precipitation, phase of the moon, wind speed, cloud

cover and baiometric pl:essure \,irjfe recorded each day ar TBS" Temïrer¿rture

readings v¡e,::e taken ai 0800 hours ancl daiiy maxima r¡ere al-so recr-lrcled.

Precípiiatj.on r.¡as recorded by ttre ïreaLher stacíon in Bissett.

Barometric pressure v/as ::ecorded a[ eì]oui t500, of ten 08C,0 ancl

ihe time of the teo-'ûet-âi-rr-r, nr¡yiniuin each dã.y ai: TBS,
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SNOI{ COND]-TTONS

Snoiv pr:of il-es ruere LaÌ<en tr¿ice ilonth1 y ad j acent to ra.tl'ier thar-r on

each of ï:he plots to ciecrease human disturbance, usin¡¡ tlrc r¡.et-hoCs anri

instruments outlined in K1eÍn et al." (1950). These measurements

included sl-ro\^/ thÍ c.kness, number of snoiu 1,avers, thickr_ress of each layer.
'.) ?hardness (g/cm-l , de-nsíty (c/c,n-¡ , tempera ture of each snov' 1ayer ,

presence of :ice Iayers, crystai. type withÍn each snor.v layer as rvel_l as

any peculíariLies noted in the profilr:.

In 1973 to 197 4 snow thichness \rrâs Írêâsured ad i ¿reenf f i'r e:rth

staiion fcr each C0, readrng rhr:oLrgLror¡t that iesi:Lng" In 19-/ ¿¡ to 19-i 5

Snot¡ thicii1tes,¡-i..I¿ìs measured only in t4arch an<l Aprr'-l at each station

ior each c0, ,:e;rci ing. rn 1975 to 1976 the riumber r'>i ice layeis

pl:esent j.n the pr:ofile as well, as snov,' i:hj-ckness were measured at each

stat-ion f or each c0, reacling taken f rclm December to April .

SUBTI I\"TEAN TEMPEP,AT Ui.J

'Iìre¡:mistors i¡s1-¿flecl at LZ CO^ testÍng staticrrs dur:r-ng tite sunimer

weie used to nìeasure subrii-r¡ean temnÊrârrìr-pq r'n t.þg r,¡inlers of 1973 to

r'474 anc L975 t:,'1976. The.thermistors r¡ere read usÍrrg sanr.;a ElecEric

r.nstrument [Jonpanlz type I?-3 ohmmete¡. 'l'her j_r accu].ål(:y rras nor

cons i stent sLì thât temperatur:es in. I97 5 t.r.> I97'l¿ ,,¡c:re :neasurecl by usir-rg an

ordínary thermorneLer (+ o"soc) iri a prctect-ír¡e rnelaf case. These

terTlp?r:etu¡:e Ie¿dinEjs ivere tai<en at least 50 cn" from the subr-rive¿rn
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openinp, of che C0" testÍng tubc.

readings to be taken at each CO,

If ice layers rrer-e (:ncounteretj, a

ihen the thermometer Lras inserted

ì;y thc the-rmometcr r.!rrs fillecl Ín

Ihís allo',"-ed indj.víclual tempeiature

stat j-on fol every C0, reading taken.

wire ¡'ras trsed to niake a llofe and

to the ground level. The ho.j.e macle

¿rf ter each measurerneüt.

S:IATISTiCAL ANAI,YS IS

To c;rrry out the statisLical a.nalysis parameters were cìef í-nerl ,

numbered and entered as in Table l. To test the effect of subnivean

tempel:¿ture on cc, concentration a pearson correlation coeÍficient

I"/as cietermirLecl foi: "ool-h i,¡j-nte::s oÍ !974 to I976 using the Statistical-
Paclcage f or the Socia_l Sciences (SpSS) 

"

To test the relationship of snow hard.ness and snov; densíty a

Pearson correlatÍon coefficient ruas determined for both winters of

L974 to L976 usí'g spss. The means, stancrard er::ors and ranges of

subnívean temperature and sno\,rco\¡er thickness rvere listed tor each

of the sir: plots using tl-re Conclescriptirze SpSS file.

A scep-r^'ise Discríminant analysis (from spss) was used Lo

determine those environmental parameters ruhích r¡ie.e *ost croser-y

assocÍatecl witii CC, " A classif icai-¡lon of CO, concentrations intc

tlrree ranges v'ras useci: less tlran ainbient (1ess than 0.0L752),anbient

(0"c1752 tc-¡ 0.025"/") a,nd above ambienr (more rhan o "025"/"). The nreans

and stancirrd der¡iations of each variable ruithin e¿ch of these groups
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TABLE 1

DEFrNlrrO¡I oF ENVTRONMENTAL PARAì'IETERS :\s risED rN STATISTIC¿\L Ai'J:\LYS IS

I

Y 2, 11.t1 _chanee iir microtopography rvhere 0
dl-tterence in height on both sides of
100 cm, 2 shows that the difference in
the stake Ís less Lhan 100 cm.

112 
rj".t:l :"*b:: vrhl1e yr lo yrO repr:e_senr rhe atcler ra¡:rarack

:lT::ä:":ij ia.,;;'JËl:i,,ilii,,5,'lË; i;¿ :: i;g :t: î::;;,".

v
_1

v,
1

r_.) the chrono1ogical
1975) and I ro Li

C0^ in Z/vclume x
1

snor¡covet: 'chíckness in cn.

YB, subnir¡ean temperature in oC"

Y9, number of ice iayer:s i,n the sncr¿
(not measurecl at a1l. stations in

Yl0t Lctal number of harclness reaciings
rueeks.

is f 1a t, I shorvs tha t the
ttre s take is j arger ï:han
height on both s j,des of

sc,-quence oí CO" measurements 1 ro 15 ( 19 74 ta(.1975 to i976,\:

,^4IU

thickness of soil rneasured in cin up to I nL.

Eire percerrt of green vegetation in the ¡=,round cover of e- 0.25 rnquadrai at each co^ testing st-ati-on prlor to ihe fii:st snoi¡l=all(nc t nrearsured Ín ig¡ 4 to Lg7 5) 
"

to Yo ai:e site dependent f ¿rc'-tors that are constant or¿er tlme.

Cr

adjacent ì:o the CO, station
1974 to 1975)

in gm/"*2, *u.rrured e,very t\,/o

3:.n g/ cm , measured every tv,ro v¡eeks

prof i1-e x 10, me¿rsured every irlro

Y,,
tl

).¿

'Y 

t4

total number oi derisity rearl .Lngs

caúEe of snow temperature in the
v¡eeks.

ambient- air i-emperaLure i.r-, 
t'C.

Ï;arometríc Êressure in rnmFig.

cirange in bai:omet'ric pressrrr:c:-15
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is shown for both r..¡inters. The dif f erences between groups is

explaincd by the analysis. The ¡nininun i; statist.'-c (cornps.i-írrg

variances) r.ras determined by the i{ilks l'lethod for Discrj.minant

anal¡'sis "

A step*wise Discriminant analysis rvas done separacely on ttre

d¿l.ta from the different tnrinte::s. A.¡¿.lysis of CO^ rvas fi::st carriecl
L

out against all parameters, then against site--dependent parameLers,

e'í fê-'ín¡larronÄôni- ñ-t'-ñ^f^v^ Fl^-orLe rrruepsrru=rrL pdrdrçLË!b, Lrrù snort parameters ancì sgparatelv

agíl'rnst suDnl-vean temperatur-es and t\nro snor"/ parameters nreasured ac

each site. separate analysis was dcne against the sllor,r paramelers

because they were only measured once every trvo roeeks " llhis leci co

nissing cases which SPSS deleted in a lístr¿ise fashion and tirus

CecreaseC the numbei:s e-ligible to each other analysis. .hnalvsis r^¡as

perf ormed ruÍch tlie day ef f ect and tlien r¡ithout it. There \ùas aL

Ìeast a i07" decrease in precli-ci:ive var ue (perceirtage of "groupecl"

var.iab-ìes correctly calssífied b;' significani variables) in 1975 to

L976 ín contrast to no effect in 1974 to 1975 when the dav effecr rvas

remcved. Therefore to ma-ke eomparisons rnore realistic this day effect

I,ras removed bef ore ihe two )iears \,Jere compared.

SECTION 3

S}L\LL Mz\}'IT{AL T}ìA]?P I¡IG

sna1l m¿rmmal s v¡ere líve-trapped thrcughou'c the study and toe-
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c1L'-ppcd ft¡i: laitlr rccognít-Í.on. sherrneir traps r.rer-e rised for ¡11

sun;ner ti:apping anci one:r'ap \üas set ât each of the 10û stakes oD

each plot. sherman traps \{eï€ riot used before }fay nor af [er

Septenrber: because or-'the pouential. hr:at loss from their netal sicìes

and tire corresponcl:'-ng incre¿rsed sma11 mamrnal mortality. Trapping

grids were establishecj in June, Jul.v and August 1973 and vrere li-ve-

trapped irnmediately after ihey were establÍ:;hed. The black spruce

lrog, the alder tarnarack bog, Ehe aspen uprand and the jackpine ridge

r,¡ere each trapped with three trap checks per day. In orcler Lo get a

broader idea of thc numbe:-- of type of species present than three-

nighi. trapping periods all-or,¡erd (sinith i966), r trappec these plots

for 11 days each.

Sunmer trapp-í-irg ruas carr:ied oirl froirr ¡fel' to Septenrber of both

1974 and L975 " Plots in the alder rí.<ìge ecotone ancl jachpírrc:

sancìp1;rÍn v¡ere esiabl-ished and trapped ín sentember I914. A three-

night trapping scheduie v;as follol¿ed and r.he traDs \dere put on the

plots in the early af ternc¡on (Gentry and 0dum Lg5j). Trapi:íng \"ras

d-i.scontinued during any period of cold or rainy weather to prevent

trap deaths due io c:{posrrre.

l4asonite or Jolly-Boa.rd traps r.¡ere u.sed for all the wj.ntcìr

trapping. These r;¡ooclen traps trarisl- er::ed l-ess heat than metal

Shermans and thus re<luced trap mortalitlr. Also ther¡ r+e¡:e smaller in

síze than ttre Sherm¡rris and the aní.ma1 ha<1 a s¡nall er vol,ume tc kee:ir

warn, irlinter trapping r"'as done usirrg r.;oodeLr tra¡ chimneyc (Pi:uit.t
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r959b)

In the winter of I9l 73 to L97 4 trappÍng war^ carried out in Lhe

alder tanarack bog arid i:ire black spruce bog af trap c:hinineys at r:ver¡;

second stake for: one three-night period.

In the ruTinier of 1974 to 1975 trappÍng was carried out once a

month in the alder tainarack bog, the alder ridge ecotonc, the blacll

qñrrr^ê Ìrno anrl rhe e-soen uoland from Decembef tO /tnri I " A trr.ìnLv lrPr rr. /! L!<lP

clrímncy was placed at ever)'fourth stal<e gÍrring 2.5 trap chirnncys in

each habílat " All chímne)Is l^rere pre-baited with r:av¡ oatf lakes ar

I east t'',¡o dif f erent times bef ore trapping began in December. lfhis rn'.rs

intended to índuce suia1l mar¡nals to include trap cl-.imneys in their

food search pati.errr and thus ope.n subnivean tunnels [o them ir, the

r¿inter. Prior to the hj-ema1 tl-rreshold trapping vras no1: normat ly

carried out because it disrupis the normal subnj-vean sp¿ìce fornation.

In l9'i4, hol.uever, trapping '¿as started in Deceinber even Lhough the

Ehreshold rvas noL reached because at that time it \.ras felt that the

data bcÍng lost \^¡ere \üorLh more than the dlsrr.rp tions of the subnivean

space " InitÍatly ti:aps v¡ere checlced cvery f o-.lr hour-s; hor+ever, thi s

proved too rrr-duous so traps ihen were checlled evcr), six hours.

rn the winter of 1.975 ta Lg,-6

the alder tamai:acl< b,.,rg, the aldei:

and t he ¿1 sìlcn rrnland f rom October

the L9l4 ta L975 trap ciiimnevs r,ras

trappírìff rt'âs ;rg;r'Í n carriecl ou; ín

ridge ecotone. tlic bl.ack spr-ucc bog

to Aprii. The original patterrì of

retained r.,¡iLh i-0 neru chinnevs adcled
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to the alder tarnarack bog and aspe-n upianci habitats alternating A - J,

;f4 arrcl /15 trap markers, f i.,re ner¿ chimneys !,rere addeci to thrì black

spruce bog at Bl0, DlO, F10, 1{t0 and J10, and f ive to the alcle¡: ridee

ecotone at 44, C4, E!+, G4 and 14.

During the rvinter of 1975 to 1976 extra bait was adclecl to the

traps and they were checked every eight hours. During thÍs year

there \ùas no snor,¡ until Deceml¡er ancl the hjerrral threshold was then

quickly reached so that trapping was possibie for all but a ferv rveeks

in December.

The bait used fcr small inammal t::apping \,!ras a combinaLi.on of

peanut butter, rclled oats and occaslonalJ-v cnoppecl raisin" l,JeÍ-ght,

sex and species rdere recorded for each anima.l Lo cletermine populatÍon

S truc tu re.
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iìESULTS

SECTIOì{ 1.

c02 ACCUT{ULAI ION

Carbon dioxide accumulatjons wer:e consiclerecl to be important

to small marìüal s t"vhen subnitrean co^ concentrations were greater than

ambient levels for two or more co'secutive rveekly samprlngs" This

meant that c0, had been greater than arnbient for ai l-east one rveek a'd
not just a uìomentary increase. rt is important to note that l
consistent-1-y rneasured ambient Co, at TBS to be 0. OL%/va1ume ruhereas ctirer

studies have reportecl 0"028-0 "0352/volurne co, and that r usecl the

f ormer value to def i,ne anrbient coirditions 
"

c0^ accumujaied at five of se'er co, sampling stations on the

,-'our habitats in rg73 to L974,22 0Í 3g in the s:i.x habitats ín Lg74 to
1975, and 23 of 44 in the sÍx habitats in L975 to 1976. Accumu-i.arions

k¡êrê recorded primarill,- in Decembs¡, lfarch to A.pril an¿i Februåry to

If,arch, respectively in the v¡j.rrters of 19 73-74, Lg74-15 and 19 75-76 (Table 2) .

The proportíon of C0, measurements r^¡_,r_l_hin the concent.ration ranges rlif ferecl

betr'¡een habjtats, but rvas the same from year to year within a g:i_ven

habitat. This t/as especial-11r lrue in the aspen up ì anci , aider tamarack

bc'g, alder ridge ecotclle a'rl j acrcpine ;:i.cige (railte 3) . The brack

splluce bog and i ackpine sandp'l.ain exhibited a greater r¡aria.ticrr in CO,

measu.remenis betl¡een ttre Lt/o laier: years (fal:l-e :),
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TABLE 2

CO, samples (7j/volr-rme) for the winte::s of L913.-16.

rn
\f
O
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cl

t¡(\
,o

o
I

rl

.i

Ir)
rl
?
O

rn
LO

?
O

I

c)

lrl
\o
O

rt'-t
¡J G)

OO{
rl
Ol l'{urnber of

R l a ¡k qnrrr¡o l-rn¡

L973-74: December
January
February
I'fa::ch
April

L914-75: December
January
Þ-ebruary
l'lerch
April

I975-1 5: Decembe::
January
February
l"larch
April-

À cnan rrn l ¡n,l

I973-14: Decerùcer
JaÍ\uery
Februal:y
March
Apr j-1

I974-75: Decenrl:er
Janua.-r1r
February
i'far-ch
Ànvì 1n,9! r]

L97 5-l 6: Decernber
January
l¡ei:ruarir
llarch

0

0
0
0
0

0
0

0
0
0

Å

4
O

0
0

t3
l_4

i0
12.

3

4

11
4
7

0

0

0
0

1
0

0
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0
0

;
0
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0
0
0

0

0

0
0
0
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0
0
o
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0
0
0
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l.
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0
0
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I
I
0

I
3

I
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0
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l-0
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3

0
I
I
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I
I
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0

0
I
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0
1

2

0

0

t-

.J

3

?,

0
0

4
9

2

o
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con tÍnued
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TABLE 2 (COI'JTTNUED)

Number of CA?_ measurements

LOí\
O
O

I

--lo
\o

s
O

c..t

\o

c
I

rn
\i'

O

Alder tamarack boq

L973-74: December
January
I'ebruarV
Ilarch
April

L974-15: December
Janua-ry
Februai:y
ir4arcir
April

L97 5-16: Decei-rrber
January
Februa::v
l'larch

Ã.1rìer i-'i doe cnnt-one

I9l4-75: Decenber
January
February
Iviarcir
AñTì I

I975-76: December
January
F ebru;lr'¡r
Marcl:

.lâ-kr'ìna rldñô

I97 3-7 t : De ce*nber
T-*,.-LJ.iII,-tCl:V

Februa::v
l"farch
j:rpri^l

?_

0
0
I
0

0
2

2

t.

2

5

0
0
0

0

T

2

3

2

24
24
22
i9
2,r

5

23
36
2I

3

1

0
0
0

3

:l_

3

7

5

0
0
I
9

0

0

0

0

0

0

o

0

0
0

0

0

0

c

0

0
0
0
c

0

0
0
o
U

0

0
0
0

0
?

3

0
t
5

3
0
0
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1B
t9
19
I4

r

19
23
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5

4

5

7

6

0

3

7

10

0
0
0
0
2

0
0
0
3

0
0
0
o
o

0
0
0

0

o

0

0
0
0

0
0
0
0
0

2

2

t_

)
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0

0
0
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continued
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TABLE 2 (CO}JTINUED)

Number of C0
2 measureme'nT:s

,ï¡cknino ri¡loa l¡n:riinrìôÁ\! *uYç \çurr L¡¡rqsu/

I974-75: December
January
February
I"la::ch
April

Igi 5-l 6; Decelruber
January
l'ebruar:y
March
ApriJ-

Jaci<o i nr= sanrl:'l ì ain

I974-75: Decernber
January
February
March
April

!975-76: December
Jar:uary
Fcbruarv
Iia,rch

0

l-
o
0
0

0

1
I
0
0

l0
cl

1.8

e

0
l_

I
2

0

0

1
2

2

3

J

13
I2
l-3

0

0

0

0
0
0

0

0

0

0

0

0

c
0

0

0

o
0
o
0
o

0
0
0
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0

0

I
0
c
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I
1
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0
1
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0
0
0
0
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0
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0
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o
o
0

0

0
0
0

6
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Â
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4
3
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lbasured C0,
six hab:LtaEs

TABLE 3

concentraticns (%/vorune)
¡lrrrino r.rr'n r-arc 1Q'l \--7 /'rrurrrrÈr v/!t¡LEtò LJ I J- l+9

and accltmri-l-ations f roïì
197 4."'7 5 and 1.97 5-7'c .

N

I
Uì

o

!

(l

Ê
A

s

O
I

(ìJ

Õ

¡

f
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id

Øú c: E
cd Ê ao.2 ouá=io
¡J!lrq
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q= q-E
ou ôëal =l.3 Þ
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t4
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J!

+¡
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\D

.t\ ri
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. CO, concentraÈions (Z/volune)
Nc. -Z No. L N.t . ./! 

irio .
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1974-75
1975*76
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L> t 5-. t'4
1.97 /¿-7 5
t97 5-76*
19.7 5-7 5t*.
19 75-7b***

Al¡lcr t-r¡r¡nlr hna
19 7 3-7 ¿t

L97 /+-7 5
L97 5-7 6

ÁJ-der rJ.dge ecoiÐr:e
1.97 4-7 5
19'15.- t-6

Jaclcpfne rldge
1973-7t+ ì,'
1,a74- l5

jackpine sandplain
197 4-7 5
1975-76

û0
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3
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45
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The 1973 to I97 lt C0, sanpl_ing stations r,¡ere used. as a pil_ot

study to determine the location and nurnber of sites to be used in the

.c,--l 1^."-.i-^ #--^ --iro.l-rorvl-nÊ E\n/c wan'ters" cofirpar j son between i¿inter: 1973 to 1g74 and

those of 1974 cc 1975 and Lg75 to 1976 \,ras not ernphasizeci because of

the snlall samp'Ts síze jn J.973 r-a Lg74 (only tr,,ro sanplíng stati-ons/

nioi- ¡nrl lrn¡h tÞ'H¿vL ar¡u uwurr urrose \,ùere not al.ways in operation for the monthJ_y

samplíngs) " The ';¿inter of L973 Lo L97t+ was also cliff erent in thau

the naxirmrn.ì sno\tcover Lhickness rv-as double tirat four-rd duríns the

other trtro ç1trtur" .

The aspeir upia'd exhibited a progressive :'-ncrease in c0._
¿

concentrat j-ons (Table 2) " 'i1're same Dro,ore.sc.ir;o inç¡eâse can be seen

ín botir years ín Lhe alcler ridge ecotone, but tlie inaxinrurn cc,

concentratíons v¡ere less. The 1--iach spruce bog exhibitecl th:ls

increase in concentra'tion in the r,¡inter r975 La 1976" The jackpíne

sandplain siroi,¡ed a less pronounced but srill ev.ícle_nt increase ín
concentrations ín I975 to L976"

rn neirirer 1:1-re aider tamarack bog nor jackpine ricige dí.1 caz

concentrations shoi¡ ¿-n increase as the yea_r progressed nor -r!-as .chere

any obvious accumlrlation of co, clr]ring the year (Table 2). The black-

spruce bog anrì jackpine sandplain d:ld not shorv marlceri C0, ilcrea.ses in

tlre i¡ínter 1971+ ta L975.

c0, measurement-s taken j-n the soil at L\,,'o stal-ions in lþs 3cne-z-
irpland habita"r i..'ere ah"'ays equal to or Élreâter ifra-n adjacent
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measul:ements taken at the soj_l-sno\,i ínterface (TabJ-e 4)

CO. meastlrements taken r"¡ichi. rha qnor.r nrnfllg u'ere found Eo be¿ -" --

consistent rvithin the measurable variati on of the co,, mete:: " except¿-
on i2 January 1974 r'¡hen rirÈ range rvas f rom 0,0175 to c " O3Z/vo_Lume

C0^ (Table 5).
z

C0, measurements taken hourly fron 1200 to 2000 l"farch ?8, ancl

0600 to 1000 29 March " L975 ranged frorq 0.01 to 0"02'/./voLuine which I con-

sídered to be insignificant(Table 6) " Dail¡r ileasurements taken ar:

the same stake and same time of day fron 24 ta 27 l'Iarch 1975 r,¡ere

f ouird to be ccnsistent at 0 "0L75 to 0. OZTlvoT.urre COr.

C0, meastrrements of the air ir-r t?.ro mouse holes r¡ere found cc be

less than or equal to ambient and were <iiscontinued after two months

because no occupatj.on was evj_denr.

SECTIOI! 2

FACTORS INFLUENCING CO^ ACCUMULATION
I

The overa Ll a-bility af. a rnoclel based on r:nvi ioninental pat:anetel:s

to predict the cù, concentrations ii-r L97 4 to 1975 r,'as slíghtJ.,r' less

than half ihat in 1975 rc 1976 (38"67,61,.32) (Table 7 and B). The

lack of consi-stency bett,reen the predictive values of the two wíui;er:s

m:" lla r'l 'a Ên Èl-e r¡ari¡hilir.' nf dir-fnrenr 1:c' nffC,gtS Of timC On CO^olr(¡ur_rrLJ v! v LI-LL:ULU {Jl- Ltlltc L 
L
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L,A

,T,âBLE 5

CO, concentraiions (Z/volume) neasur:ed once on each date rvitliin the
snõw prof ile at the grounci-snorv interface, 2c cm. above tl-re ground
and 40 cn' âbove ihe ground in the alder tarnarack l-.og at siatio-,r 17

Da.te cf
Measur:ement

e"'l--.iY-^^ñ 
^^ul,e¡¡J-veal1 \_u2

20 cm above
¡rn¡r¿-l -^:j r vur rLr çv 2

40 cm above
groi:nd Ct)2

19 December l_973

¿ / DecemÐer J-9 / J

1.2 Januai-y \97¿]

23 Febrr:ary L97 4

17 March 1974

7 Aprii 1974

0 .0100

0"0375-"0"0400

0"0200-0 "o25a

:<

ô ô?nô-rì ô)(n

0 .0175*0 " 020c

c"0L25

c"037:l-0"0400

0 " 0175.-0.020c)

0.02c0-c " 0250

0"020c-0"025c

0"0175-0.o2aa

0. c125

0"C375-0"0.100

c.0250-0.030c

0"0200-0.0250

0 " c2c0-c .0250

0"0i75-0"0200

*Bl-ocked
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llourly sanpling
conceni:racions

TABLE 6

of subnivean C0, (7J /r,olume)
at tt^/o stetíons õn 28 and 29

l'{arch 1975

Dat.e and ti_me Statíon #f Station #2

28

29

I'farch: 1200
f300
1400
I 500
1600
I 700
1800
1900
2000
2t00 - 0600 nor

Ila::ch: 0600
0 700
0800
0900
l_000

0 .0175-0 " 02
c .010-0. 015
0 " 0175-0.02
0"015-0"0175
0 .0175-0 " 02

0 .015-0.017s
0 .0175-0 " 02

o "a2
enough daylight ro

0"01-0"0i5
0"015-0"0175
0 " 015-0. 0175
0 " 0175-0. 02
0 " 0175-0 .02

o "o2
0 .0175-0 " 02

o "o2
0.02
0 .02

0.0175-0.02
o.02
o.02
o "o2

rea<1ings.
0 . ci75-0 .02

o "02
0"02
0"02
0"c2

contínue
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TABLE 7

lliscri¡ninanr anallrsis of v¡inL.er Lg7 4-75
si-ue-dcpe::dent ¡nd si -ue--ir;dcpe:r.Je;:i: etrvì ro¡r¡Lteni,al f ac-cors

.¿i tl¡ .-rrollnc.:l CO^"- 2

o
r!
o

o

oz
F

=6

Ð2

¡

.4
L

4
-¡o
óA>ç.7
,õq {
qø

ol o

tr! o
QL
! O¡

!,'it-h Y5 I Yó vs. l'2, Y.J, y5, y?-yl<
yó vs. y2, yj, y5

. Yó vs. Yt-Y9, Yl3-yj5
Yó vs. YIO-yt.2

Vlrtnout Y5: Yó vs- Y1, y3, y5, y7-y15
y6 vs, y2, ï3, yq
ï6 vs. Yf-Y.ì, yì¡-rl5
Y6 vs . yl C-yt ?

Al.dcr t¿Þ¿ràck bÕ9 i!vithout y5)

Y6 vs. Y2, Yl, y?-yI5
Y6 vs. Y2, Yj
Y6 vs" YrO-Y.2
Yr, vs. Y?-Yq

À).dcrr ridge ecoicne (withcut y5)

'!6 vs. Y2, Y3, y7-YÌ5
16 vs. Y2, Yj
Y6 vs, Y. -J-Y.?
Y6 vs. Y?-Y9

ÀsIæn uplud (ui rlour y5)

Y6 vs. Y2, Yl, Y7-Yr-5
YÉ vs, Y2. yj
Y6 vs. Y. O-Yl2
Y6 vs. Y7-Y9

Black spruce teE (çithoui y5)

Y6 rs. 't2, Yi, Y7-yli
Y6 vs, Y). T3
Ya vs. T19-Y1:
Y6 ws. Y7-Y9

Y7 Yt,l Y3 ,:C.00
Yl 2O.O0
Y7 Yt¿ yl¡ 36 -4t
Yl z Y] I Yio 50 -71

585
565
535

585
535
5ti
585

135
I35
135,
ì35

135

] -r5
1J)

r35
135

t35

?l

7T
7l

7\

Yf 42.96

:5.:9
39.26

45.93

-J

'!t Yr/
-!¿ _14

'13 14.63
- 20. o0
YL: 3l¡.41
YlC 5C.'17

;,

'.1.0 '9
;;'iû 'ìi

Itt 40-14

Y3 Yto Y-t
Y3
Yrc
Y^ Y.

Jac)cpiae rldge (yrir-hotrt y5)'*
Y6 vs. Y), Y3, y?-yls 'tO

Y6 vs. Y2, Y 3 ''O
Yu vs. Ylo-Yt, '7O

Y,-.!s. Y--,1^ 'lOott

Jaci<pine sandpli:in (viLhouÈ y5)

ï6 vs. Y?, Yr, .f?-Yr5
ï5 vs. Y2, Y3r ^,"f4 vs. Y1 g-Y1 2
Y6 vs. Y7-Y9

]ro Il I.r 
7!t-6s

Ylz 
]tt - 66 - 20

]r. 
\.'t 

]t, 
7I.43

]ro: :

ûÌleduced space dispersìon r¿ì.¿=i)i c3inot be ini/c:!.:¡1.*Ècroup:ìIènd2only.
r"ÉGrcups 2 ðnd 3 onl.!'.
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ÎABLE B

Discriniinant analysis of wìnt.er L975-76
si t-o-lì r-'r:e'rdent. and s'i ie-i ndcnenCent enr¡ironmeltal- factors

r:ì +h ¡rn,,".=c co
¿̂

ø

Lt

É

o

d

-
cÌ

oo
'io

.A

.4

>! d
o.i

o.à >
7øÐ
t{d I
Õo o

o! c

cþo
uo>
tr U,
o

!.ritlì Y5: )'6 vs, Y2-Yc,, Y--Yl-
V- r¡.:

x- vs, vj-vi, yt3-yt5

tiithouf Y5: Y6 vs.'12-'t1, Y-ì-YIs
Y6 \,s. Y"-Y4
Y6 \'s. YIC-ï:1

¡.i.de' tanàrack bo<J (uithoug YS)

Y6 vs. Yr-Y,i, Yt-Yl5o
J"5 vs- Y2-Y1
VU vs. Y16-Y1r
Y6 !,s. Y7-Y9

Âiier rj.cigc ¡jcoÉoÌre (witirour T5)

Y6 ts- 'r2-Y1, Ya-YLs
Yó vs. YZ-Y.I
Y6 vs. Yì O-Yl z
Yt) vs. Y7-Yq

Àspen upl.¡nd (HithouL 15)

Y6 vs. Y2-Y{, Y?-Yl5
Y6 vs. Y2-Y4
Y5 vs. YIO-YI2
Y6 vs. Y7-Y9

BIàck spruce hÆ9 (witlìout YS)

Y6 ?s. Y2-Y4, Y?-Yl5
Y6 vs. !'Z-Y4
Y6 vs. Y1^-Yl2
Y6 vs. Y?-Y9

Jackpine ridgc (eitìouÈ Y5)

Y6 vs. Y2-Y4, Y7-YI5on
Y€. vs. Y2-Y4
Y6 ./s. YIO-Yl2
Y6 vs. Y--Y9

J¿cl(pine sandplaln (wlthout Y5)

T6.rs. Y2-Y4r Y;-YIS"*
Y6 vs. Y2-Y4
Y6 vs. Y1_O-Yl2
Y6 v5. Y?-Y9

462
462

462

46')

t00
100
100
]00

ri0
tto
tlo
r10

Llo
110
110
tr0

55

55
35

49
49
49
49

19
i9

'tì

5I . OlJ

21.43
60. t7

69.0O

69. OO

IB.OO

35.43
4 5. .15
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accumulatr-on - The sante p¿ìi-ameters reâctecl dif ferently in cìíf f ererrl_

i¿inte::s. This riright l.e¿d to loru'el p::eclictive vzllues, especiilll-2 r../hen

many p¿lï:ai.rielers are cl-osely relareci and the j.r e_f f ec is cannot be

disass;ociated .[r:om one another (T::b1e 9 and i0). A 30[ precii.cr:irre

value is erpecterl f ron rancfc.m ri.i strii¡ution so ther 607i Lrredictir¡er

vaJ-ue is signif icant giveri t-he 1:ime .l ag a.ss,¡ciateri betv¡een the

measured variables and their effc-cts on c0^ pr:oduction anci
L

accunlul-ation (l¡eit Arnason, personal- coinmunicaLion). The J_argest

predictiv': values were foun<ì in the black spruce bog ancl jackpjne

ridge rr. 1974 to i975 and che iackpine ridge and jackpi-r:e sandplain

in 1975 [o L976. Irror.]€VÊr': ir-r l¡orh year:s tirese piots hac ttre f er,¡esr

nurrber of c¿.ses of the six pj6¡¡;. ln 1971+ to 1975 the day effe,::t

r¿as closel-v* associated i¿-i-ch i:l'rc¡ number: ci. ice la.¡el's, sno\..r harciness,

,l^.-^i tsì, -,-J ^-1--'uclrÞ.!Ly drrLr <!!rLJ,Lerrt aír temDerature, irhicir ar:e i_hemsel.ves interrelated

In l9l5 to 7976 tlre only sLrong assc¡cia[ion is seen between the dav

ef f ect and snrlw dens-ì-ty, ruilh ¿r .i esser as.:oci¡:tion beLr¿een the <i.ay

ef fect anci numbe:: of ice la1,.e-r:s in the snow prof íl_e.

T]o get â nlore a.ccurat€r j ciea of rvhat r"¡as essociated ';,'ittr CO,

accumul¿ltion the clay ef f ect \ùås rer:ovecl . Then, in the- anal,r,s j-s where

al-1 parameteì:s except d¿¡te rn'ere an¿ilyzed agilinst c0r) snoi!'

charãcter j-stÍcs i¿ere f ound to br: r¡f i:ils¿ signÌ f icanc,e in ttie alcler

tamar:acÌc bog (snorvcc--ver thickness) ¿lncl i--he aider r:irÍge ecotone (snow

hardness) ín I 9-/4 ancl L975, and in the a.1,de-i: temarach bog (snovrcover

ttri.ckr-ress) , al der ri clge ecotone (snoç' cen.si.iv) , ¡Ispeil upland (snow

density) anrÌ .j;rcÌ<p.ine s::ndplain (sno-,ucovr:r iL:i-cr<nes;s) i¡r l9 75 to
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L976" The variables inosI often included:in 1974 tc 1975 and 1975 to

1976 i,¡ere snow lrardness and snow density " Srrow pai:ameters accountecl

for l5 or 21 sisnificant variab].es in L974 t-o 1975 and lil of 33

signif icant var:iabl.err¡ in 1975 to L9i6 (Table l l) .

There appearecl to be a good rel-ationshi¡r betr.:ecn sncwcover

density ancÌ hardness in 1974 to L975 (t="72), bur this decreasecl in

1975 to L976 (y=.27, Table 12) . The variability of mean sno\,rcover

thickness measured in 1974 to i975 was less var:iable tiran" and

included in tlie range of the 1975 to 1,976 rneasurenents (Table l3).

The al-cier taurar¡rck bog and aspe-n upland hacl t-he ti'lici:est snowcover ir:r

both winters. Sncr,'co.rêr tirickoess r¿tri le being the f irst signif i cant

variable chosen .i.s greatl-y inf J ue nceC ìry cirangcs in barometríc

prcssure and arnbieni- terùper¿ìiurc ('Iable l0B). lllhe effec,:ts of these

wcre closel.J correlated to haiclncss anC density (fabl e tCl) and

possibly masked 'r,he snov¡ statj-cn factors " Also the snowcover

meâsurements were closely associated v¡í,th time (tabie 9 anci 10).

These could be indic.¿ltive of the ovei:all effect of weathe:: on

sno\.,JCover dcr,'el op¡rent " In the analysis oí thc snov¿ station pararûeiers

F values sufficientl.y -l-ar:ge to be analyzeò, v¡ere obtaii-recl iri four of

six cases in botÌr L974 t-o i975 and 1975 to 1976. 'Iheir predictive

vaL:es were s-i inilar to those found fo;: ihe overe, 1.1- grcuping probably

l¡c.ansc thrrv tr.,r'e ofL-en inclu<ìcd Ín lhc Ii.rst ihree si,_'nii-icant¡r !artr r'

varia.bles "
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TABLE II

Fi:equency of occurrence of varia-J¡ies as 3 srgniíj-canL variabl_es
in step-wise discriminant. analysis of 6 s-utrdy plots

in winters 1974-'75 and 1975-76

Year and
variabl-e

No" of times included in first
variables (excl"udinq

? qioni Êì¡¡nt-

L974-75: Y2
v1.J

YA
-I
Yn

Y9
Y1o
Ytt
v-^.I¿
Yt:
Y14
Yls
'r'ocal.

!V/'ì-/h. V^-¿
Vr.J

Y4
Yr
-l

Yg
Yg
Yto
Ytt
Yt a
-L¿
v,â
Yt¿
Yt5

'l'ocar

l
2

3

o
I
5

2
ûr

3

i
l

z-\

2

4
J

4

I
2

4
()

2

2

2

t
33
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TABLE i2

lÍean, standartlrdeviation and correlatiqn coefficíent
of snoç'harclness (c/c*'7 and snow densjty g/cm'; in both winters

Correlation
Ntunber i SD coeffícient

of r:eadings (r)

r97 4-7 s

Hardnes s
Tlpnsi rrz

197 5-7 6

llar dne s s
llan c i l-r¡

269 ?_26 .7 7 00 3 73 " 9 700
267 237.8800 5i.lB0û c"12LB

265 265 "3018 67t_.4449
?-65 j92.7?A7 4r.1680 0 "2728
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TABLE 13

Snowcover thi ckness (cm) rvith standarcl errolr and r-angein eacir habirat for 1974-75 and. tgli-lO"-

Number cf Missingreadangs reaCings
JD

I97 4-75

Al-der tam.rrack bog
Alder ridge ecoL.one
Aspen upland
Bi.ack spruce bog
JacJcPi ¡16 ridge
Jackp í ne sand-p] ai n

!97 5-7 6

À-l_der t.a_'narack bog
Alde:: rì_d.ge ecotone
?rspen upland
Black sp::uce bog
JackPi ¡s ridge
JacJ<pine sarrdplaì n

99
9B
94
51
51
22

36
3'7

4L
)^
24
I

i.9

I"7
2"L
l-. 9
3"5

35. 5
28 "7
?q .4

32"4
2',ò"6
31. 3

?t n

29 "5
22.9
ta f:

no
1"1
1.0
r"0
r"7
!.7

t-00
LO4
102

55
53
22

10
6
B

o
)
o
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Three of the factors tliought to have the grrì¿l[cst influencr: o¡

C0r :rccumulation: subnjvcan tcnìJ)erarì.rre, .sno\.rcovcr thi.cknc-ss ¿rncì icc'¿

1:ryers in thc snow prof í ì.c; rvere tcstr:d aga ins t- f hr' (;()2 groups i n

eac-h of [he six plots in both years (Table 7 anc] B) . In onl y onc:

case' the black spruce bog, did the predictive valrre incre.rse

markedly (55 to 7BZ) but in the alder tamarack 1>og []rere \rAS ¿r markr.¡ci

decrease (69 to 18%) in prediclive value. Therefore the combin¿rtion

of these th¡:ee factors was not ef f ective in precll cl-ing CO,

concentrations. lrr only onc case \,J¿rs subnivcan tenl)cr¿ìl-urc founcl to

have sí.gnificant effect on the percentage of "groups" correctly

classi.f ied. Subnivean temperature vras not as si.gnif icant a

COntribr¡tOr to A nrr.rìir'firrr. rrrlrrg aS tlre S¡ow Char¿rctelristjCS

especially sno\&rcovei: thickness.

The mean g¡hnir'êâñ rômnêr1rures f or both \,¡i.nte¡.S !/ere very

similar' but the corre.l.ation coefficients shov.ring the relation.ship

between it anci co, conccutration$ u/ere qufte clil,ferent for the t\ùo

winters (Table 14). so some other environmental factor must have

i-nf luen.ced the correlation. The winter of 197h to 1975 had colcler

mean temPerar(rres than 1975 to 1976 in all habÍtats except the al-der

ri<lge ecorone where ir was 0. 3oc. r,rarmer (Table 15) . This is wíthin

the region of er::or of the lhermometer. The aspen uplanci had the

híghest mean subnivean temperatures in bolh winters. 'rhe bl.ack

sPruce bog and.jackpine ri,dge had tire lowesl- subnivearì !empet:atures ín

1974 ta 1975 an<l 1975 ro L976.



T?ßLE 14

ÞIean, sta'dard deviation ancl pearson correration coeff"icient of co.(z/volune) an<l subnivean te-uìperature (oc.) i-n the r^¡inrers of rg7¡ 7o
I 975 anC 1975 to 1976 usÍns SPSS

Nur,iber of ;
Measurements 4

Carrr'1 a!'i t____*_*,*cn
òIJ coefficient

L97 4-15

CO2 (%/'.rolume) 
^ 550 "025(i . Ol32

Subnivean tempera.L.ure (oc) 25O -4. BB Z. LO O " J 990

I97 5-7 6

CoZ (%/vo1r::äe) 
^ 434 "0263 .0116

Sulrnivean ì:emperature (oC) 436 -4 .20 3 . ZI O. 5415
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T¡\BllE l5

su-Ì¡ni.¡ean nean temÐerat'.rres rur-.) r¿ith standard error a¡d r-¡npo\ "./ 
r"Lurl ùLelludtlr _LLv! 4!¡u rorr6u

in each habitat foy L974-75 and 1975-76

lrln lvlì ccina SE
F rondi nsc^ i -^^ij '.-_ _¿r:r] ínoevl: r sdlf rLrtsr>. I --_

r97 4-7 5

À]der tamarack bcA
Aldr-r ri rJoe e.:oLone
Àc'non rrnl ¡rrrl

Fl;¡l¡ qnrrr¡a h-r-- *-- -o9
.T:r'lrni no r'í,lcc

Jack¡:inc sancipl ¿i¡

!97 5-7 6

Alder tamarack Ìrog
Al r'lor^ ri ricr,- êr.Ot.Ons
À cnan rrnl :rrrì

tr l ¡ ¡Þ cr¡rrrr'¡: lr-r.-- -..--- -oE
.T¡¡l¡nirra ri.laa

Jackl:i-ne sandp-l ain

75
/13

44
24
L4
L7

il0
l-06
108

50
42
20

60
59
91
51
t3 -L

13

0
4
2

5

13
2

-q ?r

-? ')^

-6.65
-q oo

"4 "32
_.4 a1

-2 "98

-5. r-3

-/, " ?,8

o "24
0"23
o "22
0. 38
o "44
0"30

4.27
0"34
o.25
o "49
0 .59
0 .69
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The sí te-dependent f act.ors (change in microtopogr:aphy, th-i cla¡gs,

of soil and percentage of green grouncl cover) cìicì lot inf 1,uence the

precìictive value consis tenrly betrveen p-lots or years r¡hen j:esLecl

af one or v¡ith o ther environment.al paraineters, although they shoLllil

have been r.¡hat deter-rnined co, p::oduction. This suggests that the

most impot:tant siie-clependent parameters \,jere noE measureú.

Site-indepenclent factors contríbuted to the preclicfir¡e va1ues Éc the

greatest degree. The formation of thc snorø layer was lmportant in

contr 1buting to the predi-ctive varue. sno¡+ density, hardness and

thíckness were especíaJ-J-y ímportant in associatíon '^rith cor

accumul-ai'i on.

SECTIOI'J 3 "

EI-FECT 0F CO? 0I{ SIALL i,íAMVL\L DISTRIBUTIO¡I

SI'{ALI, MA}ßT{L NU}ÍBERS

The total nurnbers r-rf small mammals of

during thís study are shov¡n in Table 16.

the eigl-rt species caught

Þfí crosore x holi. is not

listed because it r¿as not possible

Sorex ci,nereus in che f ieici. All

te between it and

thclse ivro species

y c¿rptured species

to diffei:ent-i.a

ri1(1M0ua1si ot

rçere label,leri Sore:< clnereus " The mosi frequentl

vras !1etþr!9ro'rr)_s gapperí; its rii:mbers we:ì:e greater than a1.l- the

cther species combinecl" l)tigg!_q_g_ penns;ylvanicua was the second most

coninon specíes ín i 975 ro r97 6 . Ììor tlre other tr::rppi.rig pei:iods
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greâ ier llurnbers câptured tLran Micro tus .

The totai nurnber of individuals captr;red ii:i 1975 to i976 r¿as

greater than in e.ither of the othe:: two years. clethriononr¡s anrl

Mis¡s_t_L1s irrcreased markecily i' number fr:om 1973 to 1976 -Ð:"el trrye
borealÍs and Sot:e¡: arcti.cus were captured for the first time in 1975

to L976. Perom,vscus numbers were similar í.n L9l5 to L976

(sulomer 1973 and L9-Ì4

and Blarina brevi,cauda

I975" in contrast

marked increase in

to 1975) Peromvs.us

r,¡ere the nexl ¡itost

rnanicula tus, S . c ].neleus

coriìmon sÞccie¡ anci had

other vears. Zapus hudsoni-us ruas rarelv capturecl . sorex

¡.nrì B1¡r-í n¡ r-:rn1- tt? ar.i rìronnnd ¡rrrl¡od-l r¡ f r-nrn r-i'.-: jr Èr^.!+^^+

t,o ihe

çåIì91-q-us

¡rumbers i.n

l9l1+ ta 1975." The d-ecreases and stationary nunbers aïe even more

sÍgnl'-f icant bec3use there vras än Íncrease in trap nights (Tabl e Ll; p(0.005)

No nerv animals tr.rs¡r¡ added to the total d,.rring the rvincer of 1.974 to

tc the winter of

new indivicluals

Microtus (Table

1975 to 1976 v¡ben there \ùâs â

trappeci, partí_cu j_ar-ly

roj .Cl.eihrionomys ancl

Th.e nurnbers of srnall- ¡namrnals captur:eá

urr:nth in each 1-¡¿¡"bitat can be seen i.n Table

per j.00 trap níghts; in each

18" C-. gappr:i:! and

M. .pennsylvanicus r,,'asP. maniculatus v¡e::e captureci iit al-1 p1o t_s 
"

captured iir the alcler iaraarack irog, alder r:ic1ge ecotone ancì aspen

upland. S. cínr¡r:eus ancl B" brevicauda were captured in ail habj-tals

ô-l/.âñ¡ ilaô i-^1.-)ille
.,cLl\'!-

a-l-de r tamar:ack bcig .

a.'l der ianara-cii bog

sandplain" S. arctÍcits was caDtured orrce j.n the

åy"gÈ tlU:_ç- Þp rqa.!-þ vas caoLurr'rd rarolv in tlic--*i- - -_

La.rrd alde:: ri<ìge ecotone . hrrdsoniris ì.Jas
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TABLE 17

Significance of difference of number of captures of sma11
mammals ín 1973-76

Trap Observeo Expected ..2
-i ¡þ'+- ^-ñ.!r-u^^ - 

^
rr¿yrrLÞ uc¡-,LurCS Capt.U]:eS

1973 4,000 63 63.00 0 {p = 0o- df = 2)

lct'74-75 7,100 160 l_1f "gO 20-'780 (p.0.005, df = 2)

1975-76 10,960 300 172"62 93"996 (p.0"005, df = 2)
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niaTrt-q

TABLE ].8

Total- nuirLber of l-ive-ì=apped captures/IOO tra-p
on six si-uoiz plots throughout ¿he study

lrl

.-t

o
a
IJ
.q

UJ

rõ
N

q
lltl q 55'r ß

o rú ft.-t
+J (J C>È tr '-t qJ
rt O Llf{
5-l

úl

(j
.-t

o
¡-l
(lJ

Oì

a
AJ
f.r
q-)

'-l
U

X
q)\
o

(/)\
iJq'"lq

\Òry

Eõ€
O Þ O(Jq'-l | :l r-loL] u5 u5'-iq) 5qì tr)U
tr Or +J q 5.-laìt! OC EçlJß I'IQJ OrtqJù Ur\ t.rE
| '-l AJ
v<*

Jðck!ì1nô 3ÂndPlÀ1n

Sùptc¡ù)êr 1974
¡!.ìy l(r75
.lrrìc I 975
Juì.y l9?5
Àugust I975
sft)Lcnbcr 1975

Jacl.,p j r)e ¡iclgc
Àugust 197J
iuÌìc l9?.1
July I974
Àugust l9i-l
Stl)tcmbL'! ì9?ri
¡i¿-v 1975
-rune I9?5
July 1975
Àugust 1975
SclrtcnLber Ì971)

Þl ¡.L cr\r.,,.-ì M^

Àugusc l97j
.june 1.974
July 1974
Àugust 1974
D.c.nber 197.1
îebruary 1975
¡fô!ch 1.975
July 197i
Àugust 19?5
Selri-eñber 19-/5
¡.:ov.r'Jf,er 197 5
JÀiuary 1976
Fcbluary Ì97r5
¡,t¡il 1976

Àl-de r tMarðck i:'o-g

IicÞleribc¡ l97l
ll.ry 1974
Jurìe 1974
.july 1974
Àu.lusl 197.1
se?tcnber ,],974
Þoccnbe¡ 1974
.Ì-:iu;rr- ì.)75
r'èb!udìry 1975
¡1¡¡ch 1975
ÀpriL 1975
]Í¿y I9?5
Jur)c 1975
Jul.y ).975
Àugust 1975
seÞtcmber 1975
ttovÉnber 1975
Dcccrìber 1.9?5
J.ì¡uary 1976
Ërjbruary 1976
¡tàrch l9?f,
Ãpri I l-976

1.0
0-0
e,0
0,0
0.0
0.0

r0.c
4.3
3.?

3.0
6.3

o.7
6.0
5.0

4.0
r.3

25,6
2,2
2.2

))
i-c
4.3

l0.o

9-0
17. 3

4-C
5.3

i9 .0
7,1

L2 .1

l?
t.0

I .'1

o.o

9.0
c.0
c.0
0.0

o,o
o,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.c
0.0
0.o
c.0
0.0
o.0
0.0
0.0
0.0

0.o
0.0

c.0
0.0
0.0
0.o
0.0
0.0
0.0
o-;
0.0
1.3
o.0
0,0
o.o

0.7
2.O
0.0

2. ,.

0.7
2.O
11

0.3
1.0
0.7
t.7

o.0
0.0
o.0
0.0
Ì.0
0.0
0.0
0.c
c.0
o.o

0.0

0.0
0.0
0.0
o.o
o.o
0.0
0.o
0.0
o.0
o.c
0.0
o.0

o.o
0.o
0.0
0.o
o.o
o.o

o.o
0.0
cl.0
0.0
0.0
0.0

o.0
0.o
o.o
0.0
0-o
0.0
0.0

o.0
0.c
0.0
0.0
0.0
0.0

0.1
0.0
o.o
0.0
l.'l
0.0
0.c
0.c
0.0
0.0

1.0
o.o
r-0
0.0
1.3
o.û
o.0
0.0
0.o
0.0
o.o
0.0
0.0
0.0

0.o
o.7
o.'l
0.o
o.0
I.?
0.0
û.o
0.0
0-0
0.0
0.0
0.0
0.l
0.0
a.'t
0.?
0.0
o.0
0.0
0.o
o.0

0.0
0.0
0.0
0.0
0.c)
0.0

0.0
0.0
0.0
0.0
0.0
0.0
c.o
0.0
0.c
0.0

o.0
o. c)

0.0
0.0
o.0
0.0
0-0
0.o
o.0
o.0
0.o
0.0
o.o
0.0

0.0
o.0
o.c
0.0
0.o
o.o

o.o
o.0
0.c
0.0
0.0
0.0
0.0
0.0
o-0
o.0
o.0
o.3
0.0
0-0
0.0

o.0
0.0
o.0
0.0
o.0
0.0

o.0

o,0
o.0
c.o
0.0
0.0

o.0
0.0

0.0
0.0
0.0
0.0
0.0
c.o
o.0
o.0
o.0

o,0
0.0
o.c
0.0

0.0
o.o
o.o
0,0
0.o
o.o
o.0
o.o
o.0
0,0
0.CJ
c,o
o.o
o.o
o.o
0.?
o.c
0,0
0-o
0.0
o.0
o.o

0.0
0.c
0.0
0.0
0.0
0.o

0.I
o.o
0,o
0.o

c.0
0.o
o.o
0.0
0.0

1.0
0.o
0.o
0.0
0.c
o.o
o,o
0.o
0.0
0.0
0.0
0.0
0.0
0.0

0.0
c.0
0.0
11

0.0

0.0
0.o
o.o
0.3
0.0
0.0
0.o
o.c
0.0
0.0
0.o
0.o
0.0
0.0

0.c
0.0
0.0
0.0
0.0

0.0
o.o
0.0
(l .0
0.0
0.0
0.0
0.0
0.0

o.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
c.o
o.o
0.0

0.0
0.0
0.0
0.0
0.0
o.o
0.0
¡.4'
0.0
0.0
0.o
0.0
0-o
0,0
0-0
0.c
0.0

0.0
0.0
0.0
0.0

continued
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TABLE 18 (CONITNUED)
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5'-l ñE-r ù
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(, r^ À- :- ' \vlJ utJt (J5 .d'Ìlcr rØ au ui{R .lJE :r.-lfl} 9ç Etr xiF- lq 9" ev& \È t{
l'dil,^uE{,ì

Àlder rj.dge ecotone

Septcf;òer 1974
December L9?4
Feb¡ua¡y 1975
ÀpriI 1975

JUC l9 /5
July 1975
,lugust I975
Septenùrcr I975
octobcr i9?5
Novcnìbcr Ì975
Deccnb{rr 1975
JanuÀry 1976
L'ebruÀry I976
Àprj-l 19?6

À.jpcn uplend

JuÌy 1.97 3

July 1974
Àuqust I97.r
SLll)icnì.tler 1974
DcccRbcr I97.f
J.lnuary ì975
Y"ry 19?5
.lunc 19? 5
July.I975
Äugust 1975
Octôtêr lq75
Nov('nb.r 1975
D{)ccrù0r 1975
Jinuiry 1976
l'eL.ui¡-y l'176
H.ìr/_.lr I 9 76
À;.¡ i ì

2.-l

Iì.O

t2.0
6.3

r3.3

0.0

!.1

0.0
0.0
4.'t

20 .o
.16.1

-t,fl

) .fl

0.0
0.0
0.0
0.0

o.7

0.0))
0.0
o.0

o.I
0.0
0.0
0.0
o.0
0.0
0.0
0.0
o.0

o.o
2.8
2.8
o.íl

Lt¡
l.fr

1.3
0.0
0.o
0.0
0.0
0.0
c,0

o.0
0.0
0.0
0.0
0.0
0.0
0.0

lf

0.0
0,0
2.O
t.?
2.O
o.o
o.o
0,o
c). o
c.ô
a'.c

,r I

1l
0.0
o,o
0.0
o.0
0.0
c.3
0.3
o.0
0.o
0.0
o.0
0.0
0.0

o.0
o.o
o.c
0.3
0.0
o.0
0.0
o.0
0.0
0.0
o.c

o.o
0,0

lì.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
o.o
0.0
0.0
0.0
0.0
0.0
0.0

o.o
0.0
0.0
0.c
0,0
0.0
o.0
0.0
0.0
0.o
(),C
0.0
o.0
o.0
i),ô
a.r-r
('. i)

o.o
o.o
o.0
it .0
o.o
0.3
o"o
0.o
o.o
o.0
0.0
o.0
0.o
o.0
0.0

0.c
rl.O
0.0
0,o
o.o
0.0
o.0
0.o
o.0
0.0
0.o
o.0
o.0
0,o
ô.o
í).0

o.0
0.0
o.o
0.0
0.0
0.0
0.0
0.3
o.0
0.0
0.0
0.0
0.0
0.0

o.l
0.0
L.1
2.o
o,0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
c,0
0.0
o.0

c.o

o.0
0.0
0.0
0-0
0.0

0.0
0.0

0.0
0.0
0.0
0,0
0.0
0.0

0.0
0.0
0.o
0.0
0.c
0.0
0.0
0.0
0.0
0.0
0.0
0.0
o.o
o.o
o.0

o.í)
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,,âDf'fêr] fârê1\, {- r-1-.. ^'ll^- -;-1p¡. ¡.crl¡nno:rrrr] lrlrel< qnr_rrn,= }rno

There is a signif icant dec-rease (p<0.05) in the llumbeis of cap-.

tures af ter che f all- criiical period (onset of ttici hj emal threshold) in

some plots boi:h ,u-ears and jn onllz 6¡s ivírrter in othrri:s (Tablc i9).

'l'he ¡!ìDr-Tì rìDl .rrrrl end b-l .¡cl< srlrrrcê hoo qhn'¿e,J rro qi cn í í: i r,-'rra r ¡'ir!ìruy Ldrrll ,¡v . ..o.-4 , --.r-..ge 1rl

th-^ nuruber of captLrres :i.u 1974 to I975, the::e ìreing feiv c;-rptLrres drrr:.lng

this period j-n these two plots. The alder Larnarack 'oog anci aldcr

ridge ecotone showed a signíficant decrease (pfO.01) in nunlbei:s of

captures beforc'. and at-Ler the hiemal thresholá. In the r.rirrter of

L975 to 1916 aLI plots, excepr rhe asperì upland (p(0,05), shor¿ed a

sígnlf icant decrease (p(tt.0J-) in numl¡ers cf r:nptL,.r .:r-r dr,irilrg the

fal I cri ti câ ì ncriod.

MOVElfrNrT 0F SMALI- ¡LAl'rlt\LS l¡i RELATIOITI T0 C0^ ACCLtfllLi\ifiON
I

Figures I to 10 show the distributic¡n o f sma1l rii3.i',rnal captr-ires

in the aspen upland, alder riclge ecotone ancl the alc1e¡: tarn:-ir:ack bog.

The ruicroLopography o-l- fhe aspen uplan<1 j.s varíed r.'j-th ¿lrc:as of i:ock,

thick soil (l) 25 cn) and shallo\,/ soil ({ 25 cm) . TÌre Lhick so.iIs " ra r-ri c--

rr'1 :rilr¡ Í¡-nm Â5-;\B to D5-D8:\,Jere assocj_aiec1 i,'i.th the gr:eates,[ C0^ ac-r/v5\¿!.r roLçlr \ltLLI LtJ(: y)l.L:dLU)t ta,

cunulatj,on, Before the C0n concentratj-ons started to inc::ease in Jilnuarl,I

tlre,re \,ias ¿ì. significant number oí capt-ur-es in L.haL ¿fre¿l r,¡hr:reas ¿tfter

accumulai-icn there, Itere no c,íiDtures ¿-inC those on the ror:k. shall.Olv

anci remainde-r of t-he deep soil ( z:ones o f lesser C0^ ) r+e i:r: rLìla r ive-

J-y incr:ease-d. Once the snow meli:ed ancr, subni.ve¡.Ln air mixcci with e¡i-

rzironinental air., a m.1rl.{e<1 anjnal. tir¡t h¿:ci f i:eqi-ieltecl t}rat iìr(la,

befr:re ¡'-ncreasecÌ c0" cor-rcerntrationsj, l"/as recaptured lhere,
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FIGURN B

DTSTRIBUTIOTI O}- SMALL }IA}Î'ÍAL CAPTUIì.ES IN T]]E ASPEN UPLAND

FROM OCTOBER i975 TO APRIL 1976.

rocl{

shalloiv soi.l ( 25 cm)

deep soil ( 25 crn)

O capture

@ trap site

Concentric circles = ilumber of captures per site

tr
m
ffi
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¡IGUIìE 9.

ÐISTRIBUTION OF Sl'lALL l{d}t'fì\L CAPT'UR-ES lt't TIIE ÄLDEn RIDGE ECOTONE

FROl.f OCTCBER i975 TO l'!\y 1976" (rgn t{ONrH CFÌV1ARCH 1976 IrÄS

O}IITTED FRO}Í T}IE !-IGUIIE tsECAUSE NO CAPTURES hIERÏ }IADE IN THAT

HoNljt) .

[-l .o"i rídge

W, oo,

O srnall ina¡nmal capture

@ trap site

Concentríc circl cs = n'¡mlter or captures per site
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FIGURE IO.

DTSTIìIIìUTION O¡. S}IAL], }.U\.}ßIAL CAPTUPiES IN THE ALDER .IA}L\RACK 
BOG

I'ROtf ITO\,EI'{BER ig7_5 T0 ÄpRrL L976.

O small- mammal c3pLure

@ trap siie

ConcenirÍc circles = numlter of captures pcr site
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rn tire aspen plot foui: animals iùere c¿ri_rght or_¡ite frequenil_v

f rom octcrber to .January or later, cllethrio_nornys //530 r,,,as ä you1lg

f ena.le caugirt f irst in August i 975 . During Augus t ancl Novernber

Lhis aniin¿rl rv¿rs fc¡uucl in the area of the plot i.'hich later: r,¡ould

have the greatest c0. coneentratj-on. rn october Ít,,¡as captured in

areas v¿ith thj-n soi1. In Febrr-r¿.ry anci l"farch ít ruas ca¡.-tured only

in one area rvitli tÌrin soil at the edge of a barc.- roclr," The ¡rrea

rvith thick so j 1 and greater Co, concentratr.ons \./âs part of :'-ts ho6Le

range in the l-ate autumn p::ior to the fall critical perr:iod bu¡ not

once C0, had sta::ied to acc,.rmulate"

CIc.fht_l.rrorys ll 9 r¿¿rs a:,¡oung fr:male fii:st capti-ireci j-n 0cLr,¡her

L97 5 . She was eventt',aily captured t 2 times f roin octobe;: to

December in the area r.¡hei:e an unllsualiy gi:eat c0, concen{_r¿tion

r'rnrrl¿-ì êrrêñr,rrl lrz þg tneasured" in January vrhen CO^ star,ced toLrr ue!lu4 L -Y VJltEll l_ 
,

accumulate Ín Lhe areas of thick soil this vol.e wa.s captured on the

'.^î1. yiâ¡'a '.'l-o-o nO CC^ aCC.UinUl,atiOn OCCu::edrvÒ!, !'¡¡çru 
L

diert' in l-he J-r¡¡

Unf or t-¡rnately s1-re

liqlhlglgl'yrr_ li4l ,¡as a female caprurccì f.i¡:si itovember. She

i^/as caught niire times Ín |,1-o.¡ember a,ri,l Decembc.-r in the ar.ea ¡¡hictr

later: shor¿ed the greatest C0, accumulatiorr but in Janlrar,v and l"larch

she i..¡as captir::ed a total of three tines only on rock ridges. rn

.{prí-l she was captured oirce on a ridge and once back j-n lhe area

wlrere she had been captr-ired or:igr-rral^h' i:Íne tiines before ca, had

started trl accumillate.
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Cig:1,::,q¡lor5- iil ivas a female f Í;:si: captur:ed in

In Cctober: ancl lì.venber she i.,,as czrptured four tines

Ociober 197_5 
"

in tlie ¿rea

In Ðecember: shervhere C0.. i;or:lä accu.nrulate to the grealesL extent../,

v,']as cìap [ureci o^ce i n the area -.vitir Lhin soí]. ¿rnd Ín

rock r:i,lge.

januar:y on .:r

These f oui: voles avoided the area rr'he::e cû, luas r-.o a¡:cumur are

to its maxi-muni extent as soon as Ít s rar,ced to c1o so " one volc,- rsas

f ounci cieac, ti.;o otliers disappearecl entr'_r:ely f r.ora the ploL anci the

one tllat survrlved tl-rrough tl.re spring criiic:rl per-ioc returnec to

the area lhat ì-rad once held the greatest amount cf cor. The area of

greaiest co2 concentration was parr of the ir irorne range but wa.s

utili.zeci onlv rvheil CO,_, v¡as 1ow.
1,

I'he al-der i:idge ecotone 'rJas generallr' c1ívícled intc tÞro areas,

ridge and bog (Fi gure 9) " Co2 did acr:urnulate to scnrl exteni: in lgl5
to L976. The nuürber of smal'l mamals capLurecl after the fal.L

ci:itica-i. period rnarkedly decz'easecl (November ; 7 airimals, December: 5

aní.mal-s; ci:iIi-ca1 period; J;rnuary ancl ]-ebruary: l aninal e.ach; Mai:ch:

0) . In Aprí-i the number of r¡oles captured increased to f our, c¡ne of

r+l-rích, qr-g!!rtlr-o-gy-t #508, a juveníle nare r,¡ho i.¡as f i;:st captr-rred in
october, r,ias recaDturLìd in the same are¿r í.I had v;]caied afier iÌlie

l\lo.¡emJ¡er tra¡rping period. rt is conr:.l,r:cled th¿rt the alder ::ídge was

not a gor:d or,'elruinter:ing habitat because cniy one of the animals

regi:1arJ.i' captureC v¡as there riuring Ihe r¡int,;:::. C Legþj,siìo_il_Lg #0 v¡as

¿r young f emal e who appeared i-n Februi:rry ¿rf tcr noL. being captur{l{:l
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sirrce 0ctob¡rr.

(l'1Ícrocus /i40-0

lltre otlier vr¡l-e

i rir¡orl i -i o tnq f r.\ /r: .. j.l.
U LLi LiiL -!'.JilUllly:-r i-

caÐ i;111'sd j.ri the irog as

tured only t-i-¡e¡.1 " llllre

í +1-,-. -l?parc u-f Lnej atl-Ì acenL

\.i¡lS cAP Li-'red <;nL1Z .i;r .Jâlliiir./

1ç¡o rf the

the ridge i,n Nor¡ember or I)ecernber h¿-:.d be,e-t:

',/e-1.i iln.:i afler lhc t:i:iticaì. period \,Je-re cê.i)

ni-lier r¡n'i ¡.q ,¡;r' tia./e moved into a r,li_f f erent! vrvu rLruJ

hno i'lrr-¡l'..r¡c nr\i_ Ê ¿-l'^ ^'-"âr¡ ¡ralrrvu lJdrL L¡1. Lilg ¡LUUJ orLC¿.

Thr¡ ef f ects o F CO^, habitat ¿ind the irÍe¡na1 thrersholcl r,.ere
L

signif icanl (p(0 "0f) in rel-ation to small ir¿.rnual caDtur{ls in î:ire

al.der ec(rtcne plo t (F j-gure 9) . F::i or to tire hieinal i;Jrresitol.d

(duri.rrg chc f nl.l c-ci i..ical peri.crrl) srnal l. m¿in:nri'1. cilr,i-ures irei(: iliglr

irL tiris ârea " The ad-i acelrt i:og plo t reacired the trierial th,:e-siro,Ì..ci

beforr:'the ri.dee anr,l. smal-l- maniilals rlrere c¡fÞtured iiler:'e ilore often

tÌran irr i:he ecotcne " In J¿rnuaily Lhere r.rÊre tr,ro captur es in Lhe ecrJt-onfj

arca thal .Later hari;ncre C0. but tirese caDturhts occurr(j(.i prior to
¿

tllcr -; ncre:ascd C0^ m3iìsurci.renl-s " In I'el>r'r:ary rhe sanc ¿rrcr sti.Ll
L

lrad hi-Eh con(:ent--- +" ''-'^ ^c F^ '"hich snall n;lrnrnais avcíded " The----- .---o-- --LOLlJtlÕ V! U¡J.-r \4

L

l-rtl.) .:ìnrrrre.q r ecorde d r,Jere o11 ¡f1t:. ri ris,-, ¡l^c,;¡s wí th re¡duced amounts

cf Cû" - l'1o¡,;t r:f Ltre gr:earer concentraf:ioris ilf C0^ occuri:ed j-n¿"¿
lÍ¡rrch and no srnall. marmra.l.s \ùere carlturecl lhen, The sma1.l, nainnals

rna'¿ h¿rvc nc.,i.ì,i into tiie arljacent bog aic.a rvith relal:irrei)' l-owrr C(ìi "

Thele !rÍ'Ii a co rresÐonrling íncr:ease in rrumber-s f ro-m Febi:uJ r)' Io

l.larch in ttrr,: aick:-r tam;ir:ack ìrog ('j t-c i il captures) . In Api:i1. i-lie

íir1or,r{: o\¡er disai-,'J:eareC ¿¡nd srnal.l nianrmalg \.JÊ:rrì (:epi:ured agelÍ.lr -in thr:

¡1,1-r Ê.ntônê nlOt"

(:() )LLie a1,ler: taur;rracli bcg never sirowed;i signil,',rc',ant..
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accumulation- noi. marked m:'-crotopog::aphical variatio¡, aircl s¡ral_l

ma¡nmals erh:i.b j ted no aiístinct change of areas occupied in tire

habitar" (Table 3, 20 and zL, Figurc r0) " pri.r Lo the onset of
the hie-mal. threslrold (November tc December) tÌrerc rt,âs â clecrease

in nu¡n'oers of captures probabr y due to the ,t arge teaperature

fluctriations of the farl criEical period (pruitt 1957 iiruiìer er

al. 1969) .

The black spruce bog has rro di stlnct m1crûtopogi-aphic

dif f erences but in 1975 to 1976 tire re ioe::e suj. IicÍenr captuì:es ro

sho';'; ¿r sr'-gnif icant ef f ect (p(o. ot) of the f al_l crrt j ca_l_ pe:,:iod.

U¡rfor:tunately therc I.r€'-re ínsufficient snal-L ¡nammai c¿lpLi:res after:

the hiemal threshold ¡vas reachecl ro shor,? the e>iacr ef f ect of ccr.
Once lhe hieniai threshold 'v/as reâched smal i marnrnal captllres \.7ere

ver:y low (0 to 2"?- carpturesIL00 trap nlghts). r'r"rarch, <iur:í.g the

perio<l of greatest CC2 accumulation, there v./el:e no c_apiures of

smal1 mamma-l s in ti-ris area. whe.n the snor,,icover melteci in Aor:il

caDtLlres i-ricreasecl to hígher nunbers (3,3 capt'res/ l0c trap night)
than those seen afte'the hien'.l threshold was reached (2.2 capturesi,

i0û trap níghrs) .

STATISTICAI, ANAI.YSIS O¡' CFIÂ}iGi]S IN S}TALL ],I¡,}l},!\i- DiSTIìlBUTION

In ihe alder tama::ack bog a sígnif icant cr,r:c-r:<rese (p{0. Oi) u/as

seen'ín the tr:tal nuinbers of small mar¡,na1s capluïecl before ¿rnd aiter
the hienal threshold was e¡;t¿iblísired in borh 1974 to I975 ancl IgTit to
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197 6 (Ta1¡] e 19) . 'Ihere \üa.s no

zonLr.s in this plot so 1-o l,€rst

ma¡rmals eacti trappirrg J_rlre- (A

nt¿r l.led rii icr o t o p,:g ::apli ical or \¡ep; e la i, ioil

f,or:'change in r1 i¡;i_ribution of srna_Ll_

- i) luas <iesignated ¡is a differeu.c ar-ea.

No significant charige was ol¡servecl

ei-r-her frorn Decernber Ì97tr Io April 1975

(Tables 20 and 2I) 
"

smail na¡unal disi:ribulion

November 1 9 7 5 ro Apr: í.1 197 6

LN

or

The black splruce- bog exrrib'ited. a co, ar:curnur-ation ai: ¿ri_r_ r i9e

sarnpling stations as i¿e-l-1 as ¿r signifÍcant deci:ease (p(O,Oi) iri the

nutnbers of small. rn¿ninal_s r_..aptured af tei: the hj_ema1 threshol.d in I975

t.c 1916 (Tables 22 and. 23) , The:- e r¿ere insuf f icÍent caprures j-rt r97 4

to i975 to allov¡ stâiistical, tc-,sting (no zei:os car-r, occul: in merrgì-r,ral

cells) and specif j-c areas of CO, accurnul.at-i-on or I a.cl< of it coul-d not

be def inecl due to the iromo¡;ereíi_), of the hal¡-i ta[.

Table 22 shcr¡s the seiuo of the i-r:st r¿ith the obse¡:r,ed. r,alries

and totals f or r97 5 to 197 6, T'able 23 shor,¡s t-he test itse-.1_f r-Ls:rng
)

x . To gel tire e-xoeci-ed v¿rlues in tl-ris case:

ê^^,, L, _. 1t ut'ci 
30.540.goL.çrL ar 

,u M^1-= 
)

This can be calcuiate:C f or a,n'¡. nuinber clf mocel-s tb¿lc ¿1re constructecl .

lfoctr:l I (l + A -i- B'f C) of t¡-:ial í.ndependence ÍÜr: the l.¡lack- spr:uce boil

was ¡lispr:orrecl ,, liociel 2 (t-'+ ¡\'i- lì'l- C -t- 1\B) e,-lpiairii,ng ttre cliscributir¡rr
rlue lc the effeci: cf tlìe lines ai:counleci fay art lnsi-¡;niÍ'ic¿int ainoLlnt
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TAELE 22

Fìonhar^atq nnnl-inñên.v f¡ì-rla fas,L fOf

observed values t"iÈh A, c-apiure of Ä,,

line (i.e., 8., = line I, B,¡ = fiäe fi
C, = af ter thä hiemal threEhold. A' ,

of A a/or B &/or C

jolacl< spruce bog 1975-76;
failure-, B = number of the
eþc.) açd C, = before and
B- or C-= cånibined values
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B?.

of the vari¡rticrn (¡2 = 1.581.3, df : 2)" Ivtocle.l- 3 (1 *..4. + .l-ì * C -ì- Al-l +.

AC) explaining the vari¿rtion in dist;ibutiort cÌue to tlìe onset of the

hiem¿:l threshold accoiruted f or a sigr-rÍf i cant portion (pdO " 01) orl the
,2veii:iiltion (x = 16.0364, df = I ) with a non-signif icant i:emajrncler.

Thís showed tirac tl-re cr:itical period ¡¡as very signifjcan{: j-n

determiníng s:LrelJ- mamm¿rl clist.ributÍon. I.u can be seen from Tabl e l.B that

almost all the small mammals disappearecl from the p1-ot aL that time.

Thus Lhe distribution or 1ac1c of small marnmal caÌltr_ires after ihe

híemal thresholci \,ras establishe.d r¿as due to ti:ìe f all criti.cal period.

If Ít h.¡.c1 been possible to get molre accurate an<l gl:eater nunibers

oI s¡nall manrnal câpiui:es along the l.ines thetr a test clf Lire effeci o:E

c0, cn sinal l marn¡iaf st dis Lribution \+ould iiave been possij:le.

T'ire ¿:.J-der r:idge ecotone shoi¿ed a signlt-icant effect (p{o.ot) c¡f

the f all crit--lcal períod on numbers o[ captui:es j-n both 19]4 to I9l 5

anrl L97 5 ro 1976 " rt also haci an accuiÏrui-aticn of co, ai ce-r:tain

times (Tabl e 6) and a rnarkecl m-ì-crotopographicer-L d ivisicrn into tïro

areas. Given these f ac'rcrs a tesi f or the e,f f ect of CO, on

dístríbui:lor-is of smal1 nlani¡nals could be set up for l9l 5 ttt 1976"

The::e i'¡ere insufl'icient captures in l9'/4 to L975. Fíerrber:g's (i970)

test, as explai-necl -r'or the b,l-ac.k sprLlcrì bog, ivas us<.-d. iìi:eat.er co,

concentrali,ons ar:e clef ined as read:'irss erchf er than a:nbient l_evels

mûi:e than 33 "3 "Á cf the t.ime in the eritire area cf the habi tat being

stirdie-rl . lf¿lbie 24 gí,r'.:s tÌre obser:r¡ed v¡:1ues ar'¡ci Tabie 2.5 shcws che

test, ì'íoie1 2 sho'.,.¡intj the effect ol: C(), on habitat e.ccounted for a
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coni:ingency Labie t-est fo:: al<le.:r rj_clqe ecoì:one
observecl -,,,alues

83

1.9 75*76:

,,

otut

ttt" 
2

o2uf

o2'2

-i-
ot,"

/rrB-
+À8]-

rl''-B -2
J- ì-AB

2 l,iunbe r i_n tÌra i
lil Ce11 Ìrlun:ber

6

L27

70
2II

42
22)-

B

IL2

1)

4B

12.O

Lgt I

IT2

tr

L ZZ

66
2!2

i92
222

6

:¿58

66

r98

¿o4

L2

136

2.j4

in

370

l_38

246

384

Al = tl-ap captu'rfìs, l',,, =, lirap f,ai1r-LriL:, ,iìr=
"01-7i, i-,toLume" C = habíÊa ts (C, bog, Ç, 'tc:cf<) 

,
values of Iet-ter involved. t
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B5

signif i'canr amoìinr (p(o.or) of rrre variarÍon (*2 = 39.r " df = r).
That is, C02 r¿as closely relatecl to habitat. Ilodel 3 (l _r A + ll + C -i-

BC -{- AC) shorving the effect of co, on captures again accoìrnted for a

signÍf ica'r portiorr (p{0"01) of the variatioi-r (*2 = 6"6, dÎ : l) "

when the e-ffect of habitat on captLlr-es vras included (lfodel 4: l -ì- ¡\

+ B + c j- BC -l- Ac + AB) ír accounrecl for a significant parr (pí0.r15)

of the vari.ation (*2 = 5.9, di = i); an insÍgnificant remainder of
variatÍo. rvas 1ef t " ccz anrl r-iabitaL 'irere r:er-atecl and b.Eh rras

signif icanI ef f ecrs (p{0.01) on nurirbers of captu]:es.

ln rhe aspen-Lrprancì the fali cri[icar period ha,j no sigi-rificant
ef f ect on numbei--s of c;rptures in r974 to L97 5 br-it clid.r (p{0.05) in i975

to I97 6 ' c0, accurnulation occurreci in both -¡inters (-Tab j-es 3 ar¡.cj 1+)

in this plot aricl a ¡nicrotopograph:rcar v¿rriation r.;a:; obr¡ious " Tiris
variation resurted in three cjÍstin.ì: types of areas: rock" srraf rov¡

so j-l s and deep so j-1s. There were not enor-rgir captures in L97 4 to 197_i

to a.l low statÍstical a'alirsis. Foi: the L97 5 to 1976 <iata Fienberg,s
(1970) tesr v¡as tised (Table 26 and 27). Dfodel r (1 + 1r + B + c) of
coraplete independence \./as dÍ.spIoved" I,fodel 2 (l + A + Il + c + lic)

shor¡s the ::elatrronship of co, with ha.bitat nrh.rch accounted for- a

sig^iÍicant anounL of the variation (r.?- = 10 " 6, if = 3) . Mocrei 3

(l + A + B + c -F BC + AC) showing tire effect af ccr-on captuïes again

accounÞdfor a significant por:1:ion of i-Ìre variatÍo' (*2 = 7._5, df = z).
i"iLrerr the ef f ect cr= habitat on captLÌïes \,/as also iücri:de<l (Iloclel li.;

1-l- A -i- B-l- r:r + BC + AC +.AB) it accounted fo:: a si_gni.ficant ¡rart of
?the r¡aríatÍon (x- .= 5. B, <1f = i) . cii, level_s ¡;n,l habi tar r.¿as rel atec



86

TABLE 26

r¡ienberg's conriingency table test for aspen uprand r975- 76:
observed values
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uíth both hav:ing significaiLc erffecLs on the nr.lr,rbers cf ca1:l_lr::es b¡t

sorne of-her f .lctor r:cusing tiie signi-f icant reLl¿i.irCter cf irrre--.;pla j,nerl

')
vari¿rLion (x- = 6" t- , dl = 2) vas a.l.so present " lliris cc¡u-l-c1 jLayc: been tiue to
rii--r^ ¡drì'i,-¡ll 't-ill:¡l q nrrr.iri-,rrc n,ìr1 {:,rn^¡inn-i rrnLr3P cluLllCL an-...*--, ¡,-L.u , !,.,-rlr! ¿ Lrilifs oI- iìtìy irunil-.'::r

of unknr:rnrn..¡,
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DISCUS S IOì$

SECTIOi"I 1.

co, ACCLTIruLATION

In this stu<ìy, I founcl a consistent variatj-on betr^¡een habicers

in the accumul-aticn of sub*ivean cor" This co'ld expla.r-n why some

authors found co, accumulated (BasrrenÍna 1956, Kelley et a1 Lg6B, and

others) whíle others did nor (Fulier and I]olmes 1972, Reí,ners L9(tg,

and Coyne anci l{e-.Ì-ley 197 I) " Tire CO, concentrations rneasurecl in this
study agreed lvith those founr] by other ¿ruthors (Coyno: and i(elley L97L,

I(elley et a1" r968, Bashenina 1956) . Havas ancl M5.enpäi; (rg72) rec,orded

accunrulations of three to four t-j-ines ihe atnospheric l-evels in their
area (0"0287"/volume COr) rvhile I neasured maxir,rrlm concentrations up to
fcur oi: f ii¡e tjmes the atmospheric Ievels that T r:eco¡:ried (0.02 %/volume)
aL the Taiga Bioiogical- statíon and. the Experimentar r,ahes Area

near Kenora, Ontario. The reduced amounts of atmospheri.c co,

in my study may be due to the large amoLlnt of conti.nuarly green

vegetation (conifers) available for photosynthesÍs above the snorv and

to the lack of air pollu¡ion in thc ar:ea. The ai:mospher:ic le.¡els
recorded by Havas and l4äenpàä (1972) are l_ess than those of other

authors f ,:om areas without evergïeens (0. a35%lvolume co' Kel1ey et al
1968) "

r founcl thar co, conceÐtratíons in some areas such as the aspen
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uPlsnd encl alder rÍ'ige ecolone sho',,'eci sustainecl accumula.iions ui:tí,i.

the spring criti,cal pei:iod anrl amhient mixing. rr.r coritrast c0r.

concenLrations i.rr the alclc¿r tamarack. bog .nd j ackplne ridge sornetimes

increasecl abor¡e ambient. anci trren us'al1y retur*ed cr-rickr:,u to aiilrri.ent

concentrat-1ons. Re j-ners (1968) , coyner and Ke,_lley (i97i) and I(eller¡

et al ( i968) f r:unti CO, concentrat j-ons decreased to ainbienf- levels or

less once the hiern¿1l threshold haci been reached buL they str-r<ìir:.¿ a

feru habi¡¿ìts j-ntensively and thr.rs mâ)'- not have enccunter:ed habj_tats

v¡ith sustained accumulations.

Kel 1e;v et al (1968) found sulrnivea' CO, 1.evels io be niost

consistent f ror¡ 1000 ¡o 16C0 hours. -r f ounci that subnivean conceÌltrai-

ions of c0, cha.nged little over: a- n.uuiber c-f days ancr changecl rrer.y

little throughout the dayl ighi hours j-n an area r^iiih anl¡i ent l-e-vel-s of.

subnivean cOr" Hor.¡ever:, as there may have beerr c1 iel variation at

siLes wíth accumulat:.nB COr, a1l- measurenents r,¡ere i:aken betrveen j-000

and i 600 hou¡: s 
"

Ti-ie c0, c()ncentrations 'cirat r f ound l-o be much l.ower than

ainì¡i ent may harze been dtte to moss gror.r1.ir (1ìagerup iri Kalela Lg62) ot:

otlrer p1 ant phot-osynthesis ih.'-ì.r- can occur at tempeï e{_ures as lor,¡ as

Ooc. (Hav:rs anci l'íäenpitä rg7z) " This, wirn ihe tight available under

a snorúcovei: of I 5 cin. (Ever:nden 1966) , r:oulci al1or,, photosynthes j,s to

use up subnive;.rn c0, ancl create t-ire reducerJ co, corlcentrat j.ons. Ti-re

f act chat these reduced co, lerrels occLired only occas:i-onaliy aJ: i:er.

ther:e rvas; thícker sno\,J, suppûrls i:liis conc,1.sioir.
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SECTTOI'I 2.

l'AC1'0RS l¡rÌii,iJENCTNc C02 ÀccutÍULATION

The consisterlcy of accunl,-rlat:lon or 1¿:clc of accumu]-¿ìtaon of CC,
in ive of six pi.i-s suggest-c that c0, accunur..atÍon i,s lra'nit¿:t or

síte-'Jepenrlent ' The ¡;ite-riepenclent f actors ureasurecl in t.h-i.s stud,r,; ,i6

not 'phold ihai assumpi::LorL bec;,1'se nei_tlier sr:i-l depth,

nricrotopographi c change noi: the â¡:rouni of greel lregetaiic' conti:ibuted

'signif icancl y to lhe predí.r:{:ed value of co" conceÌitratioris;. Gener:a,lly,

arees tuith deepe';: , well .-c1e,ve-t-oped soils () 25 cm. ) asÐerr up_lernd )

exhibiied thr: gl'eaEest co, accr,iinu-.i-a.t,ions and greater- concenir:â.l.j.ons

occu;:red in the top 10 cni. c¡f soj,l tl-ra¡: Occurred ín the subilÍ.¡e¿rn

space" r\reas rviLh veiy sLrar-r.or.,' soils (.,i i-0 c¡'" , jackpÍ.ue ::.irJ¡.;e) cl id
Itot have thís mass f ol- ic,oi_ res¡_rirati.cn anC lhus dic,l r:loL Í,l.ccunrul¿: te
coz." Areas'u¡ii:houi gre(:ill veget¿r,tioir ol sor'-i such as bare r:or:k i. Ihe
aspen upland neve: a.ccumur ¿ri ed ct), since tirer¡: \,Jas no bioiog icar
source to produce it. BrrÍ-,, aree.s wírh litf .1 e gr:een vegeL¿Ìf Íon did
accumu'l aie c0, scl p1.ant respi-ration is nGt necessarÍ-r y a n*j or

prod,ircer of subrii','eari CO r,

General rta"-¿r=pencr ¿¿'t fac;-oi:s such as rnoisture- may Lre,: of
gr?ater inip<irtance iirarr r j.r:itj.aL_11'tilu.ughL" ',,,ÌÉ:t, brrj.: nci. setur¿rted

oi:gan:1 c soi-l s procli:ce more cr,)¡ [.J.ra* <]rj.er oorÌs ipolyakorr a J91 0, coyne

and Kelley 197't), Tl"lis r''¡¡; s rrLle in the ¿¡1der ri',c1ge ecotonci a¡cti aspen

upland " The saturaLecl itc::L ci, f h¡,, ¿ j ¿s- t.am¡.lr:¡ck bog dici not
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accunul-ate c02 because there ruas r-ir-tJ-e aii: spâce ¡lr¡ai1ab-r-e fci.gas
exchai-rge ¿rnd Lins ther:e \\r¿Ìs a decrease in respir:ati_on. The b_LacÌ<

spruce bog v;as drier i-han the a'l cier tamarack bog; this nright have

accorìittcd f or its greater CO^ q6¡lssntrations.

r agreed wi-i.h van der DrífL and lllÍ.tkamp, (i-.r i/itkainp i963) that
pFI had little effect on deconpositioiì râtes, rather.ihan the clecreasec

r:åies found b-v F]-anagan and scarborougll (L97'2) when pFi r¡as outside the range

5 to 7 " 5. rhr:ee rrabitats had pH values less than 5 and tv;o of these

accu¡nrilated subnivean COr.

The presence of rvind is ::arel.y f e]_t on ihe f 1oo, o; the boreal
f orest, so ti1ât i-he ef f ect of ¡¿i-nc sLâLed b¡' Kerley er al ( r968) was

nol evicient 
"

'rhe age and 'Jeprh of ritte:: mentioned by R.ei'ers ( i96g) ancl

Lirtkamp (1966) did not seen'r to influence co, accumulation" The aspen

r-rplanc ancl the alder ianerack bog had the greatest I j-tter f all of the

six ir¿rl:icats (deciduous r..rersLrs primaril.y coniferor-rs) br-rL onE had Lhe

greatest accuniulation r:f c0, while the other hai no accumulatiolr.

The me-an subnivean ternPeratures ì.i'r the si>r hal¡itats v.7ere rarel,u* less
LIr¿ìn the critj-ca1 -7uC' that was correlated w.itLi tiic-: c',essation of CO,

producIrlon from decomposition (Irlanagen and scarborouglr Lg72). The¡

aspeil tip-Land had the warmesl subnivean reniper.aturesi and the grearesl
C0, accumu-l-;'ti-ion. Tlie alrler tamarat-:lc bclg r+as r.{zirnêlr, bi-it accuiiir-if aLed
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J-ess tJ0r, than the blaclc spruce Trog. ¡\l-so. thc::t: rdes nLr sti..o'1g

cc::relatioii beti,reen CO, con.cenl:rations and subn_i \.¡e,-¿rìl teuDÉìraLì.tres

white subnj-vean LernPeratur:e.s only cr.rntribr-riel signr"-fir--.¿i¡t1.r¡ to tLre

p::ed ic I j-ve valuc: of co, concentrationri once in one hai_. j,raii di_rring

the f l¡o year study,

0f the environnental- pai:aäieters ne¿,isured in L h; s s Lìidy s_it e-

ínriependent f actors" Þarti.cular.Ly snow f acto¡:s cf h¡¡r:cjnesri, r.Ì ens-Lt)i,

thickness arid irumbcr of íce, laye::s , had the gr:earest eí_ f ect c'
srrbnÍr¡ean C0, accumulatiori in b,oth rvinter:s, Tl.iey inacie up ovei: i:ajI
(54'i " t357:) of the si-gnif icant v¿r:: j-al¡1es conLribur-ing tc the precl ,i cr j-on

of CO, ccncentraLions irr borir winters v¡hi1e bej.rrg on1y .t¡ ¿¡ i.l
parameters" Tlte mc-¡st irnpor:ânt snor,/cover L)arameters vreïe ciensj-ty and

hariness " Tiie ïel-¿r.tíorrsh-Í-p beiween these r\,Jo f-,alramel-eÌ:s tü¿rs not clear
Lrrii- itre facc thay ihey aifect co, accumulatic_.,ns 1s not r;ui:prísi.r.rg

beca''rse ihey chilracterize the b.i.anÌ.ieL or cont¿riner that confinc-:s the

subn j-rtean C02. Denser, harder and thir:ker la¡ze::s or' ¡l;lcv¡ r¡oul-cl j-rnpecle

rlle dif f usiorr oí CO, f rom tire subnivear! s,pace.

The procluction of CO,, on one h¿_rb:Ltat anrl tbe lack of i.t on

anoti-ier -..¡culd re¿rsoi:la.l:,1y clepend upo::r. t,he s j_te-dependent r.,¿r-i iables irl
t-liat irabÍtal. Unf or:tunai:elir ¡hi.s ,.,¡¿;,s itot the case i1 tite rhi:ee

sitrr-depen¡lent var-i¿rbles f. measur:ecl in ihr'-s study. Ther eri-fect- of e_L_1.

p¿lrariletelrn 
'Jas c¡bscur:ecJ because of ihr: -1 ag t-í.üre f :rorn thi¡ j-r orìscìt t_o

the-L;: eíf ecr o. tire co, pro,J*cti-olr" A. co¡itr:o-Ll-ed exper.i.*ie.t rn¡here

ií'lferent factors c:oL:,ii be -¡erncveil sç ¿rs io r:enrove ol: colìtj:nJ la¡¿
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ef f ecLs bettei: iuouid alior¿ rer ati.oliships to be str:onger ancl mo::e

obvious.

SECTION 3.

EFFECT OF C02 ON SlfALl, lfl,l"fMAi, DIS,I.RIBUTION

Irlumber of small n:ainmars captured increased fro:rr 1973 to rg76.

This i.s especially evident ín the rast year of the study rvhere more

individrials t¿ere captured or¡er the ruÍnter: Liran haci been captur-eci the
p::evious suminer. Such an increase could have been the resur,t of
subnir¡e¿Ln breeding (Fu1l-er rgTj) or incrr:ased juveníre survivai.
Ilol,\7ever, no markediy juvenile vol,es r,{ere captrrrecl ,

Cletirrionomyq gapperí was tire small. ma_rnmal c,epEul:ec mosL

frequently in a]l síx habitars" Fulr-er (rg77) also f ou::r,l c. gcp:Lu_-

to be the boreal small mammal captured most corirnonly. y_fS¡_q!gg-

pglrly!:Cnlgge can occupy the saÍne r)/pe of habjrar as C_. €ep¡>_er¡.

(rverson ancl Turnerr r972, pay'e rg74, Rier¿e Ig73) and v¡as increasing
1n numbers tor'¡arcs Lhe end. of the sludy. The re¡na.ining snial-f rnanuilal

specÍes i-n the study area i"reïe capturecl rareiy if ever Ín winier.

The significant-. dec::e¿rse in nunbers of capiures before a¡¿ after
Ehe ir,rlema,l tlrreshckl , i' all cases r.¡here ther:e were rarge enough

numbers of captures to be signif icant, :Ls reJ.aLed to tl:rer tall crit j.cal

pe::icd cr time betrueen therrnal Jïel:iurn (ru,iien il-re groi-rrrcì tenperatures
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becone col.<ier than the aÍr tcir:iper:ai-u;:es;) ¿ind or.lset

flrreslrc:id (Fru j t t !957 , I],.r.t,ier t:r e_1. I9fi9) . Ii j.s

environmellte-l s tl:ess' anci s¡i¿:,1 
.i 

rn¿luirrr.;-i rs r¿ithoilt home ranges , f .od
srores, nests or ttlose i-ir¡¿t ai:e not 1n ¡realt 1..h_vsical_ cc¡¡icli t:.-r.in are
subje.t to its adverse efiecis;. IÍany srnalr mamma-ls d.o not appe¿ll: to
-ive- through a second r¡intei: (,I.lanii _1-ton Lg,\?_, pernet¿¿¿ Ig7 6); ihi.s

'*'ou1d be expressed as a riecre:r sc-:cr posc-sno',¡f all ca.p rurFl r.i.Le

([ìunderson in Stebl-¡lns r97 6) ' ]lhe f all c'::ir-ic:atr pe::ioci ,"¡as es¡re,cia i.L,y

imi:or tart t i.n dete¡:rn j_nii.rg surr.r j_r,r a"l of smal j_ ma¡iual-s in all- f or:r of the
habi.t.lts lr:apped j.ir t¿altter.

The aspen up-1.a.d anir tlre airr.e:: r-ir_r,ge ecotone exhibi.t ed the
g):{J¿ìtÐfrt díversiLy of rnj-r:loLopogr:aphy, s:ignifj_ca¡rt c0, accurn'l.¿tior.is
aricl signif icant ef f ecis; of cc, (p''" 0i) ori si-oal.l- m;lrninal cistr:ibutio*s.
Ti.re specífic moi'en,€jtits cf r¡ar.kecl srn¿r-1.1 marnrnais iì-vJa)¡ fï_om gre¿lIer CL)1

collcer) t-iations and cheir t:eiurn orri:e i:he coricentirations had lessened
írt the ð'sDen upJ-and " \,¡er-e i.ncri.car:Íve ,-rf thci ef f ect of co;,

accurlulations,

sual1 ma'ännais r:esporrd pi-rlzsicllogicar.r_y io conceni-r.ation s of car_

¿: s lor¿ as l ot 2z (Gaiantsev anr.l T'unanov Lc)69) ar Lenperatures aL¡oì-ri

2ooc ' ¿incl v¡iren stre¡ssed by lower tempel:atures they respon<ì to a¡nouürs

-Less than' i- or 2ï! (D;li;so' 1g55, Ba'"icri.net te rgr 4'). T'he r¡a1ues r
üre ¡¡sui:r:d ín the subnir.¡eair sjp¿lceì (up co 0. r 2z/r.¡olune,) l¿hire not ¡_rs

iÌ'rç:iil as these we¡:r: ilruch gr'.1¿rLc:r ihan the ;:¡n-l¡ient $.a2"/./valr.lmc.r), rrr

an enc j-osecr subi¡. j-.¡e;1n ar Ê¿l :;r-ra:ir ¡rs ;-ì nest, l-he co,, ccluld accr:uru.l-ate

c,-' iire iri_ern¿r,'l_

¿l time of_
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lo even greater levels than Llicrse I neasurecl in the subniveen space.

The response of small mamm¿¡,1-i; tr¡ ir:cre¿rsec.l CO' caus:í-ng irrcreasecl

respi ¡3¡ç¡ry iunction, decreased hc',a,:t iate anri r:ect¿r1 tr:nrperatures ntjtv

be an adaltive response to ther stress causeci by increasecì c0, concentratioirs,
These alte¡ed body f unctíons may ieacl to -Lesse¡red activit)¡, decreasecl

rüinter metaboiic rates and relaLed I or¡rs¡ calorie requireinenis.

However, these adaprive responses mav therrselves cause proble*rs for
rhe animals. The l.ower r-eaction rate coul,d lessen ttie small

mamnralst sensory precept.ion to tenperatul:el di.f i:e::ei:ces, f ood and

predators anC l-itris clecrease their surv'iv¿ll rate. The clLangr:s in

smal-l -¡:na¡nmal, disti. ibutíon thai T. obse::ved r¿e::e associ_ateci with

increase in COr. These physio.log ical- re_sponses ta CO2 could le¿Lcl to

the aforernent--Í-onr¿ci cl-ranges in ciist::ibut::-.on" It would be adv¡rntageous

for ttre small- nar::maf to frequeilt at:eas i¡hích elj.cit 1e.s-< ¡:h¡zsíoJ_ogical

siress (i. e. , those r"¡itir less COr) .

If fooC sirori-ages caused lhe cÌ-ranges in dj-stributign shor^..n Ín the

aspen,:pland ancl al,cler ricige eccioile one v"'ould also e-xpect rirarke-cl

changes in the distribui:ion of sirall ;nammals in the al<ier tamaraclc bog"

Titis did not happeo. The stancla::cì error to mean subnjvean temDeratures

was lorv Ír-r al-l f our plots " lligher small ma¡nmal numLre::s aïe not

necessari-L.v related to avaí1ab1e f ood. (Goreclci anri i.-:ebczynsl<a ig62 ,

Chitty et al-. 19LiB) or su¡-.r:leärenL¿¡r.,' íooä (Watts lg6iì , Iicwercler,i

19 t-2, Iìaírbaír¡r I977) ol: vrâriìier subnivea.n ternpej:at-ures (Fuller Lg 7) .

Thus tlìesL'factors do noi: expJ.a-Ll a-li the o1-.sr:rvecl .¡ari,¿,ltíons in

dístributíon" Given tile j.a.cts that srrbnive¿ln f-0" tior-:s il{:cuniuliil.e,
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smal-l nammals do ieact physiologicallv t-o Co^., areas of hcrnogeïi€rolls

hallltat that h¿l-,¡e incre¿lsed ccncentl:atio¡s c;f CO, l..ave fcr-,,¡ s¡iall-

naminals, it is reason¿ib1e to c,'Jnclude that smail. m¿mrnals avoicl ¿rrLìa.s

¡lf orarrêr af-ìur- ó! L:dL(:r r.,tr, cof).c€ntrat ions " co, thus ilf f ec:ts snail ina.lnmal

'listribution" rn the casr: of ql,ìi$igrìrr¿s- ga,pperi, concenrraL jon of

subnivean Co" niust be c.:onsirler¡:rl as a.n a.<icTiti.onal d.imens j on to -i is¿

ecoiogical nir:he.
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STJ}trL\RY

SECTION 1.

CO? ACCÌrT{ULATIO}J

c0, accu,rul ate<l speciíicalli; and consi sL-,ently in some habiLats

ruhile not ín .thers. The aspen upra'd, black spruce bog, jacrcpj,ne

sandplain arrcl par i: of the alcler ::idge ecotone exhibited cJO,

accumul-ations. Iiorve''¡er, the extent and amourrt of accurnulation r¡¿rr.i ed

betr-¡een these habitai:s , being greatest in the aspen uplaricl " co? d j d

nol- accunìul-ate in the alcier ia:na¡:¿rck bog or: the j ackpine r j_cige. cLl2

accumuiatíon v¿,is f ound to be simllal in tire sarne habitai. s in l:othr

winters 
"

SEC'IION 2.

FACTOIìS INFLUENCTTJG CC? ACCiiMULA:ltION

The accum'.rlation of C0, r,râs af fected primar:ily by snor+

characterist j c:; " SubnÍvean J:eüiperatu.re clid not siro-,¡ ¡,i strrJng

cor::eL-¿-rtion r¡it,h lhc p'redictive .va'l ue of CO, accumulation. Neiiher

microtopogrerpir',r lLÐr ¡ìmount of green vegetatÍon prioi tc snor¡falL

were s j Bn j.f ic;lnt I-.re.lictors oí co^ accumulation. The ef f e ct of

roeaLher (ambíel:rt air- tenper¡turr and barometrj.c pr:essur-e) \,Jas

ambiguous. ln a fcr*' cases sÍgnificent ccrr-i:el-ationsi itrìtr^Jeen either
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teilìperat'r. cr barorne-tric pï.ssure a'd co, levels \"Jere f .-und. one

woul-cì expect rteather f acto::s to li¿iv¿: similar ef f ects j-n all are,as, but
tiri-s r,¡as noË the case.

:iECTI0i'ì 3,

ITFFECT 0F C0? 0N sMÄ],L tfAìßL\L DSITRIBUTION

The reciuc'tion ín srna-l.l ma¡rrnal- uumbers \ùas associatecì ir,ith the f¿rll
critic¿r1 periocl" The abser:ce of accumuiaticn of Ç)orwas si'-gnificaritly
associated l"ith the abser:ce cf charege in smal-1. m¿rmnial. ¿.istr-i bi-rtion

especially in Ll-re alder Lornareick bog" itlhe accumul-ation oi_ CO, was

s,ignificantly irssoci.¡.ted r¡ith ihe ch:.rn¡5e in clísIrj.br:tio' of small
mam:rals espr:cially ín the aspen up1anci.

Gir'¡e'the facr.s that subni-veair co" does:rccumulate, smar_l

¡namrna.ls do r:eaci: pil¡rsi-c;logica_Lly t,a co2. areas of homogei)eoi_rs habitat
th¿rt have increasecì concp-ntratior:rs of co^ havre f ew srnal l_ mammais, it
is reasorlabl e t-o couclude tha.t sma.l-1 mainmals ¿.rvoi.c1 areas o.E greeLtei.

co, concentratíons anrl i-hus subnivean co, af.f et:t s; s¡na-L-r. ma¡lrnal

d.i stríbutlons.
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APPENDIX A

Calibratioû of a Dräger mulligas anaLy zer
againsÈ a gas chromatograph on Apr LL 3, 1974

with a r value of 0.9956
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APPEI{DIX B

Procedu::e for Filelci 0peiation cf the Dräger l'{uJ.'lig;rs i\na.]-y;u er-

1. Keep rhe analyser anci measuring tuìres,.taïm (i¡itl.r rrocllci r,.¡armer ir.l

paper 'oags or: next to the bociy).

2. Take corlc out of tygon and remove 10 pum¡-rs (appr:c:;iniaLeil, 5000 cc. )

of air from the tube. This drar^rs su'bnivean aii i,ni:o the tul¡e.

3. Take neter anci iube out of war:n place,

4, Break ends of Lube off and inser:t biue arroiveci encl ínt-o the meter,

anci the rvhite end j-nto the tygon,

5. Hold tube ancì tygon in bare hancl to maintain as rnucli r..¡aLnith as

possibie,. Tubes r,¡ork'pest at about i5o C" and this was t.he quiekest

rncst efficient vray oÍ appr-o>:ir-racing this temper:årL:re" Differerrt

people measured the same readlng, so this meLhod can be rrsed. by

dif f erent people f or il-re same.- result.

5" once analyzer has been pu'mpecl 10 tíme¡s, remove f.0, measuring tube

f rom l:ump and record r-eading from o point to pol.ni, ,"¡herr colc::

begins to iade. 0f terr the i:eacling is vague, an<i so t-i-re readi-ng is

read from whe::e the color besinrì 1o f ¡dr. ro h'llere it h¿s r1 is;rppeareci

aitogether (ex. .A2 - "0252/vol-tLme COr) . The cc,l-or change was much

harder to read duríng brÍght sLinny light than rlur j-ng c j-oucly clalrs "




