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. INTRODUCTION N
/* ! ‘e

The study of écpulus tremuloides Michx. has historically con*

. v
¢ . . . . 0

cerned the‘forester and silviculfurist. Seventy years ago aspen was -

1ooked qpon as a forest weed to be replaced wlth more remuneratlve‘
needle leafed evergreen Specxes (Grinam et al. 1963) . An early treatise

(Welgle and Frothlngham 1911) summarized much of what was then known of

. '
’ v

the ecology of aspen. A 'J ,
- - !
Logging assoc1ated with frequent fxre durlng the earl? part of

v ~
the 20th century created condltlons in many foresfed areas of northeast

o

and northwest North.}nerlca conduclve to replacement of c0n1fers w1th -
_successional species, especially aspen (Clements 1910; Baker 1918) .

H .
Subsequently, with sor mueh aspen wood available, publications enphasiz—

-,

ing management and utlllzatlon of aspen thber appeared more frequently

(Baker 1925; Chase 1947; Stoeckeler 1948)

The lmportance o!!blte quallty or potential product1v1ty to the

growth of aspen is_ recognlzed in reports of Kittredge and Gevork1antz~,
(1929), Robinove and Hortbn (1928) and Stoeckeler (1948). Site qualxty
~ was' conSLdered strongly dependent upon the 5011 511t plus clay content

a feature directly related to soil m01stnre and nutrient retentlon.

0
Soil reaction was found to be best for aspen growth when sllghtly

<

g

af%aline.' Frequent fires are descrlbed as detrlmental to sxte quallty

primarily as a result of the consumption of Bhe upper organic layers
X N ’ _ . . o ] ¥

.

of the 5011. .

-+
In the past forty years there has been a steady increase ,in the
: € .

° . ’o a1 / . .

~
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volume of literature.dealing with aSpen . as an economic crop (Johnson’

et al. 1930; Chase 1947); LE}nce a major portion of aspen regeneratftT
is by adventxtious shoots resulting in clones much attentior has been

paid to thrs mode of reproduction (Sandberg et al. 1953). Horton an!
Hopkins (196§), Maini and Hortqp.(l966),.Gifford (1967) and Steheker

\ . - . .
- (1974) have looked at the influence of disturbance on regeneration of

\\aspen particularly by suckering.

The'aapen canopy may severely suppress growth of otnér tree
™ RSN
: - | L}
specfes in lower strata (Lees 1966 Steneker 1957). ‘Aspe Belf is'
: $

'verx shade intolerant‘and regenerates poorly under denser canbpy or

" understory (Gates 1930; Maini 1972). - ‘ 1;” . . ©

-

The ecology of aspen and associated vebetation in relation to

succesgion after fire in Alaska, is extensively treated by Lutz (1956).
°In the Rocky Mouritains the same subject was discussed»by Clements

(1910), Pearson (1914), Sampson (1916) and Baker (1918) Some atten—,:

4

tion was paid to the understory in these'f?eatlses but 1t«was not untll
1925)§hat Baker made a detailed ana}ysrs of aspen forests in. the ¢entral>
¢ - , . _— .
Rock& Mountai%s. This work'included descript%bns of -asperr site/require-
" ments, diseases, associated flora and fanna and'reproducrion. Subge-
quen£ workvin western Canada Py Bird‘(1932) describedbaspen;groveland

3

.

v . N

in Alberta. ' T

of the prairie provinces. Moss (1955)udescrfbed the poplar association

- <

' dntil recently aspen studies of an intensive nature have been ‘%-”*\\\
restricted to the United States, kbr example Gates (193O)Afor northern ¢

lower Michigan, Kittredge‘(1938) fgr‘Minnesota and Wisconsin. The .

) . -
.
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especially wheh yiewed from a high vantage point: AL ing the w1nte§

) . : - . ‘.'.' .
- ' " ) / » -,b. . ' ‘,'i ) ’ " ' 4 Py
o -/ . - o ‘ 3

(o : /.

ecology of aspen in’ western regions of North, America has Leen studied“‘i“-l

by Cottam (1954) in Utah, Lyncha(1955) in Montana,*crowther and Harper

.

- (1965) in Utah Morgan (1965) in Colorado, Oswald (1966) in Wyoming and

Reed {1971) in Wyomang. ot

" One of the most striklnq vegetational features of the western

.
.

Canadiah Rocky Mountaln National Parks, especially Jasper and'Banff
district, is the sharp boundary which separates many stands of aspen
AN

from surrounding coniferous forest (Fig. 1). At any aeason the

separation of aspen from lodgepole pine or white spru ' is distlnct —

g .

.perxod when leafless docxduous trees stand out in a dark green baqk-

~ . -~ - v

ground of conlfems, or when leaf colouration associated w1th fall

_creates the perfect situation to dlstlnguish the aspen from surroundlnq

.

vegetatlon, it is obvious that some unique condltlohs are contrlbutlng

to the creatlon of a niche suitable for aspen and, at this time;

repressing the growth of other tree species.

. . -

-7 Avalanche activity is common throughout thé Rocky ﬂountainsl .
BN .

Large fan-shaped scree slopes and avalanche paths occur frehuently in

the steeper sided valleys. Aspen is often found(ﬁo be qrowing over

the avalanche fans (F1g. 2), but only in the disturbed materLal Theé - .
edge of the fan frequently coincides wlth the transitl 'from‘Espen toi’

o ha i

coniferous or other vegetation type. It is p0831b1e tﬁ the A

dlsturbance of soil associated w1th new materials 1nt!§duéed frdm up-
A
hill strata is meortant to the continued survzval of asgcn on these

sites. Purthermoziév the avalanche sites are frequently in broad shallow

~

Y
LR



. -5 o . . .
FIGURE 1 = ' .
Aspen stand No. 4 during summer months, Patricia Lake, Ja#per'.‘_ Pyramid
mountain behind. $howing the sharp boundary between an aspen stand and
adjacent. conifer (P.-contorta) forest. N

A
N °
°

o2
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Aspen st‘No. 5 below Roche Bonhn—e, Jaqper on mliqne Lake roaQ
‘Showing ' aspen stand in tvpical -1t:uat1on on avalanche fan ﬁélcw quny.

. e
[ . .
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(]
doprcntm in the hotmtain llopca,, Groundnetar and annual’ runo‘tt pre
otten oo.benttated 11': t.hu. d.ptulion- vhich may provido tmurablo
eond:ltione tox upen qrowth. Sm upon st.andn are no; qitu&ted on

suep avalanche-prone slopes but spwed over vide llluvial tans 1n the ,‘
," >

=

bott.oq- af U-sheped river veneye. 'rhe partienler soil type- end

; .‘physichl ftections wu;hin thm soil profile may be pattly reeponsible

for the ”teiste(nce ot’ upen in these location-. ’.‘\ St

Althouqh not a recent enounon, fire hns hed anv. influence in :

the past on the diatribuﬂion ot vegeutlon covet within ‘the parks.

While reeinou-, ifetoﬁs foreet is more prone to intense hot fires,

w A 3

but can in certain cases be stimulated to regenegate .by. §eed from fire--
- opened cones (e. q..Pznus aontorta) . deciduous foi:e.st ‘cover may buxn
less Lntensely., Aspe -3 S partic'ularly well adapted to regenerate after .

light ﬁ.res, which ma?* have had an influence on the present dlitn.butlon

of this tree in the p&gks. Fxre may also prove to be an 1mportant )

. - - s ) .
measure in maintaining a‘spen as.par,t ‘of the forest cover in t;he parks.

“In vperticula‘zl_y severe winter conditions, or when over population dccurs,

- elk. have been pertly' reSponsible for the destruction, of gature aspen ¥

- ‘

IR (Krebzll 1972) . When reqeneratxon occurs by suckerznq "ﬁelk may also be '

‘respons1b1e for brows:mg ‘the 'suckers represslng or prevent.xng gtowth
"of v’s_econdv‘- genetat_ion as] .v. 'I'he influence 'of ph‘ysice'l and k_u_olpg‘zcal
fa-cto;rs uéon the disetibutioh ef aepen in t‘he parks is complex, put mgy
_be partly resolved through the deta:.led 1nterptetatxon of plant .
dis?ribution, soils, clmte and moisture regules witm.n and- between A '

stmds. :
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'~~’.¢ )
objectives of Study - o L B ' ”“‘F ’, .
1. To describe and compare the floristic, structural and physical

. . . . : ‘ %

features ‘cg aspen dominated forest stands throughout Jasper and

Banff National Parks. &

To c:laésifv the aspen stands -desgixfibed, on- the basis of the teqtuteé

-;tudied. ' : o ; s . °

nl

To evaluate ovcr ‘a twolve month pcriod, the mom:hly water reqime
in aoile \mder three aspen stands chosen as rcpronentativn of -
all stand; ct.udied -

To provxdc Momtlon on the successional. 'stgm of all aspen

stands st\xhed, and the nature of these stands reiatlve to others

'described from throuqhout ,northwg)s't America. ‘2
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SYSTEMATICS AND AUT :COLOGY Mm Lo [ T

LIPTO 3 » . ’ ) !

Systematics ‘ P . . AR P

. . .

'l‘e family"is rcpresented ip Notth America by.only two ge

the entonophxloua genus Salix. and the ancgoph;lous qonus Pépulus.
3

"/ The genus Populus is divided into five sections -zollf

. npociﬁ. from North A-orica, Euxop., Asgia and Africg. Py

", and P. grandidenta:a are' the only two North An‘tican spocie- within the

-
sectlon Leuce.. The closest species to Populus tremuloides is P. tremula

widely distfibuted in Eurasia. m. 7

« .

In Alberta, Moss (1959) lists six specige: . .
Populus acu;ihata Rydberg . o .
‘Populus angustifolia James ‘ Y

Populus balsimiieta Linnaeus
Popu1ﬁs sargentii Dode

Popul u§ tremuloi deg Jtichaux
POpufus tticﬂo&aréa Torrey and Gra&

. The Alberta species have ranges that overlap in the southwest

e .- X ..

Of the province and it is here that. most of the hybridization accurs, &

‘both within and.between sections (Brayshaw 1960).
. a : ' T
Populus tremulqides is recognized as having four varieties
distributed across Ci‘uda. The western variety Pbpulus.tremuloideé

var. aurea (Tid.) Dan. is diétinguished by its d‘ep golden coloutationL

e , -

. -
.a
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'North mrica (Hatlo\v nnd

‘ lonqitude and 47° lqtitudo (us

Life Bistog

L ‘ v 1 .::;1

dur{nq lcnf fnll. shorter calycos nnd larger qnthor- thangthose of tho

. ‘
/;..otho} throo P. ttoanlcido- v.ri.tiol (Suawo:th 1934, Brayshaw 1960).

L L2
R4 . 1'%

 bistribution in North America

-v
Y

J Po;mlu?\trem)oidot 1.- r.,hc most vidclprcad d.ciduou- ;rn in
* #

rrad 19411 Aeing distributed ower 1100

1965) (rxq. 3). In an’ on.t-v.-e

1

_t of Labrador and N.uﬁoundland nnat

.

dircction aspon ranges from tho

' to Yukon and _uuka. r:on thc ‘hortlern tree liu of eha borux torut

it extends south to,nqrthom Mexi at ptoqtessi,vely h_ithr elevations

in thep Rocky Mountains (Gtah

P ’

et al. 1963). Appen extends-into the

7

Aspen is fonnd at its northern luqnts up to 1,740 m (5,800 ft ) above

' sea level (ASL) (Sudworth 1934).\ Procnding south there is an increase

N
L]

in elevation at wluch the spefles will grow such that in notthem

fnexico it is found at 3,200 m (10,000 ft.) or more ASL. “Unlike many woody

specie.sl’aspen runs the gamut ?t' zones from the montane to the a_lpine

(Daubenmire 1943). - - LT A

. : , \ v .- _
Aspen is ’ﬂomlly dxoecious althwqh a fev trees are monoecious
L
(Strothian.n and Zasada 1957;. Mennel 1957; Maini and c-,lnxl 1968) .

“ .
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Natural distribution of P. tresuloides in North Americs.
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growth of aspen is slowed (Clements 1910) and senescence begins around
. , N o

. “ Q ° N - o
eighty \}gﬁ\uehngraff 1947) . Gta_ham et al. (_19@3) , report aspen .grow-.
4 - . : - . :

ing to- one Mundred fifty years-although after this time decay in the.

.

heartwood. can be well advanced (Baker+1925). On poor sites trees may

-
pecome decadent as early as forty yvears.
L. o © - a . ‘
. Singe aspen is predominantly clonal in tHe Rocky Mountains, one

.

clone may reach considerable age although the extant.Qisggxgre only

oy

°

‘stxty to seventy years old. !

. Im Alberta, Moss (1938) feported heavy seed production of aspen.
, B o R ] : ) . .
in tﬂ%'Edmontoh region every three to seven years. Very rarely do the

seeds“mhnage to germinate agﬁ become .established? The age of aspen in

iAlgértgfseldom exceeds ore hundred twenty years, the most significant

k-] L4 -
factor curtéiling'the,longevity.of,the trees being heartrot fgnggs
Fomes ignérius L., Radulum cascarion (Morg.) Lond and Corticium °
i e

polygonium Pers. (Davidson and Préptice‘l9§7).
3 ~ Co

L]
A I

*



- THE STUDY AREA .
, R 2L .
e . ’; . .‘ o

Geology and Geomorphology - - A_"»;

The mountain ranges of Jasper and Banﬂg all trend in a northwest-
|

southeast direction. Four major thrustﬂfaults trendino ih the same )

direction as the mountain ranges expose Precamb%&an sandstones, slates

A

and occasx‘nally carbonates, Paleozoic’ 11mestones and Mesozoxc sand-

stones with shale. The Devonian llmestones are the most lmportant

element in the Paleozoic succession of the eastern .ranges forming all

major peaks there (Allen, Warren and Rutherford 1932). . ! ‘i

From Jasper southeast to Banff the lower cliffseof many -ﬁuﬂﬂplls
are formed of Cambrian quartzitee overlain. by thick limestone strata of
Jura551c age (North and Henderson 1954). The main peaks overlying the

g

valley cliffs are predomlnantly sedlmentary llmestoneS‘and shales with

. _some.sandstones. . " ) - °

/ Glacratlon during the: Plelstocene perlod covered the Rocky

Mountains in the two parks w1th ice to an elevatlon of 2, 400.m (8, 000 ft )

" ASL. By the end of the perlod the ice had produced broad valley floors.

£

and sgeep-sided valley walls. Dep051t10n of glac1a1 till during glac1a1

i

retreat accompan1ed by - varlable depths of wlnd and water borne deposxts

in the valley bottoms resulted 1n the present day surf1c1a1 deology- of

.
-

,the parks (Heusser~ 1956).

X

Poet—glac1a1 weatherlng and er051on have created extens1ve talus

slopeé and avalanche fans in numeroﬁs localities, brzngxng rock fragments

of strata ffom uppef elevations into contact with glacial till, river



@

e and'iuvisols-predominate;with Regosols on.tbe‘steeper slopes or at

deposited sands and silt, or bare bedrock .

Soils

“

17

L . . . .
The North Saskatchewan river flows south and then east from. the

’

Sunwapta divide through the north end of Banff National Park. TFe :

Bow river‘originates ‘at the Bow giacier and flows south and then east

through the south of the Patk. . The 'main valley runﬁing inﬁa northwest-

-

-southeast d1rect1r1 in Jasper carrles the Sunwapta rlver from the

Columbia icefields to join with “the Athabasca river northeast .of the

icefields._'

The sozls 1q the Natlonal Parks have been studiea only in a few

1oca11tles to date and detalled soxl‘maps are .not avallable. Glaciél

»

_t111 is the parent ma&erlal of the majorzty of the so1ls in the montane

L3

zone, but extensive - wind blown and water depogated materials have
created varled 5011 proflles especxally in the valley«bottom areas. .
11 surveys completed w1th1n the Park boundarles to date reveal'

a very complex system in "which soil types change frequently over very k

shert distances. Generally. 1t can be stated that Eutric Brunisols

“higher elevations.

Climate

3

The northern Rocky Mountalns create a topographlc‘obst le to

polar marltlme axr masses which- move inland from the north Paciflc

a °

»
LE -_ - —
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during the per1od September to June. - The marltime air is ptoqressively

cooled_ as it is forced up by the mountaxns and on arriv'al over the

(™ parks resembles. unland continental air (Heusser 1956) During the’

summer Pacific vrom the west mixes w1th contlnental al:* and is

——

Lndxsjunguzshable from it on arrival over the contln«gntal divide. . The

Q

general effect of these air movenents is to cre‘pte mimﬂ tnrbulence

. '

‘ and prec1p1tatlon during June and July. 'remperature ma.xxma occm in

July and August (Figs. 4 and 5).
4 - Y ,

The w1nter situation is simr‘lar Lnasmuch as a:.:, from ‘the north

-

and west rises over: "the mountalns to be @pl&d and contrlbutes maxinum

pr‘eci‘pitation in February and March, and minimum temperatures January
to February. i ¢

’

Lumber exttact:.on, s:.lver g'taphxte a.nd coal mlnxng‘,’stimu_lated
. by the{Bu:lelng bf the Jailroads and later ‘the h.lghwa)(s, preceded or

followed ‘the establlshment o£ the Roc}.y Hounta:.n }Iatwnal Parks._ Large'
;,"‘« ‘«? '~ \ ‘et
- cts. of forest were burned xelther acc;dentally or by desan durxng

i

the pion‘eer operatxons, creatlng sxtuations well suxted to the estab-,

LY
.

1ishment of aspeh.. Howeverh in the past slxt years a rigorous fite

control-palicy has been wntalned by Paxks Canada The predaunance
of lodgepole pxne (Plnus aontorta Doug - var latlfoh.a Engeln ) over most

of the lowex: mountain slopes indicates that tl'us species has . succeeded

i A :
prob,ahly owing a great derlx to past fu‘es. L 7 ‘

-

! ) .

. ! . . Co -
: . .
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Climatological data f_or‘J,asperf townsite, Jasp.er;Na't.‘ional Park,. developed
from thirty year records (Canada Department of Transport). “ p
Mean monthly total precipitation . - ~ o — o
~Hein'dai.1y maximum tenpgratdre ‘ - — - S
- Mean daily temperature ~ —— — R
- - ‘
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cliutological datd for Banff townsit.e,. mff National Paﬂ: developed
from thitty year ucords (C ada Depatt-ent of 'rrmport).

PR R
E‘aan dgily'-axiiul temperapure - - Ayt —@—

C

" Mean daily temperature i~

g



G T

e

BE A

Y

cm |

)

F

O N. D

M A M



23

. * METHODS

Criteria of sStand Choice e

(4 | °
,The:adpen stand tudied uege all located in the montane Zzone ‘g

of the Parks, sensu Rowe'(l972). The montane'ione ir Jasper extends
. /-‘ ' R . °

ﬁroo'tho_lthabasca river ati99o m to 1,560 i,iano isimarqintlly qreater“
h in.elevatiOnal extent but, at an overall 1cwerbe1evation than.the same
zone in Banff which'extenAS,from;the Bow river at 1,380 mto 1,770 m
(Stringer and;La\Roi 1976). ' T
. .'Fiela reconnaissance aided uith.aerial photos wasfused to locate -
?gs many areas as possible of aspen-dominated vegetation‘throughoUt the

"parks; The areas so‘located~were plotted onto~1:l90 000 scale maps.

’ -

Although many smaill groups of aspen occur’ throughout the parks, many in

-

inaccessible or. remote areas, as broad as p0531b1e a representation of

[ “

stands was sought. To proVide conditions‘under whiah sampllng'would be
. least affected by 'edge' effects. when the size of a stand equalled or

excéede@:tenshEétarés, closer inspection was made. Whenever“pOSSibIe,

‘cano. - 1tion of ‘at . least 50 per cent asggn was sought, as this
".v
v’ thougb! "to rqpresént aspen stands found throughout the parks. ‘Any
, ] o - _
-recent human disturbances, including road rights of way, drtching or

trail building were avoided. - However, reasopable accessibility on foot .
&

from a vehicle tiqht of way was considered impdrtant. if, after size

'and veJltational conposition criteria were satisfied, and nb other
constraints were evident,-the'stand was considered appropriate for

study.-_. , © - _ o
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The study areas were confined within the boundaries of Jasper

-and Banff National Parks (Figs. 6 and 7). Eight stands in Banff and
four in thg Qprth of Jaspe:-aré situated.in tﬁe Frbntiraqggs of the
Rocky Moun;;ins while the remainder of th; $ta3£§'are in the main- ..
ranges. All but five stapds (5,76, 12, 15, 20) are located in Jaspér's
Athabasca Valley or Banff's Bow valley. ' | o ".’

o

Vegetation Analysis

Intensive investigations were made of the floristic composition

of each stand over a period of two summer seasons. At the same time,

&

soil samplinq’czé\carried out to quantify the chemical and physical

attributes of soil supporting-eaéh'stand. .

° E

<

: - .
Throughout  a period ©of twelve consecutive months, October 1971-1972,,

soil moisture by volume was assessed for® three Selected'stands using

.

] 14

‘neutron gfobe techniques. .The month td month and season to ‘'season

changes of soil moisture were.considered -ip the context of aspen com-

v

munity type and vegetation characteristics as well as distribution
N -
features of aspen forest thrdughout'the parks.

The sampling units consisted of nested quadrats. Quadrat frames

were'tonstrﬁcted of nylon rope pinned down at each corner.. Quadrats
. ¥ .- \ . .

10 m X 10 m were used for trees *5 cm dbh), 2 m X 2 m for shrubs -

(<S5 cm dbh>30 cm tall) and 1 m X 1 m for herbs and .dwarf shrubs (all

2

°

. non-woody plants), bryophytes and lichens. Any bryophytes or lichens
on the bole of trees or.failen logs were éampled within the 1 m2

quadrats. A seven point cover scale was used to estimate cover classes:
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PIGURE 7 .

Location of stands in Banff mational Park. Ipcltion.;of Banff National
Park in Alberta (inset). : ) '

.
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4 (1%) 1 (1-5%) 2 (5-15%) 3 (15-25%) 4 (25-50%) .5 (50-75%) 6 (75-108%) .
Cotver class midpoints were - used in géneratinq‘meané and prominence

values (see below) . o) . . oo . }
. . “ ©-

% . N -,

Spe01mens unldentlfled in the fleld were collected for later

~F .-
L o

identification. -Voduchex specimens are depositéd in the Unlverglty,of ’
Alberta herbarium, (ALTA). Nomenclature of vascular speeies is

according to Moss (1959) and of non-vascular species actording to

Bird (1968) and Lawton (1971).

.

Tree basal area was estlmated from the centre of each tree

quadrat using a 10X basal are; prism.

Tree dehsity was computed from the total number of trees in each

quadrat expressed as numbers of stems per hectare. o ue

Tree stratum height“was determined.usin§ a Spiegel Relaskop

taking readlnqs from dominant treés throughout the stand Dominance'
. g .
was judged from the helght of each tree relatlve to the entlre Canopy.

. © & 2

Tree cahopy cover - was - photographed from the centre of each

3

quadrat using a camera pro;ected vertlcally. anopy cover was

‘10 n?

computed from negatlves accordlng to the methods of Be11 (1966).

Stand age detbrminations were based»upon cores taken at dlameter

breast height from edch tree nearest'the centre point of each.lO m
> - ) . . :

’ . Ry .
guadrat. ‘ . . : . " .

A 200 m base line was positioneé centraily‘down the 1ong.axi§

of the stand and divided into twenty 10 m 1ntervals. Twenty random

»
o w

numbers up to a maxnmﬁ‘value of ten dlctated the p051t10n of lateral

o

lines drawn.from“the base line within each-10 m interval. The p051tlon

°
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bf Qnadratgf”és'detefmihed'ftom'a secondseries| of random:humbers'na{re.
Each pair~couldihave a minimum value of zero thereby placing the guadrat

on the axzal lrne up to a maxlmum value of 99 ‘placing tﬁe‘quad}at :

thls dlstance perbendlculir to the axial llhe.‘

.

‘left of ghe.axial‘line, aven numbers to the ri

Odd numbers were taken

A small mnwmber of quadrats were analyzed \{to determine the total
Y . . . - . .' . . -

number required to!ohtain’estimates = lo-ber cen\ étandard error of the

»

mean cover of dominant spec1es in each stratum The formula .
: —,

2 . .
n =%t <€/Sx2 was: used where n is the number of quadrats, t. the

,'31gn1f1cant dl?férence at the 10 per cent level of confldence, sz the

. . . . -2 2
variance oi-the sample. The varlance was estlmated from SXx” =W /9

[ . . . . ' . . s
where w fs'the range of cover claSs”midpoint—values obtained (Husch
B

s

19631;~ A sample consxstlng of twenty quadrats ‘was found to glve

acceptable results w;thln the llmlts stated. - .
Soils
=== . B

. . e
Three soil pits were located at 1ntervals af 0 60 and 120 m

along the base llne. The p051tlons of the olts to left or rlght of . the

line were détermlned u51ng raﬁdom numbers of the same manner as that
employed for quadrats.

Three samples were taken at each of thfbe depths (ovro cm,
16-20 cm, 20 40 cm) in each plt, correspondlng closely with the rootlng

»

depths df herbs, granes, shrubs_and trees.

-

Comblned samples from - each depth rn each\plt ‘were' sleved 'and

- all mater;al passinq ‘the. 2 m sieve was analyzed for nitrate nitﬁogen'

©

U



. » co. '
'(phenoldxsulphonlc aczd method), potassium Kammonaum acetate method).

' B .

phosphorous (modxfxed Bray method), per cent avallable soil water

'(1/3 bar per cent - 15 bar per cent, ceramlc plate extractlon), 5011

reaction and conduct1v1ty (1 :2 soilﬂwater paste glass electrode) and

o

texture (Bouyoucos 1951 modxfxed by récxprocal‘ﬁhakan'SOr one’ hour).

After florlstlc and pedologlcal data were avallabre, fourx of the"

twenty-flve aspen stands were chOsen for 1nten51ve 1n0estlgatlon of

v

seasonal soil.moisture flux. The stand 1n Banff was nbt acce551ble»on

a regular basis for sampllng and was abandoned in the winter of 1972.
The three remalnlng stands in Jasper w\ke con51dered broadly repre—

sentatlve of the sampled aspen 9tands and soil types under these stands

throughout the two parks. ' - . CA ‘.
x.,."}
‘\.

e

The central area of each stand was d1v1ded 1nto twenty-five °

one heCtare unlts of which elght were chosen randomly for- samplx%g
N ¥ .
W1th1n each of the ELth random hectares, alumlnum %ublng B -
° <
3.25 cm 1nsxde dlameter "and I, 5 m long was placed in. a hole approxlmately

¢

v

1.4 m deep driven into the ground wlth 5 cm gas piplng. Each tube

protruded abouE'BO cm above ground althouqh 1n partxcularly rocky

ground 1t was 1mQ9551bLe to’ drive a hole deeper than 75 to 90 cm.

A Nuclear Ch1~ago soil neutron probe (model 219) was used bY\

permlssz.onaof the 5011 5c1ence Deparme’ Un;vers:.ty of Alberta




' Theborcbe vac‘firctv‘hecked foxIStandard'connt:rates fn‘theh
'shxeld iln.the event that [he etandard'count,varied‘more than-£3 per“
cent about a glven mean, the probe was checked for battery or lead
.defects.' The_probe was then 1owered doun the alumlnum tub;J3O cm

_below the soil surface. ThiP gave a reading of ‘the soxl m01sture in’

.o

the'top 50 cm of soil-31nce peutron dlsperslon is ;n‘apptoximately a’ .

Q . : a
<20 cm spherical’ mode from the source. After five consechti;e readinqs
at one depth the probe was. lowered 15 cm where another flveoreadlngs
were. taken.‘ This procedure iwas contlnued to the bottom of -the access
tube, and repeated for all elght ‘access tubes’ in each stand T

Readlngs in counts per minute (cpm) were plotted on a standard
calihration curve suppliedfwith'the probe, gerived from a loa; soi; of
33 ,per cent each sand, 511t, and clay. The readingé from the.curQe

deternuned soil water content as percentage by ﬂmlume '

N ’ . . : 'z 3 \ .
Ordination ‘and Cluste-r Anaky:us - "'.

Species importanc® within each stand was calcﬁlated as a
: : ~

proﬁinence value (PV) from the formula PV = C x:VF\where C is cover

) percentage and quadrat frequency as percentage (Strlnger and La Roi
o

1970).' This is a mod1f1catlon of the procedure used by Beals (1960)
COefflcxents of 51m11ar1ty for each stand were calculated u51ng

the formula C = (2W/a+b)100 (Kulcz1nsk1 1937), where C is the coeff1c1ent

of sxmllarlty, W ‘the sum of the lowest PV's of all spec1es common to

[N
o

both stands, and a and b total PV'Sij'aI; species in stands A and B

respectively. Coefficients’of dissimilarity (100-C) were used ln_the
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' constructxon of two dincns;onal ordxnations followinq the method of

Bray and Curﬂas (1957). usinq the Departngnt of Cumputan Science.

‘Unlversity of. AIberta programme | - ) _7 SRR .; fﬂe

L toz meuucm data oxgantaea in a continrucus ;wm:ub mzdinatiou

ques arq.most approprxate. In situatlons of discontxnuous, non— .

ag
5 .
. to assemble the isolated 1tems (stghdg\fn this case) 1nto aqgregate, LT

" gated sets of data, cluster analysis techniqqes are most apprdpriate :

. N
. g

uni':s - .. ) ""-“..‘,
The promlnence values previously computed were employed -in the

.Prltchard and’ Anderson (1971) cluster analys;s, from which nearest

¢
Q

ne1ghbour, furthest nezghbour, group average, centroid and’ mxnimum-

variance clusters were genaxated and displayed in dendrogram form. The

Departmént of Computing Science, Unlv”gs1ty of Alberta, supplied the

‘progréﬁmé. ° - e
L ]

T
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- . o . . L, ~

-v etation A' ‘.-,- i- ‘. ] R . . . ‘." ’. ,“Vv‘ l‘ .

0
Cw . . - - o

The‘ stand' 1n thxs context refers to a sanle qeoqraphlc w

.-

'_.~entity def1ned by aspan dominance in the tree stratam Aspen community

; types are, abstract assemblaqes of stands, and are described on, the .
basis 0 understory specles. Thus communxty types are points Cnoda Pobre
1962) along a vegetation qradlent which may be due to ‘a complex of:

-environmental and tlme factors. No attempt was made to quantxfy the

cime-dependent variables e. g. fxre, anthropogenlc and anxmal disturbance,'

: whlch may have been partly responsxble for creating the axumnuty types

as. tﬁey exist at present.

Classification o e S ,

Fleld observations and data provided some 1n1t1a& 1nd1catzons

- i . ‘.Q .‘

'of the aspen stands as they were related to communlty types. COVer

' values for all specxes were converted tp promlnence values. sxnce 1t was

considered that cover alone would ‘not’ discrinanate suffxcxently for.’
separation of stands that are only margxnally dlfferent.
The accuracy w1th whlch the ordlnaflons portrayed ‘stand d1s-

1,
' sxm;laritles was tested by correlatLOn coefflcients between each

enterstand dlstance as plotted and the dlSSlmilerlty value for all stand

pairs.‘ The eorrelation coeff1c1ent squests that the ordlnatlon is an -

N v

accurate representatlon ‘of 1nterstand relationshlps.

Although the x, Y axes ordlnatlons proved to be helpful in

P
Bl
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separatan simxlat and. dissiuxlax<@tands élua;et analysia was reqvired'
to ciarify ‘the in#errelationships of some units.u The five‘cluster K

o ;

analysis dendtoqrams were broadly simil&r in. subdividinq the standn,

atmwh txn 1mt: di@erwnatun m m m

clustering. The mini-um variance dendrogram is utilized (i&g. 8) since ,‘

'

it most. clearly demonstrates thxee clusters. ‘evident in both erdinationf
- -

and the remainxng dendrograms

1]
-

Ordination of all twenty-fxve ‘stands utilizinq both vnsqular and

non—vascular specxes qenexated a plot (Pig. 9) 1n uhxch most stands

" were aggregated in the central reqxon and ‘peripheral stands - (l. 17 18.

féO, 21 24 and 25) werxe poorly related to the core' These same

satellxte stands were - ‘then renoved from the matrxx and ordinatlon carrzed
out on.the 'core’ (Flg. 10); A clearer sepatation of stands and gne
~which fitted wtll WIth the éluster analysls was achieved.

A small gfoup of ztands. 1, 19 and 23 ‘were. consxstently 1dent1fbed
together in -all cluster de drograms. but were more clearly separated
by the ordinatldn ef corevstands. All three stands have hlgh PV's
for Elymus 1nnovatus (Table I).' Both 19 and 23 have high recorded
den51t1es of chea glauca.

In the tuenty-flue stand ordinatibn, stands 21 and 22 were -in the
upper area of_the centxdl group (rig. 9). The core ordlnatipn-separated

22 from all otﬁh;s, and cluster analysis confirmed that both stands 21

" and 22 were similar. The relatively low PV for Elymus innovatus in %%“

'these stands is possibly affecting their relationship to all other

stands. Since 21 and 2 are shown by, ordination and cluster analysis

l“ .



FIGURE 8 : (\) .

.- Cluster analysis dendrggram, using minimum variance clustering (Pritchard

‘and Andersop-19%1). . .
B : . .‘ ‘ - - ?":,1- " 2
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FIGURE 9 .

Community types on ordination field of twenty-five aspen stands.
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FIGURE X0
Conmuni'ty types as described on twenty-five stand ordination on oréiﬁitio‘n
field of 18 aspen dtands selected from twenty-five stands studied.
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e
to be sxmilar to each otﬁer and closely related to the qroup 3, 4( 8,
Q) . '

10, 18, 20 and 25 they are include& thhin this major group.

The group 3, 4, '8, lo, 18, 20, 25 includes stands 2, 12 and 15 R
11n all clustering techntqugs except cen;roid and nearest nelghbour.

"'noth ordinations idenufy these. stIInds m the 3, a, 8, 10, 18, 20, 25

_ cluster, to which they are considered to belong. RelatiVer low rv? sf7“:

l»

';ﬁ"~!1§'us 1nnovutUS'in 2, 12 und 15 sinilar to othor stands in. the.

group, was holpful in resolv1nq the problem-

gy A Second major group of stands, con51stent1y including S 6 9,

. 0. e

f,stand 7 is 1nc1uded in this: group in both ordlnatzons, mlnlmum variance
and group averége clusteran, but ‘is excluded in- centroxd furtheSt

‘nelghbour and nearest neighbour clusters. In these latter. 7 {s most

7

'.ﬂclosely afflllated with 8 and 10. possibly due to thelr mutual relat1ve

v . :

high PV s for. Shepherd1a canaden515 and Arctostaphylos uva-urs}. D1s—7

sxm;larlty values were of no’ assxstance in plac1ng thls stand lnslde
\

or outside the major group-. It was decxded that, based upon the .
e - \\5

: prominence of Elgmus innovatus relat;ve to stands of the 2,3, 4, 8, yo,_‘

< -

"12, 15} 18,'20} 21, 22, 25 cluster. 7 was lncluded with the 5, 6, 9,/11,

-'13, 14 :16,'17- 24 grOup It is evident from. the ordination, that[

Elgmus innovgius as a maaor species lnfluences‘iie relatlonship of the\-

stands along the Y axis. wIt is possible that stands 1,,19 and 23

3

'}previdusly separated are a sub-group oi,the major cluster S, 6 ‘9, 11,

13, A4, 16, 17, 24 and 7. Por the purposes of thls study, 1, 19 and 23

are considered independe ”but-closely.related~to the-major-cluster._"

T 1Y, 13, I4,/l6 lf‘and 24 occurs in all ordinatlons and. cluster analyses.f"



. | - Ve
As described on the ordinationlfieid (Fig.f9)-tﬁreezcommmniqo

types are recoghized.' Minimum variance and group average olusters

o

< ‘showed the closest. £ with the ordination. .,
Elymus innovatus Community Type =~ . . .
N . . . v . . , R

The three stands domlnated 1n the understory by Elymus 1nnovatus'

T

occurred at somewhat hlgher elevations (1,380 m - 1 650 m) in Jasper‘

" & -

.

 and Banff (Teble I1). Canopy cover 13 lower than in the other communlty
types{- Stem density of aspen is also low relative tb' other stands
surveyed. Picea glauca occurs in two out of the three stands, gnd con- -

. - -
4 L] &

" tributed 13 per cent of the total meah'deﬁsity of all_live trees.. Pogulus

balsamlfera 1nd1cat1ve of m01st to wet soil condltlons is also an

lmportant element ‘in thls*communlty,vaccountlnq for 19 per’ cent of the

gotal mean density. The meéq‘age of these stands was greater than that
of stands in the other community'typesl
The mean total species richness of this comﬁunity type is qreater

.than those of elther of the other commnﬂty types (Table III) and

Q

51gn1f1cant1y greater than specxes rlchness under thefShepherdJa/Aster
.- . . >
type. The total mean cover of shrubs in the Elymus 1nnovatus communlty

.

Py ;
R is 13 per cent. The most 1mportant shrub component is Rosa\acicﬁﬁarns,

<

4th1e Symphorzcarpos albus, Juniperus comuunzs and Shepherdxa canaden51s

to total cover.

are only raxely presént nxth little cdntrib_‘

-

) The herb, awarf shrub element oﬁ.thxs ‘ ty is particularly
Q.-
lmportant w1th 130 p" cent total mean cover IV) and is s1gn1f1—

a

- .

cantly greater (t = 1 77,p\= o. 05) than herb dwarf shrub cover the



LOCATION OF STANDS SURVEYED IN .JASPER AND BANFF

TABLE I

3

I

53°.08'N o

Stand Map ;Réf ' '- Ele.v:tion Aspect : ‘Al r;zl?é;o
| IBSPER -
L1, .légiigg;: ' 1380 Nu | stox 21
T2 lli;::i;j: 1;60 “E ;.i96§9 62
3 1;22;: ;osd gs 5221 17
. e 120 W s 1
5 .1;;::2;::~ 1350 sw _5221x 16
§, l;g:gg’:: - 1500 N 5.2.19)(78
;o MELONE osogel, s SEO
o usotw T x o seiace
“ 9o i;g:ig;t: . 1530 W 5301X. 19 ‘
10 1;;:::;:: 1280 SW - 19670 eél
S ‘%;;::;2:: " 1260 N sw '19670.64
o MEAON e s oA
C 13 - 1;;::?5:: 1260 | w 19670, 79
1a <. 118°.05'W 1140 NE 5304X 20




TABLE I1 (Continudd)

e

Stand Map Ref. Elevation “Asp‘ect Air Photo
m No.
118°.04'W
15 53°.11'N 1170 s 5304XA 149
118°.02'W . . :
16 c20 51'N 1200 sw 5219X 9
118°.02'W . '
7 )
1_ 52°¢,52'N \ 1140 leve; 5219X 9
BANFF
) o
115°.25'W o ~ ]
18 51°.09°'N 1410 level 5103X 52
115°:26'W o
19 51°.08'N 1380 SW 5103X 52
115°.32'W
20 T51°.13'N 1410 E 5105X 22
115°.43'W .
21 5¥°.11'N 16?0 SW 5104X 19
. 115°.37'W . - i
22 ) 51°.11'N 1500 S 5104X 19
115°.32'W ) .
23 51°.12'N 1650 SE. 5105X 22 .
116°.48'W
A 52°.03'N| 1630 SW .5203)f 49
116°.57'W ’ )
25 52°.09'N ° 1950 SW  5200X 13
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L\‘ma_J{&

vicia americana type. Herbs common to all stands include Elymus innovatus,

.53 -

[

%qFalxum boreale, Hedysarum boreale and Smilacina stellata; those completely
absent xnclude viola’ aduncqy Mztella nuda, Arnica cordifolia, Epilébium

angustifollum and Petasites sagittatus. ' : ‘ 7/
* * :
The bryoid occurrence and cover in. this community type are very

small in" all stands, with only 0.2 per cent total mean cover. Only

Brachythecxum salebrosum is coamon to all stands, other species with low

prominence values occurrxng only occasionally in stanﬁs of this com-

munity type. 50115 under two stapds are Orthic Eutric Brunisols, and

under stand L;ns a Degraded Eutric Brunisol.
£ -

-~

. Vicia americana Comhunigj}Tyge v

The twelve stands of  this communitY‘type have only broad

similarities, @and are less easily defined relatiys to stands of other
. 4 : ‘v .
aspen community types throughout the parks. The_stands occur over a

proad range of elcvations (1;600 m - 1,900 m) typisally but not ex-
clu51vely on south or southwest aspects. Member stand; of fhis»com—
munity type are found in Jasper and Banff Total mean basal area is -
greater than ﬁhat of other communlty types, but total mean agc, canQpy
cover and density do not differ greatly from other standsl Tﬁe E?tal-

mean species  richness is 1ntermed1ate to the tvo other communlty types.-

o ) .

The tree canopy and stem density are predominantly . P. tremuloides .

with very few individual P. palsamifera, Picea glauca or Pinus contorta

]

stems. . Total meanﬂdensity of dead P. tremuloides is intermediate in the

a

three community types, much more than that in the E. innovatus type.

3 . . . “



/

‘ ' TABLE IV

.

. STRUCTURAL PEATURES OF COMMUNITY TYPES ' '

’ Community type
Synusium : :
, - Elymus , .
innovatus Spiraea/Vicia Shepherdia/Aster
. !
TRER*
"e*ght x 1s5.1 ' 15.6. ia.8
_ range ' 12.6 - 17.4 9.6 - 26.1 9.9 - 19.8
, Cover % X 55.6 ‘71,6 | . 74.1°
range ' 46. - 69 47 - 86 . 53 - 89
Age X. 56 .- "49.4 7z 49.1 R
range 42 - 75 44 -~ 61 35 -~ 62
Density R - 630 1070 1167
. } ! .
Stems/ha r 450 ~ 830 550 - 2210 - 640 - 1810
. Basal Area X - .. : ’ . ‘
n2/ha 77.3 . 96.8 s 83.5
~ range g .73 - 100 | 63 - 140 53 - 120
SHRUB ) ‘
Cover X 13.2 | x4 '14.2
range - 8 - 18 2 -38 2 - 35
HERB 1 _
Tover X 139.3 - 99.5 92.8
range ’ 125 - 150 36 - L47 63 - 168
‘ . )
BRYOID
Cover X ‘ 0.2 - 0.6 . 1.8 . e
range 0.1-0.3| o0-2.7 7| 0.3-3.3
_ . - ety c.
E===ﬁ;==5ﬁ==:===i:=ﬂ==========J=========== — e =

*Livé-aspen only.
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N o 58
. ,.l L)
o

The total mean cover of shrubs (14.1[02: gont) J’rabh IV) @“

nguish this coununity typo from othexs. l‘hn most fr.qucnt com=

Y ponent, Spjtm lucidc is u:co@lni.cd only by Rosa aclcularis.g;ich is ’

conmon to all aspen stands in m parks, and occasional -hx'ub- such as

Vi burnum

edule, Ribeas oxyacantho“u and Amelanchier ainilo.lia. 'rhcrc

is no ;hrub consistently pro-cnt in 311 ltlﬂ’ ot‘ this comnunity type.

-~

‘v‘u

s wh. and dwarf shrubl arc rglativcly lesl protninent in this

comunlty type with a total mean cover og 99.5 per ‘cent” The most

a

impo-rtant nnbors are Arctostaphylos uva-urai Ftagaria virqiniana, anrl

- vicfa a-erzcana, all others occurring only_ occasionally with less fre-l.. .

qguency and cover. Most of the less counon qruses ‘occur in stands off

]

i
° !

thxs community t:ype, 1nc1udlng Festuca subulata, Poa pratcnae, Koelet,ia

cristata

and Calamoqrost.ls tubescens. 'rhc covet and frequency of '~

- oE. umovatus are relatively less than in stands of any other" conmunity y

type. Bryophytes and lichens are’ \minportaiﬂn stands of t.his com—w' ;;; 0

munlty type with a total mean cover of 0.5 per cent. Brachyt}mc
‘salebrosum and Amblysteg.wm serpens are the majQr bryoid cmﬁxgumgfé ‘%@

Soils are all Orthic Eutric Brunisols, except un

'hich is

-&" n
; ., gé

i

*
>

x stdﬁdﬁ?l’

a Regraded .E_utric _Bruniac;l. N

[
-
o e

Shepherdia canadensis/Aster con§§icuﬁs Commmunity Type

.

N

The stands of this community are mainly confined to Jas

where ,they occur over a relatiwly narrow elevational range t(&.p

1,500 m) ..

slopes.

“. .

; This community type has the lowest total mean n(

- R
Yol



omto- (Table xn).. o > e
] °

'rho mtal um cover. (74 per, cont"“tnd density (116 pct ha.) of

treen (Tablo IV) are uho lcrgclf. of au tho comuhity typ.-. whnc
]
height, basal- aru and age up 111 lon. tu.n 1nv othcr aspen c‘oununltiou.
h._ i .
'rﬁh ‘mean densiEy of ,Jocd upcn q:.ut.ly oxccod- elut of othet communi ties.

3

P.obalsu*tcre, Pim gxam °md Pinnn contoru are relatively uniw-

poztmcnanuotmuﬂoyt&tory. L , @ .

& v

'n,otal uan cover ot .hrubl (1‘ ‘t ‘cent) is the same ab th-t undor

other witi.s. _The ujox ahrubs.. Wndia canadensis and the .

) _ukdqui tous Rosa aciculhris coutribut. éh-,najor portion -o"ﬂzho shnab

° " cover, with. Juiiperus hotiu;“alis and Synphoriocupos 'albus as minor .

»

elmnts . .

.The total mean covegr of dwarf shrubs and herbs is lowest (92 per )
cent) of all three ty in this coununit:y : 'rhe ma;or contnbutions
to this cover include Linnaea borealis, Lonicera-znvoluctata, Lachyru.:
ochroleucus and Aster mnspzc;uus; wif;h sﬁai;er unts of P;ragarxa .

.

o
°

'xtion midway between t.he othet “two. conlunn:y types. 0ccasiona1'
‘m.nor elements, includinq Ozyzopsis pungons, V.iala adunca and Arnwa
r.qrdifolia occur more. f:mntly in stands of this comunity type

Bryophytes and lichens. ¥ | hiqher total man cover than under

" any other cc-num.ty type (1.8 mt) , contributed in pa.ft by the

importance of arachytheciu- sa.lcbtosun and A&ystegum serpens, as well

as the diversity' éf'*cies which is' greater under some s;ands of this .

coununity type than the other frwo co-\mities.

. . . R -0 .

-'rg'znzana,‘ng'ola seocunda’ “ahd Galxum boreale. Elymus innovat'us occuples

PR



s

Most 50115 are Orthlc Edtrac Brunlsols, except those under

L} 3 > -

stands 11 and 16, Degraded Eutric Brunisols; and that under stand 24

an Orthic Regosol. a ..

o

Soils

The soils of the montane zone have been studied in only a few
localities to date (Rutter 1965; Hnatiuk 1969; St;inger and La Roi 1970;:
-

. 1 ) . -
Dumanski 1970), and classification has been to the 'sub-group level in

most studles. . . D

. ——
The SOLlS throughout the pasks have in most cases been developed

an glacial till deposits, although localized lacustrine, outyash,

aeelien and évalanchekeEtiviﬁy has giveh rise to peculiar parent
ma{eiials. of the tweﬂﬁyefive'stande surveyed.enly eight are locatedh'
on till dep051ts. The remainder of the aspen stands are located on
'lacustrlne deposits or at the base of avalanche chutes. ' In extreme
situations a distinct soil profile has not developed and vegetation is
supported on rock covered slopes. Textural analysis places all soils

| \\\Tﬁ tée sandy loams; certain horizons being silt:loam, loamy sand or

loam.  Soil reaction is neutral to strongly- alkaline (pH 6.1 ~ 8.5;

Appendlx ITI1).

Most 50115 on drler sites are classified as Orthic Eutrlc
Brunlsols. profile charatteristics were not well deflned{and were
generaliy =hallow above hetergbenous parent mater1a1 Litter accumyla-
tion was thin and overlays thicker humus accumulation (mean 9.2 cm)
in .an Ah.horizon. The deepest horizon, Bm, lies directly over deep till

h .
¢ B

b
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or‘iacustrine deposits, often .with numerous pebble ~angular rock

fragments. . " ‘ ’

In stands, 1, 11, 16 and’ 21,téiuv1at10n of the mlneral A

&porizqn,.to form a weak Bt below, has’ resulted ‘in Orthlc Luv;sols.

g

.

Overiying parent till, lacustrine or avalanche materials these soils

are associatea with thinner developed soil'profiles.

J

Stands 24 and 25 occupy steep slopes with platy cl avage
qua;tZLtes and angular llmestones underlylnq thin’ organlc accumulations.
These Orthlc regosols, rapidly dralned Wlth relatively small quantities

o :

of mineral soil, exhibit slow 'downhill 'creep' as evidenced by tree

growth form and‘distribution;'

Soil Moisture.Regime

Despite”numerou5kstudies of aspen frdﬁ_autecoioqidal and
phy51ologlcal v1ewp01nts,'very 11ttle information exists of the site
water relatlons of aspen. Baker (1925) presented’ much useful but

qualitative 1nformat10n on the 51te characterlstlcs of aspen in the
. . . "

west. Frequent mentlon of sztes as 'dry', 'moist' or 'well‘drained'
(glttredge and Gevorkxantz 1929 Stoeckeler 1948 Lynch 1955, and

Reed 1971) ddes not prOV1de any quantltatlve or comparatlve 13formatlon.
warner and Harper (1972) rev1ew the sub)ect of aspen site condltlons

and conclude that llttle 15 known related to the 5011—p1ant water:

relatlons of aspen or the specifics of ite preference-fot aspen.

T ",' .

Prec1p1tat10n and temperature (as/reporneﬁ frcm establ1shed clima-
L » s
tologlcal stations in close proxlmlty to thg. sgands) .are consLdered in
. ‘:

[ .r. va )
’ x

N >
3
&

Y
.
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. year, wlth greater dnurnal temperature range.

LI a 59

<

Figure 11‘(A} B, C) for each of the three stands 2, ﬁtpnd'l3. Two of -

IR

.

- the statlons xJasper townsite and East Gate) report'Very similar mean

maximum and mlnlmum temperatures. The Athabasca Falls statlon, close

to. stand 13, reports mean maxlmum temperaturesqmuch the same as the

other statlonsJ but lower mean minimum temperatures throughout the'

»

. L 4
tew %)

<

Prec1p1tatlon patterns are SLmllar in all three sites, with

maxxmum snowfall 1n February, and maximum rainfall in June. Stand 13

recelved 100 per cent more snow than either 2 or S. Rainfall in 2 dur-

b

ing Apr11 1973 exceeded preclpltatlon durlnq the same month in 13 and

5,-by 33 per cent and 85 per cent respectlvely

throughout the period October 1971 to September

13 and least in 5. ‘ .

Under stands 2 and 13 follow1ng snowmelt

5 -

Total prec1p1tat10n

1972 was greatest ln

in March and Aoril, soil

moisture content;increases,to a maximum in Aprxl and May at. all but the

deepest points measured (?ig. 12A,12C). fgkthese stands there is a

greater, delay between snm}t; and .achievement ofﬁe max1mum moisture

R

content. A delay betwegg the maximum recorded summer precrpltation and

.
soil moisture lncrease occurs-in each of these s

at the 55 to 95 cm depth in stand 13 but. less di

L4 ..

tands,’most prouounced

stlnct in stan® 2. -While

siﬁilar patterns ‘of precxpxtatxon and soil moisture content are ev1dent

in stand 5} (Flg; lZB), the pronounced delay Ln s

-~

oil m01sture maxima

after spring melt 1s not evident, and all soil’ horizons_reach maximum

moisture content at the same time (Hay), rather~than reflecting’ o

sequential inf?ltratlen from the surface dowmnmwar

J

d. From July onwards,



& R FIGURE 11A -

1

" Maximum, minimum and mean temperature and mean monthly precibi;a-tion at
‘stand 2 (Canada Department of Transport). : .
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FIGURE 11B

Maximum, minimum and mean temperature and mean monthly .precipity—ion
at stand 5 (Canada Department of Transport). .

-
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FIGURE 11C

Maximum, minimum and mean témp’érature and mean monthly precipitation
at stand 13 (Jasper National Park, Warden Service). i T
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FIGURE 12A

Soil moisture by volume. Stand 2. Means and standard error in
Appendix IV. ‘ -
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FIGURE 12B

" 50il moisture by volume. Stand 5. Means and standard error in
Appendix IV. :

- .

L10-50cm &
25-- 65 cm B
40 - 86 can O
55 - 95 . cm @

N :



1/3 bar

J A S
1972 ————

ONDIJ F'MA M.
971k

S rr

[
%
| 1 1l
: ’ ) O —

IWNTOA A8 JINLSIOW %

15 bar




LW
.

soil 'mois'bu:‘e’ﬂy_‘}ﬁqxwe.
" Mpendix v, ‘I, '

‘%

. : < .
* @5‘ o m
. . PR

¢ ¥
‘I . .
- L4 e
&Y - PR "
ing PR L
“ % L
N Lo
Ly B
. * "q, “
’~t. 1' K 1
- ’ » .
o
. =
v a
. 4, -
. e

& ’

" FIGURE 12C ) o,
Stand 13. MNeans and standard error in . |

10 - 50 cm A

25 - 65 cm W

40

s5-b5cm e

i

80 cme.0 ’ .

AR
W e . L .

"



71

par

L .

Is bar

,30 ‘

—

© N N ’

. JIWMOA A8 JANLSIOW %



72

soil water is depleted g,r)adualiy to minimum ‘va'lue‘s inAmid;wint‘er. :
Tne uppermoét .areas of the‘soil. profile ag;barently are depleted'
of moistdre l;nost rapidly in stands4 2 and 5, whi'lé\ stand 1'3' retajl.ns high
- morsture at the 10 - 50 cm depth, at least for the .annual cycle descrlbed

.

5011. in stand 13 reta1ns moisture in 1ncrea81ngly large volume‘s from

: v
;" :‘1

Stand’' S is apparently tbe re\::rse .

“' 51tuat10n, ‘inasmuch ‘as at depth mo:.sture content is greatest’?.d

- ) : -
relatlvely less toward the soil surfade. SJ.nular patterns are not R "
ev1dent in 50.11 of eta:xd 2, Jln which both st;rface and deep samples re;

’ N
taln relatlvely larger wolumes of water than horlzons ‘in thHe middle of
. o . LN
thé proflle. v , N . - S ! -
Du.tx.ng -the perlod of. 1nveet1gation, it was noted that stand S was »
s:.tuated on an avalanche fan whlch lay downslope from a deep channel
between two mountaln 'peaks. Durlng sprlng melt free flowing surﬁce

water frequ%:tly eww'in'a&w channel wlthi the stand, but '

the éphemeral nature of thig,: surflce flow made it 1mpos's;b1e to tell

whether or not su.b-surface flow occurred throughout the growxng season.

Recogruzlng the lack of quantiflcation of the sub-—surface water recharge

-

in stand 5, corre,latz.on of soil moistdre content with precxpltatxon was “

‘

tested (Table VI) . Correlatlon was~ poor for- stands 5 and 13, but qood

4

for stand 2. - T'he lack of strong correlat_ion ‘may be. .accounted for in a. ' (

number of ways, som of which are related to the use of neutzton probe

<t N
+

techxuques for soil mxst\w’e measur ft. - However thl.s nechod was n
- ‘!\ “a
consxde.red the best avazlable for repeated readings and ease ot‘ : .
'3 -
1nsta11at10n. o < e e o ‘ L ‘w  .‘
- - * N ) h
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. TABLE VI

s e L 1 . :
SIMPLE CORRELATION COEFFICIENTS BASED ON MONTHLY
DETERHINATIONS OF SOIL MOISTURE IN STANDS 2, S5

AND 13 MEASURED BY HmJTRON PRDBE AND KEAN TOTAL

non'rHLY PaBCI'P ITATION

*significant correlation
#2gjgnificant correlation

a,t' 98,
at 99%.

r=-063 P05 re0676 BZ 0.01
Depth (cm)
-+ 10 - 50
- e 4
"
. .
25 - §5
- H
d : o}/ | _
40 - 80 L /// +0.79** +6.33 . +D.49
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The incidence ofnrocks and voids near the probe access tubes:

°

introduices error into the moisture feadings (Holmes 1966; Richardson

- .

and Burrcdughs 1972). The soil chemical composition is important to th

accuracy of the probe, calcium being'effective in moderating neutrons
N " .. ’ : ‘
to give wide responses for soils of the_t same density and moisture cory-

tent (Cottechia et al. 1968). This may b*important in stands‘ on )
PR
alkaline soils wlth hlgh calc1um content and basic parent materials.
‘\\ - u_ ¢

Wetting fronts, transmsalon zones and . abrupt soil mo:.sture

-

s ,
in.tws 1n;1uence Hhe probe read:.nqs (Lawless et u 1963).
i

nally, tﬂe deple%n of 5611 moisture by eVApotransplratxon may
« ¥
introduce’ time- related errorsk) J.ch contributes to the negat:l.ve or 1‘
o ’ [
correlatlon of 5011 molsture gontqrf with precxpxtation. Aspen ‘has been

. [
shown . to deplete total moxifyre status of\s}tes y as much as 8 per cent

- -

N L. . _ ,
_(Croft and Honninqer 1953). - ) g % .
ngnlflcant correlations for preclpltatlon and so:.l m01sture

content in stand 2 are not altogether expected when the prev1ous con-

sxderat:.ons of error for stands 5 and 13 could equaliy well apply to

-z-;:‘

,.stand 2. The ).nherent errors in neutron probe technxques are probably
valid for all three stands, but natural features of stand 2 mod:.fy the ,

errors prev:.ouély) sugqested and provxde condxtlons for positxve

correlatiA of so:.l moisture and precipn:ation

™ No estimates qf actual or potential evapotrmspirﬁtion were made

. in t}us study. but soil sand. silt and clay content lcy :lndicate the
brelative moisture a.gim under which planta exist in the thrée stands -

\2, 5 and 13. Rutter (1 ) has. oo-piled infomtion fxc- a mnber of -



. o o

. P

stud#es to show that upta'.ke of water equals the potenczal transpiration ’
of tlhe plant. P&}:antial transpxrat:.on demand is not met when 33 per ce'xt,
50 per cent and 75 per cent of available water has been depleted from

1
c}léy1

)

, loam and sanpd tespectivg*. : ) . o S

| Thus,ma'rqinelly éreete’x" clay plus silt content which‘ could reduee“ﬁ

,potential transpiration understand 2 ,may be compensaiy
Ly 4 . ‘ . 1

available water capacity. O\};éxall, less of the avige " e prwapacity

l;étweer‘i‘ ptec‘i‘atiﬁ apd s_bil'

j} feature of~_th.e atea around st ‘the -setting of the st:and on+an

¢ Cllff and mountain’ peak may’ be
: . A\
en ﬂater foss ‘by rapid evapo— : ,

east fac:.nq terrace in the lgf

»

important for shading durlnq da"
sﬁra}non is e:gerx_enced on expose_d s:.tes.

The period d'i:ring’ which“es'pen s-tands uh_dergo seil moietlére‘ stress

1.s obviously .important to the ,persi:‘stenc_e ?* stands on a pa?t-:i'cul'a;"

)

<

site. Soil moisture.stress -ci_)n'ditg‘.ens mqy-nawo ‘be influencial in.

de‘termi'ning the'phyéioqno;ny of the-‘t."'opy' as well-"qn:‘ under._stor'y | o
vegetation._ Prevz.ous studzes by Schultz et al .(1567-) . z‘an (196'8)‘ and
] De Bale et" (;969) cpncentra}ted;upon Se;{. “moisture“r‘e:gime uncier pure
'iaspen stands. in Utah.‘ !;bist-ure "mas.urenent va:‘ hade by n’eutrdn probe.

0]
: » technxques, and soil moisture reported .as inches or centu\eters in the

upper few feét ot' the so%‘pro,f:.le vhere aspen roots are concentrated

Whex; spriag noisci’:eyels were ﬁeuured, it was assuned that the« soil

- was clcee to fiael acity (11‘3 bar) . Expressed as per cefit Qf total

soxl volune, the results ahowed field capwf.ty to be between 30 per cent B "‘,‘

-
»

o
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‘and 37 per . cent». Permanent wiltinq percent_aqe (15:bars) 'at whieb vege-
tation do\xly\ Pc assumed to be under soil moxst;xre stress: conditxafs is
not directly reported However, mxnimum soil moxsture readxngs in tha
growing season between 14 per cent and 18 per cent By volume ‘may be e i‘-\z

clode to PWP. ‘

e g
“'1* is clear that the musu* we of field capacity in the ot

Utah studles are very. clbsé 1o} measurements made in the Jasper and Banff

>

penv ;s&ands (Table Vv, p. . 73). Although the present study made hoxsture
. : ~

measuren\e’nts at field capacit.y, and PWP on a w ﬁbasxs; the degree of
4

S sitﬁ!lty between Utah studies and the prcsenrork has prgvided the’

-
basxs for ‘estimating 1/3 and 15 bar moisture’ conten‘% for ea& of the

three stands monltored (Figs. lZA B, C‘7 'S .- P

w !

Only stand Z‘Fparently undergos any degree of moxst‘tress,
1e

' this mai,ly durifig the \unter period October to February. ¥ capacity

is exceeded only ip stand 5, and was never™ :eached during the growing
Tel ~ seasbn of 1971- -72 in elther stands 2 or 13. The greatest increase 1n.

soil nolsture above field capacity occurred in the deepest meas”d

v
. . . . o

poiﬁts of stand 5.

It'would not appear that soil m%?.sture stress occux‘s over a

'

sufficlently long period dnxing 'the growing season in any of the aspen

stands mom.tored to affect the physiognony of tbe stand It is. how-
) ‘ > s
ever, possi.ble that t.hq l.nk of moisture stress 1n these aspen stands '

,representative of nany more throughout the Parks; is strong reason tor »

% ‘ﬁvle-oscnrruce and pe,rsistence of aspen on these sites., 'rhe fdct that

. v - .

-so:i.l noisturo exce’eds field capecity Quly in stand 5 npy nbt be

nd
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)

S by topographic Setting and silt plus clay’ content of the soi

: fupger 5011 horizons’of stand 13 reflects the dependency on moist

- 78

influencial in the community telations aspect of aépen. waeverg
N . Ji

physiognony of the stand. which is remarkably ll.:h\ﬂxdidﬂrstory cover
could well be a’ ;esult of tﬁis plentiful supply of Vater. The soil '

-

moxsture conditions cercngnly accord well, with tns obeervation that - .

st" . is fdﬂ by a stream duriag early summet., , S oL ®

n\

Tho thxte ltandt -elocted for study of monthly moisture flux

fluctuations in soil noxsture ‘do not occur in stand 2. The low
I} R . ‘ " N
p01nts sampled in the prof;le in stand 2 seem to change as much in’

mOisture content as the tbp most horizons (14 per cent - 15 per cen‘

LY
.

between summer qnd~w1nter) Soxl mOistuto stress probably occurs

L4

thxoughout winter months and very early spring 1n the, lower soil .

P L : o
horizons.. -
"7, stand 13, exposed on-a slope with western aspect reCeive$ full

mid—day'insolation. Winter precipitation is twice that in. stands 2 and

- 5 and, summer pxecipitation 33 per qgnt greater. Thé wide, fluctuations
: .

from winter to summer (12 per cent - 31 per ceht) of moisture in th

recharge by precipitation. There is no evidegce that ground wate
recﬁgfqe occurs in’ this stand. Neither soil uofstuxe stress nor field

capacity were achieved in this stand >
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.

The location of stand '5 suggests that thé hydrologic regime is
: ‘ ' : ’ ‘
dependent upon sub-surface recharge supplemented by precipitation. The

:ummer ‘precibitation is less than that in stands 2 and 13, but duri?\g
3 . /
wi;'xtei. snowfali is equivaient to that in stand 2. Soil mo‘}sture shows

. 3
broad fluctuation from winter to. summer, most pronounced in the deepest

horizons s Jd‘ leagt in the uppermost h%rizons. Sprfnq and early «

summer stream &rough the sthd is cons:.dered to\;e m‘alnly respvon- *‘

sible for’ th%,mistute,stmus in the lower soil horiz.ns, upper
. Ik o . - , )
' Sl“‘ ”‘ﬂ‘ - '! S L. . . .

“g horiwns reflecﬂ‘né moi re input by precipitation. Soil moisture

exceeded fxeld ty- in the groyiﬁg season, but never went below

; . _
permanent wil¥i, '*rt:entage. “ , -

E‘n\ri;‘_ ntql Rﬁ}htions »’,v .

.
. .

-
€

. \-'x‘he,\n\at'ural '.;:omp'l'exity of a;my ec_oéystem makes digct.interpret.a-
) » - L
tion of .quali{:ative o‘r.h;n_ntit.:ative fea;ﬁres,difficdltﬁ The forester,
concerned. p'rimarily with produ.ctivivty, may _uee .site index curves
der:.ved from ﬁe.i@:t ‘angd age data. But when envirorimental and vegeta—.

tion features are conaf&e’ed together, it is not uncomén to find  that™

’ relationships‘lare close,_y» 1ntetconnected and not necessarily dj.rectl?_

related one te another. Pre’viou\ss' s{:udies (Beil 1966; Hna‘ti‘uk 1969 ;

- Stn.nger and La Roi 1970; Achu\'f‘f 1974) have utilized ord:.nat:.on

technlques in an attempt to - clarlfy plant-env:Lronment relatlonships.

2 . -~ -

In plottzn‘g -environmental. features ‘on the ordlnatlon field conc1u51ons )

" are reached on the influential factors for the \regetation type under . S

- .9,

revie-w 'rhe same: technique is utlhzed in this work, but the number of

K]
A
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environmental variables is restri ed to those showing reasonnhle.

\

~ correlation (Tabe VII).
* The use gf sxmple gorxel tion coefficients is an attempt at a

bett“iunderseanding of'plantfehvironment interactions,“although the

.

significant correlation of variables does not imply a uniqﬁe
re

relationship between just Lhese two variables Stringer and La Roi

11970) p01nt oug that n-linear relationships between variables are

~

frequently encounterefl, suggesting that more than one env1ronmental

variable may‘be influancing blant distribution at any one time.
_Although the altltude of a stand .in the relatively small

nd Banff Parks may not be directly influ-

>

‘geographdc drea ofVJasper

-

ential, other environmental‘ eatures may be closeiy connected with

. eltitude. A broad subdivision in the ordination field demonst;ates
-tn::\zge\highgr elevations support stand‘ of\the vicia amer1cana
ommunlty type’ 1owest elevations the Shepherdia/Aster conspifuus .com-
-'munity type, ?hd Elymus innovetusnconmnnity type stands tend to be aF_
nid elevations. .

Soil m01sture is an 1mportant feature, particularly as field B
capacity at 20 -~ 40 cm and available moisture capacxty at 0 - -10 cm.

The o¥dination is sub. ided by these fwo variables in such a way that

a sample of stands inh al coﬂhﬁnity tyéeg to ehe right of the field are
wet to mesic, those ®o the left’ dry to xeric (Fig. 12, p. 66) Hiéh
available moisture capacity in-the upper 3011 horizons delimits thg

; group ‘of stands to the left of the’ field. T;us where field capaciey is

least, available moisture cag’o&ty is’ greatest. Availabile moisﬁd;e
. . P
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‘capacity influences and subdivides qelt‘stronqlf those stands 16 the
sbepherdie/Astor conspiCuuslcommunity type. N . .

Silt plus clay content of soils heve proved>particulerlﬂmoseful
(Haig 19294 Pluthlend Arnemeh i965) in describing site conditions,
especxally ag they are related to. qoi-ture relations. With increasing .
depth of- sample, the silt plus clay content subdividel stands on the |
‘ordination field in various, ueye. At the 0 - 10 cm depth, stands from
all three community types to the lett of the field havo greater soii
silt plus clay content. A similar vpdltionahip hords at the 10 - 20 cm.
.sample depth, but at 20 ~ 40 cm the: prbdominantly high 311t plus clay
content occurs in stands at the bottod of the. f1e1d 1nc1uding the
Elgﬂms innovatus community type wj.::b pome stands in the Shepherdxa/a.st?r
conspxcuus communlty type (Fig. 16, P 92)

| "‘The relationship of phosphorous %0 stand ordlnations es unclear\ e
end’poorly deflned. Nitrogen does demonstrate”a strong subdivxslon of
theg ordination field on the X axis, placing stands in all’ three communlty,
types to the right of the field with high N content, stand‘ 1n the ’
Shepherd1a/Aster conspzcuus nnd Vic1a emoticana coumunity types occur
«

to thé left of the field. Other soil dhenical attributes were not
ueeful_in subdivigﬁﬂg‘theaotdinatlon field into epy}tonmental trend

sectors.,

N

The chosen environmental va%iebles'on thevordination"field

demonstrate two trends within the plant ccununity -types alréady L ek
> A -‘.m""ﬁ"ﬁ

descrLbed. Altitude and soil silt pius clay;at sanple depth of 20 - M

40 cm are closely oonnected with ‘the subdxvisioh of three community ig?

P
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typo-. silt plus clay. nitrogen, availqble water capacity at 0 - 10 oW |
v M
and field capacity at 20 - 40 cm all subdivide the , community tYp.l aloﬁq 1
-

the X axis of the ordination. The overall impression is that stands

to the left of the ordination field are dry to xeric, rich in silt plus *

clay a.nd low in nitrogen, those stand- to the right tending to mesic

or wet, hlgher in nitroqcn a.nd leli available moiatuz‘e capacit y

LN . . - . ’ i .A— " __/
,meuticm Digtribution Patterns on u’io Ordination -

The ordination of all twenty-five stands was used to plot ‘.
K vanous parunt’ts telated €0 the vegetation within oach stand. The
‘results of M correlation were uaed as a guide in the choice of

vanables to & plotted on the ordinauon. Since the bryoid componant
¥ )
of all 'stands investigated was rather. poor. ng, distrlbution plots of

bryopWs or lichen~ vere dovcloped. , ‘ 1 '

! -

{ .g . ‘ot ' o

- 'I‘he data for veqetation cover and freque cy, as plotted’on the b
ordination (Figure 9) and subdkvxded with supportive evidence ftom

a second selactlve ordination (Piggre 10) , described three ccmunity R

types. The: placement of these coulnunities was as follows.

.

- o In the lower portion qf the field, an Elymus ﬂnnovatus coamunity,

o

closely lnterconnected with a Shepherdia/Aster conspicuus. coulmmity.

,and in the upper portlon of the ordination a Vicla americana
o . . - .o . '
Munmi’ty. ) L N
Pae . . St "
s g ,q ..‘ . - - ,
. R RN « R e
’ ““n l4,‘; "‘ #'-,_" ":

5’ ¢ igee ﬂugium 'rhe plotted *luos df a.pen dené‘ity do not

l

. \

.
. co‘incide wel]. with any other vdri,ables either voqetative or environ—
e *
(3 mntal. 'l‘hd denqin of aspen appears to have little connection with./

\ /(/’ ’ ) ) y’\'.\_
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the community typn described. The noqi’ ‘correlation with olo\'rittoh

A9

is not clear frpm tho or‘tgution field, but conparuon of data does
show that the lbalt donlo ptandl are located at t‘\e hléh’or olovattons. '
Stafids within the Shapherdja/kgter conspxcuus and. thc Vlcia

amerzcana communities are xncludod within twd, bxpad cateqoriel of hfqh

.

canopy covet (l‘igur. 13). Stand- in’ the centre of tha field, and all
A / L

'.»choni in thc tlw imovatua conunn:y eyp. have rolntxwly hst canopy
) cover *Al though canopy covor per_ se was not tested by simple correla- .

t.xon, total angioapem -oover: including uocu was not sanificmtly .

. corre}atcd with Any fcnvitomntal \urlnlo-. The' hithst cano;)y ct.werago
‘did coincidn thh high N .(h“x_f‘o 14) on the ordimtion field A
' Tﬁe.aqc of aqun stands !uly be st'rong.ly influencéd by. edaphxc
) charactotutiés aq uoll as d.i.stutbanco such a:’s fire and avaTanche. The

)
t\'!

stands ar¢. nat avgn—cqéd }ay couhunity type, t’ut there is a t:tend e
. .

1ndicat1ng t_he Qldest sbdnds u:,g usoc:.at:od uith ma Elyms 'umovatus .
. k]

type and same stmdn on t;.he lower portion of the otdinatio \nthin- the -

e '

.

: s '
sanxf:ca.nt diffarence is unlikely. the' nge/elev

¢

qgg:ﬁ.d.rﬁrﬂat&d more to site condltloas than any. biotic influenie
Qwing to ;he critaria of chqice, ;w aspen stands had conitcrous

species rowing in ihe tmdentory 'ﬂne grdqtes‘ densxty of, Pim glmoa

s el
-

-
i



~ y .- FIGURE 13 .
.. 3 . - .‘
Physical characters, tree characteristics and he;pvpxominence values on
ordination field. Actual values®%in Table III and Table VI.

: ¢

(a) Altitude (metres). ‘
‘ 1. 1,000 - 1,199; 2. 1,200 - 1,399; . o
. 3. >1,400. ‘ y

: ! .

(b) Density of P. tremuloides (stems/hgctare)._

l. 40 - 60; 2. 61 - 80; 3. 81 - 100; )

. 4, > 100.
- -
. (c) Canopy cover of P. tremuloides (%).
- 1. 40 - 50; 2. 51 - 60; 3. 61 - 70;

4. 71 - 80; 5. > 80.

0y

(d) Elymus innovatus. Prominence values.

1., 10 - 100;, 2. 10l - 200; 3. 201 -
. 4. > 300.

- - No data. : ¥



(b)

(a)

(d),

(c)
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. -, FIGURE 4 - -~ .

Actual values in Table IV and Appendix III

o (@)

(b)

(c)-

Field capacity (-3/3 bar)’ at 20 - 4o}cm
1. 5% - 25%;° 2, \25¢ » 45%; 8. 46s - 6Sa.

Available moisturefat 0 - 10 cm.

1. 0 -10; 2. 11 ~ 15; ‘3. 15 - 20:
4. > 20.

~

Phosphorus (ppm) at 20 - 40 cm
1. lf- 2; 2. 3 -"4; 3. >

B G

c A}

Nit{ggen (ppm) at 20 - 40 cm.
1. 1 - 2; 2. 3,~- 4 3. > 4.

-

PR T

Soil phy51cal ‘and chemical attributes plotted on ordlnatlon _field.



(b)Y

(a),
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occurs in the lower lef? portion”of the ordination}‘dithin;the Elymus

. -

o
1nnovatus cdwhhity Gype and Jong utqnd froq the Shepherdia/hd‘car -

consp.icuus type A layf Picea glcuca or 1low densities were recorded

"./ in .me.vicia mrf.qna mity typc mic éould indicnr.e that tbc

conifq(ous tree species are.distribuced oveﬂ“a broed ranqe of sitesl""

closely ssocxate€ with particular understory species, which

: have been utili in this study for description of n community “

- I L]

types. Further clarification is required of the successional tnends in
understory and tree Species of aspen stands in the parks, before the
'significance of predent Obseryetione car be judged.

A . oo

T _ shrub synusium The ccmplement of shrubs in each community type

-

“isn larqe either by frequency, density or diver51ty. fince dlf-

r

ficulty was exeerienced in utilizing-most shrub species as, indicators

of habitat or community type, only two shrubs were eventually plotted
.. . r—~ >
.on the ordination.- ’

.
-

when Shepherdia canadensis W's are plottedAin the'ordindtion

(Fiqure 15) the greatest frequency of occurrence coincided with the

°-

., lower portion of the field, which 1s to be expected sinCe this is the J

.
~

S‘ pherdia/Aster conspicuus community type " The hiqhest S. canadens;s
PV s are. however, to.the.left of the field withva»close fit to high~ :

v.»811t plus clay at 0+~ 10 cm (Pigure 16) and low nitrogen at 20 - 40 om

° ~

v

(Figure 14)., Although no siqnificant correlation is found for shrub

. -

" _cover with any enVironnenthl variables, it is clear tnat 5. canadensis

*

is assocxated with sites’ on which’ moisture conﬂitions are dependent

upon silt plus clay fractions. Available noisture capacity at

. N
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cn S “FIGURE 15

e '

. ./' .
Shrub: and herb promibnence values on the ordination field. Actual values

in Table III. . o .. .
. . Ty 2
(a) ‘Spiraea lucz‘q&_‘prbpinence values. S
1. 1 -10; 2. 11 = 203, 3.> 20. .  °*
. N .
. : (b) Vicia americana prominence valixe_s'. : o
1. 1.-10; 2. 11 - 20; 3.> 20. *
(c): Shepherdia canadensis prominence values.
. o A - . .
e -1. 1.-20; 2. 21 - 40; 3.> 40.

- (d) Aster c;onspicuus prominence values. \/)
‘ ii 1-5; 2. 6-10; 3. 11-00; T o
4. > 20. . ' Y ) '

> L]

- .e No fata.'
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FIGJURE 16 >

Soil physical attributes on_ordination field. Actual values in
Appendix III.

(aj sSilt plus clay at 0 - 10 cm.

‘ - 1. 20% - 30%; 2. 31% - 40%;
) 3. 418 - 50%; 4. > SOv.
{ 4 (b) Silt plus-clay'gt-lo - 20 cm.
’ 1. 20% - 30%; ..2. 31% - 40%;
3. 41% - 50%; 4. > 50%., -

(c) Silt plus clay at 20 - 40 cm.

1. 208 - 30%; 2. ° &-— 40%;
3. 41y - S50%; 4. > 50%.
-y -
® No data.

‘\5 ¢ .
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(a)

(b)

(c)
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0O ~ 10 cm is hiqhor‘on the sites occupied by S. canadensis.

The incidence of Spiraea 1uc1da throughout the’ thtee community
tfpos indicates the brond range of conditions u ndet whieh this shQub
will grow. Greater PV'e ie fLe Qpper section of the ordination sub'-
divide the Vicia americana community from the two others. The pattern

of distribution follows hiqher elevation and low ql’t plus clay at

0 - 10 cm and 20 - 40 cm. Presumed higher precipitation or extended

sprifg snow@elt at qreater elevat;ons may provide required moisture in °

the stands where field and available moisture capacity (Figure 16)
are relatxvely less than at lower ervatlon. Elevation and available

moisture capacity at O - 10 cm axe eqatxvely cornelated (r = 0.74 when

p 2 0.05) (Table VII).

.

Herb/dwarf shrub synusium. The plots of herb and dwarf shrub -

PV's on the ordination field demonstrate two general trends oriented

<&

to the X and\l axes‘bf the ordination, Total herb cover ig significantly

4

Q
correlated with elevatxon (r = +0.42 P 0.05) although only E. -

xnnovatus was obviously disuributed on3an elevational gradient. The
highest PV's of E. xnnovatus occurred at the lowest section of the

oralnatlon, coincident with thE’E. innovatus communlty type (Flgure 13,
p. 85). With increasing aistance from this'type, E. innovatus became. ’
‘ :
less important in the Vzcla amerlcana community type

»
. -

The distr1bution of Aster cohsplcuus is strongly orxented to the

right of thmaination field, —u;\both the Sbepherdia/Aster conspi.cuus :

*as well as the vicia americana community types. The best<f1t of this

species with environmental variables occurs fqr\high:nitroqen at



L™
L)

. -
95 -

-
.

20 -« 40 cm, Iqiut plus clay at 0 - 10 cm (Figure 16) and lower

e )
gvailablo moistutre q’pacity at 0 v fb cm. . : »

vicia cnricana is most inportant in the ‘upper aoct.ion of the
- [ o
ordination field, strongly®oincident with elevation and fower sile

. . . L ]

plus clay at 20,~ 40 cm (Figure 16).
The distribution ¢f Viola rugulosa is very similar to that of
Aster conspicuus, with highest PV's at the right ob bhe‘ordination. -

Occurrence of this species in stands on the left of the field is

particularly uncommon, although the distribution i; not confined to .

any one of the three community types. The dwarf ehr\b- Linnaea borealis
and Awctostaphylos uva ursi show a coincident.pattern, -with maximut »

.

.PV's to the left and lower portion of the ordination (Figure 17). Both

are digtributed throughout the ‘three community types, but not in all

.

stands. L. porealis is more restr&eted to lower elevation‘s" than A. uva
. - . o~

ursi, but both are closely aligned with the high PV's of S. canadensis,

low nitrogen at 20 - 40 cwm and high silt plus clay at 0 - 10 cm

s

‘ - - - :

characterizes the sites common to all three species. Since- t(gher
elevations are correlated with less a\_rgila.bie moisture capacity at 0 -

10 cm (r =,0.74<when P'= 0.05), it 'if"considered that the reverse, ’ Y,

"holds crue at lower elevations especially to’ the left, of the ordination

» where high _ silt: plus clay provuhs greater available moisture capacity. .

L 4

-

éonclusionnse. Environment.al hfactor; and pla‘ﬁ: species selected

- .

-

Y

for p\ottihg on the ordxnatxwld weré considex;ed to be those most

-_— -

, clearly denonurating the patr.erns existinq in the f.ield)h Although

oxgly simple correl‘atxon vas ‘carried out between a nulber of selected

~ ¢

v
-

-
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FIGURE 17

Hetu<and\¢uart shrub proginence values on ordination field.
values'in\Tgﬂlo I111.¢
-e . A

%a)
(b)
(c)

()

Mertensia paniculata prominence values.

1. 1 -9; 2. 10 -.19; 3. >19.

Viola rugulosa prominence values.

.1l..1 =% 2. 6 - 10; 3.i>10.

Linnaea borealis prominence values.
1. 1 - 20; 2. 21 - 40; 3.> 40.

Arctostaphylos uva ursi prominence values.

1. 1-20; 2. 21 - 40; 3.> 40.

No data.

Actual

EN
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variab(gg, indications are that few environmental and vegetation

attributes are ‘strongly correlated. Complex non-linear relatiohéhmbs

may be revealed by the use of multiple regression analysis of-thc data.,
.

-
'

i,ut the degree to which subjectivity enters into the,choice and

manipulation of variables for miltiple reqréssion was conéidered
: -

"

ihappropriate for the information available. ‘ .

Three major sdbdivisions (community types) along the Y axis of
» o . - _ .
the ordination are repeatedly demonstrated with Spiraea lucida PV,

~
Shepherdia canadensis PV, Elymus innovatus PV% Vicia ’mericana PV,

Linnaea boreali;\PV, elevation, silt plus clay at 0 - 10 cm and silt

o i

plus clay at 20 - 40 cm_are plotted on the ordination.

Two major subdivisgions, cutting across all three community tvypes,

o .

. - - . N
are evident on the X axis. Most important features demonstrating this
‘ 4

subdivision are Aster conspicuus PV, Viola rugulosa PV, Linnéeé boreali;'_¥“
PV,vArctostaphglas!'% urszwﬁv, Shepherdia canadensis PV, Picea glau:a
density, available mdisture capacity at 0 - 10 cm, canopy cover,

nitrogen and field caéacity‘at 20 - 40 cm and silt blus clay at 0 - 10 cm.

Species prominence values appear to provide more distinct

<

suggivisions along the ordination axes than do soil chemical and

‘ o .
physical attributes. previous work (Achuff 1974) expressed concern for

’ { ]
tjezlow correlation of vegetation with environmental variables using

soils data. Much .of the problem in bath thiﬁ3and Achuff's work . is
T , ‘ / 5 i

ascribed to minimal sampling. Soil nutrient levels were not .particularly

useful in resolving community or inter-community relationships.
. . «
Fralish (%372) reports little effect of'nutrient_levels'bn aspen growth

.

I3 . N

#



29

in Wisconsin, which may explaln the poor correlhtion of nutrients with‘

B i
aspen and associated under{Fory species dlstrrbutlon. Soilr moisture

viriables and physical soil analyses were, on the other hand valuagxg

in distinguishing groups of simiiar stands on the ordination. Aspeny
site index (sité quality) is étronqu influenced by soil-.texture
(fralish 1972), reflectg.the growth of trees, and is indirectly indica-
&\tive of understo?y.characteristics. Correlatiéns between yégetation
attrlbutes and s0il moisture varlables, diréctly related to soii.

texture, are most commonly obtained im this study, suggesting similar <«

A}
conclusions,

The study of characteristic assemblages of plants (indicators,

Clements 1928) in the forest. understory, as evidence for site condi-

tions and differences between vegetation types remains a most important
nart of ecological lnterpretlve technlques. Understory species dis-

tributions by communlty type are thouqht to be closely allied with

-~

patterns of env1:onmenta1 varlables. Diatribution of aspen communities
in Jésper and Banff is likewise dictated by the interrelatiOnsbip,of
habitat and vegetation. Comparable information, from studies

‘ < . .

geographically distinct from those reported here, is required to .provide

»

. ~ .
further insight on the site relationships of aspen stands within the

. -

Alberta montane zone. .

~t

Succession

The subject of for §€/sqscession and the occurrence of aspen ;;//-i>\

. L4
a seral species has provided¢more information in the literature than

.
.

[y . ’
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/
any other single subject related —o this tree species. Much of the
: e . ’ .
research has been directed toward root suckering geéponse‘(Sandberg,
o ) .
Dixon and Schneider 1953; Steneker 1974), sucker initiation related to

a

soil types (Stoeckeler 1960) and the'invasfonvof sites through natural
succession or after dlsturbance (Moss 1955; Lutz 1956; Maini 1960 and
Bird 1961). Aspen in the central Rocky MounLalns has received much

attention in the context of sucpéssional status and regeneration
, N 4 C
{Sampson 1916; 1919; Baker 1925; Daubenmire 1943; Hoff \l957; Langenheim
0 . ]
1962; Morgan 1969; Warner, and Harper 1972). In western Colorado’ and

central Utah large tracts of aspen with few conifeflors seed trees led

to the conclusion that aspen wasq! climax forest type (Baker 1925)
wo

although numerous environmental factors at the present time-may dletate‘

v -

a successional status for aspen in this. area of optimum development.

Relatively stable aspen forests are recognized along the Western'slope

»

of the Rockies and extend into higher altitudes of Utah (Reed 1971).
The term ‘relative stability{ is used, in place of climax, to describe -
the status of the western slope aspen stands. On the Front Ranqe of

. - : . . .
Colarado (Marr 1961) southeastern Wyoming (Hoff 1957) and northwestern

Wyoming (Reed 1971) subclimax-communities are rfcognized where coniferous

growth in the understory is prevalent and understory species dlver51ty
is less than that in stable aspen communities. - Thus, quallflcatlon for
cllmax or stable condition in aspen requlres that the species be able
to reproduce to the excluslon of other trees capab]' of dominating the
site. The intolerance of aspen to shade (Baker 1925) and the relative

tolerance of ggn;ferous species associated with it, provides ideal

.

¢
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situations/&or the regeneration of conifers under closed aspen canopy.
. 3

a

However, as the'aspen canopy opens up, either throuqh age or dist ce, '

conlfers can compete with and overtop aspen growth. 1In the Great Lakes

s ’

region, aspen stands may begln to deteriorate at, thxrty—flve years

(Graham et al. 1963). As the trees die or are killed by pathoqens,’

o

espec1a11y ngoxglon canker, few sucker sprouts are. produced and those

that do come up seldom survive. The land‘ls eventually opened up to °

shrub invasion. . o ‘ s | ' fu
Morgan (1969) con31ders inappropriate tﬂe applicatlon of’tlme X
N "
sgales for Lake States”aspen to Rocky Mountain aspen. But even eSSuminq
, . _ s
a Ponger period of.time before deteridration of the aspen in the Rocky
Mountains, there still ekists the possiﬁility th;t the further a;:§ from
porthern Utah and Colorado, the more likely coniferous species are to
su;;eed the aspen. «Although many studxes and reports of aspen through—i

out CanJ!; and the U. S. A. deal with factors causan deterloratlon of
the tree (Graham et al. 1963; Malnx.and Cayford 1968; 'Davidson and
Prentice 1968; ‘Krebill 1972), no one factor is.as important jo success-

ional trends, as fire. The nature of aspen invasion and successiOn

‘onto i site can b followed throdéh an historic sequence. °
. : 3 /
The pollg record in west central Alberta contains pine and”_;i

spruce as principal species following glaciation. Aspen pollen is

poorly preseryed but aspen undoubtedly played an important part in

’1nva51on of Cotdxllgr&n forests”malnly thtouqh the iﬂ(erventxon of fire

)

(Hansen 1949). Upon establlshiEnt of aspen seed in favourable sites

o

after glacial recession (Bak.er L925) ’ dlsjunct and scattered trees ‘u]ad
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. have surviveq in the Predominantly coniferous fsrest couer. .In the
northern Rockies, Pinus dontqrta, Pznus ponderosai§s3utﬁ\oi 47°),. N
Pseudotsuga m;n219511 and Picea glauca would have been' tge major needle
leafedue ements. ‘In the rn;tance of fire, or avalancheqfn rteop

mountainous'regions; much of the conifer cover would'have been burnt or

v o

'toppled, although as - is commonly observed in present day fires, except

when very intense, many small 1slands of trees escape the fire and - .
3 -~ e

‘-survive. Immediately the aspens are burnt, root sucxlbing is initlated

(Horton and Hopkins 1966)” The rapid qzowtn ot upcn nuekerq i.s

4
ﬂlndependent of 51te conditions since the parent tree provides xnitzai

’

-
-

means of,support. which quaranteeﬂ‘the dominance of aspen over aﬁy«VQ"

3y

conifers which may have seeded onto the disturbldfland. Esseltlally ‘khe

same sequence of events can take place on: an avalanche ‘area,’ the ais— ~wMe;,‘

turbance turning up new soil for the establxshment of seedlinqs and

stlmulatan aspen to regenerate by suckers. Thus, with the 1ntervention

-~

of dxsturbance, partlcularly‘fire which is more influential~o er larée\;
areasithan'avalanche; aspen is perpetuated; and the rate of nifer -
- . . N . £ ) . .

Vinvasion is slow where-seed trees are nelatively few (Horgan 1969) . Qut-.

Slde Utah and Colorado, w1thout disturbance of any kind aspen is

'succeeded by other species, conifers 1n the nor:hvest (Morgan 1969), and '

hardwoods in many parts of the east (Kittredge 1938)

In Jasper and Banff, aspen understory vegetation as already :

Y v .
described is subdxvided 1nto tuo general cover types, that.douinated'

by shrubs, with a more open understory on drier sites Qnd a closed

understory dom:.nated‘ by hezps on moist sites, Herb rich understory

cover 1s promlnent in’ stands w1th the highest percentage canopy cover,

<> -
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"which also coincides wit:h deeper, and nutrimtptich -oils. qupet noils
are almost invari ly annociaj:ed with mature upcn qrowth. rocky soila
with conifer over ry (Hoft 1957; Lanq‘hoim 1962) . or in Juper and
‘Banff i with rathet 1m;ovenshad aspen stands. Psoudots‘uga -d‘iasi»x' ' -
-~ in Jasper and Banff is. considered cliuax (Strinqer amd La Roi 1970) whiile '
g oontorta aqd aspen are’ sucoesqional depondont upon di-turbancc- Wherq _.

-

x Pinus mhtorta seed trees are relatively abundant, direct cc-petition ‘
with asper: after disturh,ance my rcsplt in the initial dcl\inamce ot fdst _. &_
growing aspen rénets eventually overtopped and -hndbd out by slover ' '
coniferous gtouth In cool mint sites Picea glaucu in the climx |
specxes, while pP. lenzzasii occupies drier rocky" outcrops and stony soils .

| (Rowe 1959) . Lodgepole pine site has been divided into three’ pﬁases,

‘xerophytic, nesophyt:.c and moist (Hnatiuk 1969). . The nesoghytxc phase ' {

' sxte descriptions and understory characteristics coincide vell with t.hose o
‘of the Shephetdza/Aster comunj.ty type and the Elyalus 1nnovatns type
Ccmdltions under aspéen stands are apparently suxtable to the establxsh~" )
: ment of’pine and - white spruce, but Douglas fir is only lxkely to occupy“
t.he driest sxtes where ‘aspen would possibly not thrive long afterr

’

dlsturbance. Some measure of th'e importance of_ aspen under,Douqlgs fir » J

- -

is given by sttinger and ‘La Roi (1970) . ;lmey'dembsttate that aspen has

.- t'he least density of a’ll trees under Dtmglas fir canopy, vith a hiqh

mortality -uch due to ani.ilal browse arﬂ bark sttipping. ’
- Aspen under lodqcpole pine doea not for- an j.nportant pa.rt of
c& or. understory. ninot ditferences in site and soil dictate.
ﬂxe distti.bution of 1ndiv:ldaa1 aspems thronghout the pine ‘stands

(Mlt 1959). :
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f Picea glauca torest c po-i.tion ih

: Jasper and Ban:f llt.houqh from r.pottl pf whit.c .pru e ollewhere
'(sconexer 19637 . Achuff 1974) and porlonll observation, aspen is dis-

_£;1but§a.nhr6ugnou£.;pe ¢drest, as individuai trees or small clonal

ant part of the canopy as fhe]sptucg
. L] N

L )

zvidence of conifcr reqcnorat.ﬁon under aspen in the parks is

available {Table _VIII) ale.houqh no uplinq or uodlinq qqe data accom—

"pauic- m mxxuum

aiw mlt.y a! nu- for qpan suckcra

md Picoa glauca s l1ings occur under xlv_mus innovatns community type

- stapds, the oldest stmd inves

-

: suckets and spruce seedlinqs.

tiqatcd (1) with &uatest dansi:wf

Whether stand detetioration sets in

around seventy years and the canopy opens up c?t be substantiated

‘

from this study

'rhe n\ost striking feature of the aspen ‘gtands is fhe relative

lack of regeneration by conife

ry

- e

rous ms, particular pPinus contorta,

) and the equally low values of up.n m;’s. . No quan tative‘ evalua—

-y

i tion of brawsing was conductod. ; 6bservations indicate that anuual

v activity w;s not a prime cause f the lack of sﬁckers., However,

suckers have been obselrved to be heavily ptuncd back. Under conditions

of rapid suchet production and -oderate brcusuxg actiVity, aspen ‘can

egan*te successfull (Krebill 1972) .

'rhe present sta of t.he aspen dominated stands therefore ap-

pears to be succ@ssional in nost‘locﬂ:ions ﬂxroughouf the parks. Where

are grovi-'. they will presmﬁﬂy survive to £i11 the cancpy
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__— . TABLE VIII
 REGENERATION OF SUCCESSIONAL -SPECIES UNDER ASPEN CANOPY
STANDS ARRANGED ACCORDING TO COMMUNITY TYPE
. Number o¥ Stems/Hectare C_B j .
Stand - : . e p—— -
" P. tmmuloid'es Picea 'glauca -{ Pinus contc;rta
- L ' r .
* | 75 }- ‘9 9 -
. 19 |, 42 : 5 2 . -
. *23 s1| ~” 1. R
2 51 a4 1 . -
%3 ' 61 - 1 -
8 44 - - 3
10 - 47 - - F - _
12 49 5 - . r 1
15 | 49 4 - -
18 | 46 4 1 -
20 57, - 3 -
21 40 | - - -
v _ 22 42 | 3 - - ¢
T 225 | S0 - - .
‘ *5- 46 - 1 -
6 | 62 - - 1
T 57 - - s -
9 37 7 3 -
11 43 - 4 - D=
13 35 "3 ' - ¢ I '4 B
.14 |} ss. | - - : - -
©16 . | 62 . 3 - -
N =17 47 4 - -
) *24 47. | - K r . - . R -
. - . . - . . - A . N . . '
*Stands known to have up-slope growrfwater recharge.
[



S

106

gaps developing as old trees die. However, the sucker growth 1is
o ) _ E p,
invariably associated in the stand with coniferous ex.Flinq growth.

The p;hcity of conifers at the age which some stanés have already
achieved suggest éﬁat the aspen stands will not be succeeded within

the next twenty years. From the specieh dxstrxbutxon (Table VvVIII),

white spruce w111 be the major successional and presumably climax’

-

species on aspen sites in the future, except where particularly ary

conditions ptevall conducive to 1odqepole pine or pouglas fir. Any
fires in the aspen stands are expectnd to be ltht, and may be a
patticularly strong stimulant to aspen sucker initiation; Throughout

‘the lodgepole pine and Douglas fir forest, aspen is not expected to be

particularly important after llght fires, but 1ntéisc disturbance may

‘brlnq about an increase in the distribution of &apen stands.

4 N

ance white spruce requlres shade and a noast mineral soil sur-

face (Le Barron and Jemlson 1953) for establlshment, and few stands

-

‘ present.both conditions, spruce is not likely to invade aspen qulckly,

pPine will be sim;iarly slow since plentiful seed>is guaranteed\after
fire thch releases seeds . from eones.. Otherwise, seed availability is
dependent upon small rodent act1v1ty and w1nd dispersal of seed.

Thls study agrees with Reed (1971) that the aspen stands are

relatlvely stable at this time, but not climax, at least wlthxn Jasper

and Banff. Purther dlsturbances will be requlred to perpetuete the ~°

\

\drief'sxtn aspen stands partlcularly those of the Shepherd1a/Aster

Aonspicuuq.and vidia americana type. The Elymus 1nnovatus type

{ . .
may regenerate more quickly, and also uay present more: favdurable
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conditions for white spruyce establishment, which species unlike P,

contorta does not rely heavily upon fire for seed dispersal.

jrredominance of aspen or spruce under the Elymus innovatus typ#

eﬁtirely dependeng upon the intervention of fire.

’
.

. ‘ Graham et al. (1963) point out that the rate of estab

and succession of coniferous species under aspen is dependent

on sxca'conditions; Thus drier poor sites may thg
. - X

a coniferous phase. Although there is nc pdrt;cula’¢

rate of succeésion in the preseht work, if-the gtatement.éf Gr&hm;
et al. (1963); hold§'true for Jasper_énd th}f ;;pgn §taﬁds, ;he driest
sites hay not<reqenezgtef!. aspen, nor becéme doﬁinated by 66niferous~
growth either pine or Douglas fir. An—gpen phase may develop until dis-
turbance by»fire/takes place. . o
To summarize, aspen holds a éubcli‘ position to Douglas fir
and white 5pru¢e in the parks. Fire and soil distu;béncg are the major -
contributing‘factors té perpetuating aspen. Whixe aspen ih the parks
does not seem to be rapidly.reprodﬁcing 5y suckers, s;and age has iK

L

all cases surpassed the ‘age of détetiogation as given for Lake States

aspen (Graham et al. 1963). The future of the aspen stands‘therefore
gpPpears to.lie in Aisturbance by fire. without such:intervention, aspen g
stands may decay to §£eate.an open phase without successianallspecies
‘qrowing from th; understory auring‘aspénrdecline: The forest canopy

;iil be‘filled.evnntually bg‘lodq?polé pine_on.driér sites and wgitg
spruce in moist site;,»the scarcity of Douglas fir in the parks&making,
it unlikeli‘that seed sources will bevciose enougﬁ to senescing Qspén

stands.
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Relationship and Applicability of Other Studies ¢

The diverse and c roversial nature of ecological field

methodology creates some problems in deriving comparisons between

studies af aspen 'dominated forests. Some studies have been concerned
) ﬁ\‘ ¥ - ‘ .
with the vegetation features, some with environfnental and vegetation

telagionships and very few with moisture relations as they may be re-
A . : ' °

lated to plant cover. Thus comparative statements that follow are-
primarily based upon characteristics of nqotatidn, in most cases upon

a qualitative basis.

e

The Alberta prairie distribution and composition of aspen forest

. v .
4

a
is well documented by Moss :(1955) and Bird (1961).° Moss (1955) con-

o

siders P. tremuloides to be a consociation of the poplar association.. \

.

OHe describes five strata or synusiae including the tree cano;;y. This

-
o

structure is a great deal more comblej: than that of the Jasper and Banff
stands, and differs especially in having an almost continuous stratum
‘of taller herbs, obscuring taller shrubs during the latter part of the

growing season. Although Hos‘s does not subd1v1de the aspen consoe1at1on,

¢

species common to the prau:ie regions include Symphor.lgarpos albus,
Sherpherdia canadensis, Cornus cangdens1s, Majianthemum canadense, Rosa
acﬁfcu.laris, Viburnum edule, Aster gil.iolgtus, Vicia ameri;:am, Lathyrus
;)chroleu‘cus, (;iola ;ugulosa., Caimgrostis canadensis de Pylaisiella

polyantha. The prairie aspen community would, t:herefore appear to
support’ species common to both the Shepherdia/Aster copgpicuus and Vicia
ameqica;ma' types of the nomitains. The incidence of Ar‘.lia. nudicaulis

and Disporum trachycarpum in central Alberta, bt,xs their relative rarity
. . 'Y ) .
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’ L4

\ {n northwestern Alberta (Moss 1955) is particularly interesting in view
of thott occurmco in a mnbor af stands of &:lmnity typo. withi’ the .
'~u\ountt1m Abumt “from any list of species qiv,)n by Moss is Elymus

xnnovatus. al;,houqh E. qlaucus is proninont in tho Cyprcn Hills aspen.
.

The weiqht of evidence would seem to be thag lpocﬁl cpll\on to tho |

‘praxrle aspen association ‘have onmod into the -ontlno "flora of the
’
mu.ntaln aspen -cowmnitinl. while a fw Cordilleran species e. g. Spiraea .

. luczda, Arnicq ootd;folia, Arctostaphym rubra md Elymus glaucus have @

rouc)aod areas. ouuid. the -ouu.‘m " ) C‘l ’ -

. R

Bird (1961) does not-subdivide the aspen poplar conlunity, but
considers it a climax forest type in the prairie regions characterized
in the understory by species already cited from Moss (1955). In addi-
tion, Birél '(1961) notes the frequency in the prairie community of
Brachythecium, the nost common moss in nontane aspen stands. Emphasis

is placed upon the conplexity of upen comunxtwunderstory in the
»

prairies. Unlike aspen stands in t.he nountains, those in the parkland
(Bird 1961) and ltmds of the P. tremuloides consociation (Hoss 1955)
throughout Alberta have strongly developed herb, dwarf shrub and shrub’
strata. The shrub stratum is particularly evide.nt in apd around suc-

cesgional or recently disturbed stands, .

Range surveys in 'reton Countwyv-ﬂycning, (Beetle 1961) #scrigbed

o

one co‘um.ty and tvo distxnct aspen site types, one on moist ‘sites “and-

the other on dry sites, the site types not mutually exclusive to hill-

- sides or level terraip.ﬂ Unfortunately, no cosmunity classification is

suggested-but understory specied appear to follow the moisture trend.

- - . . 4
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Common shrubs in the moist sites, Mg:,w. Salin scouleriana,
Symphoricarpos albus give way to Anilanchlcr alnifolia, Juniperus

, . communis, Prunus melanocarpa, and Shepherdia canadensis in drier laca-

.

H

tions. Herbaceous plants exhibit similar peak distributions; common on
w, sites are Agropyron subsecundum, Elymus glaicus, and Geum macrophyllum,

. qiving way to Agropyron ttachycaulum, Calamogrostis rubescens, Agoseris

glauca, Campanula rotundifolia nnd Snilhcina stellata with incronsinqu
seric situations. Cowson herbs, nackolia floribunda, f!tbo-pcruuu

rudoalo, Achillca lanulou, Nortonsia cilia"%a Hedysarum boreale and

" castilleja spp. not, rtributod to any pu'tidular site, bear only passing
resemblance to herbs in Jasper and Banff npon -tands. Grasses
and sedges are only lino\vhunt in the understory composition \

(B«tle 1961). 'rhe occurrence of E. blaucus on wet sites is similar to
' \
the occurtencq o’ £. z-n.novatu‘ at lower ttitudes in Jasper and Bantf

° 1

~on sites with “.ltet available water capqclty. The wet-site aspen in
- e > - .

. wyoning cornopond- best with the E. 1nnovatus community types, while -

g~ the dry site aspen is related to the Shepherdia/Aster conspicuns type.

- o
A detailed synecological study of aspen in the Wind River -

uounf.ains of Hyod:lng (Reed 1971) recognizes a single stgble P. tremuloides/

-

sthoricarpos oreophilus association. Association is used in the sense

of :i.nilar stand qqoupn {sensu Daubennire 1968) and all land areas

: supporting the sm association are one habitat type. This ’ninorogy

o O

coincides clo-ely with comsdunity types and siﬁe types as used here.
'n' wind luvcr stands are cc-posed of a rich ,-ixturo of shrubs,

' grasses and hérbs fozningga continno\n cover. The t/oliu mrlap aroam

- ¥

2] - . Do S

»
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o

a, complex (mdon:ory structure, wuh“f.o"tnl oovey o;lcoodtnq 100 por' cont’-

@

[

i all but two stands. Shrubs Symphoricarpos oreophilus, Begheris

q ' : ) o "

repens and Rosa woodsii, with Amslanchier alnifolia are common in all
. , 0 .

. - .

standa. Major occurying hérbe ipclude schillea millefolium (in both),
¢ . - .
- . 9
Rosa«woodsii and noba acicularis,.Aster perlegans and Aster cvmpicuu-, .
's. oraophi.lus nnd S. albus. The P. tuwloldcl/s. orooph“u u-octation

o

is utuliaud with the. Shepherdia cqnadmiu/‘l:eon compicuua community
type, with some olo.ra‘n c;-on to’ thocc of the V. anr;cm type. Reed
(1971) noted the oacurrence of Arctostephylpe uvk yssi and Juniperus °
“communis on heavily grazed siges. In Ja-p‘o; and Banff these.same  °

. et ' v
_species are associated Sith dry exposed sites, both under, and outside
' 2
aspen can . o o ; . \ .
jpy o j

Soil de.cftption-r. given for typtc.l ptoulc- throughout the

wind River ftands. No classification was qivon the soils, but ju&qinq
‘\

e by thc}cid mtuxo of t.hc profile agd parent materials, Dystric o N\

Brunisols p?ﬂvnlod The f‘t‘Eility of/ésm soils was rolntively high
for’the area. Exchanqoablc K and pH were the oply r.vo soil variablo-
available for comparison with the Jasper nnd Banff stands, and in the
case of pH, Wyoming values were appfcciabfy lower. Potassium vcnlu.l

wgrc very similar. ‘Parent materials n;y be latgely. resffonniblv for this
difference. Topography, as well as pu'ent nterial is suqqestod as

-

responsible for the di.tr\buti‘bn:l pattern of aspen in the wind l!ver

o

r uountains. Similar conclusi,dfm) are roached tor aspen, in Jasper - and °
Banff. 'rhc nature of the.results provides a ct-pntative measure with' -

* Alberta mbntaner aspen ths. The Wyomisg stands were distributed over

. , . e ..
( | o .
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only 30Q>n:\ vational rangeé compared with Jasper '&nd&Banff stands
- . i -
¥

P

which occu?¥ed gver 900 m. Aspen in te Wind River Mountains has fewer
. .

suitable sites for colonization and is conseguently developed only as

one association in a narrow elevational Lelt with some understory species

ecologically'equivalene to species in the Alberta momtane stands. There
\
is .substantial evidence for the 'similarity of the wind River association
4 - N

wita only one of three community types in Jasper and Banff.

. . -

E
The anlity of site for aspen growth has been assessed. using
[ o .

understory indicator species (Warner and Harper 1972). work conducted

'

- in Utahk and Arizona does not include communi ty classificationeg, but the

. .

dominant shrub, Shepherdia oreophilus, squesté a community type

analagous to that found in the: Wind River Mountains (Reed 1971). Herbs

are the most important compdnent in the understory of all stands

- 4
investigated, ané include Lathyrus lanszwertii, Elymus glaucus, Vicia

2

e’ -
americana, "Poa pratensis, Achillea millefolium, Smilacina stellata and
Mertens:a arizonica. The rich herb layer, ‘and occurrence of certain

herbs equivalent to those in Jasper and Banff suggests a commonality

- -
.

with the Shepherdia/Asternconspicuus type, tending towards the Elymus

innovatus type. Higher site quality was indicazgd by the occurrence of

y . ' o .
Elymus spp, Lathyrus spp and Viola spp-in both Utah and Alberta stands.

'

Ellison (1954) worbing in the Wasatch Plﬁteau,_Utah, provides

detailed descriptions of vegetation “type, topography and soils. Aspen,
Y

e montane forest, is répresented on southerly éxposures in
: : ¢ . . :
small stands, below steep slopes dominated by tall shrubs including

. . LY

common to

S. oreophilus.' The impression gained'ffom'the descriptions is one of -

a

‘-

. \

.
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N

shrub communities on well drained drier#gftes upslope from shallow
. ' <4

moist slopes dominated by aspenQ Ellisoh L1954) emphasizes that "the

. occurrence of major plant communxtles in the subalplne zor.e are deter-
¢
¥

mined principally by topoqraphxc ‘factors" -- (whch*presumably influ-~

E)

ences soil moisture pattetns) -- “and  the’ local climates . assocxated

with them.‘”Soil parent materlal is ev1dent1y of minor meortance

Y .
Lynch (1955) . describes ‘a Populetum/ngphorlcarpetosum associa-
. . .
tion as common throughout the aspen groveland of Glacier County,_Montana.
;
Symphoricarpos albus dominates the shrub laver, wit? Rosa acicularis,

Amelanchier alnifolia and Berberis repens associated. Herbs .o

©

asséciation includé Lathyrus ochroleucus and Calamogrostis rube SOSMRBS ,
'Vicia.ameticana,vAchilleé millgfolium, Fragaria virginian#, Aster
.conspiCuus and Smilacina stellaté. The Shephetdia/é; cogSpicuus com—
munity type appears to bevélosely associated in species composiﬁion,
énd{physiégnomy, Wwith more distant relations to the V. americana
type. Populetum Aéteretosum and Populetum 6Smbghiéetosum associations
(Lynch 1955) Hear llttle resemblance to stands in Jasper and Banff but
are possibly afflllated wlth aspen domlnated stands in waterton
Natlonal Park (Kuchar 1975). - ‘ ¢

In mountain areas of Coloradooand wWyoming Costello (1944)
investigated';ange_forage types, and clearly identified aspen com-
munltles dominated in the understony by S. oreophilus, ggt information
on species in undiéturbed sites is lacking making it difficult to com-

K

paré results with these from the Alberta montane.

Langenheim (1962) reports an homogeneous aspen community type
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v

throughéht the Crested Butte Area of Colorado. Luxuriant unqgrqfowth

"dominated by he;b:species including Thalictrum fendleri, Vicia americana.,
Lathgrus.lehcanchus,bslgmus glavcus and Osmorhiza accidentalis. Shrub

L4 o ' N
species were poorly represented, which suggests little relationship.

to thé commun”ty.tyées'of Jasper and B;nff. However, the site éohdi-
tions ih which \he'qpldxado understory species deveioé have an affinity
with the conditions comﬁon to ;he more moist A%perta montane stahds.
Uespécially those at 1ower‘e1e§ations,‘with.Vibla rugulosa and Mertensia
; _ . T X - » R
paniculata prominént in the understory. 1\N'eit:herr of these, nor closely

_elated species-occurrqd'in the ColoradoAstands; but soil and site

>

descriptions 'are very similar. Aépen,in Gunnison County, Colorado, .

inciuding the area studied by Langenheim, is predominantly herb.rich in

2

;he:understory; Shrubs Were most pgomihent in'thé %gble;'pass area,
Symphoritarpos utaheénslis predominant (Mofgah”1969). Quantitative soils
information demonstra;es the-aciditf of soils under these ;tapds, higher
phqsphorus}than Jasper and Banff‘soils'ané a remarkable lack Qf
potassium, possibly'aue to parent maté;ial.~ Textures included more

sand fraction than Alberta montane soils. Aspen soils were distingujished

\ . ‘
from spruce fir or grassland by organic matter content, nutrient, and
especially'high or low available moisture capacity.

The east slope of the Front Range in Colorado (Marr 1961) is

subdivided into forest climax regiohs, analagous to elevatio zones
(Rowe 1959). Aspen occurs in the uppér montane (2,500 ‘m - 3,800 m) and
the subalﬁine (3,000 m - 3,500 m). In both zones, aspen domihated sites

o

vérying from mesic to xexic, reflected mainly in the growth form and
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vigour of the trees. » Specific staadAdescriptions from subalpineﬂsites
includes one in which the stand "is close to a small creek'and may have
oa higher water table than the {adjacent lodgepole) pine stand" The
understor‘ the aspen stand is herb rich and lush. F:Lnally,
cllmatoloqlcal data related to this stand is obvioualy not sufficied%

L]
evidence to account for vegetatlon characterlstics, as Marr states

Y

" (this stand) may be more mesic -- due to ground water movements that
produce the small creek”. Although no comparatlve qround hydrology deta
- ‘ N ~

is presented understory spec1es include Achillea . lanulosa, Taraxacum
N <

officinale, Fragaria ovalis, Calamaéabstls canadensis and Poa
.pratensis which suggest moist conditions'similer,to some of the aspen

staﬂds in Jasper and Banff. Certain species in- the Colorado assemblage

e.’é. Poa pratensis, Targxacum officinale and Epilobidm angustifoljum
euggest a disturbed habitat.- ‘

Studles by Hoff (1957), Florez and McDonough (1974) and Baker
'(1925) cover spec:Lflc aspects of aspen vecology and prov;de Qonly
_ cursory information of understory florat Herbs'and grasses are
;Tdominant understory componenté in 001oredo,'wyoming (Hbffr1957) and
northern Utah (Florez and ucDonough 1974) but in central Utah S.
oreop)ulus, donunates the understory (Ba.k@.QZS)

Flnally, Stoeckeler (1960) 1nvestigated soil factors as relatedw
to aspen growth in the Lake States. Soil texture, silt plus clay,
‘proved most-import&nt in affecting site index (site qualtty) as a

result of increased moisture retention. Where shallow water ‘tables

: . , ¢
occurred, site index was "substantially increased especially on sandy

Bl
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soils -- of rathér poor water storage capacity”.
N o °
Conclusions °

‘ N

o

" Aspen dominated foreSt'from southern Utah to northern Wyohing}

,including cOlorado. is preda-inantly chaxacterized in the understory by
'shrub herb and dwarf herb synusiae, the major shrub in all areas" being

’ Symphoricarpos oreophijus. Some stands, particularly those on the east

slopes of the Rockies ‘are reﬁbrted'to lack the shrub synuSium (Hoff

a

1957 Stoeckeler 1960; Florez and McDonough 1974). Forest stands of

the Thuja heterophylla Pachystima mysznites habitat type in. northern
\

1

Idaho 1nc1ude P. tremulozdes, as a seral speCies followinq fire. Pinus

. ponderosa is associated with ngphoricarpos albus on more xeroptvtic

sites, particuiarly on southerly slopes((oaubenmire and Daubenmire,IQQﬁ).

The prairie regions of Montana and Alberta aspen grove cmuniti‘re

‘often dominated in the understory by ngphorzcarpos albus, especially

near the drier grass and forest ecotone. “The aspen within Jasper and
Banff lacks Symphoricarpos dominance in the shrub synusium. Shepherdia
and Spiraea act as ecoloqical equivalents to ngpborzcarpos in those
stands where shrubs are a dominant feature, which sugqests more T
favourable habitats for- these two former shrubs in’ the montane aspen
than for Symphoricarpos. There may also be drainage and moisture |

.

features which restrict the distrxbution of Shepherdza canadensis out—

'sxde certain nountain or prairie habitats, +since this spec1es is only

reported in prairie:stands by Moss. (1955) and in thebgiqhorn,uountains

by Despain (1971). From observations in Jasper and Banff, and the
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.foreqoing‘referehoes, Shephetaia ie'dbsociaged‘vitﬁ the driest sitee
, avajlable.. The prominence bf shrubs in understory of'eegen stands

. throughout the northweet of America has beeh eﬁphasized ih all.the h

r

J/- -
stéeles reviewed, but herp rich’ understories gaan less pron;nence.

Hhere speczes lists and eite oonditiqns are availablo fru- ﬁho CA-d

. study (Ellison 1954 .Langenbeim 19 ; Horgan 1969; Warner  and Harper

. v
1972) ic is ev1aent that herbaceou understorles are closely associatedv

wi th poxstisltes.'-Thls agrees wj observatlons in Jasper and Banff

N -

In certain inetances,’piEborial rt to reports (HorQan 1969) or
written descriptions.(Ellf;on 1954) confirm: that espen stands are often

located below Steep terrain or in the doun;ZOpe drainage of gullies and
o . , . N :

el}uQial fans. This coincides with obeervations for’eome stands inb

Jasper and Banff. These same stands are all predominantly herﬁaceous

in'underetory cover; Tﬁe.rebtesentative of this herbaoeous rype

(stend S) denonetrated a water regime throthout one annuai cycIe

Lndlcatlve of subsurface recharge and the opp051te of the other two

. L

stands studied in whlch water recharge was purely through the surface

from prec1p1tation Daubenmire (1943) clearly_showed that veqetat;o

zonatlon in the Rocky nountains was determined by soil drouth, and/that

[N ©

topography was 1mportant in the distributlon of vegetatlon, telescopanA

dDaubennare s terminology) one zone into another. Further work

—

(Daubenn;re 1968) expounded on the evidence for each member of the

forest SEriv bexng linited at 1t ‘S 1owest elevatxon by ab6ve average
e

' moisture . for that elevation.: *Shallow roote‘?%rees (with uhich aspen :

nef oe identified) finding their limits on north facing slopes or
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:whete sugplies “of water lie near tHe surface"”
. L

Aspect, as already demonsttated, is of liétle direcé importance

‘iR ehe distribution of aspen inAJasper and Banff but may be xntldutcial

N

i on the srte noisture relatxons of each aspen stand. The distr&bution

‘ habitats v. rugolosa, M. pani

of mg Mnm;ed fozoit, ovot a btoad clovauonn rnnqo, is noisr.uxe

de Certai#’understory s"ciea are pro-inent 4in thc very moist

'l v
F A

ata. and the wery dry habitats, 5.

.canaﬂensis, A. uva ursi, L.
the threc communi ty types P eviously described. !h; deqree of \
 promanence depends upon - the relative posxtion of the stand in the
»1andscape qnd the environnental oonditxons preva111ng ‘within the stand
Sgec1es~praninenco has/provided a bas;g_for subdgvxding the a§pen
éthnds studied into thtee'co;nunity tyﬁes, ;hich aro related oo other
gradients than moisture alone ' The cqmmunity types are part of a ‘
’successional trend, while the subdivision across conumm::y types of
moist, and dry sxtesxls dependent upon 3011 structure._watet recharge

. systems and topography.

bdrealis occurrinq with aspen in any one of

~
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In thq montane . zone (Rowe 1959) of Jasper and Banff NatioMl

Parks. aspen Mated forasts are a pro-inent feature. Frequently oc~ .

&~ >

. curn.nq as,- e—canopy stands on alluvial fans,' river terraces and ’

_-glaeial till deposits. aspen conttasts sharply with dusroundinq

conifer'om forest. Topogr-aphy’, soils and distutbance'_are_ thought to .

.’ .

strongly influence the distribution of these stands.

N'ulerous stands throuqhou; the parks vere identified and brief”

’

‘surveyed ddfing 1970. Of these, tventy-five were selected for vegeta- ,
: tien, ‘scils and noistixr_e analyses. Construction of ordinations (Bray |
_and Curtis 1951) and cluster analyses (Pritchard and A.nderson 1971)
'based .upon species pminence values (Beals 1960) demonstrated the
‘exism 'three co-uunity typeswas follows: Elgmus 'innovatus, .

‘Sbepherdia canadensis/Astet conspimu@rvxcia americana. The shju.b

synusn:l- was evident but not proninent in all three cc.unity types.
A.furt.her ‘subdivision of the three ccu-lunity types was’ denonsttated

by plotting vegetat.ion and enviromnental variables on the ordination. V
without regard to ca-mmity types, Sbephezdia canadensxs and Arctostaphylos ;

uva ursi were shown to be -ost praninent on dry sites, vhile Viola

rugnlosa and Hertensia paniculata were dismbuted most frequently in

i N

_nesic s:u:es. , _ : : . -

Elevat.ional criteria were i,-portant to the subdivision of con-

[ ' . o i .
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subdivision into mesic angd xeric sites was found to be related
to -available moistute”in'upber horizons and sili plus clay content, in
addiﬁlon to soil mo#sgure rech;rge phanomena. °

Soil moisture was measured oé%r a periég of tWelQe,ﬁonéhs,-ino
three stands, of diffe;inq-thSioqnomy and topographic 1ocatioh;’ of
the three stands, Number 13 receiveg 100 perlsent more'séowféll in the
winter, is stociated,uith lower mean~miniﬁum teﬁpératures'in the winter
and shows'the-longest delay between snowmelt and moisturé increases at
- the lowest points sampled in>the soil profile. All stands show soil
mdiszure deplztion,from Jﬁly onwardsr most slowly in the stand where
greatest precipitation is received (Fig. 11, o. 60: Fig. 12,)5. 6é>.

StAnd é on a level alluvial terrace in the lee’of a tali peak is
shaded f;om strong mid-day insolation,.which hay Be importantyto the
conservation of soii moisture through relatively less evapo-tran;piration
_than in stands 5 and 13. Stand 5 is downhill of a deep cleft between
mountain peaks, and is known ﬁo receive spring ;Qﬁoff in an ;djacenf
stream. The ;trong fluqtuatidﬁs ofosoil moisture in lowest hbrizons
s  ,-e -andileast fluctuations in the surface sojl is thought to refléct

' the redharge from the shallow water table. ‘Those stands receiving water

by stream. recharge,. mos frgqug:}}y on alluvial' fan on gully locations,

are herb rich in the understofy and lack strong development of a shrub,

synusium.

Aspen stands studied throughout 1971-1972 did not show any soil
. moisture stress conditions during the growing season, based upon

estimates of PWP from moisture by weight analyses and other studies ‘in
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Utah aspen stands; However, field capacity as a m;:zt)g of water

abundance was never reached in' two stangf, pbut was exceeded in stand 5
presumably due to otroam reéhatqe intyo the stand. it is Qupposed
that aspen is not sub)ect to 5011 ‘mbisture stress cond1tions at any
time in the growlng sea§on, unlike other veoetatxon types growinq in
close prox1mity to aspen. -The abundance of moistu;eixn aspen soxls
may 1nf1uence the undetstory Cha;acteflstlcs'and ‘tree physxoonomy.

ther studxes of aspen throughout North Amer1ca, partlcularly
the western Rocky Hoantalns, demonstrate the stahxlity or climax con-
dition of aspen in Colorado or Utah, but on mov1ng away from this centre
iOf 'oé&imum' development the transqrossive and'subclimax nature'of this
forest Eype.. Shrub and herb s?nusiae are well developed under aspen
south of Jasper and Banff. ‘Symphoricarpos §pp. are pafticularlyqimporj
tant as understory coMponePts in aspen outside the parks, but Shepherdia

-

canadensis ahd Spiraea lucida appear to be more prominent within the
L ]
o } . :
Alberta montane aspen. Shepherdia is considered an ecological equiva-

- lent toASyﬁphoricaipos; in the context of Jasper and Banff.

- The 'stabality’ of as;én is dependent‘upon the abiiities too
regeneraté} In Jasper and Banff aspen is not reqeneratlnq v1gorously,>
"nor are successional coniferops species promlnent in the undorstory
Evidenoe is.presented suggesting that aspen_is subclihox in the parks
to white’spruce on moist sites, lodgepole pihe or bouélao fir on dry
sites. However, the i;sigigye of disturbance by fire has been low since .
‘the establlshment of the parks, and aspen has not been stimulated to

.
regenerate vigorously by sqckers nor is there any evident reproduction

. N
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by aspen -cod.‘ Although no quantitative evidence is shown as for tho‘
level of bfou-inq pressure in aspen standé, itA*- suggested that wvhen-
ever aspen suckers do emerge, elk and deer -gv.tcly prune back the
shoots. It is concluded tgat without the 1n£‘rvontion of fire, as aspen
" deteriorates through old age, dxi:;,uitOl'will op‘n up possibly to.n‘
_shrub phase until conifer seeds ave introduced. Moist sites will
deteriokate more slowly and lax luppgft a mixture of whiteé spruce iﬁd

A .

some aspen. Fire intervention is necdéssary for the perpetuation of the

aspen forests within the parks.

.
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" . APPENDIX 1

Dissimilarity matrix for ordlnation of selected stands qenerated from

prominence values of all vascular and non-vascular species. See text
for methodology. i
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©

APPENDIX III

. .
Soil Mechanical and Chemical analyses by sample depth. See text for
methodology. ) ’ )
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APPENDIX IV

Means (X) and Standard Error of Means (S) for soil mdisture by volume
in stands 2, 5 and 13 over a twelve month period.
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Mohth’ o _ -cm _em _ ¢cm. _cm
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¢ T ) ° g

0ct."1971  11.9 ; 0.4 11.8 &7 10.7 0.5. 1056 0.8 .

Nov. 90.4 1.2 - 1.2° 04 101 0.5 100 0.1
Dec. . 12,2 0.7 2.1 0.8 10.7 0.5 - 9.9 0.7
Jan. 1972 © 12.0 1.0 16.8. 07 9.6 0.3 9.5 0.0
Feb. ~ 139 1.0 ~ 121 0.8 *.0 0.6 1.1 0.6
March 144 1,37 2.6 0.8 - N 07 120 1.2
April © . 260 4.0 17.4; 2.0 12.4 15 M0 0.7
May . 31,1 1.8 t27.0° 1.4 . 203 2.7 13.2 0.0,
June - 262 2.4 23.0 2.3 19.3 ZJB\\:?*QQE\ 0.0,
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. 10 - 50 .40 - 80 55 - 95
Month _ oan _ cm _ '
’)X UX S cX 'S
oct. 1971 11.7 e E3 15 11 19.5 0 46
Nov. 1.6 1.0 2.7 13 15.8- 2.1 149 2.4
Dec 122 1.0 129 0.8 145 1.2 221 6.
Jan. 1972 1.6 11 136 1.2 144 " 1.4 18.8 3.7
3.2 1.3 163 2.7 0 181 2.6 19.9 4.8
.9 1.0 19.0 3.5 197 2.7 246 1.
18.0 1.0 20.5 2.3 20,6 3.0 19.7 4.2
24.2 1.9 257 1.9 29.8 1. 35.2.. 0.0
June 2.0 1.7 24.2 .y 2.2 - 26.7 14 4.8 2.8
July 3.5 3.3 -22.2 1.9 255 1.4 35.2 0.0
Aug. 3.0 0.6 1.7 08 17.7 1.6 300 0.0
Sept. J2.2 0.9 140 06 164 1.8 - 0.0
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- 10 - 80 25 =755 40 - 80 55 - 95 °
Month _em Cam _em - _am
) X s X s X s X s .
Oct. 1971 184 11 172 0.9 179 1.0 195 l6.
Nov. 18.0 0.9 17.4 0.9 17.7 0.9 20.3 . 1.3
Dec. 6.1 0.7 160 0.6 17.4. Q.8 206 1.2
Jan. 1972° ~ 16.6° 0.5 14.8 0.6 159 0.7 18.2 1.2°
| N ‘ . ,
Feb. .+227 1.4 B8 1.7 167 0.7 185 1.1
o : i - l
March . * 26.1 . 1.3 2K3 2.1 186 0.7 189 0.9
April - 31.2 7 1.8 ¢t 2.5 22.0 _.;35.4 © 20,9 1.3 .
May 28,1 1.2 2.2 1.8 262 .4 30.7 ].of“ o
June 26.7 1.3 25.6 1.8 26.5 1.9 31.6- 2.0 \ )
July 25.9 1.1 24.‘6 1.5 - 25.8 1.3 301 1.9 \
Aug. - - - - - - - \
- Sépt. 22.2 1.3 - - 21,8 1.4 2.1 . 1.9




