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INTRODUCTICN

The Cypress Hills are a prominent landmark on the Canadian
Great Plains. Their sudden end considerable rise sbove the general
landscape brings with it an equally abrupt vegetal transformation
from tawny, semi-arid brairies to green, megic forests and other,
more luxurient grasslands. The composition of these highlend forests
and prairies ig dissimilar to thet of the surrounding vegetations end
has its nearest counterpart 200 miles away in the Rocky Mountains of
Alberta and in the Aspen Grove Region adjacent to the Boreel Forest.
This outlier is relict of at least early post glacial time and covers
a landscape that, in part at least, was spared glacial occupation,

The forces which isolated thése relicts have eliminated 811 but

6 tree species of which Pinus contorta var. latifolis (lodgepole pine)

and Populus tremuloides (trembling aspen) are by far the most abundant.

Pices glauca var, albertiana (white spruce) and pooulus balgsmifers

(balsam poplar) are common but less abundant, and Betula papyrifera

var. subcordate (white birch) and Acer negundo (Manitoba maple) are

rare, For convenience, the first 4 species will be referred to as
pine, aspen, épruce and balsam poplar respectively. Particularly
noticeable is the absence of the genus Abies, an important constituent of

most coniferous regions. TFegtuce scabrella is the most sbundant grass

of this elevated prairie and, together with Potentilla fruticosa,

1s largely responsible for its physiognomy.
Kumercous spring-fed streasms emanate from these uplands, providing
the only available surface water for many miles, The lush vegetation

of the Cypress Hills susteins this brook flow by stabilizing its water-



sheds &nd is, in turn, sustained by these same waters., Man, attracted

to the hills by the timber and grazing land they ¢ffer, and needing

this source of water, has sought to exploit their resources and to

manage them for hig own purposes, The variety and inconstancy of

past menagement efforts attests to a lack of baslc knowledge concerning

the relationships of this vegetation to its components and to its

habitat. A working knowledge of the cllmate, soils and vegetation

of the Cypress Hlills has yet to be synthesized.

The purpose of the present study has been to exsmine the
distribution of the woody, forest species in an attempt to determine
the basic interrelations between the forest communities. This iz a
preliminary analysia of 1limited scope, desigmed to test methods and
to clarify proﬁlemé in preparation for a more comprehensive study.
The field work was conducted during the summer, 196l. Quantitative

data were gathered from 26 stends, distributed to include as much

variation as occurs in composition, slope, exposure, altitude aznd

topographic position.



WL e W L

LITERATURE REVIEW

There have been relatively few botanieal studies conducted
within the Cypress BHills and these, most commonly, have been incidentel
extensions ofhinvestiéatiens that pertain more specifieally to other
areas, A comprehensive description of the prairies on the surrounding
plains andrlower slopes has been provided by Coupland (1950, 1961)
who viewed these as a series of faciations within the Mixed Prairie
(Stipa-Bouteloua Association). Seandy loam sites in the Brown Seoil
Zone support a Stipa-Bouteloua Faciation, which gives way on more mesic
sites to the Stipa-Bouteloue-Agropyron Faciation. This latter community
extends into the dark-brown soil zone at higher sltitudes but is
replaced there, on well developed soils of intermediate texture, by
the Stipa-Agropyron Faciation. This last variant is the most mesic

of the three faciations and is dominated by Stipa spartea var. curtiseta

end Agropyron dasystachyum, with Stipa comata snd Agropyron smithii

as sbundant secondary species. 3Bouteloua gracilis supersedes Agropyron

spp. in importance in the other two faciations, and in the Stipa~

Boutelona Faciation the Agropyrons contribute relatively little to the

cover,

Above 4000', in the black soil zone, grassland sites are occupied

by the Festuca scabrella Association (Coupland and Brayshaw, 1953).

Festuca scabrella contributes 57-60% of the cover of this prairie but

Potentilla fruticosa often gives it a physiognomy that contrasts with

the appearance of this association in the Aspen Parkland (Coupland
1961; Moss end Campbell 1947; and Coupland and Brayshaw 1953). This

is the Submontane Prairie of Clark et al. (1942).




The forests of tﬁé Cypress Hills were cited by Rowe (1959)
as Boreal Forest outliers, and included within the Lower Foothills
Forest (Section B-19a) and the Aspen Groves (B-17) of the Boreal
Region., Moss (1955) labelled these "Boresl-Cordillersn Tremsition
Forests" and Breitung (1954) emphasized theirlcbrdilleran relationships.
The term "boreal” and #cordilleran" are, perhaps, arbitrarily applied

but, in view of the mountainous distribtution of Pinus contorta var.

latifolia, Picea glauca var. albertiang and Betula papyrifera var.

subcordata, and considering the ubiquitous distribution eof the
remaining tree species, the present writer favors the cordilleran
effiliation.

Cormack (1945), Kagis (1951) and Gimbarzevsky (1955) presented
qualitetive descriptions of segments of the forested area from =

silviculturel viewpoint, and Meini (1960) studied 12 Populug tremuloides

sites in Sasketchewan in his investigation of the ecology of that
species. TForest distribution with respect to topography, the
influence of fire, successionsl sequences and growth rate veriation
according to site quality are discussed by each of these authors.

The flora of the Cypress Hills has been catalogued by Breitung
(1954) and included in more genersl taxonomic works by Budd (1957),
Moss (1959) and Breitung (1957). The orchids (Cormack 1948) and

bryophytes (Bird 1962) have received individuel taxonomic treatment.



DESCRIPTION OF STUDY AREA

Location and Topograohy

The Cypress Hills exfend for 82 miles, along an east-west axis,
over the southern Canadian Plains in southwestern Saskatchewan and
southeastern Alberta, 45 miles north of Montana and the United States
border (Fig. 1). Their 4810' summit neer Elkwater, Alberta is 2730'
above Medicine Hat, Alberta, 25 miles to the northwest, and is the
highest ‘Canadian. elevation between Labrador and the Hocky Mountalins;.
From this summit, elevations decline graduslly to the east, nearly
three quarters of the Hillg' length being in Saskatchewan. Esstend,
Saskatchewan was so named because it is commonly taken as the
approximste eastward limit of the Cypress Hills but théir structure
and geologic formations continue northeastward from this. hamlet as
a low ?-idge of hills, well blended with the rolling terrain of that
region, The hills seldom exceed 15 miles in width and more often are
10 miles or less, giving a total area of about 1000 square miles,

Bold 1000~-1500' escarpments edge much of the western and
northern flenks and the eastern limit rises abruptly in a 400! scarp,
but the southern margin grades imperceptibly intoe the plains through
a series of sloping benches. The upland surface is undulating to |
hilly and ratber well dissected in the east, but levels into a broad,
flat platesu in the west, where dissecting forces have cut deeper
but with less lateral planation. Headward erosion has been advanced
mainly by streams draining to the south end many of these, such as

Battle Creek, head almost back to the north escarpment, whereas,



Figure 1. Outline map of southeastern Llberts and southwestern

Seskatchewan, showing general location of study areas
in the Cypress Hills.
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cutting from the nc:\rth hag been slight,

Wide valleys, coursing north and south, divide the Cypress Hills
in Spskatchewan into three buttes. The valley through which Provincial
Highway 21 was built, separates the eastern from the central butte,
and this section is isolated from the western tutte by the Gap, a
locel name for ‘the valley in which Gap and Oxarart Creelss have their
headwaters. The western butte is feirly continuous with the Alberta
highlends except that the winding valley of Battle Creek heads so far
to the north that it nearly severs the hills again. The gaps were
broadened and given thelr present shape, as were the northern and
wegtern scarps, by Pleistocene .glacliers and their meliwaters. (Russell
1951).

The Cypress Hills ridge forms part of the continentsl divide
between waﬁers that empty into Hudson Bay and those thai are carried
to the Gulf of Mexico.’ Drainage to the north, theorética.].ly, is by
waf of local streeams into the South Saskatchewan River and then into
Fudson Bay, tut this flow is invariably restricted to internsel
draina!ge systems of intermittent streams and alkaline lskes and very
little of this northbound water actuslly reaches the South |
Saskatchewsn River. Contrariwise, the effluence threough \the southem
drainage system is sufficient to continuously feed the Frenchman River
which empties via the Milk and the Missouri Rivers into the Mississippi

River and thence into the Gulf of Mexico.
Climate

Kendrew end Ourrie (1955) described the Cypress Hills region

a3 being continental, with long, cold winters and cocl, dry summers



separated by very short spring and eutumn seagons, Mean daily
temperatures were used by these authors to delimit the

seasons; 42°F, marking the transition into and out of summer and
320F, performing this function for the winter season. Based on thege
eriteris, summer esnd winter each persist for five months; April and
October, respectively, being the spring and fall months. January has
the coldest mesn temperature and July has the warmest, The extireme
temperature range recorded at Swift Current, Saskatchewan waries from
-519F. to +110°F,

The plains south of the hills are semi-arid, averaging 10%
precipitation or less per year, but the totals increase north and weet
of there to a sub-humid status. The Cypress Hills receive more
precipitation than any other location in this region (Kendrew and
Currie 1955) with snow contributing 25% of the total., Seventy
percent is received during the summer, the majority of this
percentage falling in May and June. The pericd December through
February is the driest. Snow deposition in the Cypress Hills area
averages in excess of 50" annually, while other nearby localities
receive less than A0V, tut the ground throughout the region is usually
white from early November to mid-April.

The climate is further characterized by a predominance of sunny
days end a frequency of strong, westerly winds which combine to
seriously reduce the effective precipitation, Calm days are rare,
and the prevailing winds, particularly the Chinook winds, strongly
modify other climatic elements. "Chinook" 18 a local name applied to
westerly winds that are noticeably warm and dry and ususlly of moderate

to high velocity, but lacking precise definition (Kendrew and Currie



1955)« The impact of these winds is made all the more obvious by the
contrasting conditions that immediately precede and follow them,

Local temperatures may rise and fail throggh 500F, and long-accumulated
snow quickly disappears, often by sublimstion.

The Cypress Hills are situated in what is locslly known as the
"Chinook Belt", implying that chinook winds are more common here then
elsewhere. The exact nature of their influence within the Cypress
Hills is unknown, partly because of the limited climatic data for the
Cypress Hills per se. At present, there is no year-round
meteorological station within the hills of more than two years duration,
except at Klintonel, near the eastern end. Stations in the provincial
parks record {emperature, wind and preclpitation data from May till
September and the Department of Transport has recently established
several statlons on the benchland that will provide useful information
in the futuare.

A meteorological station was operated at the Battle Creek Ranger
Station in the West Block, Saskatchewan, from 1919 to 1931, Kagis
{1951) has compared data acéumulated st this station with that recorded
at Swift Current, Saskatchewsn during the same period. The éverage'
annuel precipitation for these 13 years was 18.5" at the ranger station
and 13.5" in Swift Current. The minimum 2nd maximm records at Battle
Creek, and their years, were 13.4" (1919) and 30.5" (1927). The
corresponding figures for Swift Current were 10.0" (1931) =nd 20,3"
(1927). The mean =snnual temperatures for the period were 360F, zt
the ranger station and 38°F. in swift Current.

Data compiled from Cenada Department of Trensport records (1948)

for stations nearest to the Cypress Hills are listed in Table 1.



Teble 1. Climatic data for stations in the region of the Cypress

Hills.
Station Elevation Years 1® 2 3
operated
Klintonel, Sask. 35001 36 57 16,7 37°F.
Medicine Hat, Alta. 2144 55 126 12.8 A2
Maple Creek, Sask. 2507 23 109 13.5 40
Nashlyn, Sask,. 3100 37 88 10.8 37
Swift Current, Sask. 244D 52 106 14.9 39

¥1. Average frost-free period (days)

2, Average snmnusl precipitation (inches)

3. Average daily mean tempersture for the year (°F.)



Higher elevations appear consistently cooler and have a shorter growing
season. A l4-year record at Cypress Park, given in this same source,
indicates that frosts can occur as late as July 12 and as early as
July 17. The longest frogt-free season on record was 96 days (May 30
to September 3), but the average is 46 days (June 18 to August 3).
Precipitation appegrs to increase with elevation also, bubt the low
average recorded af Nashlyn points out the need for more records of

local reinfall and for more complete records generally.
Soils

Soil surveys for southern Sasksichewen and Alberts have been
completed (Mitchell et al. 1944 and Wyatt et al., 1941} and the
following comments are derived primsrily from the reports of these
surveys. The Cypress Hills occur within the brown soil zone and
grassland sites on lower slopes have soils of this deseription.
Higher on the slopes, the soils are dark brown and above 4000' black
soils have developed, providing an example of vertical zonation.

The dark brown soils on the.Saskatchewan side have been classified
as the Cypress Association znd described as being of medium texture,
developed on Tertiary sediments modified by glaciation. These occur
mostly on nearly level to hilly sites and most commonly are loams and
clay loams. Profiles are usuglly well developed, except that beds.of
loose pebbles and conglomerate sometimes are found clese to the
surface.. Dark brown soils on the Alberts side have not been
classified at appear to fit the genersl description of the Cypress
Association.

Black soils occupy extensive tracts on the high, flat plateaux



ut can also occur as low as 3900! under well developed grasslands.

In Alberta, these originated from a mantle of fine loessal materials
that overlie conglomerate and gravel, This mentle is 2-5' deep near
the Phead of the mountain" and thins to the east, being only 4-6" deep
at the Alberta-Saskatchewan border, The "A" horizon is 10" thick on
the deep mantle and becomes thinner as the mantle depth lessens. No
lime layer has been found to a 24" depth and it usually is too stony-
te probe deeper. Whether the black soils on the Saskatchewén side are
related is unknown as these have yet to be described.

The upland soils of the Sasketchewan area are classed as the
Dissected Plateaux Complex and include a variety of zonal and
miscellaneous types. Grey soils (podsolic)ushave been found under some
foreated stands ut these appear to be rare, the more common forest
profile being szonal or truncated. Gravels frequently occur within |
1 or 2 inches of the surface undér pine, and aspen is often found on

black or degraded black soils.

Geology

R. G. McConnell (1866) undertook the first comprehensive
geological survey of the Cypress Hills, geve an account of their
stratigraphy, discovered and described the conglomerate beds that
underlie their summit plateaux, and set forth the first hypothesis
to account for their preservation. The details end consepts originally
presented by McConnell have been refined andé modified by numerous,
more recent studies (see Kupsch 1959) but Furnival (1950), Russell
(1951) and Kupsch {1956) constitute the three principle modern

references to the geology of the Cypress Hills., The description
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below ig a summary of current opinion and information on their
stratigraphy, origin and preséfvation.

A structural profile of the Cypress Hills would present to view
a remeant of ean anticlinal fold, plunging to the east, and consisting
of six stratigraphic units festing upon & base that continues well
beyond the hill boundaries (Russell 1951). The base is the Bearpaw
Formation, the surface stratas upon whiéh Pleistocene deposits on the
surrounding plains are strewn. The overlying units, in an upward
sequence, are thelEastend, Whitemd, Battle, Frenchman, Ravenscrag,
and Cypress Hills Formations; McConnell (1866) described the Cypress
Hills Formafion as consisting of water-worn pebbles, cobbles and
boulders, mainly of chert and quartzite, interbedded in marl, silt
and sandstone. Lower formations consist mostly of fine sands, shales,
silts end lignite. The Bearpaw through the Frenchman formations are
9f Cretaceous age; the Bavenscrag and the Cypress Hills being of
Tértiary ege, Paleocene and Olipocene respectively. The upper six
formations have been eroded from the surrounding plains (Lawson 1925) and
their continuance here as a positive relief feature is, perhaps, the
geologic aspect of these hills of grestest ecologlc conseguence.

Coincident with the Rocky Mountain revolution were meny local
uplifts which Furnivel (1950) believes gave rise, in the QOligocene
Epoch; to the Cypress Hills and their contemporaries, eg. the Sweet
Grass Hills, the Little Rocky Mountains and the Bearpaw Mountains.
Oplands had existed on the Cypress Hilils locaﬁion in pre-Oligocene
time but by late Eocene these had been down-wagsted and the gite was
occupied by a broad turbulent stream, flowing eastward from.thé Rocky

Mountains. This powerful flow transported, snd eventually deposited,
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generous quantities of sand, gravel and boulders which, under
pressure and with the addition of finer parﬁicles, became cemented
into conglomerate rock. Subsequently, in the Oligocens, the. river bed
was folded end uplifted, producing what Lawson (1925) and Alden (1932)
have described as the Cypress Plain. The conglomerate, designated by
Williams and Dyer (1930) as the Cypress Hills Formation,.cﬁpped the
gsurface of this plain.

Uplift exposed the conglomerate to heightened erosive activity
which, after penetrating the cap rock, qqickly abraded the lower
sedimentary strata, These agents have now obliterated the entire
plain except one isolated platesn, the Cypress Hills, A layer of
conglomerate, grading from a 125% thickness in the. east to 25' in the
west, still caps the summit ﬁlatgaux. The conglomerate rock has a
varisble hardness. It is commonly in lenticiular beds and generslly
loosely cemented, and it is egreed that, while small outecrops of this
rock are exceptionally‘erosion resistant, the formation 23 a whole
is not sufficiently hard to account for the preservation of this
platesn. Russell (1951) asserted that the Cypress Hills have continued
into present time essentially because of their fortuitous position 2s
a structural high, with drainage contimually diverted away from, rather
than across, their structure. The conglomeyate has played a secondany'

role in that it has adequately resisted the lessened erosive forces.,

Pleigtocene History

The high platean west of the Gap, and its zttendent slopes, was

never covered by Plelstocene glaciers. McConnell (1866) who first



recorded this obgservatlon, stated that the unglaciated terrain extended
upwerd from the 4400' contour and, during glacisl periods, was probebly
& nunstek, reaching 400" above the glaciers and occupying nearly 83
square miles, Whether or not this nunatak served as a glacial
refugiom has provoked considersble speculztion tut the question remains
ungettled. BEvidence now svailable favors the interpretation that the
relict vegetation migrated from the Rocky Mountains in post glacial
time at, even if this is granted, it does not eliminate the
possibility of a glaciel refugium, for the invading wvegetation could
have incorporated or displaced glacial relicts. Further consideration
of this problem will be limited to a summary of iis more pertinent
aspects.

Breitung's (1954) 1ist of the Cypress Hill's flors totals
664 vascular species, of which none are endemic and'85 are distinectly
cordilleran in origin. The remeining species include representatives
of the Boreal Torest, the Aspen Parkland shd the Fescue Prairie.
These have affinities that are less clearly defined becamse many of
the fhoreal% species are also present in the foothill forests of
southwestern Alberta (Moss 1955), and the Aspen Parkland and the
Fescue Prelrie border the cordilleran as well as the boreal forests.
Hence, in considering the origin of this vegetation, a past connection
with the Rocky Mountains cen be assumed but contact with the northemn
boreel vegetstion is not at ell certain.

The apparent lack of endemic species is indicative of short-
term isolation and is a strong argument a2gainst a pre-glacial
interpretation of this flora. Contact with the Rocky Mountaing in the

post glaciel period would most likely have occurred soon after the

1
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bresk-up of the Wisconsin ice sheet and prior to the onset of the

warm, dry climate of the hypsithermal (Deevey and Flint 1957). Xupsch
(1960} concluded thet final ice recession near-Herbert, Saskatchewan
began about 10,000 years ago. In the Cypress Hills, it commenced earlier,
posslbly 15,000 years ago as suggested by some rediocarbon dates {Kupsch,
personal commnication). ‘As the ice retreated, accumlated meltwater
was'discharged through eastward flowing drainage systems whose channels
could have provided migratory routes, and whose. debris-laden waters
could havq transported disseminules for western and cordilleran species.
Love (1959) considered this model to have been effective in extending
cordilleran vegetation eastward, and it coincided in time with her
estimate of the arrival of western species in Manitoba, Clacisl stream
channels occur close enough to the Cypress Fills to have provided
migrating species easy access to their slopes,

Knowledge of post glacial conditions and vegetational nigrations
on the northern plains is exceedingly sparse, btut Kupsch (1960) has
presented evidence that coniferous forests did exist near Herbert,
Sasketchewan in the early post glacial period. Whether these were
part of a boresl zone migrating northward, or an eastern extension of

cordilleren elements is unimown. Pollen of Picea glauca, Picea marians,

Pinus spp. and Abies spp. was identified but these species and generas’
could be assigned equally well to either forest type.

Objections to accepting a post glacial origin for the Cypress
Hills flora are based largely on negative considerations, and stem
primarily from the present lack of information, but they never-the-less

have considerable merit. Pinus contorta, for exemple, forms hybrids

with Pinus banksisna where their ranges overlap in north .central
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Mberta {Moss 1955). An eastward extension of P. contorta to the
Cypress Hills, or to Herbert, Saskatchewsn, or particularly inteo
Menitoba, would have placed it in close juxtaposition to P, banksizma
if intermingling did not occur, smd evidence of their hybridization could
be expected. No such evidence has yet been reported for Manitoba
or the southern edge of the boreal forest in Saskatchewan, and there
is no suggestion of P. banksiena in samples from the Cypress Hills
tut Ai'gus has examined trees near the south-eastern end of Lake
Athabaska that are intermediates of these tx‘«.ro species (personal
comsmnication)l'( -This latter location is considerably east of the
present range of P. contorta (Critchfield 1957; Smithers 1961)
end suggests a prior, more eastward limit but intermediates have not
been reported fro:x; the intervening area and the significance of this
find can not yet be assessed. Further study of these and other
species may reveal addition;al areas of hybridization and thﬁs help to
clarify post glacial migrations and flucinations of species ranges.
Similarly‘,' eutecological studies snd closer texonomic scrutiny
of the Cypress Hills flora may yet disclose endemic species, or, these
may be located as the more remote valleys are explored. It is reasonably
certain that cordilleran species had opportunity to reach the Cypress
Bills in post glacisl time but it cen not be sssumed that boreal
species had the same opportunity. Many species probably did reach the

Hills after lce recession but this generalization cen net be extended

to the entire flora,

Recent History

French fur traders who visited the Cypress Hills in the eerly

1800s were the first white men to explore’ this region (Eggleston 1951),

1/ Personal Commnicatiop., Dr. George Argus, Curator, W.P. Fraser
Herbarium, University of Saskatchewsn. 1962.
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tut meny Indisn tribes had begun to rely on the game and other resources
the area provided at a much earlier date., These traders referred to

the lodgepole pine (Pinus contorta) d4s Ycypre®, misteking it for the

jeck pine (P. bankslans) of eastern Cmnada, snd their name for the hills,
"montagne de cypre", has subsequently been transformed to "Cypress
Hills", The area became part of the Canadian Pominion in 1870 with the
transfer of Hudson Bay Company lands to Canadisn sowereignty, snd in
1906 a smell acreage was set aside as a Dominion Forest Preserve., The
size of the preserve had been considerably enlarged, mostly by
scquisition of private holdings, when control was transferred to the
provinees in 1931 end this expansion is still being continued.

The Saskatichewan preserve, sdministered now by the Department
of Natural Resources, includes 106 square mileg, divided inte three
blocks, one being in each of the three topographic sections, The
Alberta preserve, a 77 square mile area, is a single block of land,
continuous with the West Block of the Saskatchewsn preserve, and is
operated by the Department of Lands and Forests. Most of the forests,
plus the high platean grasslands, are within the preserve boundaries
tat sites have been get aside for recreatlional purposes and permits
ere issued for grazing and mowing. FYorestry operaﬁions are restricted
primarily to cutting lodgepole pine and aspen fof poles, posts, rails

end firewood, mt some spruce is harvested for lumber.
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METHODS AND PROCEDURES

Criteria snd Definitions

. Criteria for stand selection were enumerated with as much detail
as possible pricr to the initiation of field work in order that the
subjectivity of field decisions might be reduced to a minimum. It
became apparent during this process that, while the meaning of certain .
terms were generaslly accepted, their precise limits varied and that the
objectives of this study necessitated that their limits be clarified.
The following definitions have, therefore, been adopted:

Woody vegetation; Included are =1l species which possess

a perennial stem zbove the soil surface. Four
classes are recognized: tree, sspling, seedling

and shrub.

Tree: 4 ‘woody, plant having & trunk that measures
3.7 diameter (12 squere inches basal ares) or

greater, at breast height.

Sapling: A member of a species whose mature hebit
is a tree end whose present trunk measures less
then 3.7" dismeter but at least 1.0v, at

breasst height,

Seedling: A member of a species whose mature habit is a
treé and whose present trunk measures less thsn 1,07
&t breast height. (Root suckers fall within this
definition, salbeit with their mode of origin

being dismissed.)
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Shrub: Any woody plent not included within the

definitions given for a tree, sapling or seedling-

Forest: A tract of vegetation, & majority of the dominants

of which are itrees, growing sufficlently close

together to provide a closed canopy.

Closed canopy: The condition in which tree brenches are
interwoven to the extent that at least an estimated

60% of the forest floor is overhung by the canopy.

Since this study has been restricted to considerations of
forest vegetation, certain common comminities of the Cypress Hills were
excluded, Among these, in addition to grasslands, were the extensive

areas of Pinus contorta and Populus tremloides which are Qanopied

entirely by sapling-sized individuals. Pine savanna and shrub
commnities were, of course, also excluded.

A forested site wag accepted for study only if it met the
following additional quelifications. TIts size must be sufficient
to allow the procurement of an adequate sample with the methods
employed, One and one-half acres proved to be a minimum sufficient
size and, while no upper size limit was set, uniform areas in excess
of 10 acres were not found., The site must algo displey at least a minimm
homogeneity of composition, slope and exposure, and evidence of
disturbance {eg. by fire, cutting, flooding and/or cattle gazing)
eliminated a site from consideration, unless these factors were
judged to have been light and not to have exercised severe disturbance
in the present tree generation. If disturbances were present but

localized, they were bypassed by 30 feet, and stend margins were accorded



the same intervzl to awoid edge effects.

Field Procedures

Trees were measured by the point-center quarter method
{Cottem and Curtis 1956). This involved sectioning the area around a
point into 4 quadrants, the direction of traverse serving as one
bisecting exis and the gecond being drawn perpendicular to the first.
In each quadrent, the distance to the nearest tree was measured and
recorded, under the name of its taxon, together with its basal arez
at breast height. Eighty trees were measured in each stand,

Saplings, seedlings and shrubs (except 4 low-growing shrub
species) were sampled by a circular quadrat heving a 6' radius,
Seedliﬁgs end seplings wére counted and shrub species were noted for
presence within the cquadrat. The shortcomings of a cireular quadrat
are recognized but its sccuracy was deemed sufficient for this

preliminary study, particularly in view of the speed with which it

could be employed. The four shrubs referred to above (Arctostaphylos

uva-ursi, Juniperus horizontalis, Linnsea boreslis var., smericeana and

Vaccinium caespitosum) produced meits or were otherwise too abundant to

be sempled by the circulasr guadrat and were checked for presence in
a %—M2 gquadrat.

These methods were employed in a sequence that began with a
reconnoitering of a stand and the selection of a compass 1line as the
direction of traverse, The first point was objectively selected by
tossing a quadrat stick over the shoulder and succeeding points were
placed along the compass line st a predetermined interval. A

sarveyorts pin, placed in the soil at each point, served as the center



of the circulaer quedrat, and the 3-M° quadrat was nested at the pin in
the leading, right quadrant. Twenty-five quadrats were required to
obtain an adequate sample of the saplings, seed;ings and shrubs, and
seeing that an adequate tree sample required only 20 points, trese
measurements were omitted at every fifth point., Since one traverse of
a stand was not sufficient, additional lines were established

parallel to the first but separated to avoid overlap of sample areas.,

These measurements provided frequency data for all four classes
of plents but are comparable only between classes measured by the same
method, For example, a frequency measurement from the £ meter quadrat
is not eguivalent toc one from the circular quadrat. Dengsity figures
were obtained for trees, saplings, and seedlings, and dominsnce values
were provided for trees., The density figures, though obtained by
different methods, ere directly comparable.

Stand slopes were measured with an abney level, and exposures
were determined by compsass reading, both being allowed a 5¢ range of
tolerance, All recorded exposure values have been corrected for
magnetic declination. Stand altitudes were read from a topographic
map end their physiographic positions were classified, using
pre-selected catagories; eg., uplands, upper slope, mid-slope, etc.
Soil horizons were measured and‘a soil sample was obtained by pooling
alicuots from three locations within each stand, In each instance,
the milch was removed and the sample taken from the upper 6" of the
solum, Plent specimens were collected and placed in the W.P. Fraser

Herbarium at the University of Saskatchewan. Nomenclature is

according to Moss (1959)..
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Treatment of the Data

Stends bad been selected to provide a spectrum of physiographic
positions sgainst which compositional variation could be analyzed.
Raw field data were summarized and converted to quantitative
analytical characteristics (eg. frequency and dénsity} but these
express the status of species only within & single stand and do not,
in themselves, describe variation between stands, Therefore, a
composite index was required to compare the intre-stand cualities of a
series of stands and to incorporate their differences into a measﬁre
of inter-stand variation., Motyka's (1950) index of similarity functions
in this capacity and was employed in conjunction Qith the ordination
techniques of Curtis and his co-workers (Brasy and Curtis 1957; Maycock
and Curtis 1960) to describe pattems of floristic variation which
could then be compared to the physicgraphie spectra,

Motykals index makes use of an anal}tical character (frequency,
for example) to provide a coefficient of similerity between two

stands, constructed by the formula C = 2W nAt gquals the sum of
A% B

frequency values in the first stand, "B" equsals this sum in the second,
and "W* is the sum of the shared frequency vealues for species common
to both stends. If two stands were compdsed of an identical species
composltion, with each species having tﬁe seme frequency in both stands,
ncr would equeal 1,0, since 2W = A + B. On the other hagh, C = 0 when
two stands are devoid of common species, In practice, the coefficient
is mltiplied by 100, providing an index range from 0O to 100.

Each stand was compared with esch other stend in this menner,

using frequency values, to produce the 325 similarity coefficients
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!
presented in the matrix of Table 2. Similarity coefficients, when
subtracted from 100, beceme coefficients of dissimilarity which can
be translated into linear units to represent the relative distances
which separate stends (pray and curtis 1957). Two stands perfectly
alike have a similarity coefficient of 100 and a dissimilarity of zero,
but such a perfect fit is not expected in practice; 85% being sccepted
as a near maximum similarity, Zero similarities do occur, however,
providing complete separation of two stands.

When two stands are selected as the end-points (reference stands)
of en axis, and their cosefficient of dissimilarity is ue:.ed as tﬁe
length of the axis, all other stands can be positionéd along this
exis at points which represent, simultaneously, their dissimilarities
to both reference stands. Therlonger the axis, the better will be the
separa{ion of unlike stands, provided, of course, that the reference
stends are representative of whatever extremes exist within the
vegetation, The sums of similarity coefficlents for each stand point
out which astand has the least similarity to all other stands, and since
this stand marks the end-point of floristic variation along one
gradient within the sample population, it can be accepted as the
first reference stand. The stend with the greatest dissimilarity to
the first reference stend must, then, embo@y g floristic quality that
represents the opposite, measured extrem; aiéng this gradient,
end will serve as the second feference stand. Stand No. 127 had the
lowest sum of similarity coefficients (Table 2), snd Stand No. 118
possessed the greatest dissimilarity (96.6 units) to Staﬁd No. 127.

The matter of positioning stands along the axis is essentizily
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Table 2 (Cont'd.).

Metrix of simlilerity coefficients based on frequency velues for saplings, seedlings and shrubs,

Stand
number 118

119

121

122

123

124

125

126

4 Vs

128

129

130

101
102

103

106

108

109

110

BT

112

113

a1

115

116

118 =
119 . 66,7
220 - 23.3
TP1 2956
122 - 60iR
123 ‘30.8
16T )
1 S T
126 2
27 3
128 113
129 . 16
130 26,7

52.8
52.7
53.1
4lrel
35.7
5546
2543
21.3
42.0
18.4
21.2

67.2
28.4
51.2
37.9
5746
48,1
31.1
53.5
32.1
o 448

33.3
58.1
4942
57.8
58.6
473
60.9
35.1
41.5

375
21t
4045
15,0
20.6
18,3
18.3
35.5

75.6
57.2
4945
33.3
54.+6
67.7
4141

5449
36.5
19.9
53e4
5644
5 ey

3748
26,0
5541
30,3
3644

35.3
26.5
27,5

38.6
42.6

L5.8

Stand 859.9
totel

1133.9

1172.6

1242.2

93440

1/15.9

1181.9

1226,0

707.8

1098.5

107445

951.7




Matrix of similarity coefficients based on freguency values for saplings, seedlings and shrubs.

101 102 103 106 108 109 110 111 1.2 113 114 115 116
101 -
102 33.4 =
103 5245 35.5 =
106 51.7 5303 6-447 —
108 4949 48.1 55.3 62.2 -
109  39.5 60,2 4de6 6449 79.0 -
110 45!2 55-9 5016 72-3 71-2 78-5 =
a1l 58.5 2647 62,1 60.4 £0.6 429 4944, =
12 35.2 40,9 25.1 61. 37.3 45.8 50.2 5645 =
113 T3el 41,2 1.5 70.9 57.1 50.6 6442 60,0 44,49 -
114 67-7 47-3 6409 70-3 66-[0 63.0 70.8 57-[1- 5206 75-0 -
115 56-6 Az}aé 6209 82.0 61.2 58.4 6'?.0 61.6 60.6 68.8 7 16 eyt
116 647 24,0 56.0 46.0 4345 3449 4446 51.4 23.8 9.2 60.0 43.2 -
9 59.7 20.3 50.9 56.2 34.1 39.6 47.5 7.1 52.3 59.8 51.8 52.9 48.8
120 56.9 Rkl 6543 57.7 44l 34.8 39.5 70.3 58.1 541 5448 60,7 41.9
121 45.6 39.2 6l.4 66,2 LT.4 40.2 50.6 54,8 64.6 23."7 63.2 68.5 31.2
122 522 22.8 477 47.1 279 33.1 43.9 48.4 28.6 404 4542 43.2 55.1
123 4542 5643 5642 9.9 TL.7 749 77.8 53.7 51.4 60.3 67.7 76.3 43.8
124 29.5 5647 37.3 63.9 67.0 78.6 73.9 43.3 48.7 43.0 5543 61.6 23.0
125 41.9 35.3 Llioly 56.1 43.8 5145 58.2 6647 59.0 55.1 5443 60,9 51.8
126 37.7 4l 5 425 56.0 36.9 35.1 34.8 33.3 49.8 48,4, 4742 5448 2440
127 22.8 2540 31.8 36.7 17.7 19.8 19,2 28,4 41,7 345 28.6 36.2 17.3
128 29.4 48.1 777 5644 38.1 LT 50.0 51.3 TR.5 35.1 4T7.8 5643 19.6
129 34.1 S5hels 446 55.8 T0.4 67.7 63.1 294/ 36.1 £9.6 52.8 49.7 3L.6
130 28.1 51.3 40.0 46.0 LA 40.5 47,6 2445 47.8 43.8 48.0 41,9 35¢4
Stand1162.4 1003.9 1246.9 1479.0 1243.4 1258.0 1373.4 1256.0 1 A169.7 1354.5 1432.7 1439.2 1047.2

totel




& geometric problem which Beals. (1960) has analyzed in terms of the
Pythagorean theorem (Figure 2), This relationship is particularly
useful because it provides a co-ordinate that accirately designates

stend positions #long an axis, but use of the formila is subject to

the following limitations®

1. (dﬂ?) mst be equel to or less than (L2 + de).

2. (dA + dB) must be greater than or equel to (L).

If the first condition is violated, the stand will fell beyond thg
limits of the axis. Ihis limitation is most apt to arise in
constructing secondary or tertiary exes (see below) where the cholce
of reference stands is somewhat restricted. If (L) is greater then
(dA + dB),'the dissimilarity axes csn not intersect; mno spex will
exist; and, hence, the stand can have no co-ordinate. No situation
has been reported in the literature in which this latter condition
would not be met and it'may.be mercly & geometric lipitation with no
vegetational significance.

Stands with very little similarity mey occur close tbgether on
an gxis. A stand with zero similarity to both reference stands will
be positioned at the mid-point of the axis; a position similarly
occupied by a stand witﬁ 504 similarity to each reference stand. If
the reference stands represent end-points of the variability of an

environmentel factor or factor complex, those stands which are

primaerily influenced by this factor ought to fell directly on, or near,

the axis. Stands which are primarily Influenced by other factors
will be positioned further away from the axis, The point at which a

stand Pfails" is at the apex of triangle ABC of Figure 2, and the

altitude of this triangle is a measure of the goodness of fit of a

25



Figure 2, Illustration of the geometric model used to position

stands along ordination sxes. Adapted from )
Beals (1960).

Reference stand No., 1.

Reference stand No.' 2.

Stand to be positioned along the AB axis.

Dissimilarity of Steand ¢ to Stand A.

Dissimilarity of Stand C to Stand B.

Dissimilarity of Stand A to Stand B.

Positlon of Stand C on the AB axls.

(by projection from the arc intersection

at C).

e = A measure of the goodness of fit of
Stand C to the AB axis. The lower the
velue of "ew, the better the fit.

X= 12, (an)? - (ap)*
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stand on that exis., The shorter the altitude, the better the fit, and
conversely, as the eltitude lengthens, the control exerted by the

axls in question lessens. 4 stand that bears 50% similarity to both
reference stands has a perfect fit on the axis (e = 0); ‘but "e! is

at a maximum, end fit is the poorest, when a stand has a 100% dissimilarity
to both reference stands., Both stends in this example have, however,

the. seme co-ordinate poslition.

In the present study, the degree of dissimilarity between
closely positioned stends was great enough to warrant the construection
of a second axis., By common notation, the first axis is labelled the
X-axisy; the second is the Y-axis; and the third, if needed, is the
Z-axis. If the X-axis represents the gradient of one controlling
factor, or factor complex, and certain stends are poorly associated
with this exis, they, presumably, are controlled by a second set of
factors and the stand with the poorest fit on the first axis can be
used as a reference stand for the second (Y) axis. The second
reference stand for the Y-axis ought to have as great a dissimilar%ty
to the first as possilble but 1t is also necessary that these two
stands be in close juxtaposition on the X-axis. These restrictions |
are necessary in order thet the Y-sxis embody the full measured range
of the Y-axis factors. Stands located near the ends of an axis are
more likely to be controlled by factors operating along that axis
than are stsnds pleced nearer to its mid-point. Conversely, secondary
factors are probably non-limiting near the ends of en axis, but these
have equal opportunity to be limiting near the mid-point. Hence,
stands in which both extremes of the Y-axis factors are limifing will

probably cccur close together, and neer the center of the X-axis.
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Various methods have been deseribed for selecting the second
reference stand for secondary axes, tut that employed by Bray and
Curtis (1956) best fulfilled the conditions imposed by this study.
This method limits the stends eligible for selection to those that
occur within a zone equal to 10% of the X-axis on either side of the
first Y-axds reference stand. Stand No. 2 haed the poorest fit on the
X-axis, and Stand No. 20 was selected as the second reference stand.
The Y-axis is 75.9 units long and stand positions along it were
determined in the same manner as that used for X-axis positions.

Eech stand now has two co-ordinaztes which combine to
place it on a plene bounded by the X and the Y axes. This two
dimensional ordination appeared to provide adequate dispersal of the
stands so & tertiary axis was not cpnstructed. If a third axis had
been recuired, a new means of selecting reference stands would have %o
have been adopted. The stand with the poorest fit on the Y-axis was
Stand No. 18, a reference stand on the X-axls, and rather than

producing a Z-axis, the procedures used here-would simply have

reproduced the X-axis.

Comparison of Three Ordinations

The question arose as to which analytical value was most
capable of characterizing a stand; i.e., would density and frequency
produce the same ordinations? Three scparate ordinations were calculated
in an attempt to resolve this question for the present study. The
velues used weres l. percent frequency for all woody vegetation,
2. percent frequency for forms sampled by the circular quadrat, and

3. density (number per acre) of trees, saplings.snd seedlings. A
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two dimensional ordinatlon was necessary in each case to achieve
adequate separation of dissimilar stends, and then stand positions
along each sxis were compared by rank correlation (Table 3).

Values of mnt#, celculated for the correlation coefficients, appear
extraordinarily high and, perhaps, can best be used on a comparative
basis. For exemple, the relationship X =X, = Y3 and XB =% =1,
are mich more probqble than Xl = XB even though the table of "ﬁ"
lists this latter relationship as significant at the 1% level of
probebility. On this basis, it cen be stated that §) £ Y, , %, # Yo,
and X, # Y,; each axis of a single ordination is, in fact, an
independent axis. Stand sequence is certainly not the only important
aspect of an ordination axis but interstand distances, for example,
which are equally important, are not as subject to statistical

comparison,

It was also true that one axis in each ordination graded from
spruce to pine, with aspen in thé middle, while the other axis separated
the aspen from the coniferous stands, Analysis of these three
ordinations suggested that they were essentially the same érdination
end that quadrat frequency was as capeble of characterizing these
stands as any other measurement available,. In as much as it wag the
most readily calculated value and had not been previously used by
itself in the construction of a forest crdination, it was sdopted as
the basis of the ordination presented herein., It should be noted
that in using this value, two segments of the measured vegetation
did not figure in determining stand positions. These were: trees
(measured by the point-center gquarter method) and prostrate shrubs

(measured by the % meter quadrat).



Table 3, Comparison of the axes of three ordinations by rank
correlation of stand positions. Subscripts designate the
ordination to which axes belong. Ordinations are based
on: 1l. frequency values for all woody species,

2. frequency values for saplings, seediings and shrubs,

and 3, density (number per acre) of trees, saplings and

seedlings. Significance levels: =%t . 001, ¥* - 01,

* - cosc

.5 1.5 XB Yl ¥, YB
r - ~aGRH% +, 51¥%% -.26 -.38 -, Q0%¥

X .
1

t 1148 2,916 1,34 2.05 10,1%13%¢
r b “-37 +-14 +033 +.86‘X‘K’

X5 ‘

% 1.94 0.70 1.69 8., 23%8¢
r - =, TR%* - 6ot =34
X3
t 5o Q4% %8 4J70%E 1,70
T - +.95%% +.16
kS|
t 14,7430 0,8)
1‘ - +¢31
Y
2
t 1.58
r -
I3
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Soil Analysis

All s=nalyses were conducted on solls which had previously
been sir dried and passed through a 2 mm. sieve to remove small
Troots, pebhbles and debris. Water-retalning capacity was determined
by the Hilgard cup method (Curtis. 1956). In this procedure, the
upper receptacle of the cup is filled with soil; tapped to settle the
soil tut not to compact it, and the cup is pleced in a pan of water.
The water level is adjusted so as to just moisten the lower soil
surface, in order that the soils may be thoroughly wetted by
cepillary sction. When the soils heve been saturated, the cups are
removed from the water, the excess moisture is allowed to drain away,
and the solls are dried at 105°C. for 72 hours., Three weighings are
made, to ascertain: 1, cup weight, 2. cup + wet soil weight eand,

3. oup + oven-dry soil weight. Water retaining capacity is ecaleulated

from the formula:

WRC = wet weight - oven-dry weight x 100
oven-dry weight - cup weight

Thg water retained is expressed as a percent by weight of the oven-dry
soil. Two replicates were run, the average difference between
replicates being 3.2%, end the average values were taken for use.
This measure of water retention is an approximation of field capacity,
but, while it gives a value that is less than saturation, it may exceed
field capacity becanse of the lack of control over the guantity that
drains away.

Soil texture was aetermined by the Bouyoucos (1951) hydrometer

method. Three texture classes {(sand, silt and clay) were separated
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and expressed as a percent by weight of the total weight. This is
not as accurate a method as the pipette method but it 1s considered
sufficiently accurate for comparative purposes (Toogood and Peters

1953) and has the advantage of being more rapid.
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RESULTS

Tree Species

Forested sites in the Cypress Hills consist, most commonly, of
a mosalc of relatively small areas (1-5 acres) within which the canopy
is composed exclusively, or nearly so, of a single species. Thus,
since only four tree species contribute to the cenopies, the forest
physiognomy is highly simllar. Stands in which second ranked species
have frequencies of less then 10% will be considered as "pure" stands,
q?d "mixed" stands can be understood to have at least one secondary
species that achieves a frequency of 10% or higher. This is a useful,
if somewhat srbitrary, distinction. Ezch recorded tree contriluted
5% to the frequency of its species and, since chance encounters with
isolated individuals did occur, this distinction separstes such isolates
from species that can effectusliy be designated ag secondary,

Of the 26 stands sampled, 4 ere pure pine, 6 are pure aspen, and
the remaining 16 are mixed stemds with varied combinations of species
nmumbers and rank sequences. Spruce and aspen are each present in
the canopies of 22 stends, and pine and balsam poplar occur in 15 end
14 respectively. No pure spruce stands were found; nor any in which
balsam poplar is the first ranked specles, Stand positions within the
two-dimensional ordination are shown in Figure 3, and their co-ordinates
are ligted in Table 4, fhe paucity of tree species makes the use of
relative values impracticel, thus elimineting the use of importance

velues and meking it necessary to treat density, fregquency. and

dominsnee individually.



Figure 3. Distribution of stands within the ordination.
Numbers shown in the figure are stend numbers,
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Table 4. Stand co-ordinates for the X and Y ordination axes.

Ordination axis

Stand ,
no. X T
101 66.7 21.0
102 39.8 75.9
103 54.6 18.5
106 50.9 35.1
108 56,8 0.8
109 57.7 55.5
110 64..9 49.3
111 63.5 8.4
112 36.5 26.5
113 6L, 8 29.1
114 59.1 33.1
115 47.3 27.9
116 T5.2 22,1
118 96.6 28.9
119 Theb 10.8

120 AR 4 0
122 32.5 20.7
122 76.0 32.5
123 L6.5 41,1
124 49.3 51.0
125 57.0 22,2
126 9.1 35.4
127 0 32,2
128 29.1 3L.4
129 39.9 5446
© 130 477 57.3
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Density
Tree density values (Table 5) are not randomly distributed

within the ordination (Figures 4, 5, 6, and 7) but, rather, the high
density velues for each species are clustered, forming separate centers
of prominence for pine and aspen and a2 combined center for spruce and
balsam poplar. Tree densities deerease continuously toward the
periphery of these centers but each species displays a unique patiern,
particularly as regards 1ts reproductive stages, snd these can best be
described by considering the species individually.

High density values for spruce trees are centered in the lower,
left quarter of the ordination (Figure 4) and decline sharply to the
right and upward away from this center. Stand No, 130 appears to
disrupt this patiern and others that will be described but it would,
perhaps, be moved from thls region on & tertiary axis, This assumption
is based on the digsimilarity that exists between Stand No. 130 and
those adjacent to it (Table 2). At the border of the center of spruce
tree density, especially along the right, lower edge, is a zone of
high sapling density, and still further to the right is a zone of high
seedling density. Spruce seedlings achieve a considerably hkigher
density then do the saplings or tress; this reduction with size, and
probably with age, being evident in the field as dead spruce sapliﬁgs.
become more common as the cenopy is filled with spruce. OSpruce
seedlings and saplings ere most abundaﬁt under pine znd achieve a
slightly lower production under mixtnres of pine and aspen (compare
Figures 4, 5 and. 6), These figures also demonstrate that pezk
dengity velues for spruce seedlings and saplings do not coincide,

which contrasts with the reproductive pattermm for aspen..
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Figure 4. Phytosociological behavior of Picea glauca based
on density values (number per acre), The density
range is divided into six classes, each successively
higher class being represented by a larger
circle. Class intervals: less then 50;
51-100; 101-250; R251-500; 501-1000; and more
then 1000 per acre, Absence of & specles in a
particular stand is indicated by a solid circle.
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High denslties for pine trees (Figure 5) are nearly double
that effected by spruce, and are positiéned'in the lower, right
quarter of the ordination nearly contliguous to the spruce center.,

The pine density center is smelier than that occupied by spruce but 1t
is similarly delimited by a sudden drop in values at its left and upper
margins., Pine reproduction is poor on forested sites tat is best near
tﬁe margin of its tree density center. Pine seedlings and saplings

are present in far fewer stands than either spruce or aspen, are
limited to significantly lower density levels, and are restricted
almost entirely to stends with a predominantly pine canopy.

Aspen densities, shown in Figure 6, are centered in an upper,
centrel position within the ordinatlon and achieve a stocking level
that is intermediaste between that of pine and spruce. The center of
aspen tree density extends into the zone separsting the spruee and
pine centers and then declines sbruptly towerd the sides but aspen
continues, at a low level, to the base of the ordination. Aspen
reproduces et a relatively high rate, comparable to that for spruce,
and gives indication of fairly successful reproduction, but in contrast
to this latter species, it does beest under its own ceanopy. The sapling
zone is smaller than the seedling zone, suggesting thet seedling
{2ctuelly sucker) mortality is higher under spruce and pine,

Balsam poplar (Figure 7) is assoclated primarily with spruce,
secondarily with aspen, and appears rather restricted to a zone between
the centers of prominance of these two species but the absence of
stends in thls sample in which balsam poplar is the leading dominant
may account for this spparent restriction. That such stands occur is

certain, but these have been severely disturbed by beaver whersver

36



Figure 5. Phytosociologicsl behavior of Pinus contorta
based on density values (number per acre),.
The density range is divided into six classes,
each successively higher class being represented
by a larger circle. Class intervals: less than 50;
51-100; 101-250; 251-500; 501-1000; and more
then 1000 per acre. Absence of a species in a
particular stand is indieated by a solid circle.
Pine seedlings are represented only in the lowest
c¢lass, and saplings occurred only in the lowest
2 clasges.
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Figare 6. Phytosociological behavior of Populus tremuloides
besed on denslty values (number per acre), The
density range is divided into six c¢lasses, each
successively higher class being represented
by & larger circle., Class intervels: les than
505 51-100; 10L-250; 251-500 5 501-1000;
and more then 1000 per acre., Absence of a specles
in a particular stand is indicated by a solid
circle., The density of aspen seedlings in
Stend No. 102 (topmost circle) is in a class by
itself; 8500 per acre, )
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Figure 7.

Phytosociological behavior of Populus balsamifera
based on density values (number per acre), The
density range is divided into six classes,.each
successively higher class being represented

by a larger circle. Class intervsls: 1less then
50; 51-100; 101-250; 251-500; 501-1000; and
more then 1000 per acre. Absence of a species

in a particular stend is indicated by a solid
circle. Balsam poplar is represented only in

the lower 3 clagses.
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encountered thus far. "Disturbance® in thig instence involved the
felling of éost of the trees, 3Seplings of this species were recorded
in only 1 of the 26 stands, and seedlings were encountered in only 9
gtands. Balsam poplar reproduction is best in geps within areas of

spruce dominance and under a mixed spruce-balsam poplar canopy.

Frequency

The highest frequency measured for maturs balsam poplar was
70% in a single stend, but spruce, pine and aspen sre sufficiently
dominant thet a 100% frequency was recorded for each of these species
in several stands (Table 6). The centers of high frequency for tree
specles are triangularily errenged within the ordination and are generally
coincident with the density centers (compare Figures 8, 9, 10 and
11 with Figures Ly 5, 6 and 7)., However, the frequency centers
occupy larger areas and density values thus begin to decline within
areas of uniformly high frequency. Otherwise, frequency patterns for
trees and reproductive stages are equivelent to their corresponding

density patterns.

Dominance

Frequency and density measurements are assignable to constant
points of reference (percent and number per unit'area) which sllows
the prominence of a species in & stand to be expressed in terms of
these characteristics by a single number which can be used for
comparative purposes. Basal area measurements, however, are
interpretable only on a relative basis, as a series of totals based
on an egual number of measursments or as a statistic derived from s

normal population (eg. mean basal area). Relative values, as noted



Figure 8, Phytosociological behavior of Picea glanea based
on percent frequency. The frequency range is
divided into 4 classes, each having an interval
of 25% and each being represented by a circle
whose size is proportional to the frequency
level., The smallest open circle indicates "presencel;
the s0lid circle indicates Mabgence",
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Fizure 9.

Phytosociolozical behavior of Pinus contorts based

on percent frecuency. The frecuency range is

divided into 4 classes, each havins an interval

of 25% end each being represented by a circle

whose size is proportional to the frecuency

level. The smcllest open circle indiceates "praesence";
the solid circle indicates "ebsence". Pine

seedlings and saplings are represented only in

the lowest cless and as "present",
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Figure 10,

Phytosociological behavior of Populus tremuloldes
bzgsed on percent frequency, The frequency range
is divided into 4 classes, each having an interval
of 25% and each being represented by a circle
whose size is proportional to.the freguency
level. The smallest open circle indicates

Mpresence®; +the solid clrcle indicates
ahsence",
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Figure 11.

Phytosociclogical behavior of Populus' balsamifera
besed on percent frequency. The frequency

range is divided into 4 clagses, each having an
interval of 25% and each being represented

by a circle whose size is proportional to the
frequency level, The smallest open circle
indicates "presence®; the solid circle indicates

"gbsence, Balsam poplar saplings were encountered
only in 1 stand,
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previously, could not be used, and since the number of trees of =
gpecies measured in each stand was not constant, total basal area salso
was eliminated. Basal area measurements exhibited an extremely

ékewed distribtution (Table 7) thus refuting the hypothesis that they
were derived from a normelly distributed population end nullifying

the use of mesn basal area. No other statistic was found which allowed
basal arees to be characterized by 2 single number, but an inspection
of the renge of basal areas and their distribution within the ordinstion
suggested th;£ tree sizes were ordered by this positioning of stands
and that size freqﬁency could be used to depict this ordering.

Accordingly, 5 size classes were established to c;ver the

recorded range of basal areas (12-420 square inches), tut class
intervals were based on dizmeters rather then basal areas in=order ta
avoid the effects of the logarithmic rate of increase of the latter.
Basal areas were converted to diameters (range = 3.7 to 23.0 inches)

to facilitate hendling the data snd, in each stand, the dlameter wvalues
were tallied 1n their sppropriate classes. Separate tallies were kept
for each species present (Table 8). Eighty trees were measured in

each stend; thus the total tally for each stend is 80 = 100%. Raw
tellies, for each species in each stand, were then converted to
percentages, giving thq peqcen£ of the trees in s stand that are of a
particular species and size (Table 9). In Stand No. 101 for exsmple,

47.5% of the trees are Pinus contorta with a diameter between 3.7 and

7.0 inches., The sum of the percentages total 100 for each stand; not

for each species in a stend.
In order to study the distribution of tree sizes within the

ordination, size class percentages were used to construct ideograms
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Values for esch stand were separated in order that the figures

Table 8, Number of trees per species per diameter size class.
for each species could be grouped. Eighty trees were measured in each stend, Stands listed in the table include
only those in which a species wes encountered in sampling.
Pinus contorta
Stand Diemeter '
no. interval 101 103 111 112 113 114 115 116 118 119 120 4 122 124 125
Class
X 3.7-7.0 38 13 28 - : 1% 4 1 50 61 55 11 1§ 70 - 50
2 7.1-11.0 34 42 27 - 46 5 7 30 19 24 6 2 9 - 26
3 11,1-15.0 2 5 i 8 3 5 1 2
4 1561~19.0 1
5 1901-2390
Populus tremloides
Stend
no. B 202 103 166 108 109 110 112 113 114 115 10pmEEER 123 124 ‘125 1280128 140
Cless
5 58 2 39 67 69 65 7 5 %53 12 2 5 25 54 2 2 55 10
22 27 13 10 14 2 6 17 4 bl 25 22 2

PO -

4




Table 8 (Cont'd.). WNumber of trees per species per diameter size clags. Values for each stand were separasted in
order that the figures for each species could be grouped. Eighty trees were measured in each
stand. Stands listed in the table include only those in which a species was encauntered in
sampling.

Picea glauca

no, 101 103 106 109 111 112 113 114 115 119 120 121 U122 123" LRGSR

1 1 11 4 - 14 25 8 9 13 1 30 25 - ! ¥ 26 20 A 8
2 9 5 - 4 24 1 8 23 22 - 17 28 30 35
3 3 2 | & 13 2 T 12 - 9 16 17 20
4 6 /| L 1 3 10 4
5 2 ¥ 1 2 2
Populus balsamifera
Stand :
no. 106 110 112 115 120 121 123 126 127 129 130
Class
3 2 - 1 ) 4 7 3 3 - 3 o 2 ik
2  § : | 4 | 6 2 4 4 b 1
3 7
4 ‘b
5 1




Teble 9 (Cont'd.). Percentage of trees per stand that occur within each of the 5 size classes (Date of Teble 8 converted
to percenteges).

Picea glauca

Stand

no. 101 303 166 199 THL: E12 i I 2 iy i 174 115 119755120 127 122 ‘.123 126 127 2128 130
Class

1 Y29 13395 ‘50 - 175 31.25 10.0 11.25 16,25 1,25 35 :31.25 1,25 1,25 325 @it et s
2 IRD GRS - 5.0 30,0 1.25 10,0 28,75 27.5 - 21,257 35,0 308 ke 95
3 378 2.5 L85 255 1885 2¢5 8% 15.0 - 11,252 20,0 T2 328 e
4 75 8.75 5.0 1.25 1305 daeh 5.0
5 2.5 1.25 1. 25 e 2e5
Populus belsamifera

Stand

no, 106 110 112 5 120 121 123 126 Bl 129 130
Class

5 5 2ub - 1.25 1.25 1.25 3.75 - 3.75 1.25 2D 1.25

W 1.25 1.25 1.25 Te5 2aD 5.0 13.75 3.7 1.25

3 8.75

4 1.25

5 1025




Table 9, Percentage of trees per stend that occur within each of the 5 size classes (Data of Table 8 converted to percentages).
Pinus contorta
Stend
no. 101 103 111 112 113 114 115 116 118 119 120 121 122 124 125
Class
1 47.5 16,25 35.0 - Py R 1Y 1.25 62.5 T6:.25  68.75 - 1375 ¢3RS 87.5 - 62.5
2 4245 52.5 33.75 " 57.5 6.25 8.75 37.5 RIS 30,0 7e5 Ae 11.25 - 32,5
3 2.5 0:25 - 125 10.90 3.75 6.25 1.25 2.5
z', l. 25
5
Populus tremloides
Stend
no, 101 102 103 106 108 109 110 12 oealat 114 1 e 128 123 124 125 128 129 130
Class

(SRR

2.5 2.5, 68:95 125
R7.5 2¢5

B0 6,25 31,28 64,5
540 . 550, 1 3kee5
5.0

GuRS - T2.5 2.5 48,75 83.75 86,25 81,25 8.75 6.25 63.75 1HE
275 33,95 16,25 12.5 17.5 2e5 T.5 2888




(Figure 12) for each species in a stand that contributed at least 10%
to the total basal area of that stand end these were subsequently
plotted on the ordinstion (Figures 13, 14 and 15). Size class No. 1
is present in all idéograms and since the wertical axis extends only
into size classes that are present, the longer the vertical axis, the
greater 1s the range of tree gizes present. Conversely, the longer
the horizpnﬁgl axis, the greater ig the percent contributed by that
size class. BAlso, the grester the erea occupied by &an ideogram; the
greater is the contribution of that spegies to the totzl basal arez

~of a stand,

Comparison of Freouency, Density snd Dominance Patterns
1

When the figures for frequency, density and dominsnce are
compared along the X-axis (Figures 5, 9 and 13) it can- be observed
that, initially, pine increases in size as density decreszsges and
frequency remalns constant. This is followed by a sherp decline in
frequency while the percentage of trees in intermediate size classes
inereeges, Aspen exhibits sn incresgse in size toward the lower ond

of the Y-axis (Figure 14) accompsnied by a decrease in density

(Figure 6) which, in turn, is succeeded by an increase in the relative

importance of the smallest size class. This latter increase is
matched by an increase in density and followed by & decrease in
frequency (Figure 10) with a consequent decline in the overazll
importence of aspen. In this last stage, those trees present are in
the smallest gize class,

Within zones predominated by aspen and/or pine, spruce is

abundant es seedlings and seplings (Figures 4 and &) but low

percentsges of small spruce trees also occur (Figure 15). Spruce

43



Figure 12.

Model for constructing ideograms to demonstrate
tree dismeter relationships within the ordination,
The percentage for each slze class designates

the percent of the trees in a stand that are of

a particular species and size. Since each
ideogram represents the dismeter contritution of
a single specles, the sum of the percentages

for a single ideogram usually is less than

100. In Stand 000 (Fig. 12) 15% of the trees

are of Specles A, and of a size that places them
in Size Class IV (15.1-19.0" 4.b.h.}. The 15%

is plotted zlong the scale llne for Size Class IV,
(es shown in Step 1). Percentages for other size
classes are similarly plotted, and the lines

are enclosed as in Step 2. The ldeogram

(Step 3) cen then be positioned on the ordination
(see Figs. 13, 1/ end 15) for comparative
purposes.
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Figure 13.

Plot of ideograms for Pinus contorta against
the ordinstion. See Figure 12 for detzils of
ideogram construction. Solid circles mark the
location of stands in which pine contributes
less then 10% of the basal areca. Each ideogrem
has Size Class I et its base.
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Figure 14.

Plot of ideograms for Populus tremuloides egeinst
the ordination. See Figure 12 for detaills of
ideogram construction. So0lid circles mark the
location of stands in which aspen contributes
less then 10% of the basal area. Each ideogram

"~ haz 8lze Cless I at its base.
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Figure 15. Plot of ideograms for Picea Elauca against the
ordination. See Figure 12 for details of
ideogram construction. Solid circles mark the
locetion of stands in which spruce contributes
less then 10% of the basal area., Each ideogram
has Size Class I at its base.
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increages in dominance to the left, along the X-axig, and atteins
sizes considerably larger than those attained by either aspen or pine.
As size increases, frequency increases to 100% and.remeins et this
level. Density increases &lso, but beging to lessen zs & majority of
the trees become included in the top three size claases. Size
increase is interrupted by at least oné relatlive increase in smaller
trees but the overriding trend in spruce diameters is one of increase

to the left.

-

Further Analysis of the Ordination

Pure stands occur near the margin of the ordination while,
toward its center, stands are increasingly mixed., The: extent to which
this mixing follows an orderly pattemn was investigated by arranging
frequency velues for all canopy species in-a stand in order of |
descending rank (eg. Stend No. 103: pine - 95, spruce - 55, aspen =
10, belsem popler - O: ref. Table 6). Lines were then drawn to
separate stands in which pine is the first ranked gpecles from all
other stands. Stands in which spruce and aspen renked first were
treated similerly, dividing the ordination into three major arcas and
these parts were then subdivided into & total of 13 sectors in such a
mapner ;hat all stands in a given sector are canopied by the same
species In identical rank sequence.

The sectioning that resulted from this anslysis is illustrated
in Figare 16, The focal point of canopy complexity is Sector XI,
occupied by & single stand, aﬁd the only stend in which a1l four tree
specles contrituted significantly to the canopy. The number of
canopy species is reduced toward the margin of the ordination and a

stepwise reduction in the rank of spruce and pine along the X-axis



Figore 16,

Division of the ordination into sectors,. giving
sector numbers (%omsn numersls), stand locations
(s0lid circles) and the rank sequence of tres
species within each sector. The symbol of the

first ranked (highest % frequency) species is
at the left.
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{in opposite directions), and of aspen slong the Y-exis is
demonstrated. Bslsam poplar is restricted to Se§tors IrI, X1, X171,
and XITT and is consistently the lowegt ranked species,

The purpose of Figure 1é is to present a graphic illustration
of the phytosociological patterns which emerged in theFanalysis of this
two-dimensional ordination. The degree of sectioning,lthe gshape and
posgition of lines, and the resultant conﬁiguration ere arbitrary,
but the figure does demonstrate the incressing phytosociological
complexity of the stands from the periphery toward Sector XI. The
object of this figure is utiliterian snd not classiﬁicatory end it is

not intended that sectors be considered as vegetationsl units.

Shrub Speciss

It is now evident that the cirenlar quadrat employed in this
study is not sufficiently sensitive for future, more definitive studies
but it has, none-the-less, provided date that are adequate for
comparative purposes. All shrub species exhibit fregquency patterns
which include centers of high frequency, tapering through peripheral
areas of low frequency into areas of absence, but species differ with
respect to the location and size of these eentra, the level of
frequeney achieved and thelr percent presence. The sectioning

11lustrated in Figure 16 can be used to point up this varistion.

Determination of Sectors of Peak Frequency

Each of the 34 specles of shrubs encountered in quadrat samples
have frequency pesks which could be characterized by plotting the
location of the two highest frequency vslues (Teble 10) recorded for

that species. A species may have identical freguency values in two



Tsble 10, Percent frequency values for shrub species. "P" indicates presence in the stand but not encountered in cuadrat

semples,

Stend

no. 101 102 103 106 108 109 110 111 112
Speclies
imelanchier elnifolia P 28 24, 36 100 96 100 20 12
Arctostaphylos uve-ursi 4 28 P 24, 8 16 12
Betula occidentelis
(lematis verticellaris 80 P 96 52 88 8 12 48 4
Cornus stolonifera P 4 16 20 8
(rataegus chrysocarpa P F 40
(ratéegus douglesii P 4 32
Eleagnus commutsata
Juniperus comminis var. depressa 24 4 8 28 P
Juniperus horizontalis P 4
Linnaea borealis ver. emericane 88 68 8 20 4 8
Potentilla fruticosa 56 P
Prunus pensylvenica P 72 24 A
Prunus virginiana 4 8 16 24 100 76 20 16
Ribes hudsonienum 4
Ribes lacustre 12 28 P 16 32 24 20
Ribes oxyacanthoides - R. setosum P 8 52 4 16
Rosa acicularis 72 6/, 68 56 76 64 8L 24
fosa woodsii 40 40 28 84 64 72 84, 92 96
Putus aceulis 8
Rubug pubescens 36 4 24 8 8
Rubus strigosus 16 Iy 20 L4, 76 72 8, 4 L
Selix bebbiana 50 ! P 8 L
Selix discolor 2
Selix lasiandra
Selix pseudomonticola P
Selix scouleriana P A
Shepherdia cenadensis 54 P 20 12 36 32 16 52 28
Sorbus scopulina P
Spireea lucida 80 4 76 8 92 80 100 76 12
Symphoricarpos albus 8 88 28 72 96 96 100 36 T2
Symphoricarpos occidentelis P 20 y 4
Vaceinium caespitosum 32 4 4 4 12 P
Tiburnum edule 60 P L, 8 L A 4
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feble 10 (Cont'd.). Percent frequency values for shrub species,

in quedrat samples.

"pr indicates presence in the stand but not encountered

Stend
no. 113 114 115 116 118 119 120 121 122
Species
imelenchier elnifolia 28 60 56 8 4 4 yA 28 A
Iretostephylos uva-ursi 20 4 P 8 24 20 P 8
Betula occidentalis
6/ 40 84 Al 4 8 80 8 8
P 4 16 32
8 var, depressa B P 4 P 12 20 12
P
8 var, americana .8 68 36 80 Ll 96 56 48 24
: 4
r
4 16 2L 20
A 4 8 4 P P 4
dGB — Ro setnom
88 88 32 92 52 28 P 4 56
36 6. 88 16 F 80 92 68 F A
20 48 40 4 12 40 4
20 16 12 P
4 4 R, P 4 8 P
&
4
40 Ld, P 32 40 76 24, 4
100 100 96 100 92 &0 48 LA, 8
28 88 72 P 8 by 64 16
32 12 16 64 36 32 P 4
24 72 8 28 R | 8 60 40 P




fable 10 (Cont'd). Percent frequency velues for shrub species, "P" indicates presence in the stend but not enconnﬁeréd ‘ %
in cuadrat samples, '

‘ Stend
no, 123 124 125 126 127 128 129 130
Species
lﬁlanchier alnifolia 52 76 20 8 20 40 92 8
taphylos uva-ursi P 20 s 2
occidentalis 15
s verticellaris 52 32 8 P 6L
stolonifera 32 24 32 10 2L 4
chrysocarpa 8 4 8
douglassi 6L
commtatea 10
1s communis var, depressa 4 P 20 20
15 horizontalis P P
reglis var. americena 20
32 P
4L, e 20 8 L 10 56 20
FA
stre 12 12 16 8 25 8
icanthoides - R. setosum 8 L
Laris Ld, 4 S 96 20
i 88 92 96 40 P 90 24,
8 52 24 8
76 68 P 20 4 92
P L P 15 P
P
P
4 28 10 24 8
16
1og 76 100 4
9 100 40 44, 28 6
occidentelis 8 Ll % 2 L
2 4 P
8 24 8 A




or more stands {for exemple: Symphoricarpos elbus - 100% in

Stands 110 and 124, and 96% in Stands 108, 109, 123 and 129) in which
case, 8ll 6 stands together comprise the one pesk area for

Symphordicarpos slbug. After all species had been examined in this

menner, the number of shrubs that "pesk" in each stand was counted and
these velues were summed for each of the 13 sectors (Figure 17).
Twenty-eight species reach their pesk freguency within the sectors in
which aspen ig the first ranked species. Of these, 12 peak only
within these sectors, 10 have their high values extended into sectors
where aspen occurs as & second ranked species, and the highest
frequencles of 10 species are restricted to the sector of pure aspen
stends (Sector T). Shrub species which achieve their pesk frequencies
under sn aspen cenopy most often reach a higher freqguency and a
higher percent presence then do species which peak under other canopy
types. In addition, & majority of those with medium and low level
frequencies z2lso peak where aspen is ranked first in the Canopy.
Thirteen specles peak under & predominantly pine cenopy; five sucﬁ
pegks being limited to these sectors. Where spruce ranks first in the
cenopy, 13 shrubs reach their maximum frequency, with 6 of these )

pesks being resgtricted here, These data are summarized in Tgble 11,

Frequency Distribution of Shrub Species

The frequency distritutlons of 9 shrub species, selected as
being representative of the principal distribution pstterns
encountered, ere illustrated in Flgures 18, 19, 20 and 21. Each

species, however, exhibits a pattern that is unique to that species.

Some, such ss Elaeagnus commutate, §ymphoricazpos occidentalis and

Potentllle fruticosa are known to achieve their best development

41



Fignre 17, Division of the ordination into sectors, glving
the number of shrub species that achieve their
peak frequency within sach sector.
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Figure 18. Phytosociclogical behavior of three high~
frequency shrub species which have their peak
frequencies in a central and left-of-center
position within the ordination. Percent
frequency for shrub species is divided into
5 classes, each having an interval of 20%, and
each successively higher percentage class
being represented by a larger circle. The
smallest open circle indicates "presence’;
the solid circle indicates "absence".
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Figure 19.

Phytosoclological behavior of three high-frequency
shrub species which have thelr peak frequencies
in a central and right-of-center position

within the ordination. Percent frequency for
shrub species is divided into 5 classes, each
heving en interval of 20%, and each successively
higher percentage class being represented by a
larger circle. The smallest open circle
indicates "presencet; the solid circle

indicates "absence",
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Figure 20.

Phytosocioclogical behavior of three medium-
frequency shrub species which are rather widely
distributed within the ordination. Percent
frequency for shrub species iz divided into 5

~ classes, each having an interval of 204, end

each successively higher percentage class being
represented by a larger circle. The smallest
open circle indicates Mpresencef; the solid
cirele indicates "absence".
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Figure 21,

Phytosoclological behavior of three shrub species
which show restricted distributions within the
ordination. Pereent frequency for shrub specles
is divided into 5 classes, each having an
interval of 20%, end each successively higher
percentage class belng represented by a larger
circle. The smallest open circle indicates

mpresence”; +the solid circle indicates
"abgence",
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In non-forested sltes, tut such sites have not been examined
sufficiently to state whether or not other species of limited forest
occurrence behave similarly. ©Species which have a moderaie percent

presence, eg. Vaccinium caespitosum, Linnzea borealis var. americana

and Juniperus comminis might have some indicator value ut most are

too widely distributed for this purpose,

Environmental Fsctors

Ordination axes represent compositional gradients that are
assumed to be influenced by environmental gradients, and while vegetel
compogition is determined by many interrelated factorial complexes,
one of these may exercise a controlling influenée. It is further
assumed that factors operating slong the primary and secondary axes
are th@se that exercise such a controlling influence. Association of
faétprs with ordination gradients is ﬁot sufficient for a camse and
effect interpretation, btut it is a prerequisite to such an
interpretation. The following analysis 1s an attempt to =ssociate

certain components of the physical enviromment with the ordination

axes.

Behavior of Individual Factors within the Ordination

.ol .

Components ﬁfvﬁhe physicsl environment that were measured for
each stand are catalogued in Table 12, and include two designatiocns
which pertain to the compass direction in which stends are bared.
"Exposure" applies to the direction one faces when in the stend and
sighting down~slope, at right angles {o the slope of the stand. "Facet
is used here to designate the "exposure" of the landscape in the general

region of & stand as measured from a topographic map. The exposure and face
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of three hypothetical stands are compared in Figure 22 in order to
demonstrate that the two qualities are not necessarily equivalent and,

hence, warrant being distinguished,

Construction of Factor Indices

Individusel factors, when plotted against the ordinstion, fziled
to yleld meaningful patterns. This is not too surprising, however,

- since varied combinations of the individuael components could effect
similar conditions, An increase in either insolation, sglope or soil
porosity, for example, would reduce moisture availability just as
effectively as a decrease in precipitation. It seemed advisable
then, to reduce the measnred values to indices in order that various
factor combinations could be studied, The restriction of forests to
altitudinal positions well above the surrounding plains and the
evidence that moisture availability increases with elevation, leads
to the supposition that moisture may be a limiting factor. Considering
also that each of the measured factors is capable of influencing the
moisture regime of a site, each was sceled to a moisture-aveilability
index,

A separate scale, ranging from 1 (dry) to 10 (wet), was constructed
to cover the recorded varlation for each measured environmental factor
(Figures 23, 24 and 25)., The incorporstion of a common index range
into each scale allowed independent field measurements to be reduced
to comparsble index velues which could then be summed to provide
physiographic index vslues for the stands. The velues assigned to
positions =long the scsles are based on the estimated ability of
each factor to influence the moisture regime., These estimates were

essigned by the present writer on the basis of field experience



Figure 22,

Figure 23.

in illustration distinguishing "face® and
nexposure" as used in this thesis., The shorter
arrows mark the exposure directlons of the
individusl stands, whiie the longer arrow marks
the "face" of the regional terrain. .

Scales used to reduce face and exposure values
to physiographic index velues.. (See Fig. 22
for the &istinction between these faetors.).
Face values are adjusted to the nearest 450
compass reading, providing a discontinuous
series., A stend with a face of 135° has an
index value of 6. Exposure velues are not
adjusted, providing & continuous series. A
stend with an exposurse of 1352 has an index
value of 6.
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Filgure 24, Scales used to reduce slope, altitude and topographic
position values to physiographic index values,
Scales sre constructed to cover the measured
range of variation. A scale for physiographic
values is given in Figure 23. A stand heving a
slope of 30°, an eltitude of 40001, and occurring
on an upper slope would have index walues of
by 3, and 2.
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Figure 25,

Scaleg used to reduce soil texture and water
retuining capacity values to physiocgraphic
index wvalues. Scales are constructed to
cover the measured range of variation. A
scele for physiographic values is given in
Figure 23.

Use of the Soil Texture Scale:

When the sand % exceeds the clay %, use. the
lower scale for silt (Scale B).

When the sand 4 is less than the clsy %, use
the upper scale for silt (Scale 4).

When the send % = the clay % (¥ 5%), use an
index of 5 for silt.

Texture index = c¢lay index + sand index + silt index
3

A soil having 20% clay, 30% silt and 50% sand
would have a2 clay index of 33 a silt index of 4;
a send index of 3; and a soil texture index of

3.3'



! 2 3 4 5 6 7 B 9 10

1 4 . 1 1 1 i
T

2 236 260 284 308 332 356 380%

Cloy Fraction

o, 8 7T 6 5 4 3.2 1 a
206 234 262 290 318 346 374 402 430 458 4BT%
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SiN Fraction
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Soil-Texture Scoles
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plus published studies. These are linear scales, each class having
an equal increment, though certain factors, such as water retaining
cepacity (WRC), are mown te function on a logarithmic rather than a
linear basis., A logarithmic relationship is known for only a few
of the included factors, however, snd the use of two scalar bases
would unduly complicate their combination, If either axis
represents a moisture gradient, it is reasonable to assume that

this would be demeonstrated by linear scales, less precisely but
adeguately, even for factors which function logarithmically.

The ranges for 5 variables were readily divisible into 10
classes. The exposure scale (Figure 23), for exasmple, is divided
into twenty units of 18° beginning at 216° btut each class comprises
two units since equivalent physiogrephic positions occur both to
the left and to the right of 216°., The "face" and topographic position
sceles, however, have 5 and 6 classes respectively, because this
seemed as fine a division as was practical.

The soil texture index (Figure 25) is founded on the rationale
that a high WRC is associated with a high clay, tmt a low sand, content.
Therefore, scaies for these two fractions should be reed in opposite
direct::l.;)ns. If the clay content exceeds the sand content, silt
would lower the WRC and the silt scale should be read in the same
menner as that for sand (i.e. use silt scele &). The silt content
in Stend No. 124 (Table 12), for example, equals 35.7% =nd since the
clay percent (37.7%) is greater than the sand percent (26.6%) the silt
index for the stand is 5. On the other hand, if the sand frection is
the greater of the two, =ilt would increase the WRC and its scale

should be reed like that for clay (i.e. wuse silt scale B).
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gtend No. 101, in which the send percent |(59.(_Jj%)lexceeds the

cley percent (20.4%), has a silt content of 20.6% and a silt index
ofpl. When sznd and clay sre in about equal proportions, silt
performs atlan intermediate level asnd has been assigned sn index

yalue of 5. The formula:

‘ clay index + s*ilt jndex + sand index = texture index

3

is provided to incorporate the three fraction values into one soil

texture value which, if subtracted from the WRC index, provides an
estimete of the influence of organic matter in the moisture regime,
This index of soil moisture compared favorably with the formuls used

1
~

to place soils in named texture classes (Table 13). Stend index

values are listed in Table 14,

-

Plpt of Index Values Agsinst the Ordination

Index values were plotted individually (Figure 26) and
collectively (Figure 27) -against the ordination. Eszch factor
presents & novel pattern or no pattern but there is a ‘suggestion that
Sectors V, VI, VIII, IX and X are dry to dry-mesic (Figure 27).

Two series of fﬁctor combinations were erected to test their combined
influences. 1In series 1 (Table 15 and Figure 28), factors were

removed one at & time from the Jcotal, and the sub-totals of the

remaining 6 factors were plotted (Single Factor Eliminetion). For

series 2, sach factor was rated according to its apparent importance in the
moisture regime and a rank sequence weas established. Each factor

was then remcved from the total in the sequence esteblished, without

replacing those previously removed (Cumulative Factor Elimination).



Table 13. Comparison of soil texture index values with named soil

texture classes,

Texture class Index wzlue Stand no.
Cley Loam 8 119
Clay Loam 8 iz24
Clay Loam 7 110
Clay Loam 7 102
Clay Loam 7 120
Clay Losm 7 126
Clay Loam 7 128
Clay Loam . 7 130
Clay Loam 6 114
Lozm 6 111
Loam 6 115
Loan 6 123
Loam 6 129
Loam 5 106
Loam 5 112
Loan 5 113
Loam 5 116
Loam 5 118
Lozm 5 121
Loam A 122
Loam 4 127
Sandy Clay Loam 3 109
Sandy Clay Loam 2 101
Sandy Toam 3 103
Sandy Loam 2 108
Sandy Loam 2 125
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Figure 26. Plot of physiographic index values ageinst the
ordinetion., The totel of the index values of
each stend is plotted in the upper, left
illustration, while numbers in the remaining

illustrations are index numbers for individual
factors.
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Figure 27. Plot of the totsal of the physiographic index
values for each stend, agesinst the ordination.
Sector lines and numbers (Romsn numerals)
are added for comparison with FMgure 16.
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Figure 28. Plot of physlogrephic index values against the
ordinetion, {single factor elimination series).
Values plotted are the stand totals minus the
factor indicated,
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The remainders at each step of this manipulation (Table 16) were
likewise ploitted against the ordinstion (Figure 29).

The combination of these 7 physiogrephic veriables presents a
pattern of reduced moisture asvailability, centered on a dry to dry-mesic
region in Sectors V, VI, VIIT, IX and X. It is clear, then, that
physiographic differences are associated with compositional changes
but since these sectors are encircled by mesic to wet-mesic stends,
the physiographic patiern obviously does not heve s monomodal grade
glong either of the primary axes. It is évidept, therefore, that,
while the X-axis and the Y-axis are strongly associated with vegetal
gradients, they do not represent moisture availability gradients, and
that the physiographic pattem is not associated with the principal

vegetationsl patterns,
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Figure 29.

Plot of physiographic index values agsinst the
ordination, (cumlative factor elimination
gseries), Factors are numbered (Romen
numerzls) in sequence of estimated increasing
importance in the moisture regime, and are
removed from the totsl in this sequence.
Values plotted are the stand totals minus the
sum of the removed values, including the' factor
indicated. Example; IIT (~Face). Values
plotted = stand totels minus (altitude + WRC +
face). Note that IV (-slope) is equal to
Topographic Position (see Figure 26).
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DISCUSSION

The goals of this study have been to e‘xamine the phytosociological
interrelations of the forests of the Cypress Hills and to probe their
basic dynamics, Analysis of the floristic composition of the woody
vegetation of 26 stends has demonstrated a pattém of continuous
varietion, linking pine, aspen and spruce forests into one ordered
system. This section is a discussion of the factors controlling this
system and an attempt to place the results of fthis study into a

perspective with the total vegetation.

Delimiting the Posgible Controlling Factors

The ordinated system has two posgsible sources of control; the
physical environment (zllogenic factors) or the vegetation itself
(emtogenic factors). If the vegetation is under sutogenic control,
the system displayed is successional and it can be concluded that
little of the forest vegetation has achieved a steady state. If,
on the other hand, allogenic factors &re in control, the system can be
interpreted as a reflection of individual species tolerances to
existing environmental gradients, and it can be concluded that most of
the vegetation has achieved a steady state. These two categories are
sufficiently distinet for the present analysis though they mey not
be entirely matually exclusive, The aréumeﬁt for ellogenic control

will be presented first, followed by evidence of mitogenle control.

Arpument for Allogenie Control

Vegetations respond to the simultaneous interaetion of all



allogenic factors but only certain of these approach limiting.levels

in eny one instance. The location of the Cypress Hills on the Great
Plains within a continentsl climste is one in which moisture is very
often limiting, Rowe (1956) states, with reference to the southern
edge of the Boreal Forest in the Preirie Provinces, that "soil mecisture
is probably the most important determinant of growth, and variations

in moisture regime ere always reflected in variations of the vegetationn,
Moisture svailability hinges on the interplay of three physical factors;
moisture received, soll conditions and temperature. Moisture received
ag precipitation is not necessarily aveilable t{o plents sinee part of
the water msy percolate too rapidly through the soil, be hound too
strongly to soil particles, be lost as run-off, etc. end the local
moisture supply is further reguiated by temperature, particularly as

it veries with topographic differences. Sounth-facing slopes, in the
northern hemisphere, receive greater insclation than north-facing

slslapes and, hence, tend to be drier becamse of increased evaporation,
Degree of slope also helps to regulate the quantity of water that soaks
into the soil., Whittsker (1960) suggests that "differentiation in
relation to topography and the patterning in relation to petterns in
topography ... are general characteristics of vegetation'".

The conclueions to be drawn from these considerstions asre that
moistare 1s the allogenic factor most likely to be limiting in the
Cypress Hills and that topography end soils are the prime regulators
of moisture-availability. If the moisture supply is limiting forest
development, the ordered vegetal pattern ought to be associated with

& physiographic gradient based on moisture availability.

The Physiographic Index

A plot of the physiogrephic index established that stends which,



because of their topographic position, slope, exposure, etec.,, were
classed as dry, ere grouped within the ordination tut are bordered
on three sides by more mesic staends. Neither the X-axis nor the Y-axls,
gsingly or in.combination, represents a physiographic gradient and
there is, thms, a lack of correlation between the vegetal end
physiographic patterns. This index, admittedly, has wesknesses, such
as 1ts failure to account for variation in precipitation received,
for differentisal snow deposition and for depth to the water tabls,
each of which could contribute sufficient local moisture to override
the influence of the included factors. The influence exerted by
these omitted factors will remain unknown until data concerning them
are aveilable, or until a more sophisticated index has been constructed
but they appear not to be so influential as to invalidate this index,
If their importance were of that magnitude, some stands with south

or steep slopes could be expected to have ordinated positions among
the more mesic stands. Stand No. 128, a mixture of spruce end aspen
on a south slope, is the only stend with sn index value in the dry
renge that is so ordered and even this is & borderline case. As
additional sites are studied, the weight of these factors may be
accentuated, but within the present study it seems that #hey could
only incresse the moisture availability to sites that are already

classed as mesic or wet.

Further Congiderationg of Topography

The forest relationships of the Cypress Hills are part of &
broader web involving the interaction between forest end grasslend,
end an explorestion of forest dynamics must necessarily take

cognizance of the forest-prairie interrelations. An hypothesis that
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purports to explein the dynamics of part of this system must fit
vhatever hypotheses pertain to the entire system. There are,
therefore, two frcets of the vegetation that must be considered:

(1) the persistence of the relict vegetation, and (2) the distribution
of relict commnities thkroughout the hills,

It has been suggested that the fescue prairie and the conifer
ad aspen forests of the Cypress Hills are relicts of some past era
(Breitung 1954) end the persistencé of a relict is known to reguire of
its_habitat some compensating factor that affords it a competitive
adventage over the neo-vegetation (Clements 1934). The transition
from mixed prairie, through fescue prairie and aspen parkland, to
conifer forests further north in Alberta and Saskatchewsn, 1s
accompanied by an improved moisture regime (Borchert 1950). Increased
elevation in the Cypress Hills appears to accomplish the same effect
through lower temperatures and increased precipitation, es evidenced
by the weather data from Klintonel and Battle Creek, Direct evidence
to support this contention is fragmentary but it is reasonably
sufficient to cite an improved moisture regime as the probable
compensating factor.

The distribution of relict commmnities within the relict area,
however, is quite a different matter and the control on each site
need not be the seme, The distribution of climatic elements throughout
the hills has yet to be studied and it is not known, for example,
whether or not the highest elevations receive more precipitation
than intermediate elevations, or whether or not there exists a
precipitation cline from eest to west. Daily and seasonal
temperature distributions likewise are unimown. TIn shori, there is

no direct evidence £ maiature in the distribation
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of the relict species and communities.

The more cobvious distribution of communities suggests control
by topography and, hence, by moisture availability, but there are
cogent, though perhaps less obvious ‘evidences that contradict this
suggestion. The high, flat benchlands at 4800' elevatlon are occupied
primerily by black soils, supporting fescue prairie and are presumed to
be kept in grassill.and because strong winds, Chinook and otherwise,
remove snow cover end dessicate the lapd., To the eaét, at lower
glevations, the black soils are replaced by dark brown and brown
soils; the fescue prairie gives way to the mixed prairie; =nd
grasslands, generally, occupy a greater percent of the land, These
trends suggest a gradient of incressing moisture from east to west,
vith the western end being still too dry to support forest growth
on the platean. Consider, then, the fescue prairie sites studled
by Couplend and Brayshaw (1953). These are located at an altitude
between 4100 and 4200', on black soils; 1100' above the
surrounding plaing and 600" below the top of the hills, Pine and
aspen forests occcur on the benchlands at the 4100' contour under
ostensibly the same wind conditions that prevail higher up. This
point is difficult to reconcile with the srgument that moisture
avallability increases with zltitude unless one accepts the possibility
that the vegetation has not yet azchieved its maximum potential, that
forests could cccupy some areas that are presently in grassland,

Forested slopes in the eastern third of the hills are almest
exclusively aspen, the coniferous species being restricted to sporalic
pceurrences ‘of gingle trees sglong streams and gullies. On lower

slopes, and extending out onto the plains, aspen groves follow



grainage channels, wath gresslends on the interfluves. In the westemn,
more forested region, spruce grows principally along creeks, springs
end flood pleins, and balsam poplar, where present, occupies similar
habitats. Pine forests are most commonly found on north-facing
slopes and i:n deep ravines, with south-sglopes and hillerests belng
sreas of aspen snd grassland., Even so, the argument for topographie
control is not irrefragable, The crests of forested slopes may
support aspen, ghrub or grassland communities, but pine may also
box'-der these creats and extend out onto the bench, Pine savannas
exist on the highest bench and spruce appears on a few steep, south-
facing élopes. North-facing slopes are mostly forested tut some of
these are grassed,

The vegetation is best described as a mosalc, 3Small clusters
of spruce interrupt larger areas oJ}E‘ pine or mspen, end patches
canopied by one or snother of‘these species alternate irregularly over
the landscape., Boundaries sre sbrupt; gresslands are recurrent;
end, occasionally, a mixed forest canopy appears, A patchwork array
is, however, intrinsic to both coniferous forests and to ecotones,
so the mere sltermation of forests and grasslsnds, or of one forest
canopy with ancother, is not very instructive as to the factors
controlling the array. The pattern in the Cypress Fills is regular
enough to demonstrate some topographic control tut not sufficiently

regular that topography may be cited as the primary contrel.

Argument for Autogenic Control

The second possible source of control for the ordered system

1s succession and, whereas the ordination axes do not correlate well
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with a physiographic gradient, they are satisfactorily associated with
the expected pattern of a successional gradient. Trembling aspen and
Jodgepole pine are relsatively short-lived, shade intolerant, pioneer
species in contrast to the longer-lived white spruce, Still, white
spruce possesses the pioneer traits of being intolerent of its own
shade and lacking reproductive cepability in a conifer mulch, It
does, however, reproduce successfully under aspen and, to a lesser
extent, under pine, Being 1onger—lived than the other two species,
spruce will replg.ce ‘them in succession. The path of succession

outlined by the ordination is described in the following paragraphs,

Deseription of the Suecessional Sequence

The“initial forest canopy may be pine, aspen, or possibly a
mixture of both depending on the circumstances of its origin. Aspen
and pine can each reproduce under the others cenopy, though only to
8 slight degree in the cese of pine, and in mixed stands it is not
glways clear whether they begen siﬂmltaneously or whether one

foliowed the other, Trunk diameters will sometimes provide an answer
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hut apge-size comperisons have received only sufficient study to question

the validity of assuming that this correlation can be used. Succession

from sspen to spruce can be accomplished without the introduction of

pine hut the pine to spruce sequence seems Invariably to include aspen.
Early stages, regardless of the tree species involved, are

accompanied by increases in tree sizes and a decrease in their

density, this latier change usually being finally accomplished by

wind action. Pine reproduction is absent or slight in all btut the

initial stages but é.spen suckers develop well under both aspen and

pine once the overstory has been sufficiently thinned, Spruce
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geruination become$ noticeable as the initlal stock is thinned and

the importence of spruce rises es :bhe second generstion matures.

Spruce ;-epro&uction rema;ns high as long as the overstory is
predominantly pine and/or aspen but as spruce fills the canopy &ll

tree reproduction becomes ‘réstricted to ‘gaps. Spruce dismeters continue
to increzse mt density, after the initial increese, begins to

decline,

_Concomitant with changes in canopy specles are those
associated with species of lower strata. Shrub layers have their
richest and most varied development under aspen canopies, in marked
contrast to the depauperate appearance of this stratum in young pine

gtends. Shrub compositlon is enriched as pine stands mature, however,

and certain shrubs, including Linnsea boreslis, Vaeciniuvm .caespitosum,

Spirsea lucids and Arctostaphyleos uva-ursl achieve their hest

development under pine canopies. The shrub layer is depleted agein

as succession continues toward spruce but Rubus pubescens and Cornus

stolonifera increase in prominence, Associated particularly with early

steges in succession from aspen are: Prunus pengylvenica, Symphoricarpos
occidentalis and Crataegus spp. Most shrubs that occur under aspen
persist until the spruce canopy is well developed and, even then,

sprear in gaps. Some of the more conspicunous species in this group

ere: Symphoricerpos slbus, Prunus virginisns, Bibes lacustre, Rubus

gtrigosus and fmelsnchier alnifolis. Rosa spp. are ubiquitous and

Shepherdia canadensis, Viburnum eduls and Clematis verticellarls

appear to do best uvnder mixed canopies.

Further Considerations of Succession

The progress of succegsion described above differs in detail
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from that given by Cormack (1953, 1956) for the coniferous forests of

the Alberta Rocky Mountains baut agrees well with Rowe's (1956) description
of the boreal forest. Cormack emphasizes the development of a dense,

tall shrub leyer zs the spruce-fir foregts mature and the ebsence of

this layer in the Cypress Hills is undoubtedly due to the sbsence

of its component species: Menziesia glabella, Vaccinium membranaceun,

Lonicera glemeescens and Rhododendron albiflorum being the most
conspicuous members in addition to. the genus Abies.

If the floristic pstitern demonstrated by the ordination is
succession, the X-exis and the Y-axis may both represent time, with the
differences between them reflecting the circumstances of origin
of the initial stages. The earliest stages in forest succession were
omitted because of the limited scope of this study but these cen be
initiated in a veriety of hebitats, eg. shrub thickets, preirie or
marsh. It remains for further study to determine whether development
glong en axis is related to the cause of forest initistion, to the
habitat in which it is initiated, %o the initial tree species present,
or to a combinstion of these variables. The guestion that yet needs
t0 be answered for this study is: If the forests are under sutogenie
control, and if spruce would naturelly replazce pine and aspen, why sre
aspen and pine so widespread snd spruce so scarce? The answer to this
guestion can best be approached by reviewing the factors which have

exerted control over the wvegetation.

Factors Conirolling Vegetationsl Development

The extant forest vegetation originated for the most part
following a fire in 1885 (Cormack 1945). Isolated trees and a few

groves along flood plains or in otherwise sheltered locations



survived, but all other forest canopies are 78 years or younger,
However, forest succession probably never had progressed to the point
of reducing pine snd aspen te a2 minor status in favor of widespread
spruce forests, for, as spruce matures, windfall end disease exact
their toll, producing gaps in the cénopy which can subsequently be
recccupled by seedlings of various genera. Gap phase replacemsnt is
the rule rather then the exception in coniferous forests and gap
production is aggravated in hilly terrain by microclimatic and
physiographic diversity. OGaps are occasioned by fire as readily as
by disease or windfall, and fire was likely a common event prior to
gsettlement in the 1880's, The conclusion of Borchert (1950) that
"grasslaﬁd climates favor fire, just as they favor grasses whether
there are fires or not" sllows for freguent fires on the surrounding
plains, with or without the aid of the Indian, and in all likelihood
such fires periodically ignited the forests as well.

Spruce reproduction is hindered by fire., Rowe (1953) found
that burned seed beds delayed germination of white spruce seeds neasrly
two months, snd that delayed germination promoted inecreased winter
mortality through failure of the seedlings fto harden. Lodgepale
pine and aspen, contrarily, are favored by fire, Cones of
P, contorta var, letifolia do not open until exposed to sufficient
heat (Critchfield 1957). . Cemeron (1953) states that 45.5°C. (103°F.)
is required to melt the bonding materizl on the cone scales ut
direct insolstion at 400C, csn flex the upper sceles, leaving the rest
of the cone closed, Fire further aids pine reproduction by removing
litter and allowing the seedling root ‘to reach mineral soil, though

under certain circumstances lodgepole pine may feil to germinate after
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fire (Smithers 1961), Aspen reproduction in the Cypress Hills is
accomplished primarily by means of sucker§ (Maini 1960) arising from

a horizontal component of the root system that extends through the
upper 12" of the soil to a considerable distance from the parent.

Fire stimilates dense and rapid suckering tut direct insolation, eg.,
via openings in the canopy, or at the edge of groves, can also stimulate
sucker protuction.

The role of fire in grasslands is a long-argued topic but no
information has been gathered relative to its effect on the fescue
prairie in the Cypress Hills. Moss and Campbell (1947) support the
1dea that fire has been a prime factor in retarding the advance of
trees and shrubs onto this prairie in northern Alberta, and the
stetement of these two authors that "burning may bring about
dessication of the fescue tussocks™ has apparenily been interpreted
by Breitung (1954) to mean that "successive tmrning tends to eliminate

the fescue grassland", The present dominance of Festuca scaebrella

in this Cypress Hills gressland has been noted by both Breitung (1954}
and Coupland (1961). Thus, Breitung's interpretation leads to the

conclusion that since Feptuca scabrells is sbundent at present, it

could not have been eliminated and, hence, fires must always have

been infrequent, The wvalidity of his interpretstlion remains in question
ut s strong circumstential argument cen be made for infrequent

burning of the fescue preirie in the Cypress Hills, Its position

on the high plateau offezl-s some protection from fires originating

on the surrounding plesins. The preveiling westerly end northwesterly
winds would all but eliminate the sweep of fire up the gradual c¢limb

from the east and south, &nd, since the steep escarpments on the north



and west are hea%fily foregted, . fires spproaching from these directions
would tend to be intense, thoroughly scorching the ground and thereby
reducing the fire hazard for a considerable period of time. This
argument assuﬁes that fire initiation was more common on the
garrounding plains than on the high plateau, and this seems justified
in view of the cocler, moister conditions at the higher elevation.,
As regards forest invasion of prairie, infrequent fires appear capable
of retarding this event but may not eliminate 1t completely.

There have been few fires since 1885 and since these were
generally limited in extent and intensity, 1885 marks the cessation
of fire as a major.ecological force in the Cypress Hills., It would
appear that the cessation of fire ought to have sllowed an expansion
and re-establishment of forests whereever there wsre habitats favorsble
to forest growth but, while there is some indication that forests have
recently expended, time, an essential faetor in this regard, has been
short snd additionsl restraining influmences have been active,
Agricultural sctivities began in the Cypress Hills region in 1880
(Saskatchewen Dept. Net. Res, 1962), renching was introduced about 1884
(Cormack 1945) and widespread selective cutting took place sbout

1927 (Kagis 1951). Red squirrels (Tamlasciurus hudsonicus hudsonicus),

introduced into the Cypress Aills Provincial Park (Saskatchewan) in
1950, gather and consume enormous caches of pine and spruce cones,

and have multiplied so successfully that, by 1960, the 10 original
enimals had expended %o an average deansity of 6.7 znimals per acre
vithin & 40 acre census area (Dirschl. 1960). They have now dispersed
throughout the forested region of the Cypress Hills, and while their

influence on coniferous species has not been measured, it does not



appesr likely that forest expansion is fostered by their activities.

Outbresks of the forest tent caterpiller (Malacosoma disstris)
stripped the leayes from aspen foresis over vast areas of the Cypress
Hills in 1923-26, 1944-45 and 1958-61 (Hildahl et al. 1960) and
fungal diseases, such as that camsed by Merssonina spp.g also
periodically defoliazte asspen forest canopies, While evidence of
incressed mortality as a result of these attacks isg inconclusive,
terminel and radial growth increments are lessened and, perheps more
importantly, the effects of an open canopy on the understory are
unknewn. These two agents may be classed as naturel forest components
tut they do retard succession by sapping aspen vitality, =nd thus
prolong the duratlon of present stages. They are included here to
emphasize the importance of timé; & successional requirement that has

not bheen met,

Final Arpument and Conclusions

There has been 1ititle ecological siudy conducted in the Cypress
Hills and most of_ this has been qualitative in nature, Grasslands
throughout most of the hills have yet to be studied and the stability
of the forest-grassgiand margin is undetermined. The quantitative
data pregented ;i.i: this paper, having been drewn entirely from forested
sites, can only be applied to forest dynzmics but these, in conjunction
wvith qualitative observations, do gllow for a few specnlative
comments on the totsl vegetation.

The application of ordination technigues to guentitative data
mj.fied by H. Zalasky, Research Officer, Forest Pathology

Laboratory, Canada Agricalture Research Station, Saskatoon, from
specimens collected by the author.



hes demonstrated that these forest communities constitute a vegetational
continuum (Curtis 1950} that is presently under successional control,
If ellowed to contimme without disturbance, spruce would theoretically
succeed aspen and pine and the predominance of these latter two
species would diminish, tat wingfall and disezse, as integral
components of coniferous fox;ests, would perpetuate the mosaic pattern,
gllowing earlier stages to redevslop. Whether pine or aspen would
be included in this re-establishment is uncertain because of their
regtricted reproductive capabilitiés.

The cessation of fire has unquestionably reduced the ability
of lodgepole pine to perpetuate itself and red squirrels may well have
hindered this funcition even further. The ecological signiflcance of
espen, a major tree species of this ares, being limited to vegetative
mesns of reproductiom is worthy of serious conslderation. Suckering
mey allow existing stands to expand wncder favorable clircumstances
t the species is at 2 distinet disadvantage in the colonization of
gistent sites., As spruce forests become more widespread, for example,
the chance of aspen occupying gaps is lowered and occupancy by
other species could preclude the establishment of aspen for lengthy
pericds, even 1f it later does become amvailable., In view of the
severe reproductive limitstions of the tree species present, future
development of these forests even if undisturbed by man, remain
problematical in the absence of fire,

The gualitative evidence available connotes a degree of
topographic control but the iﬁatuﬂty of the vegetation and its
history of disturbance 1B cause to view apparent indications of this

control with suspicion. Persistence of the relict commnities requires
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that some line of potential topographic control exists tut it is quite
possible that boundaries are not presently limited by this potenti-al.
While there is no reason to believe that forests could occupy all of
the Cypress Hill.s’ there is evl.dence thet forests could expand

&t the expense of the grasslends under the e:clsting!'climate. Tt is
concluded, therefore, that this forest vegetation hss not achieved a
steady state and that its progress toward this end is most probably

under sutogenic control.
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SUMMARY

The Cypress Hills! forests, domlnated by Picea gleuca (white

gpruce}, Pinus contorta var, latifolia (lodgepole pine) and Populus

tremiloides (trembling aspen), are ocutliers of the Aspen Parkland
snd coniferous forest zones that border the Northern Great Pleins of
Censds. The purpose of this study was to determine the composition
of woody species within these forests and to examine the patiem of
its variation,

Twenty-siz stands, incorporating as wide a range of floristie
and habitat variability es possible, were selected for study. Trees
were sempled by the point center quarter method, but a circulsar
quadrat having a 6! radius and a & M? quadrat proved better suited
for sampling other woody forms, The measurements taken provided
percent frequency data for 211 classes of woody plents, density values
for trees, saplings and seedlings, and dominance figures (basel area
at breast height) for trees. A two-dimensional ordination provided
the basic system for compositional analysis and interpretation.

Three separate ordinztions, based on (1) percent frequency of
all woody species, (2) percent frequency of saplings, seedlings end
shrubs, and (3) density of trees, saplings and seedlings, were
erected and were found to be, essentially the same ordination, This
suggested that freguency and density, of either the canopy or the woody
understory species, or both, are ecuslly capable of characterizing these
gtands. The ordination besed on guadrat frequency was selected for

demonstration herein snd its analysis lead to the following

conclusions.



75

Floristic composition (of woody specles) varies continucusly
in a pattern that links communities of pure aspen end pine to &
comminity dominated by white spmice but having balsazm poplar

(Populus balsamifera) a5 a secondary species. This admixture of balsam

poplar is not understood asnd reasons for this uncertainty are discassed.
Lodgepole pine reproduction in the absence of fire is negligible and,
while aspen does invade naturally thinned pine areas, it propagates
best under its own canopy. White spruce, however, reproduces most
suc:cessfﬁlly under aspen or mixed aspen and pine and, thus, eventually
will replace t@ese other 2 species in the canopy. Shrub épecies are
most varied end sbundant under an aspen canopy but certain species
achieve thelr optimum development under pine or spruce.

Forest development appears to be controlled by the vegetation
itself end, while some potential physiographic control may be present,
it does not appear to be limiting at this time, The strength of this
conclusion rests upon the validity of the assumption that factors
which exert prime control over the vegetation are those which function
along the primary ordinstion axes, Since these axes do not correspond
to a physiegraphic gradient butAare, however, asatisfactorily
associated with 2 successional gradient, it is concluded that
physiogrephy hsg not become 1imitiﬁg and that forest development is

presently limited only by successionel factors,
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APPENDIX A

Seientific end common nemes of species included in this study.

_Sgientific name

Leer negundo
Mmelanchier alnifolia
trctostaphylos uva~ursi
Betula papyrifera
Betula occidentalis
(lematis verticellaris
Cormus stolonifera
(rateegus chrysocarpe
Cratzegus douglasii
Flacagnus commrtata
Juniperus communis
Juniperus horizontalis
Linnaea borealis

Picea glaucsa

Pimus contorta

Populus balsemifera
Populus tremiloides
Potentilia fruticosa
Pramus pensylvanica
Prunus virginiana
Rives hudsonisanum
Ribes lacustre

Ribes oxyacanthoides
Ribes setosum

Bosa acicularis

Rose woodsii

Pobus aceulis

Rutus pubescens

Rubus strigosus

8alix bebbiana

Salix discolor
Shepherdia canadensis
Sortus scopulina
Spiraca 1ncida
Symphoricarpos albus

Symphoricarpos occidentalis

Vaceinium caespitosum
Viburmum edule
Viburnum trilobum

Common nane

Manitoba Maple
Saskatoon-berry
Common Bearberry
White Birch

Water Birch
Purple Clematis
Red Osier Dogwood
Hawthorn

Hewthorn
Silver-berry
Ground Juniper
Creeping Juniper
Twin-flower

White Spruce
Lodgepole Pine
Belsam Poplar
Trembling Aspen
Shrubby Cincuefoil
Pin Cherry

Choke Cherry

Wild Black Currant
Bristly Black Current
¥Wild Gooseberry
Wild Gooseberry
Prickly Rose
Common Wild Rose
Dwarf Raspberry
Devberry

Wild Red Raspberry
Beaked Willow
Pussy Willow
Canzdian Buffalo-berry
Mountain Ash
Vhite Meadowsweet
Snowberry
Buckbrush

Dwarf Bilberry
Low-bush Cranberry
High-tush CrenberTy
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