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The vegetation of that part of the southern boreal
forest which occupies the Cretaceous uplands in western
Manitoba and central Saskatchewan has been studied, with

particular attention to communities in which Picea glauca

(Moench) Voss., is a component, As a background to the
vegetational studies, the glacial and post-glacial history
of the flora is first discussed, and it 1s argued that fhe
boreal flora of this area probably survived the last glac-
iation along the southern and southwestern periphery of
the continental ice sheet rather than in the Great Lakes
refugium, |

The autecology of each of the eight prinecipal tree
gspecies is examined as a basis for the understanding of
their relative abilities to compete, survive and enter into
the composition of the various forest types. The forest
communities are sorted into series based primarily on moist-~
ness of site, and within each series recognizable "noda’
or "forest types" (in the Russian sense of the term) are
defined by means of the dominant trees and by characteris—
tic constant species of the undergrowth. The successional

relationships of numerous communities are examined and 1t




§

is concluded that very few can be designated as stable,
chiefly due to the frequency of fire which prevents
development of the vegetation to a final steady state.
However on extreme sites relatively permanent communities
occur, and on non-extreme sites where physiographic features

provide protection from fires, fragments of the fundamental

Ables & Picea/Hylocomium-Rubug forest type are found,

| An outline is given of a generalized descriptive
scheme which can be applied to all stands in the southern
boreal forest, It is based on the physlognomy and moisture

preferences of undergrowth species,
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INTRODUCTION

The forest vegetation of west-central Canada has not
vyet been studied in sny detail, or described except in the
most genersl terms, With progressive gsettlement of fhe
forest fringe, and with continuing logging activity and the
inevitablé fireg, it ig becoming increasingly more difficult
to find undisturbed exémples of phe mature vegetation, and
this lends urgency to the need for botanical and ecological
work in the area., The purpose of the present prolect was |
to examine and study'a comprehengive sample of stands in the
accessible and economically important forest belt which
stretcheé from the Cretaceous Uplands of western Manitoba
across,cehtral Baskatchewan, déscribing the compogition and
structure of the forest types, as well as thelr ecological
and succegsional relationships,

The size of the area covered madé necesggary some
limiﬁations in the scope of fhe work, and attention was
‘concentrated primarily on the vegetational communities of
highest immediate importance, namely,.the mature upland
forests which have white spruce and aspen as their ma jor
conponents, The field work was carried out in the years
1949 to 1954 inclusive, as an accompaniment of studies of
white sprﬁce reproduction, white spruce forest types, and

the productive potentialities of forest sites,
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The study has been organized into seven chapters
which deal in turn with, field methods, a general
description of the area,_post-glacial higtory of the vege-
tation, the autecology of the tree species, the conceptual
bagis for the vegefational studies, the descriptlon of the
forest communities and their successiohal relationships,
and finally, a generalized scheme for the description of
forest gtands in this particular area.

Because of the broad nature of the studies it has
not been feasible to consolidate in one section a review of
related research work by other investigators, and therefore
discussions of relevant literature have been included with-
in the text, wherever most approprigte.

The nomenclature of higher plants follows Fernald
(1950) for the most part, Where other names have been
used, authorities are given only the first time that each
neme appears in text or tables., The nomenclature of the

mosses follows Grout (1940) and Andrews (1940),
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METHODS

Considerable assistance in the location of sultable
study areas was received from men in the provincial Forest
Services of both Manitbba and SBaskatchewan, as well as from
co-workers in the Federal Forestry Branch. At each selected
locality a preliminary rapid reconnaissance of the forests
wes made in order to gain an idea of the variability in
forest sites and forest communities, Aerial photographs,
and forest cover-type maps pre?éred by the provinces, proved
very useful at this stage. Stends for closer examination
were then selected so as to sample-obsérved differences in
composition and in stage of development of the vegetation
on the various sites, Wherever possible, undisturbed
forests were compared with adjacent cuﬁ—over and burned-over
areas as s means of gauging probable successional trends,

A plan for the collection bf field data, outlined
in a previous publication (Rowe, 1953), was followed,
Briefly, the unit of detailed study was a plot, sqguare or
rectangular, and usually of one-tenth or one-fifth acre in
size (the latter is the usual sample plot size in forestry
work)., The plots were usually laild out in such a way as to
include homogeneous semples of vegetstion and gite. On
each plot a complete study of the total plant community

wes made, All trees were tallied by inch-diasmeter classes

3
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Tor the interpretation of stand structure and of density,
and the heights and ages of representative individuals
were measured for rate of growth data., Tree seedlings and
saplings were'closely exemined as to rooting habits, ages
and heights, rates of growth, and position relative to dif-
ferences in micro-gite, A study of stand genesis was made
by investigating the surface medium on which the oldest
trees had become -established, and this was.éugmented by
eXaminations of the humus layer for slgns of fire and wind-
throw.

The minor vegetation within each plot was examined
in 20 milaere quadrats which were evenly spaced, as the
advantages of random sampling are not important in studies
such as these (Oosting, 19&8, p. 50), ‘The quadrat size
(6.6 feet by 6.6 feet) is large compered to that used in
grasslands or other communities where the individusgl
species are small, but it proved suitsble for the simul-
taneous sampling of all forest undergrowth strata: shrubs,
herbs and mosses., On the basis of dats from three mixed
spruce-aspen stands, the milacre quadrat was found to
approximate4the minimum silze of quadrat calculated by
Cain's (1938) method, Also, diagramS'of frequency, based
on data taken in numerous 20-quadrat samples, approximated
Raunkiser's normal J—shaped curve, with a relatively few

species in the &1 to 100 per cent class and many in the
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1 to 20 per cent.class._ Quadrat size was therefore suit-
able for the discrimination of the four or five most“
important species in each sample plot.

The cover-asbundance of each specles was estimated
wifhin each quadrat using Braun-Blanquet's 6-point scale,
although in the last year a modification was introduced to
effect a separation of the species of low cover-sbundance.
The modified scale ls as follows:

5 - covering 76 to 100 per cent of the ground

I - covering 51 to 75 per cent of the ground

3 - covering 26 to 50 per cent of the ground
+2 - covering 16 to 25 pef cent of the ground

2 - covering 6 to 15 per cent of the ground
+l - covering 3 to 5 per cent of the ground
| 1l - covering 1 to 2 per cent of the grdund '

*+ - covering less than 1 per cent of the ground,

Species not found in the quadrats but observed else-
where on a given plot were also noted in order to provide
the complete data for determination of constance,

In compiling the data for each plot, a card summary
of the vegetation was prepared by listing the species in
décreasing order of importance, using the frequency and
cover-abundance data., The examination of many hundreds of
quadrats showed that, in general, the épecies of highest

frequency are also those of greatest cover-abundance, and



therefore frequency slone is usually gufficlient as an
index of the relative importancévof plant species in any
community, provided that the quadrat size is suitable.
- The completed cards made rossible a rapid comparison of
- the numerous sample plots, and facilitated the grouping
of stands according to gimilarities in composition gnd
structure, |

On each plot, notes were made concerning those
features of site believed to be related significantly to
the vegetation. Topographic»position and its probable
effect on local climate (ecoclimate) through slope, aspect
and exposure were noted, The morphology of soil profiles
wa.s cerefully examined and. described, and simple field
tests were made to determine the texture snd acidity of
horizons, In some instances monolithsg of characteristic_
profiles were collécted for later study, and smaller
samples were brought in from the field for laboratory
analysis of texture, acidity, and moisture equivalent,

'In addition to the intensive studies of sample plots
as outlined above, a great many othef forest stands and

their sites were examined in a less detailed wWay.
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GENERAL DESCRIPTION OF THE ARTA

Physiography

The vegetation with which these studies are concerned
occupies the eastern part of the plain which extends from
the Manitoba Cuesta (Cretaceous escarpment) through
Séskatchewan, thence rising gradually to the foothills of
the Rocky Mountains. Physiographically, the area is a part
of the Great Plains section of the Interior Continental
Plain, and it cofresponds in general to the forested eastern
and northern parts of the Second Prairie Level (Putnam,
1952).

The relief of the area is not extreme except locally
in the eastern part. It is chiefly a result of pre-glacial
erosgsion of the soft bedrock shales,which produced such
features as the Cretaceous escarpment and associated hills
(Riding Mountain, Duck Mountain, Porcupine Hills, Pasquia
Hills and Wapawekka Hills) in the vicinity,oflthe Manitoba~
Sasketchewan boundary, and of the Missouri Coteau farther
to the west., Subsequent glaciation modified the landscape,
in some places sharpening the relief (as on the escarpment
- face at the eastern and northern sides of the Hills) and
in others reducing it by planation and the deposition of
drift, The highest points on the Cretaceous Hills are

2,500 feet to 2,700 feet above sea level, compared to
7



a general elevation of legs than 1,000 fset on the

. Manitoba lowlands to the east and north below the scarp,
Immediately to the west of the Hillg there is a less pro-
nounced decrease in altitude to below the 2,000-foot
cdntour, but continuing westward there is a gradual rise
across Saskatchewan and Alberta to the foothills of the
Rocky Mountasins, A discussion of the "landforms" within
the southern boreal forest in central Saskatchewan has been
given by Mitechell, et a2l (1950).

In general the topography is rolling, with locally
rougher morainic deposits on the uplands and with locally
smoother glacio-lacustrine deposits on the lowlands.
Well-entrenched rivers carry the drainage waters of the

Plainsg east and northeast to the Churchill and Nelson Rivers,

Vegetstion

The forest vegetation of the area has been classi-
fied as the "Mixedwood Section" (Halliday, 1937) of the
transcontinental "Boreal Forest: Picea-Larix Formation'
(Weaver and Clements, 1929), The name "Mixedwoods" refers
tb'the prevalence of mixed stands of Populus ftremuloldes

(Aspen), Populus balsamifera (Balm of Gilead, or balsam

poplar), Picea glauca (white spruce), Betuls papyrifera

(paper birch) and Abies bslsamea (balsam fir), Other

important tree species which enter into the composition of

the various forest communities are Pinug banksisna ( Jack
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pine), Pices mariana (black spruce) and Lerix laricina

(tamarack), The position of this forest section relative
to neighbouring vegetation is shown in Fig, 1.

Rougseau (1952) hag pointed out that the subarctic
zone with its characteristic park-like forest and Cladonis
ground—-cover (the "Taiga" or "Hudsonian Lichen Woodland")
should be clearly differentiated from the temperate zone
with 1ts exploitable, floristically rich, close forests.
If this be done in the northern part of Manitoba and
Sesgkatchewan, then the boreal forest proper to the south
can be divided into two major vegetational areas by a line
which roughly follows the surface contact between the Cre-
taceous uplands and the Palaeozolc and Précambrian lowlands,
corregponding to the division between the Mixedwood section
and the Hyper-Churchill, Nofthern Coniferous Forest, and
Manitobe, Lowlands sections (Halliday, 1937). South and
west of this line in the area to be treated in the follow-
ing paper, poplar and white spruce are the prominent trees
in the forest communitieg, while on the lower and leveler
terrain to the north and eastvblack spruce is the primary
dominant and the importance of hardwood species is much
reduced, The two parts can be called respectively the
"Southern Boreal Forest" and the "Northern Boresl Forest',
The former term is preferred to "Mixedwoods" in this study

because of its geographic connotation, To make it even
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Fig, 1., Map of Saskatchewsn and Manitoba showing vegetationsl

zones (A to F), and the location of the principal
areas (1 to 12) in the southern boreal forest where studies
were made., Explanation (Halliday's symbols bracketed):

A  Grassland

By Aspen Woodland (B.17)

Bz Agpen-oak Woodland (B.16)

C Southern Boreal Forest (B.18 -

1 Riding Mountein 7
2 Duck Mountain &
R Porcupine Hills 9
+  Pasquia Hills 10
5 Torch River 11
6 Candle Lake 12

"Mixedwoodg")
Bittern Creek
Waskesiu

Big River
Dore Lake
Green Lake
Loon Lake

D1 Northern Boreal Forest, Precambrian Section (B,21, B,22)
D2 Northern Boreal Forest, Palaeozoic Lowlands Section

(B,15, B,20)
E Taiga (B,27)
F Tundrs
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mOre specific, the'Southern.Boreal Fdrest ig defined as
including a coniferous element, thus distinguishing it from
the Agpen Woodland which along‘the southern edge forms an
. ecotone between Boreal forest and grassland. |

The southérn boreal forest appears to the traveller
as é constantly changing pattern of p0plar'and of spruce-
pOplar‘stands on the uplands, and of coniferous stands
(spruce and tamarack) on the poorly drained lowlands,

The open upland forests are "rich!" floristically, with
abundant shrubs and herbs forming a tall, dense undergrowth
on the deep soils thét are, for fbrestry purposes at least,
relatively fertile. In patches of closer-canopied forest,
where the gpruce component is high, the clean forest floor
with low herbs and mosses can be seen, a condition most
commonly encountered on the lowlands, Areas of excessively
drained soils are ususlly occupied by Jjack pine, with a low

shrub and herb undergrowth,

Climate |

Detailed information on climatic conditions over
the area as a whole is scanty, as there are few settlements
where weather records have béen kept within the foregted
region, There are however indications that the southern
boreal forest belongs within one climatic unit which
extends from central-western Manitoba to northern Alberta.

A glance at generalized climatic and vegetational maps for
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the area (for exemple see Putnam, 1952, pp. 347-351) shows
the close correspondence of the two,
| According to Thornthwaite's climatic classification,
the southern boreal forest belongé to the microthermal
climatic type and is placed in the dry, subhumid province
(S8anderson, 1948), Mr, G, Brown of the Federal Forestry

Branch at Ottawa, and Mr, H, Csmeron (uﬁtil recently,
employed by the Federal Foréstry Branch), have kindly'
provided the descriptive climaetic data shown in Table I,
obtained in large part by interpolation in the maps of the
Glimatdlogical Atlas of Canada (Thomas, 1953).

The général description in Tgble I needs to be modi-
fied in several regspects to convey a truer picture of
climatic variations within the area, According to Sanderson
- (1948) the moisture deficiency north of a2 line running
approximately from Edmonton fo Prinée Albert and The Pas
is less than L inches, due to decreasing evaporation at
’fthe higher latitude, The seasonal moisture deficiency for
the extensive uélands (gbove the 2,000-foot contour) which
occur in the east and west must also be considerably lower’
than the average, although there are no climatic records
'fpr them, As an example; the Cretaceous Hilles along the
Manitoba-Saskatchewan boundary are almost certainly more
'humid than the neighbouring lowlsnds, and this is indicated

by a consistent difference of several inches in yearly



TABLE I

CLIMATIC DATA FOR THE SOUTHERN BOREAL FOREST

Mean
- Mean

»Mean

Mean

Mean
Mean
Mean
Mean
Mean
Mean

Mean

(B,18 MIXEDWOOD SECTION)

Annual Total Precipitation
Annusl Rainfall
Rainfall Mérch April May
: Juné July August
September October November

Annﬁal Snowfall

Annual Temperature
Annusl Maximum

Annual Minimum

Daily Temperature - April
Daily Temperature - July

Daily Temperature - October

19 - 17 inches

14 - 11 "
2.4 -1,5 ¢
7.0 = 9 "
2.5 - "

45 - 55 O

350~ 30°

90°- 9lo
-4oo- _5Q0

350 310
‘650- 62°

35°- 38°

Annual Total Hours of Bright Sunshine 2100-2000 hours

Average Annual Potential Evaporation -

Thornthwaite

- Average Annual Water Deficiency -

Thornthwalte

19,5 - 21 inches

L - 6 "
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'precipitation between weather stations on the Riding
Mountain National Park and thoée of the surrounding towns
at lowervelevations. The seasonal pattern of precipitation
1s another important factor, and it has been pointed out
that there is apparently a higher autumnal rainfsll in
eastern than in western Saskatchewan, with the probability
of increased moigture storage in soils of the former
district (Mitchell, et al, 1950). A great store of rele-
vant information concerning the varisbility of climate in
the west is contained in Currie's Monograph on Climates of

the Prairie Provinces and Northwest Territories (1953, 1954),

Soile

There is a remarkably clear correspondence latitu-
dinally between patterns of climate, vegetation and soil
in the Prairie Provinces, The climatic and vegetational
zonation from the steppe lands of southwestern Saskatchewan
and southeastern Alberta through prairie and forest to the
tﬁndra in the north and northeast is matched by the zonation
of Brown, Black, Podzolic Grey end Tundra soils. The
southern boreal forest of western Manitoba, central
Saskatchewan and northern Alberts cofresponds closely to
the podzolic grey wooded group of soils.

The process responsible for the development of the

grey wooded soils 1s podzolization or, more accurately,
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decalcification. It is firet a solution process by which
the carbonates mainly responsgible for the gtability of
grassland solls are removed from the solum, and then
) decomp6siﬁion—eluviation process, Under the influence of
codl climate and forést cover, an organic 1ayer accumﬁlates
on, rather than in, the surface soil, Slow decomposition,
éhiefly by fungl, yields acid products which in leaching
downward remove the basic cations, Acid weathering of the
sqil minerals commences, releasing iron and sluminum which
in ionic and combined forms move downward in the profile,
Humic and clay colloids also migrate, and a leachéd sili-
ceous acid horizon (bleicherde) develops. Below the eluviafed
horizon, the colloidal organic matter, the compounds of iron
and sluminum, and the clay are precipitated.

| Recent papers reviewing the literature on the grey
wooded soils in western Canada and presenting new descrip-
tive data on some of»the profile varlants in Saskatchewan
and Manitoba are those by Moss and 8t, Arnaud (1955) and by
Ehrlich (1955). [The information availeble shows that the
grey wooded profiles are developed predominantly on somewhat
calcareous, glacial or post-glacial deposlits, The following
features are characteristic: Under the humus layer (variable
in composition and thickness) the Ay horizon is thin or
sbgent., The bleached, acid, platy Ag horigzon is well
developed, its depth significantly related to texture and
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calcafeousness‘of parent materisl, . Analyses have ghown
that the Ay horizon is lower in content of clay, bases and
sesquioxides than the B horizons, although higher in
content of silica and silt, In the B horizons the accumula-
tion of materials eluviated from the A horizons is reflected
in darker (brown)‘colours, heavier texture, and frecuently
in a nutty or blocky strubture. |

The podzolization process is not strongly expressed
-in grey wooded goils, due primarily to the limited leaching
which is in turn contingent on moderate rainfall, calcare-
ousnesg of parent material, and nature of the vegetation,
As a general statement "The grey wooded soils differ from
the podzols in exhibiting a higher range in pH values and
a correspondingly higher base status, They show 1ess
accumulation of organic matﬁer and greater accumulation of
clay in the B horizons, They also exhibit greater structural
development" (Moss and Arnaud, 1955, p. 307).

Intrazonal associates of grey wooded soils are:
swamp podzols (depression podzols), fen and meadow soils
(wiegenboden), and peats. Solonetzic variants of the
grey wooded profiles—~characterized by'a thin leached A3
horizon under a dark A, and Ay, and by a tough, columnar
B horizon--have been recognized in Saskatchewan and
northern Albe?ta. The genesis of the latter soils is not

understood, although apparently they have developed in the



17
hydromorphic position on shaly parent material.
Further reference to soils is made in Chapter V
where relatlionships of site and forest vegetation are

discussed.




IIT
HISTORY OF THE'AREA IN RELATION TO THE FLORA

It ig. certain that the entire area now occupied by
Torest vegetation in Manitoba and in central and northern
Saskatchewan was glaciated many times during the Pleistocene‘
epoch, In the Wisconsin Glascisal Age the ice pushed into
the Dakotas south of Manitoba, into southefn Saskatchewap,
and into southern Alberta (Bretz, 1943), 1eaving evidence
on iteg retreat in the form of numerous end moraines and
lateral moraines of which one of the best known (Mankato
phasge of the Cary substage) trends northwest through«Wéstern
North Dakota, southern Saskatchewan and eastern Alberta,
'following roughly the crest of the Misgouri Coteau, At
this time all plant life must have been cém@letely dis-
placed from our areas, returning from west, south and east
as the glacier melﬁed and the land surface was exposed,
The origin of the present flora and its affinities with
eastern, western and southern elements, constitutes a pro-
blem of considerable interest, bearing as 1t does on such
guestions as past climatic conditions, areas of refuge
where species survived glaciation, and post-glacial migra-
tions.

To set the problem in perspective, reference should
be made to Hultén's "Cutline of the history of arctic and

boreal biota during the Quaternsry Period" (1937). In this
14
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study, Hultén showed that when the ranges of many present-
day arctic and boreal plant species are superimposed,
‘regions of overlap representing centres of speciesg! con-
centration appeared. 'Furthermore, these so-called "centra®
were found to}eoincide with areas known to have escaped
glaciation in Pleistocene times, and therefore represent
“refugia" or source areas from which plants radiated during
the inter-glacials, Hultén located centra in northeastern
Siberia and the Amur-Manchurian region, in northern Japan,
and sround the northern part of the Bering Sea  (the latter
of particular importance. gs avprimary gource area for the
North American boreal flora), in the Yukon Valley, the
Arctic Americsn coast, the Arctic Archipelago, and the
central Rocky Mountains. However, no groups of plants
"could be formed having their centres in northern Europe
or western Siberia, or in Northeastern America or in the
éountry between Yukon Valley and the Great Lakes."

(Eultén, 1937, p. 25). |

From the northwest then, according to this hypo-
thesis, came the briginal boreal flors of North America,
achieving wide distribution before or during the long
Yormouth (D) inter-glacial, With the sdvent of the sub-
sequent Illinoian or maximsl ice advance the ranges of the
various plants are believed to have been drastically

reduced, The principal surVival'areas at that time, as
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well as during the final“glacial age (Wisconsin), are
believed to have been the Atlentic Coastal Shelf, the
gsouthern edge of thevioe front (particulsrly the area
gouth of the Great Lakes), and the Cordilleran region
(particularly the Yukon River Valley).

‘The fact that Hultén's centra coincide with
unglaciated areas is gufficient proof that his thesis of
refugia from which plants radiated, forming their "“pro-
gressive equiformal areas', is soundly based. However
there has been congiderable controversy over the interpre-
tation of the present-day ranges of gpecies in terms of
these source areas within a time scale. (See for example
Raup, 1947; Butters and. Abbe, 1953)  One difficulty of
courge is the lack of bagic knowledge which still exists
cohoerning the areas occupied by many boreal plants. As

an example, Cynoglogssum boreale and Ligtera auriculats

have been listed recently as disjunct between British
Columbia and Ontario (Scoggan, 1950); although the writer
has collected the former near Big River, Saskatchewan '
(Specimen No, 525) and the latter near Singoosh Lake,
Manitoba (8pecimen No, 668), Similarly, the followlng
species which sre common throughout our area appear from
Raup's dot maps (1947) to be asbsent and therefbre disjunct:

Carex cgnegceng, Potentilla fruticosa, Heracleum lanatum,

Cornus canadensisg, Moneses uniflors and Pyrolas virens

(R—aup' s nomenclature).
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Hultén's interpretations of major disjunctions are
largely in terms of glacial or inter-glacial reductions,
and péssibly the most serious criticism of hisg wérk is that
he tends to neglect the possibility of significant post-
~glacial happenings. In examining the discontinuous distri-
- butiong of gome British plant specles, Pigott and Walters
({1954) argue that the observed disjunctiohs have been
brought abbut in recent (post-glacial) times by a combination
of cliimatic change and of competition from an encroaching
forest vegetation, Essentially the game argument is advanced
by Butters and Abbe (1953) to explain the presence of certain
rare species in Cook County, Minnesota.

One of the few studies dealing in part with the
distributions aﬁd post-glacial migrationg of specles in
our area was made by Halliday and Brown (1943), Maps were
prepared showing not only the ranges of important trees in
Canada, but slso their relative abundances from place to
.place, and thisg ihformation was used as a bagis for the
interpretation of refugia and migrations, It should be
noted that although the authors took Hultén's hypothesis
as a point of departure‘for,their discussion, they
attempted to use a criterion of centre of origin which
Hultén avoided, namely relative abundance. The validity
of this criterion has been exemined by Cain (194L) who,

after quoting Hultén's objection to it, concludes that
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"dominance and density sre frequently highly irrelevant in
this respect"', Thus for example, using the data of Halligday

and Brown, the fact that Abies balsamea is most abundant in

the lower 5t, Lawrence valley and the Maritime provinces

but very scarce in western Canada does not necessarily

place its centre of origin at the Eastern Continental Shelf
refugium., 1t is more 1likely that the true explanation,

an ecological one, is contained by inference in the state-
ment thet: "the abundance of fir‘throughout Canada will be
found to resemble quite clogely the map of mean annusl rain-
fall (Halliday and Brown, 1943, p. 364), Also, the high

relative azbundance of Pinug banksgisna in the Lake Stateg—-

interpreted ag indicating its centre of dispersal——suggests
more than anything else conditionsg suited to the perpetuation
of this species: a long fire history, and extensive areas
of sendy and stony soils. It is not impossible that jack
pine was present in Alberta in Cary times, for Hansen (1952)
reported 38 per cent pine pollen ( species unknown) with 62
per cent spruce pollen at the bottom of g peat profile
("3.8 meters deep") in an ares well east of the present
range of lodgepole pine near Smith, Alberta, .

Raup (1946) also has accepted the idea of a primary
gsource area south of the Great Lakes from which, following
deglaciation, came the "eastern" boreal element to repopu-

late the Athabasca-Grest Slave Leke Region. The same
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premige appears in his examination of the flors of south-
wéstern Mackenzie (Raup, 1947). However, there ls no reason
to believe that the so-called "eastern" element in northern
Alberts and Saskatchewan and in Mackenzie is a recent arrival
from the east. It may actuvally have come from the south,
following the retresting edge of the glacier, a point that
will be discussed more fully o little later,

The distances which pine and fir are assumed to have
travelled from their postulated refugisa, since deglaciation
opened the route, makes the hypothesis of origin centres in
the east appear at least doubtful., According to this i@ea,
jack pine, for example, must héve moved from soufh of the
~ Great Lekes to its present western 1limit near Great Bear
Lake (roughly 1,800 miles) in:zabout 11,000 years--

a migration rate of one mile every six years against

prevailing winds and river currents. In any case the
anomaloug ranges of balsam'fir and jeck pine, the former
resching only to northern Alberta and the latter to the
western Northwest Territories, ghould be considered in the
light of the fact that their western limits occur near where
their viceriants (alpine fir and lodgepole pine, respective-
1ly) appear. The limit to westward migration may therefore
have been imposed, not so much by a lack of time for disper-
sal from eastern refugia since deglacliation, as‘by a complex
bf factors involving climatic conditions, comﬁetition, and
pogeibly reduced vigour in the merginal populations due to

hybridizaetion., Moss (1949, 1953) has reported apparent
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hybridizationvbetween Jack pine and lodgepole pine, and
between balsam fir and alpiné fir, in Alberta. L1t is appro-
priate to mention here that the western variety of white

spruce, Picea glauca var., albertians (8,Brown) Sarg., is

probably a product of hybridization with Picea engelmannii

Parry (Wright, 1955).

Problemg of the origin of our particularvflora'will
not be easily solved., It is evident that distributional
data alone without supplementery informetion on ecological
and historical factors may be deceptive (Bdcher, 1951),
Butters and Abbe (1953) have raised the question "of the
value of elsborate anslyses of contemporary ranges,
espécially when the tacit'assumption is made that they are
static." They go on to say: '"direct comparisons of con-
temporary distribution patterns are likely to be Just ss
migleading as the 0ld comperative morphology of living
plants often was in arriving at sweeping phylogenetic
conclusions", The phytogeographer needs in addition to.
distributional data the information provided by studies
of palynology, ecology, experimental taxonomy, and Pleisto-
cene geology, in order to trace the floristic history of
an area,

In the following discussion an attempt has been
made to draw together the writer's field observations and

relevant informetion from various sources in order to suggest
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a few possibilities as to the immediate origin of the
flora in the ares cohcerned. No pretense to completeness
igs made since the primary aim of the study was ecologicsgl
rather than phytogeographical. Nevertheless some suggestive
clues have appeared which may at least aid in interpreting
the larger picture of the future,‘and it is thoﬁghtworth—
" while to set them down here, perticularly since little has
appeared to date concerning the phytogeogfaphy of thig agrea,.
Some of the problems have been touched on by Love and Love
(1954) working in the Agassiz Basin, and by Moss (1955) in
Alberta. Valuable research on the foseil pollen of bogs
has been done in the latter province (Erdtman and Lewig,
1931; Hansen, 19492, 1949b, 1952) but not elséwhere, and
a fruitful field for study along similar lines exigts in
Sasgkatchewan and Manitoba, J1n the farther northwest Raup
(19u6, 19&7) hag discussed the probable origins of vegetation
in the Athabasca-Great Slave Lake Region and in southwestern
Mackenzie,

Lt is not generally believed today that the
advancing ice was fronted by a tundra zone, ahead of which
extended the forest zones in cligeral seguence, Potzger
{195%) smong others has pointed out that "in many pollen
profiles from Ontario and Minnesota, across Wisconsin,
Michigan, south to Indiana and Ohio, eastward to New Jersey,

Connecticut and southern Maine, no one has been able to find
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abgolute evidence bf e tundra a2t the border of the continen-
tel ice sheets of Tazewell, Cary, and Menketo times....."
From another point of view, it might be supposed that had
the vegetation zones moved southward ahead of the ice they
gshould also have followed its retreat northward, sn event
that would surely have regulted in the isolation of many
relict species in favourable microhaebitats far south of their
appropriate zones today., A study of the flors of North
Dakota, Just south of Manitoba and eastern Sagkatchewan, by
Rudd (1951) convinced‘her that the norfthern coniferous
foregt did not migrate into the aspen parkland and prairie
of that area during recent glacial and post-glacial times.

It is noteworthy too that the Turtle Mountain, a Tertiary
highland in southwestern Manitobsas, shows little evidence in

1te present flors of & past invasgion by the coniferous

forest, although single reports of Drogera rotundifolia L.

(Stevens, 1950) and Salix pedicellaris var, hypoglauca

(Scoggan, 1952) are intriguing, Before leaving this subject
it should in Jjustice be pointed out that the species
characterigtic of the coniferous foregt are by definition
those which cannot exist outside it, Therefore the failure
to find indidators of a previous coniferous forest pointsg
only to the obvious fact that the forest does not exist
today, which does not rule out the possibility that 1t may

have been present in the not distant pagt. However in the
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absence of conclusive proof in the fofm of fossil evidence
for the hypothesis of coniferoug forest migrstion over the
uplands ahead of the ice, it may be assumed on climetic
grounds that such did not take plece.

One piece of vegetation in south-central Manitoba
whose origin has been interpreted at varisnce with the above

is the isolated Picea glauca (white spruce) "parkland"

forest (Spruce Woods Forest Reserve) which occupies a raised
delta southeast of Brandon, The delta was formed in an

early stage’of‘Glacial Lake Agagsiz by the Assiniboine RiVer.‘
Bird (1930) accepted the idea of forest retreat before the
ice and of advance in its wake, and suggested that during

the latter movement a fragment of the spruce forest remaiﬁed _
on the delts where local edaphic conditions proved favourable
for its survival. However it 1s significant that no relict
spruce community occupies the similsarly formed sandy deposite
in the Souris basgin to the southwest of Brandon, and a glance
at the drainage patterns of the two sreas immediastely
suggests the reason for the difference in vegetation. The
Assiniboihe River flows to its old delta from s forested
zone . in the northwest, while the Souris River approaches

its old deita from s prairie zone in the southwest., It

seems likely therefore that white sprucé arrived at the
Agsiniboine delts via what the writer believes was a main

route of migration of boregl species, namely a southeastward-
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and esstward-trending river valley. .Additional evidence for
the valley—migration hypothesis ags opposed to the zonal-
movement hypothesis is found in the fact that Pinug
banksians ( Jack pine), the one conifer best suited ecolo—‘
gicelly to the sand delta habitat, is entirely absent from
the Bpruce Woods Forest Reserve, or at least it wag until
introduced by man eerly in the present century. Pine of
courge 1s not adapted to gurvival in the riparisn hsbitat
and hence would not be expected as a constituent of com-
munities migrating via river valleys. Its presence would
be expected however 1f the boreal forest had moved southward
and then northward en masse. More puzzling perhaps is the

absence of Abies balgames (balsam fir), a tolerant species

well suited to dispersal via rivers and lakes, Its absence
may be due to a lack of mesophytic upland habitats in the
delta area.
Further to the above, Mr, C,B, Gill of the Manitoba
Forest Service, hag drawn my attention to an interesting
book: "The Company of Adventurers" (Cowie, 1913), a series
of reminiscences of the author when he wag in the service
of the Hudson's Bay Company from 1867-74, 8peaking of old
Fort Ellice, which wag located on the Agsiniboine River in
western Manitoba near the'point where the peri-glscisl
Qu'Appelle coulée system joins the Assiniboine from the

west, Cowle remarks on a palisade of gpruce pickets sur-
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g the Fort (p, 183), A feW pages later in describ-
trip from Fort Ellice westward to Fort Qu'Appelle
Qu'Appelle valley) he says: "The cart trall from
t led first through what might be called--compara-
speaking--a wooded country, in which among the |

ing poplar a stray osk and a chance spruce might be

p. 196). No white spruce extend this far down the
oine today nor is any to be seen in the Qu'Appelle
and although the accuracy of these reminiscences

tainly questionable there 1s the suggestion thét

igsolated patches of white spruce may have persisted in the

lower A
again b
when pr

migrati

gsiniboine valley until very recently, Mention will
e made of the significance of the valley habitat
oblems 6f glacisl and post-glacial survival and

on are examined,

Returning to a consideration of the glaciatibn of our

area, the seant evidence available suggests that the ice

sheet impinged directly on the resident vegetation in its

southward and southwestward movement from the Keewatin

.centre,
woodlan
souther
Mountail
no dras

tation

successively obliterating‘coniferous forest and aspen

d in its advance into the prairie, Then as now the
n Canadian plains lay in the rain shadow of the Rocky
ne and tneréfore the opinion has been expressed that
tic olimétic changes sufficient to alter the vege-

from prairlie to forest accompanied glaciation of
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or possibly aspen parkland,

Geological history since Late Wisconsin time suggeste
that the chief immediate source of the boreal forest flora
in Alberts, Saskatchewan, and western Manitoba was not the
area south of the'Greaﬁ Lakes, It seems fairly certain that
the lowlands east of the Cretaceous scarp in Manitoba and
North'Dakota provided.an effective barrier to plant migrations
from the east throughout much of the last glacial age,b
since 1t must have been successively occupied by ice,
water, or swamp and marsh, depending 6n the phages of
glacial advance or retreat, Each time a glaclier was
nourished in the north, natural dralnage was blocked and
lekes nmust have resulted in the Manitoba lowlands. With
the advance of the giacier the lakes would shrink, only to
reappear as the ice withdrew from the}basin; Following
withdrswal of the ice load from lands east of the Agessiz
bagin there may have been short periods during which the
lag in crustal uplift allowed drainage to take place into
the Great Lakes area, but it is herdly likely that during
such periods the basin would be completely free of water.

Rudd (19%51) believed that during Late Wisconsin
glsclation the ice barrier in the lowlands east of the
Cretaceous scarp (Agassiz Basin and present Red River valley)
was effective in preventing migration of the boreal coni-

ferous forest westward from Minnesota, at a time when
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climatic conditiong might have been sufficiently modified
by proximity of the glacier to allow this event. She has
made the further suggéstion that: "Other northern or
Canadian species, because of their limited digtribution, so}
far zg available records indicate, appear to have invaded

North Dakota from the northesst relatively recently,

perhsps only since the removal of the Lske Agassiz barrier”
{(itelics my own). |

Dr, J,A, Elgon hag kindly provided the relevant
information on recent surface geology which forme the basis
of the following parsgraphs. Radiocarbon dstes from Iowa
indicate that the ice extended that far south (Cary advance?)
somewhere between 12,120i530'to 13,300+900 years ago.
At that time ice doubtless filled the Palaeozoic lowlands
of central Manitoba. Between roughly 12,500 and 11,000
years ago the deglaciation of the lowlands took place,
Loke Agassiz I formed and drained, and Leke Agassiz II came
into existence., At the time of the latter event (Valders
advance?) it is agsumed that "the ice margin stood no farther
south than The Pag Morsine,..., and probabiy extended south-
east from the north end of Lake Winnipeg to, roughly, Port
Arthur or even farther soﬁtn."’ How long Lake Agassiz II
existed is not yet known, On the bagis of artifacts of
known age (Agate Basin projectile points) distributed around

it but not in it, the inference can be made that the Lake
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was filled to the Campbell strandline (and hence extended
gouthward to the outlet at Lake Traverse, Minnesota) about
7,000 years ago, A radiocerbon date in zlluvium in the Red
River valley at Robbin, Minnesots, indicates that sometime
prior to 2,08U4+200 Years ago the lake was drained, Since
the Thermal Maximum has been placed at about 4,000 to 6,000
years ago by verious investigzstors, it is likely that Lake
Agagsiz II was in existence through at least the beginning_
of the post-glacial xerothermic period,

The configuration of end moraines in Manitobs and
Seskatchewan indicates that the ice receded northwestward
and northward across the prsiries west of the Manitbba
Escarpment at a time when the Lake Agsssiz basin was filled,
Thus an open road for plant invasion from the west existed
long before the barrier of ice and water disappesred in the
east. Indeed, even today the Lake Agassiz basin is & region
of prairie, gswamp and lake, across which the movement of
forest species must be very difficult, Migration of forest
elements via strandlines on the southern and western edges
of the basin was probably not possible since this route
traverses the prairie, During the xerothermic period the
southern migration route would have been particularly
hazardous., In addition it should be remembered that dis-
seminuleg from the east would have to'aQVance againét

prevailing winds and river flow, Both of these foreces
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would however favour invaegion from the west.

A consideration 6f the source of the present northern
forest flora should not neglect the possibility that most
if not all of its constituent epecles actuslly survived
along the edge of the ice sheet on the line between the
foothills of the Rocky Mountasing and the Agassiz basin,
To'champion thig viewpoint does not necegsarily involve
arguing for the hypothesis of cligeral movement of vege-
tation zoneg parallel to the ice front, since a much more
convincing hypothesis cen be substituted for 1t, viz., that
the peri-glacial rivers and lakes which formed along the
ice margin ag the glacier adVanced or retreated provided
favourable local habitats for the tenporary survival of the
flora, while also providing avenues of resdy dlispersal as
old drainage systems were sbandoned or obliterated by the
ice and new patterns of streamg and lakes were established,
Normal drainage to the northesst was interrupted by the
continental glaciers and new channelg had to be egtablighed
eastward and southwerd, In some places drainage held cloge
to the edge of the retreasting ice while in others the
river channels grew headward, following their retresting
glacial source, Thug were formed the picturesque and
sometimes gpectaculer coulée systems whiéh trend generally
from northwest to southeast or from north to south across

- the western plains today. Boivin (1953%) has published
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& short discussion of some of the me. jor coulde s&gtems in
western Canads, and he hes made the gignificant suggestion
thet "ces couldes ont joué un role important dans la recolo-
nisetion végétale de la Prairie canadienne pendant et aprés
la fonte du glacier continenﬁal". The north-facing slopes
of thege old rivers and their associated lakes must have
provided particularly suitsble conditions for the survival
of the boreal flora, and thus played an ecually important
role in the recolonization of the northern forest area.

Evidence in support of thig viewpoint is found in
the present flora of the coulées, Although meny now wind
ag dry channels through prairie or parkland, they preserve
a2 vegetation on their shaded southern sides which resembles
that encountered in the more northern forests., For example,
the following moist, tall-ghrub type of aspen stand was
found in a. tributary of the Qu'Appelle coulée system near

Watrous, SBaskatchewan (Table I).




TABLE II

35

YOUNG ASPEN STAND ON THY NORTH-FACING SLOPE OF A DEEP

COULEE: MANITOU BEACH, SASKATCHEWAN

Tree layer dominant: Populus tremuloides, stemg 2" to 6"

D.B,H., 30' to LO' tall
Tall shrub layer (4' to &' tall) very prominent:

Abundant: Corylus cornuts

Common: Cornus stolonifera, Prunus virginiana,

P. pensylvanicsa, Amelanchier glni
Herb layer prominent:
Abundant: Araliz nudicaulis

Common: Viols ruguloss, Aster ciliolatus,
‘Pyrols asarifolis

Occagional gpecies:

Actazea rubra,

Agropyron subsecundum (Link,) Hit
Apocynum androsaemifolium, Carex
Chamaenerion spicatum (Lem,) B.F.
Cornug canadensis,

Digporum trachycarpum S, Wats,,
Elymue innovatus Beal,, Fra@aria
Galium septentrionsle R.& &.,

folia

ch@.,
deweyana.,
Gray,

virginiana,

 Gentiana smarella, Lathyrug ochroleucus,

Linnaea borealis ver, americana,
Lonicersa dioica var, glaucescens,
Moehringia lateriflora (L,) Fenzl
Pyrola gecunda, Rosa aciculerisg,
Rubus idaeus, R. pubescens,

L4

Salix bebbiana (7), Bchizachne purpurascens,
Smilacina stellata, Solidago lepida,

Symphoricarpos albug, £, occldent
Viburnum edule, Vicia americana,.

alig,
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Although the vegetation on the plains surrounding
‘the coulfe is "ixed Prairie", the above described com-
munity is'practically identical with meny poplar stands
in the boreal forest zone, for example, in the Riding
Mountain Nationsl Psrk, Manitoba.

Even more convincing is the fact that fragmentg of
the spruce forest can be found straggling down the velleys
of present-day rivers which flow from forest into parkland
or prairie, &xcellent examples are to be seen in Alberts
in particular, for example in the Bow River valley south
of Gleichen, and on a tributary of the Battle River near
Castor. On the Asginiboine River spruce can be found below
Sturgis in Saskatchewsn, and reference hag already been made
to the coniferous forest on the o0ld Assiniboine delte near
Brandon,

Additional evidence is Wickenden's report (1930)
of spruce cones and‘leaves, resembling those of white spruce,
in inter-glacial deposits at Johnstone Leke in south-
western Sagketchewan, The description of the fossil find
shows that the spruce fragments, although lying between
two disgimilar tills (hence "ihter-glacial deposits"), are
actually associated with sand, silt and shell fossils
indicating alluvial depoéition. When it is further noted
that the location ig in or adjacent to the southwest side

of the Altamont moraine and that Johnstone Lake is one of



37

a chain of lakes outside the moraine msrking the course of
a former peri-glecial river, the fogsil spruce appears as
evidence of a coniferous forest on the river, either near
that point or farther upstream,

In a personal communication, Elson has reported that
he found considerable wood during exsminations, in 1955,‘
of sediments of the Assiniboine delta deposited approximately
11,000 to 12,500 years ago in an early stage of Glacial
Loke Agassiz "when the ice margin probably extended from
Winnipeg to Roblin", A collection of peat buried with some

of these deposits yielded pollen of the following tree

genera: Picea (mainly P, marians), Pinug (mainly

P. banksiana), Betula, Lerix, Alnus, Salix, Populus.

The report on Elgon's peat sample, prepared by J., Terasmae,
palaeontologist with the Geological Survey of Canada, states
that the microfogsil evidence suggésts a cold climate and
scattered tree coverage, Thus the contention of Upham
(1895) that Lake Agassiz réceived driftwood only in its
vlaﬁer stages is refuted as is-Raup'é argument that "southefn
Alberta, Saskatchewan and Manitobas were also devoid of
forests during late Wisconsgin time", and that forests

'must not have appeafed in this region until the ice had
left the Lake Agassiz basin, and until after the lake had
been drained" (Raup, l9¢6, p. 78) %

Footnoté on following page



FOOTNOTE

Further information was obtained too late to be in-
~eorporated in the teit. Another of Dr, Elson's peat
samples, radiocarbon dated 12,400 ¥ 2ug years (No, Y165),
collected on the western side of the Lake Agassiz basgin
(8W 35-9-9 W, Prin.,M.) has been analyzed by Dr, J, Terasmae.
A part of his report is quoted: "The assemblage of non-
arboreal pollen suggests open conditions, and combined with
the arboreal pollen, colder than the present, White spruce
is dominant although black spruce is present., Low pine
value (. Jack pine'type) hasg little significance; Some of
 the birch pollen is of the dwarf birches, The spruce growfh'
may have béen of local nature,"

Algo, Dr, Elson kindly sent four samples of wood
cqliected from Lake Agagsiz beds on the western side of the

basin, and these have been identified at the Forest Products

Laboratory, Ottawa, as Piceas (probably P, mariana), Ulmus -

americana, Fraxinus sp, and Larix laricina,
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Granted that habitats suitaeble for survival of the
northern forest flora existed in shaded valleys oboled by
the proximity of ice and glacial melt-water, the question
naturally arises as to whether or not the flora could taske
édvantage of these habitats, moving into them ag they
became available and migrating out”rapidly enough to
escape obliteration., The answer is emphatically in the af-
firmative for mogt of the boreal species, and this ig proved
by the very complete flora found on islands in the northern
lakes. All the tree species of the coniferous forest, and
their minor vegetation associates, are apparently able to
travel considerable distances (several miles at least) over
water, doubtless aided by wind and by animals, The writer
watched White‘sp;uoe seed falling on Clear Lske, in the
Riding Mountain National Park,'inVSeptember of 1955, and
observed that it was moved abouﬁ eagily on the surface of
the water by wind currents. A strong west wiﬁd on
September & swept seed from the entire lake into the east
bay, and the waves breaking on the shore were black with it,
A small experiment later showed that the seeds will easily
gtay afloat fdr two weeks or more in guiet water, so there
is little doubt that coniferous seed can be carried long
digtances rather rapidly by wind and water currents on
lskes and rivers, "Cold soaking' of coniferous seed is not

| harmful, in fact it has much the same effect as prolonged
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stratification in overcoming dormancy (Crossley and Skov,
1951).

It must be admitted that it is difficult to £it
the heliophytic and xerophytic species, typified by Pinug

banksiana, Hudsonia tomentosa, Sibbasldiopsis tridentats,

(Soland.,) Rydb,, and others, into the preceding picture.

Buch plants are not adapted to survival slong shaded river
banks in competition with mesophytic species., Areas of
persistence were probably sandy‘terraces and outwash adjaoent‘
to the rivers, open sandy and gravelly beach ridges adjacent
to lakes, pre-glacial sand duﬁes, and similar habitats.

Rapid dispersal may have taken place parallel to the edge

of the retreating ice sheet, on the exposed, competition=-
free mineral soil, as proposed by Godwin £1949) in his
discugsion of post-glacial migrations,

Summing up, it seems reasgonable to assume that the
flora of the northern coniferous forest survived in large
part at least along the complex reticulated systems of peri-
glaciel rivers and lakes formed successively as the ice
advanced or retreated, Edaphically and climatically
favourable habitats were provided for mesophytic species
by valley bottoms and by north-facing slopes of river banks
and lske shores, for even in s predominantly.prairie climate

the cooling effects of shade and of glacial melt-watery”

would favourably modify these habitata. The presenc ;
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méving water adjacent to the local refugis provided the
means of rapid movement of propagules, thus guaranteeing
survivsl under the unstable, constantly changing conditions
of drainage along the moving ice margin., It would be
deduced from this hypothesis that where the flors was exter-—
minated due to such vicissitudes as ice advance or local
ponding, replenishment would normally take place from the
wegtward and northwestward, following both the natural lines
of drainagé and the direction of the prevailing winds,
Therefore a movement of western elements to the east would
be expected, even though the merginal vegetation might
maintaln itegelf ressonably well in some places, Thug the
hypothesis of survival of the northern coniferous forest
flora in peri-glacial drainsge channels can be integrated
with the hypothesgis of a source ares in western Alberta.

Consideration will now be given to the ranges of
some plants of our own and neighboring areas in the light
of the preceding digcussion. The specles which will be
mentioned are those which have come to the_writer's atten-
tion during field work in Manitoba eand gaskatchewan; in
other words they are conspicuous plants, although this
congpicuousness stems not from abundance but rather from
presence in the east and absence in the west, or vice-versa,
They may be thought of as repreéentative of larger groups

which g thorough floristic study would identify, and this
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agssunption is one premise of the folldwing sectibn.
A gecond premise which logically follows from the known
geological youthfulness of the area is that gpeclies of
~limited range are either static or expanding at the present
time, that is, their present distributions do not-repfesent
contractions from formerly larger areas,

it is first of all notable that the Lake Agassiz
basin does actually mark a definite floristic boundary,
A few of the species well known in the-eastern coniferous

forest but not crossing the Agassiz lowlands are:

Agter macrophyllus Lycopodium lucidulum
Clintoniz borealis Mitchellé repens
Comptonia peregring Oxslie montans

var, asplenifolis Pinus resinoss
Hepatica triloba Pinug strobus
Kalmis angustifolia Viburﬁum cassinoides

Generally speaking, few of the eastern coniferous
Torest specieg appear to be advancing westward into the
upland forests of our area., However, a group'of interest-
ing specieg has entered the Agassiz basin, and sonme
members have established themselves at isolated stations
on or adjascent to the Cretaceous uplands of the western
side., These are probably recent arrivals since the

drainage of Lake Agassiz II,



Aralis hispida
Arceuthobium pusillunm
Diervilla lonicera
Epigsea repens
Gaultheria procumbens

Malaxis brachypoda
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Pteridium aquilinum
var., latiugculum
Streptopus roseus
Taxus canadensis
Thuja occidentalis

Vacecinium angustifolium

The strongest recognizable migrant element which

appears on the west gide of the Agassiz basin shows marked

affinities with the eastern deciduous forest. This

element 1s mainly riparian, and it probably invaded from

the south after the comparetively recent re-egtablishment

of drainage to the north,

Although well-developed in

river velleys, the steep slopes of the Cretaceous scarp,

and on the south-facing slopes of hills in the eastern

part of our area, it Contributes little to the vegetational

meke-up of the forests in which the coniferg are constitu-

ents. Some of the well-known species in this group are:



_Acer negundo
Amphicarps bracteata
Azsrum canadense
Athyrium filix-femina
var, Michauxii
Celastrus scandensg
Cornus alternifoiia
Corylus americana
Menispermum canadense

Mimulue ringens
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Prunus nigra
Pgedera quinguefolia
Rhus typhina
Rudbedkia laciniata

Sambucus pubensg

_-Viburnum rafinesquianum

Viola pensylvanica
var, leilocarpa

Vitis vulpina

A few species related_to the preceding group have

pushed westward onto the Cretaceous uplands, some resching

to eastern Saskatchewan, They form a minor slthough locally

important element in the upland forests: Exsmples are:

Acer spicatum
Anemone riparis
Anemone gquinquefolis
var, interius
Aguilegia canadensis

Lonicera oblongifolisa

Milium effusum

var, cisatlantica
Smilax lasgioneura
Trillium cernuum

Viburnum lentago

Along the southern edge of our ares, particularly

although not exclusively in the aspen woodland, there

appear some specles which sre ususlly consgidered to be of

eastern origin, These may well have survived south of the

lce-sheets, assoclated then as now with .the aspen forest.
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The following are good examples:?

Botrychium virginianum Pyrola eiliptioa
Corellorhiza astriata Rhamnus alnifblia
Corylus cornuta Rhug toxicodendron
Lathyrue venosus Sanicula marilandica
var, intonsgus Spirses alba
Ogmorhiza 1ongistylié Thelictrum dasycérpum

Prenahthes alba
Turning now %o the western extremity of the forest

section, a perusal of the species' lists published‘by Moss
in his etudy "Forest Communities‘in Northwestern Alberta
{195%) is instructive, The Tiret impression of one who has
studied the forests in western Manitoba and in Saskatchewan
is thet 2 remerkable floristic similerity exists in the
‘boreal forest of the three provinces, Only a very few
species listed in the article Jjust referred to can be
claseced ag a gtrictly confined Cordilleran elenent, the

best examples being Pinus contorta Loudon var. latifolis

Engelm, and 8piraea lucida Dougl, both however found in

the Cypress Hillg., Quite a number of gpecleg degignated
as wegstern or Cordilleran, some of considerable importance
in the forest vegetetion, range eastward varying distances

beyond Alberta:




Achillea sibirica
Aguilegia brevistyla
Arabis lyrate var.
kamchatika
Arceuthobium americanum
Nutt,
Arnics cordifolia Hook,
Lgter conspicuus Lindl,
Agter umbellatus var.
pubens
Asfragalus tenellus
Betule fontinalis Serg.
Betula pepyrifera Marsh,
var. neolaskans

{8arg.) Raup

Castilleja raupii Penn,

Cagtilleja rhexifolis
Rydb,

Delphinium glaucum Wats,

Disporumztracnycarpum

Elymus inﬁovatus

Ribes oxyacanthoides

Yalix arbusculoides
Anders. |

Selix lagiandre Benth,

Salix scouleriana
Barratt.

Senecio eremophilus

Richsards.
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This group could doubtless be expanded consideresbly,

From 1t an argument for the importance of migration
"apirt" into our ares from the west could be developed
since there is apparently no similar group from the east
which has g0 successfully integrated itself into the
verious vegetation communities of the upland forests.

As previously pointed out, what appear to be the chief
eastern inveders belong to the deciduous rether than the
coniferous forest element, and they show little present

tendency to move from the valleys, scarps and south slopes,
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andAto integrate with the vegetation of the upland forests,

One 1ast‘small group of‘plants with a puzzling
distribution merits attention., It includes species which
have been reported on the Precambrian Shield in north-
western Saskatchewan \Raup,‘l946) but which in our ares
are only found in and adjacent to the Agassiz basin,
Four have come to the writer's attention, namely:

Chimaphilla umbellata Cypripedium acaule
var, ocdidentalis Sarracenis purpurea
Coptis groenlandica

The remaining species are widely distributed,
They form the matrix of the vegetation over the entire
area and are responsible'for the remarkable floristic
homogeneity mentioned previously., Because of their
eitensive distributions they suggest little ae to the
recent sources of our flora, and nothing is to be gained
by listing fhem hére. Reference can be made to the suc-
ceeding sectlons and particularly to Table XXXIX where
many of the important species contributing to the various

vegetational communities are listed,



IV
- AUTECOLOGY OF THE TREE SPECIES

A knowledge of the autecology of dominant plant
species goes a long way toward explaining the genesis and
organization of the communitiesg in which they occur,
Therefore a‘short treatment from this viewpoint of the trees
which dominate vegetation in the southern boresl forest will
now be presented., Well-known sylvical characteristics
will not be stressed, for they can be found summarized in
‘numerous fbrestry books and bulletins. Emphasis will
rathér be placed on certain habits believed to be of parti-
cular significance for éompetition and survival, Much of
the following information has been derived from the writer's
own studies, but supplementary date have been obtained from

o few key sources to which reference is made.

Populus tremuloides (Aspen)

Aspen is a pioneer species, intolerant of ghade but
rapid-growing in full sunlight, Its abundance in the aspen
woodland and in the adjacent "Mixedwood" forest reflects
an aggressiveness there which is apparently lacking farther
north, and suggests that the species is best adapted to the
deep, comparatively warm soils of the southern boreal

forest zone, Nash (1951) has pointed out that in northern

57



| 4g
Manitoba the growth of poplar (aspen) is favoured by
southern exposure where presumably insolation is the
éritieal,factor. On wet, peaty soils aspen rarely gurvives,
and on dry sandy or gravelly soils it does poorly compared
to Jack pine and white spruce (Heinselman and Zasada; 1955),
but on moist to very moist loamy and clayey soils it forms
fine stands, Strongly leached till soils do not appear to
be so favourable for‘aspen as Weakly leaéned {calecareous)
tills, alth@ﬁgn here the reason may relate to the greater
competitive ability of conifers on the former sites,

Agpen combines with white spruce to form the majority
of the forest cover-types in our srea. In these types
balsam poplar, white bireh, and bélsam fir are often minor
consgtituents, It associates with jack pine on soils that
are not excessively dry. Because it avoids erganic,soilé
it is found with black spruce and tamarack only where the
latter species occupy upland sites.

~ Aspen produces light seed prolifically by which means
it is able to invade such habitats as moist mineral soil
on severely burned areas,,new,alluvium, or pond margins
where the Wéter has lately receded, But where a perennial
vegetation is already established (the usual céndition
in the forest) preventing growth framseed, aspen
perpetuates: itself vegetatively‘from root sprouts or

"suckers", Suckering usually follows removal of the
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contributed by the dense shrub-and-herb vegetation that

usually develops in such o0ld stands may be an unfavourable
contributing factor,

Light surface fires stimulate the sprouting of aspen,
but severe fires which burn away the humus layer may
seriously impairAabiiity to sprout by damaging the sufface
roots, However the gpecies uéually regenersgtes more or
less prolifically after any type of fire, hence is known
as a "fire" tree, Its wide distribution and abundance in
the southern boreal forest bear witness to the importance
of fire in the history of the vegetation of our arez,

Aspen 1s not so long;lived as the spruées; Probably
150 years is a maximum age under the most favoursble
conditions, but this age-potential is rarely realized due
to its susceptibility after about 60 years to trunk rot,
particularly by Fomesg igniariug (L.) Gill., Consequently

stands are usually overmature before 100 years, and fire
or some other form of disturbance is necessary to renew them,
The largest aspen trees yet seen by the writer, growing
on the north side of the Porcupine Forest Reserve, werev
up to elghteen inches in diameter at breast height and
measured 100 feet tall,
The lateral roots of aspen are firmly anchored in
the ground, and in digging soll pits i1t is common to

encounter large ones, one inch to three inches in diameter,
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‘in the Ap and B horizons., Because of this secure rooting,
strong winds break the trunk rather than uproot the species,
and it does not "plough“’the forest floor as windthrown
gpruce does.,

Agpen is a primary food species for many of the
larger animsl influents of the forest., Beaver eliminate it
along rivers and lakeghores, hastening the succession in
vthese fringe habitats toward pure coniferous types. Moose,
elk and deer browse the young treeg, particularly during
the winter, and the writer has seen extensive aﬁeas in the
Riding Mouhtain National Park where aspen has been killed

out by these animals,

Populug balsamifera (Balsam Poplar)

Balsam poplar is not an important constituent of
upland stands., It resembles aspen in 1its intolerance to
shade, modes of regeneration, and rapid initisl growth rate,
It differs. in its greater aggressiveness on very moist
sites, and seems to be peculiarly adapted to invasion,
growth and regeneration on silty alluvial deposits, Remark-
able stands of this specieg are reported on the flood
plains of the Carrot and Saskatchewan Rivers near The Pas,
where diameters of U4 feet at breast height have been coﬁ-
monly measured, and diameters of H feet to 9 feet estimated;
Asgoclates include all our tree species with the possible

exception of - Jack pine and tamarack,
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It appears to be a longer-lived tree than aspen,
possibly because it 1s more resistant to fungal decay.
- Its sap has a very high content of calcium carbonate, and
although no one has'investigated the physiological signi-
ficance of this fact it may be assumed that its litter
is likewise high in lime and ﬁherefore "soil improving",
The root sprouts of balsam'poplar are similar to
thoge of aspen but are coarser and faster-growing on very
moist sites, The writer hag observed that sprouting from
the stump also occurs on occasion, and this is unknown for
aspen, The vegetative shoots appear to be less palatable
to animals than those of aspen, and thus biotic influences
may determine what "consociation" is formed when the two
gspecies are competing for the same ground, Tolerance to
low temperatures may also be of sgignificance when competi-
tion between the two poplars is considered, fof evidende
has been»found at the Riding Mountain of frost damage to
aspen suckers when adjacent balsam poplar suckers remained
apparently unharmed., Little is known concerning the root
system of balsam poplar, It is assumed to be similar to
that of aspen, and Pulling (1918) defined it as "flexible

but deep”.

Betula papyrifera (Paper Birch)

Bireh 1s also a ploneer species, in this respect

behaving like the poplars. It seems to be more shade-
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enduring than aspen, but it reguires full sunlight for
best growth, The speciesvhas a wide tolerance of sgite
which allows it to enter into the composition of most forest
types, Although 1t reaches its best deveiopment on inter-
mediate sites with the typically upland trees, it also grows
on dry sands with pine and on wet peat with tamarack and
flack spruce. In the latter association, and in communities
of the far north, the variety neoalasgkana may be involved
more often than the type variety, but this problem has not
been gufficiently studied as yet. Although present through-
out the srea under discussion, paper birch is not very
abundant except on the eastward- and northward-facing
slopes of the Cretaceous escarpment, in Manitoba and in
eastern Saskatchewan, where a Wpireh belt" occurs, Through
most of the "belt" the species 1s associated with varying
amounts of aspen and white spruce, although locally it may
form small pure stands, |

The reproductive potential of birch:by means of

geed is high, for mature trees produce large quantities of
the light, winged fruits almost every year, These are well
adapted to wind dispersal and to subsequent development
 into seedlings, as they are larger and heavier than poplar
seeds, The seedling birch have much thélsame preference
of habitat as white spruce, and they can be found growing

in the forest on decayed logs and stumps, on wet peaty
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humus and on moist light-textured goils, They are very
palatable to members of the deer family and are often
severely browsed,

Birch is usually considered a "fire" tree due to
its ragpid invasion of severely burned areas, however fire
can hardly be the primary cause of the extensive "birch
belt" on the scarps of the Riding Mountain, Duck Mountain,
Porcupine Hills and Pasquia Hills, The writer believes
that anotheb caugatlve agency is also important in the
genesls of birch stands in our area, namely erosion of
slopes, the effect of which is evident on the face of the
Cretaceous escarpment as well as on the steep sideg of
rivers and creek valleys., Instability of slopes, associa-
ted usually with seepage, provides a favourable seed-bed
of moist tb wet mineral soll where the seedlings become
established, and apparently the root systems of the
developing trees are able to cope with conditions of soil
movement which are sufficient to eliminate or at least
severely hamper the gfowtn of other trees. The roots are
wide-gpreading through the upper mineral soil, and the
stumps have a well-known reputation for firmness when land
is being cleared,

| Once established, birch can maintain itself by
sprouting from the root collar, although not from the roots.

SBecond~growth stands often show grouped trunks, a number
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of stems having grown from the base of each of‘the original
single trees., Thus single-stem stands always indicate
& genesis of the type from seed, |

Not much is known concerning the life-gpan of birech
in our area. The trunks apparently remain sound even when
of large size (diameters of 18 inches D.B.H. and heights of
80 feet are not uncommon), and probably ages 1ln excess of
the average for aspen are commonly reached; The association
of single-stem birch with spruce 140 years to 160 years old
in the Pasquia Hills suggests an equal age for the birech,

Picea glauca (White Spruce)

White spruce is a tree of wide ecological amplitude,
Its distribution east and west across the continent and
from timber-line to the southern limit of the boreal forest
reflects a remarkable ability to tolerate extremes of
drought and moisture, heat and cold, and suggests the
presence of considerable genetie diversity within the
species, It 1s most abundant in the southern boreal forest,
being largely replaced to the north of our area by black
spruce and Jack pine, and southward by aspen, slthough in
river valleys and along lake shores it extends itself
significantly into both neighbouring zones,

White spruce is able to pioneer on open land without
benefit of cover and although usually preceded in such

habitats by hardwood species it is not absolutely dependent
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on them for its own survival as the commonly held "nurse
crop" idea supposes., Its tolerance of shade isg such that
it can invade and eventually supplant hardwood stands,
provided that surface conditions are favourahle.

' Like most trees it makes its best growth on perme-
.able, moist solls, or on wetter soils 1f‘the ground water
is.moving. It appears to be most aggressive on molist,
strongly leached tills where the leached 1ayer (A2 horizon)
i1s deep and light in texture (sandy loam or loam). On
moist caléareous tills where profiles tend to be shallow
1t does not compete so successfully with aspen, White
spruce can survive on more extreme sites than aspen however,
Not only is it able to establish itself succesgsfully on
"raw" mineral soil, but also it can be seen today at the
southern edge of the forest invading and replacing native
prairie vegetation on gravelly kames, eskers, old besch
ridges and deltaic deposits., A%t the wet end of the scale,
it grows successfully on fen or muck soils at the edges

of rivers, creeks and sloughs, It is evident from the
foregoing that white spruce can grow in association with
all other tree species over a ﬁide range of sites, and its
presence can confidently be expected in most forest types
excepting only black spruce stande on deep peats, and Jack

pine stands on the driest sand soils,
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The regeneration problem of white spruce in our ares
has been studied and feported on by Rowe (1955) and some
of the more significant findings are briefly summarized
here, Spruce is entirely dependent for its continued'éur-
vival on seed which it usually begins to produce between 40
yearg and 60 years of age, thé variztion being related to
such factors as stand density and vigour of the individual
tree, Mdderate crops are borne at irregular intervals,
usually every 3 years or U4 years, and when heavy fruiting
occursg the amount of seed produced is tremendous, as a single
tree may easily bear 15,000 cones, each containing 50 or
more seeds, Despite thié reproduction potential, spruce
] does not easlly invade established forest communities
| because the delicate seedlings produced from the small seed
cannot compete with the large, vigorous perennial herbs
and shrubs of the forest floor. Mechanical competition is
also a factor in survival, and crushing by the annual fall
of poplar leaveé in hardwood stands accounts for much of
‘the mortality of the 1nvading conifer,

In general, light surface fires produce unsatisfactory
conditions for sgpruce reproduction because they stimulate
renewed growth of competing herbs, shrubs and hardwood
trees, The best conditions for germination and survival
are provided by molst media free of aggressive competitors,

such being well-decayed wood (logs and stumps), wet muck
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éoils (drained beaver meadows, etc.) and mineral soil
exposed where severe fireg have completely consumed the
humug layer, The latfer is thought to be of major impor-
tance in the genesis of densely stocked upland spruce
stands, Formerly it was supposed that all seed was shed
in f2l1l and early winter soon after the cones ripened, but
the writer has found that a emall emount is regularly
retained on the trees in a small number of cones until the
autumn, This persistent seed source may have considerable
significance for regeneration following spring and summer
fires,

White spruce is a comparatively long-lived tree.
It outlasts many of the species with which it may initially
be associated: the poplars, birch, tamsrack and pine. The
oldest merchantable specimens examined by the writer in
Baskatchewan sghowed about 275 annual rings, an exceptional
age for a tree usually considered mgture at about 120 years,
Heights up to 125 feet have personally been measured, and
a feputable forester has reported that a tree felled in the
Porcupine Reserve measured 140 feet on the ground. The
usual diameters of trees in good stands run from 18 inches
to 30 inches D.B;H., although exceptional diameters of U
. feet or more have been measured, Site conditions determine
to a large extent the age to which a tree lives as well

a8 1ts size, for where growth ig rapid, maturity is reached
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early and decays of root and butt soon appear.

The root system of white spruce is flexible and
well adapted to secure sur#ival on many different sites.
An extensive plate-like system of latersls occupies the
humug layer and surface mineral soll, while from the pri-
mary lateral roots vertical "sinkers" descend to tap deeper
moisture sources, Thus the tree can survive above a high
water table (the vertical roots are not developed) or it
can reach down to the moist zone in surface-dry soils, In
competitidn with the deeper-rooted hardwoods the surface
root mat of spruce is very efficient as it can make the
most of any precipitation penetrating the canopy. Both
bireh and poplar doubtless suffer from the severe root
competition of spruce in "Mixedwood" stands, for the process
of elimination of the hardwoods can sometimes be observed
even before crown competition hag developed.

Of all the forest trees, the spruces (both white and
‘black) suffer least from animal depredations., 8Squirrels

cut down the cones,and varying hares (Lepus americanug)

gsometimes trim back the shoots of geedlinge and saplings,
but most herbivorous animals bypass the spruces‘in favour
of more palatable species. |

One last feature 6f importance should be noted, It
concerns phenology ag this relates to 1ow'tem§erature

registance in the Spring of the year, and may be stated in
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~the followling comperative terms: White spruce in our area
ls distinetly less frost-tolerant than black spruce due to
its habit of earlier growth, Records from the‘Riding |
Mountain area show that where the two species are associa-
ted on the same sites there is a éonsistent difference of
about 7 days to 10 days in the dates when their growth
commences, White spruce is first, its buds bresking dormancy
and then producing flowers and new leaves., The tender early
shoots afe very often killed by frosts ih late May or in
early June when black spruce isg still in the bud stage,
Whether the polien and the female flowers are also injured
by early frosts has not yet been studled but such is very
likely. The writer has found white spruce seedlings killed
or badly injured by frosts in low areas (frost "pockets")
and has also observed in the same locations healthy
undamaged black spruce seedlings of equal size. Among
foresters, black spruce is known to be superior to white
spruce in its fesistance to cold and it is recommended for
use in the reforestation of areas liable‘to frost in the
ASPring and summer, Here then ig a factor of considerable
importance which may provi@e a simple explanation of the
success of black spruce in competition with white spruce

on low; wet sites, It is rather surprising that white
spruce apparently is more hardy and.vigorous than black

spruce at the edge of the tundra (Raup, 19U6; Hustich,
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1949; 1954), The difference in behaviour of the two
specles between our area and the far northwest and north-“
east suggests possible genetic differences (Hustich, 1954),
an approach to the studies of which might firet be made

through observations of phenology.

Pices mariana (Black Spruce)

Black spruce is as widely distributed as white spruce
although it has quite different ecological habits. It does
not do well»on warm, dry or fresh sites, Over much of its
range it is confined to poorly drained peat-filled basins
where it grows in association with Sphagnum mogses and
ericaceous shrubs, But where the moisture regimes of upland
sites are favourable, this species often invades success-
fully beyond the margin of the muskegs,'forming densely
stocked superior stands, The black spruce upland type, or
"feather moss type" as it is commonly called, is a primary
community farther northward (in the Northern Coniferous
Forest) particularly on areas of low relief where the bedrock
is covered with glacio-lacustrine deposits, but it is common
locally in our area on cooler sites., The requisite
conditions for its genesis appear to be three: a moist to
very moist soil usually with low relief, proximity to a seed
gource gufficient for mass invasion (for example, near

muskegs), and fire to clear the ground for invasion,
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Usually black spruce grows in pure stands no matter
what site it occupies, but mixed stands do occur, for
example with tamarack on wet peats, and with aspen, white
spruce, balsam fir and Jack pine on the uplands, The latter
specieg ig by far the commonesﬁ agsoclate, a fact which at
first sight is puzzling as black spruce and Jack pine are
generally considered to be far removed ecologically from one
another and to be adapted to quite different sites, Closé
examination of black spruce-pine types has shown that
usually the pine occupies slight rises between spruce
‘"flats", so that the two species tend to alternate in bands
rather than to mix evenly., At the borders of swamps too,
the black spruce is sometimes associated with pine. The two
species have three significant features in common which may
explain their juxtaposition: precocious fruiting, persistent
cones from which seed is released in large quantities by
fire, and frost tolerance, the latter stemming at least
in part from = taédy initiation of growth in the gpring,
These adaptations for survival in the face of recurrent
fire and’frost are probably adequate to explain the associa-
tion of the two spécies on cool upland gites as well as =%
swamp borders, and at the same time to explain why white
spruce and balsam fir are less frequently found with black
spruce in place of the pine. From the foregoing an

interesting question arises as to whether or not students
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of palynology are correct in their interpretation of the
occurrences of Jack pine pollen and spruce pollen as cor-
relatives of warm, dry climate; and of cool, humid climate,
respectively (Sears, 1948), .Possibly the behaviour of
these speciee at the southern edges of their ranges has
prejudiced opinion concerning their ﬁore general behaviour,

The fruiting habits of black spruce have been sug-
gested in the preceding paragraph, Visble seed is produced
at an earlier age than white spruce, and large amounts
are held in the dense'mass of persistent, semi-serotinous
cones at the tops of the trees. In cutting down the cones,
squirrels shape the "club tops" so typical of black spruce
standé.

The writer examined s 3b-year-old burn on the Riding
Mountain where thicket regeneration of both spruce species
was present, Many black spruce already bore coneé although
white spruce had none, Seed was collected from the former,
and it was found to germinate énd grow well, in all likeli-
B hood therefore, another fire in this place would eliminate
white spruce and bring a pure black spruce stand into being,
as no other seed would be present;

Black spruce reproduces vegetatively by "layering",
particularly in open stands on wet organic soils. On
upland sites where denser stocking is the rule and where

the trees grow rapidly, 1owér branches are soon self-pruned
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and no layering is possible., Recently "rootlings" (root
sproﬁts) have been reported (LeBlanc, 1955) but these are
evidently of little importance for the continued existence
of the species;

The best conditione for germination and for survival
of seedlings are provided by moist mineral soil, peat and

‘decayed wood, Neutral or slightly alkaline fen and muck
goil is apparently much less favourable, .The seedlings

ere tolerant of shade, being able to persist and grow under
poplar or pine. |

The longevity of black spruce depends on severity
of environmental conditiens, and it ig true for this as
for all trees that the slower the rate of growth the greater
the potential age., Thus stunted swamp-grown trees may
reach ages in excess of 200 years, but vigorous upland-grown
trees mature at about 100 years and begin to die soon
thereafter. BStems never reach the size attained by good
white spruce, and it is exceptional to encounter indivi-
duals exceeding 15 inches D,B.H, and 75 feet in height.

The root system has been clageified as "inflexibly
shallow" (Pulling, 191%; Bannan, 1940). It is plate-like
without strong vertical extensions, admirably adapting
the species for growth on wet gites but making it very
susceptible to windthrow,



Pinug banksiana (Jack Pine)

Jack pine is a shade-intolerant, fast-growing species
which 1s particularly suited both for survival on dry
porqus‘soils and for regeneration following firé. It is
abundant in our area as pure gtands wherever extensive sandy
soils occur, but it is slso found on heavier-fextured,
calcareous solls in mixture with aspen, paper birch and white
spruce, The associatioﬁ of pine with black spruce on areas
of low relief and at the border of swamps has been mentioned
in the previous section, as has the fact that in these
places the pine usually occupies the slightly higher and
drier parts of the terrain, There are several recognizable
sites where pine does not appear. Two are very wet, namely
the deep, acid peats where black spruce and tamarack are
found, and the fen and muck soils where white spruce is suc-
cessful, The third 1s best described as the prairie site,
for the vegetation of these areas rather than their soil
molsture or texture appears to be the best correlative of
the Jack pine's absence, Sands and gravels on which prairie
vegetation has previously produced shallow Black-Esrth pro-
files are almost always occupied by white spruce rather
}than by Jack pine, and the latter species is apparently
unguited to the invasion of native grassland, This fact
- probably explding why white spruce rather than pine marks

the southern border of the Mixedwood forest, spruce being
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the first conifer seen in trévelling northward from prairie
to woodland, o

Jack pine bears its first cones at a very early age,
sometimes when only 10 years to 15 years o0ld, Precocious
production of gseed gives the species an advantage over the
other conifers if fires reéur at short intervals, It has
been noticed that the first cones often open on the trees,
and the early scattering of seed doubtless helps to fill
in the Juvenile stand. Older trees have gerotinous cones,
| although occasionally a specimen with open cones has been
found in our area, .The closed-cone habit conserves the seed,
and a supply is always vresent on the trees, The right con-
ditions for dispersal are provided by fire, as heat breaks
the resin bond binding the cone scales and allows them to
flex and release the seed. Fire also provides the mos?t
favourable seed-bed for pine, namely, mineral soil free of
'competing vegetation,

- Seedlings grow rapidly on sultable sites, far sur-
passing balsam fir and both the spruce species in the first
few decades, As with the other fast-growing trees, maturity
is reached at a comparatively early age. 'On dry, sandy
goils, Jack pine is considered mature at 60 years to 80
years, but on moist, heavieerextured goils where the best
stands are formed (for example on clay-loam tills) good

growth continues to 100 years or more, Sound trees with
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an age of 160 years have been found on moist clay-loam till
on the Riding Mountain, and in the same ares stands up to
90 feet tall with diameters up to 20 inches at breast height
are occasionally found,

The root system of jack pine is generally believed
to be wide-spreading and strong in the vertical plane
(Bannan, 1940)., This adsptation assists survival on dry
soils where moigture supplies lie deep, On very moist sites
the vertical roots do not develop and the Pine relies on
its lateral system in much the same manner as white and
black spruce (Day, 1945).

The cold hardiness of pine has already been mentioned,
and foresters know it’as a gpeclies better suited than white
spruce to early planting, due to its resistance to frost.

Of additional significance may be the slow development of
the pine flowers in the spring, as shown by a later pollen
release than black spruce (ih turn later than white spruce
and fir). o

The twigs and leaves are relished by rodents and
members of the deer family, and pine suffers much fromv
browsing and bark girdling, particularly in the seedling
stage. The biotic factor may sometimes be effective in

~ checking the reproduction of this species,
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Abies balsemea (Balsam Fir)

Balgam fir is the most mesophytic, shade-tolerant
conifer in our area, It ig also the specles most adversely
affected by fire, and its limited distribution and abundance
are probably related to the twin factors of low precipita-
tion and high incidence of fire, Here it should be noted
that all the tree species discussed up to thig point can
be classed as "fire" species with obvious adaptations for
reproduction following burning, Fir on the other hand is
usually found in greatest abundance in locations where
protection ageinst firé (and possibly against spring frosts?)
is afforded by the proximity of water or by topographic
Teatures, for example, on islands, in the viecinity of lakes
~and sloughs, and in valleys.

Balsam fir apparently is best suited to moist or
very moist sites where a humus layer hasg beeh built up by
ploneer species., All the other conifers make their best
initial growth on miheral soll, provided that the moisture
regime 1s satisfactory, and fir alone appears to illustrate
Clementsian "Succession" following the ameliorating
influence or "Reaction" of prior species on the habitat,
Because of its particular site requirements, balsam fir is
not found on dry soils and peat, hence is rarely associated
with Jack pinevor with black spruce and tamarack, Most

commonly it is found in overmature white spruce stands where

—
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legser amounts of bireh and poplar may aléo be present.
Occasionally the fir dominates open stands of spruce and
poplar where g dense undergrowth of shrubs and herbs indi-
cates rich moist soil,

Fewer cones are produced by fir then by spruce of
similar size, The seeds fall during autumn and winter as
the deciduous cone scales sre shed, and none is retained on
the crowns for so long a period as bn the spruces and pine,

Vegetative reproduction,by layering of the lower
branches 1s common, particulerly when the parent stemg are
young, scattered and of bushy form. In denger, older
stands the lower branches are soon shed and layering is not
possible,

The tolerant seedlings of fir have the ability to
survive under conditions of sghade which effectively prevent
establichment of any other tree species. In undisturbed
coniferous stands i1t alone feproduces to any extent, and
therefore it fits the concept of a "climax" species. But
- because of the frequency of fires and other forms of
disturbance which are advantageous to the reproduction of»
the hardwoods, the spruces énd pine, balsam fir rarely
develops to a point of dominance eXcept on limited areas,

Despite its "climax" attributes, balseam fir is
surprisingly short-lived and the writer has encountered

very few sound individusls over 100 years of age in the
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forest, Generally rots are pregent in butt and trunk after
about 70 years, and the writer's field observations suggest
that this tree has a shorter life expectancy than any of
the other specieg, The largest specimens measured during
these studies were up to 95 feet tall with maximum
‘dismeters of 20 inches at breast height, The oldest single
tree was 121 years at breast height.

The phenology of fir is very similar to that of
white spruce, both species shedding pollen and initiating
vegetative growth at about the same time in late May or
early June. Spring frosts often kill the newly flushed
needles, Just as with white spruce, and some investigators
are of the opinion that of the two species, fir is the more
sugceptible to frost damage (personal communicétion,

Dr. J, Farrar, Petawawa Forest Experiment Station, Ontario).
The root systems of the two speciles are also gimilar,
although there are indications that after the seedling
stage 1s past the roots of spruce are better branched aznd
more extensive than those of fir (Moore, 1922), Probably
in the rooting habit lies a partial explanation of the
lesser degree of drought tolerance of the latter species.

Balsam fir is palatable to deer, and it is a prefer-
red winter food plant, Sevefal,old forestry reports from
the Pasquia Hills mention browsing as a resson for the poor

growth of fir in comparison to spruce. There are indications
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at the Riding Mountain and Duck Mountain that seedlings
and saplings may actually be killed by repeated browsing,
and possibly biotic influences are of great importance in
the failure of fir to exhibit greater aggresgsiveness in

some districts,

Larix laricing (Tamsrack)

Tolerance to shade is generally invergely related
to rate of growth, and tamarack, our most intolerant tree
spécies, is also the most rapidly growing one. In the far
north this species is comparatively common on upland sites,
but in our area it is only abundant on wet organic soils
where competing trees cannot survive. Its commonest loca-
tion is at the edges of swamps or bogs, backed by white
spruce in the former habitat (on muck or fen}soil) and by
- black spruce in the latter (on acid peat), Occasionally
tamarack moves out of the wet lowlands and is found
scattered through upland stands of poplar, spruce and fir,
Its presence then 1ndicétes elther prior fire or locally
very moist soil conditions,

Tamarack regeneration is almost entirely from seed,
and cone crops are borne periodically in numbers large or
small., The seedlings are frost-tolerant and hardy, but
they are very susceptible to insect attack and to browsing
by animals, The'varying hare finds tamarack particularly

palatable, and several old forestry reports state that when
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"rabbits" were plentiful (in 1914-15, 1924—25) the tamerack
advance growth suffered relatively greater damage than that
sustained by any other tfee species including poplar énd fir,

The root system of Tamarack is not wide-spreading
compared, for example, to pine, and it is shallow rather
than deep even on well-drained soils (Day, 1945). The roote
are able to tolerate submergencé in water for considerable
periods of time, hence the adaptation of the specles %o Wét
sites, |

Mature trees may reach a large slze on suiltable upland
sites, and the writer has seen isolated specimens 18 inches
in diameter and 75 feet tall, In swamps and muskegs such

growth is never made,

- The foregoing outline of the autecology of the eight
tree specles which dominate the forest vegetation in our
area shows some of the adaptations and advantages which allow
’each specles to invade, become established, and compete
successfully on particular sites under particular circum-
stances. It is very significant that all, with the possible
exception of balsam fir, can be classed as "pioneer"
Species,‘capable of colonizing bare mineral soil when this
is exposed to fire, windthrow of trees, river deposition,
or other causes, although they differ ih their subsequent

abilities to compete,
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A BASIS FOR THE VEGETATIONAL STUDIES

In travelling through the.southerh boreal forest
one gets the strong impression that disturbance, by fire
in particular, is here a basic ecological fact. There is
evidence on every hand; the existence of extensive even-
aged stands of trees, the scarcity of old forests éxcept
where protected by hatural fireguards such as swamps snd
lakes, abundant charcoasl in the humus layers of almost all
stands, and even occasional charcoal 1inesAin goll profiles,
marking severe post-fire erosion, Recent history too
records widespread fires, back to the particularly dry
period of 1885-90, and even earlier. The factor of instability
introduced by recurrent fires mskes difficult the recognition
of stable or relatively permanent ("¢limax") communities,
Most of the vegetaticn éppears young, and its history of
development seldom includes a period of modif;cation and
amelioration of habitat by prior communities., On the contrary,
the factors of greatest importance to the genesis and
maintenance of most of the contemporary vegetation in our
area (as to all young vegetation) appear,to‘be two:
1. The particular opportunities for invasion which fol-
lowed the destruction of the original vegetation,
depending on the severity of the fire (i,e., on the

extent to which it produced a suitable seed-bed and
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reduced the competition factor), on the availability
of gpecies which survi?ed, and on thelr reproductive
potential for mass invasion,

2, The competitive ability of invading species, depend-
ing on such factors as frost resistance, tolerance,
rooting habits, rate of growth, and longevity,

Both the opportun;ties for invasion and the compe-
titive ability of invading plants are strongly influenced
by suitability of habitat., Therefore the direct influence
of habitat, or "gite" in forestry parlance, is more or less
clearly reflected in the composition and structure of the
ma jority of our forest communitieg, and the study of sites
is a natursl accompaniment of the study of the vegetation,
providing a basis for understanding, comparing and relating
vthe various communities, It is worth noting here that the
simplicity of the flora in this areaocontributes to the
cloge "fit" of vegetation to site as there are few possible
domiﬁants or combinations of dominante in tree, shrub, herb
or moss layer for any given environment., This suggests
excellent possibilities for the use of plant indicatorg, in

contrast to floristically richer regions,

Foregt Sites

The essence of ecology, the "whole! approach, has

often been overlooked or obscured due to the natural bias
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that follows from g speCialization in one particular field,
The student who sets out to understand rather than merely
describe the phenomena in éuch fields as pedology, or
climgtology, or plant sociology, finds himself'inevitably
led into a study of the other disciplines, and the implica-
tions of thig fact are proof of the inter-relstedness of
biotic and abiotic phenomené. It is a truism that organisms
and their environmenfs are inseparably related. Together,
at avgiven time and place, the living and non-living are
assoclated ag interacting parts of ecoéystems {Tansley,
1935; 8Jors, 1955) or "biogeocoenoses“ (8ukachev, 1954)
which are the basic reallties with which ecological study
ls concerned, The natural bias of the plant scientist
toward explanations of vegetation in terms of the consti-
tuent plants should not obscure the equal and essential
importance of habitat or site.

According to traditional ecological thought in
America, vegetation develops primarily under the influence
of regional climate, terminating in a "climatic climax",
Where the theoretical development is prevented by parti-
cular envirqnmental’conditions {usually related to the
nature of substratﬁm), additional categories are provided
such as "subciimax“, “preclimax", and "postelimax" (Weaver

and Clements, 193%8), The latter categories correspdnd to
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the "edaphic climaxes" of some authors, and Odum (1953,
p. 196) suggests that: "For a given region it is convenient,
although somewhat arbitrary, to recognize a single climatic
climax which is in eqﬁilibrium with the general climate,
and a varying number of edaphic climaxes which are modi-
fied by local conditions of the substrata." This is very
cloge to the British "polyclimax" position, and it was
essentially Nichols! appfoach to the classification of the
'vegetation of Northern Cape Breton Island in 1917, Every
stabie community is in equilibrium with physiography of
course, and the "climatic climax" 1s actually the edaphic
climax of non-extreme sites (Caln, 1947), i.e., of loamy,
moderately drained soils on undulating topography
(Daubenmire, 1952), Seen from this viewpoint, a classifi-
cation of sites béeoﬁes a necessary adjunct to the study
and classification of vegetation,

It ig difficult if not impossible to make sense of
‘vegetation without considering habitat, and the reverse is
also true, Nevertheless attempts to describe and ciassify
one or the dther as separate entities are continually being
made, The strictly vegetational spproach to the study of
plant communities cannot solve the problems of observed
variations in place and time, while the gtrictly environ-

mental approach is defeated by the fact of compensatory
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featureg which allow the development of gimilar communities
on what appear to be different sites. Only the unity, |
vegetation-gite, 1is amenabie to study and understanding.,

A systenm fbr the description and clasgsgiflication

of sités, well gulted to the ecologistse' needs, has been
propoged by Hills (1950, 1952, 1955). Formulated with
a view to widespread application, the system takes into
account all significant parts of "total site" (the biotic
as well as the ébioticl although it emphasizes the relatively
stable geomorphic portion of environment, Basic units are
defined‘iﬁ terms of factors which are of known importance
to plant gréwth; viz,, soil moistﬁre, ecoclimate, nutrients,
and pore pattern of soil profile (including fabric of the
parent material). 'Larger mappable units, called "landtypes",
are envisaged as patterns of basic sites, the latter coin-
ciding with recognizable patterns of vegetation,

| It is rarely possible to measure directly the factor
complex of basic sites, and recourse to indicators 1s neces-
sary. For example, the g0il moisture regime of a given
homogeneous area is judged on the basis of topographic
bosition, pore pattern, and profilevdevelopment of the soil,
while ecoclimate is Jjudged from relief, topographic position,
aspect, and exposure, Biotic features play a cénsiderable

role too in the interpretation and assessment of molsture
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regime, ecolimate, and nutrient regime, but Hillsvobservesn
that too 1little is known at present about the ecology of
plants to bring out their full indicator value, Although
the site units are a synthesis of a number of inter-related
and as yet imperfectly understood varigbles, they provide
the necessgary frame of reference for ecological studies,

The selected environmental features that are used
to describe the basic site units are rated on scales accord- |
ing to their departure from defined standards, A quotatibn
illustrates the definition of the normal "fresh" or standard
moisture regime: "In the site region in which the University
(of Toronto) Forest is siltuated, an adequate supply of
_aVailable moisture may be held in a good-structured loam
which is sufficiently sloping to prevent the accumulation
of excess moigsture, except for ghort periods., In such
a soll the rainfall common to this region will move so slowly
through the rootiﬁg zone that the trees growing in it will
recelve a constant supply except in very dry seasons, The
maXximum development of As and B horizons in these soils
indicates a maximum chemical reaction brought about by an
optimum balance of soil moisture, aerztion and temperature, .
The lack of a glei horizon indicates the absence of excess
moisture, Such a soil is said to be fresh...." (pp. 10 and
11, Hills and Brown, 1955)., The comparison of the regimes
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of many unit areas with the establisghed standard regime
shows departures toward the drier or wetter extremes as
indicated by variations in such features as depth and
colour of soil horizons, presence or absencé of incipient
gleization, and position on.slope, and from such compari-
sons a scale or gradient of intensity is defined. As the
scale is used to classify new sites, it is constantly being
checked and refined., In avsimilar manner intensity
gradients are defined empirically for ecoclimate, nutrient
regime, and pore pattern of substratum,

In the present study, Hills' concepts were applied
to the description of each unit forest area which was
usually a plot of one-tenth- or one-fifth-acre in size,
chosen for agpparent homogeneity of forest vegetation and
site, ©Scales used to rate ecoclimate, moisture regime,
pore pattern of parent material, and caicareousness of
golls on each unit site were developed by modification of
Hills' scales as field work progressed, Ecoclimste was

gimplified to the four-point scale shown in Table III,
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TABLE ITI

' ECOCLIMATE SCALE FOR THE DESCRIPTION OF FOREST SITES
IN THE SOUTHERN BOREAL FOREST OF SASKATCHEWAN-MANITOBA

Symbol Explanation
2 Warmer than normal--ridgetops,

south and southwest slopes,
Exposure to drying winds.

uy Normal--undulating plains, good
cold-gir drainage,

6 Cooler than normal--north and
northeast slopes,

8 Colder than normal--depressions

without outlets, flats, muskegs and
peat bogs., Poor cold-zir drainage.

Moigture regimes were defined primarily on the
basis of profile development, although topographiec position
and soil texture were also used, Table IV shows the
scale, with examples of profile characteristics on well-

drained moderately calcareous tills,
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TABLE IV

MOISTURE REGIME SCALE FOR THE DESCRIPTION OF FOREST SITES

Symbol

Profile characteristics on unmodified,

Explanation moderately calcareous, clay-loam till

0 Very dry* Dark Ay horizon; shallow prairie type
of soil, :

1 Dry Weak "grey wooded" profile, Ao
horizon narrow, not prominent,

2 Moderately Free lime carbonate at less than 18

fresh inchesg depth in profile,

3 Fresh Strong (zonal) profile., A, narrow

{ Standard if present, Ap maximal, B nutty
) rich brown, Lime carbonate at 1 1}2-
to 2-feet depth.

4 Moderately Good profile, but 4 prominent, A

moist harrower than standard B slightly:
duller brown, less structure., Inci-
pient gleization below solum (in C),

5 Moigt Aq cloddy granuvlar, Ag not apparent.
Agoregates of B horizon dull brown
within and without, Incipient glei-

_ zetion at bottom of golum (in B%.

6 Very moist Ay prominent, black granular (fen
goils), or Ao prominent, gleyed(swamp
podzol), Gleization to top of
mineral soil,

7 Wet Organic cap (Ay) plusg A7 exceeds
12-inch thickness. Free water at 1-
to 2-feet depth,

g Very wet No profile, Permanent saturation
in organic cap at 1- to 2-feet depth,

9 Saturated Mugkegs, bogs. Organic hydrosols,

X - Underlined regimes are those selected as most relevant
for eite descriptions in this study,
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The scale of soil pore patterns is shown in Table V,
Nutrient regime has been simplified to a scale besed

primarily on calcareousness of soils in Table VI,

TABLE V
PORE PATTERN SCALE FOR THE DESCRIPTION OF FOREST SITES

Symbol ' Explanation
0 Coarse sands, sandy gravels-—-extremely rapid drainsge.
1 Medium sands, gravelly loams,
2 Sandy ioams, very fine sandg--rapid drainage,
3 Light loams, well-decomposed peats.
i Loams--moderate drainage.
5 Clay loams, compact silt loanms
6 Massive clays, muck--slow drainage,

TABLE VI

SCALE OF SOIL CALCAREOUSNESS FOR THE DESCRIPTION OF FOREST
SITES ’ ;

1. Highly calcareous—-ghallow profiles. Lime carbonszte
accumulation usually less than 12 inches from
gurface in well-drasined posgition,

2., Moderately calcareous--moderstely deep profiles, Lime
carbonate acecumulation at 1 1/2- to 2-feet depth
in well-drsined position,

3. Weakly calcareous--deep profiles, Lime carbonate accu-
mulation at 2 to 3 or more feet in depth in
well-drained position,

4, Non-calcareous--no lime carbonate in profile.
(a) Siliceous
{(b) Argillaceous,
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In the field, bésic unit sites were described in
the order: ecoclimate, moisture regime and pore pattern,
uging the symbolg as a short-hand method of notation,
For example, "2:1:4" refers to a site warmer than normal
{a south or southwest slope), with a dry molsture regime
{due to degree of slope, exposure) on a medium~-textured
(loam) parent material, During the studies, similarities
in vegetation became apparent, particularly between sites
closély related by moisture regime and to a lesser extent
by parent material (porosity and calcareousness) and eco-
climate, Thus a basis was providgd for first grouping the
veriable data and then making tentative generalizations

concerning the relationships of the different communities,

Forest Soi;§

When the numerous forest communities from all parts
of the area studied were grouped within molsture "series"
for purposes of comparison, it was found that similarities
in stand to stand composition were more pronounced on the
moigter half of the moisture gradient than on the drier
half, presumably becauge in the former groupings the
influence of excessive water in the soil usually outwelghs
all other factors of site and is reflected directly in the
vegetation, But where moisture regime is criticél, the
influences of modifying factors such as soil depth,

'pbrosity and calcareousness become important, complicating
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the relationship between vegetation and the moisture
gradient, Thus s consideration of soils'bejond their
ginmple relationships to defined moisture gradients 1ls neces—
gary for an understanding of the pafterning of vegetation,
‘particularly on dry and fresh sites, '

The importance of calcareousness of parent material
as a modifying factor in soil profile genesis is stressed
by all pedologists. Its influence is réflected in the
thickness and rate of decomposition of the humus layer, in
depth and structure of miheral horizons, and in total depth
of solum, Therefore it is evident that the relative
calcareousness of the glacial drirft on which grey wooded
solls afe developed has considersble significance for
vegetational studies. 

From east to west across the southern boreal forest
there is,in general, s marked decrease in Qalcareousness
of parent maferial, related to the various advances of the
glaciers and to the geological strata over which they
passed. High-lime drift is found on the east side of the
Cretaceous highlands aé well as in the re-entrant valleys
formed by westward erosion into the scarp. On the uplands
themselvesg—-the Riding and Dudk Mountains, the Porcupine
and Pasgquia Hills-—the glacial deposits are only moderately
calcareous due to dilution of the transported palaeozoic

limestone detritus by the underlying Cretaceous shales,
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In most of central Saskatchewan the drift is even less
calcareous, while in the westernmost part of that province
tills of very low lime-carbonate content are found, The
comparison of soils on the Cretaceous Hills with those of
_ central Saskatchewan is of most impo:tance to the present
discussion, as the easterly high-lime drift (characteristic
of rather‘level glacio-lacustrine deposite, and belonging
with the very moist and wet series of sites) is limited in
extent within the area studied, while the wéstern
Saskatchewan low-lime drift bears a vegetation similar to
that of the weakly calcareous drift in central SBaskatchewan,

Scarcely any work has been done in Manitoba and
Sagkatchewan on the description and classification of soils
outside the agriculturai districts. However the provincial
Soil Surveys have done considerable mapping of soil
agsociations adjacent to the boundarlies of the Forest
Reserves (gee in particulsr Mitchell et al, 1944, 1950)
providing numerous clues as to what may be exXpected within
them, and several studies of a general nature which were
earlier referred to are particularly valuable for an under-
standing of forest sites., The available literature suggests
what field experience clearly shows, namely that important
differences exigst between soils of the Cretaceous uplands
iﬁ western Manitoba and those of central Saskatchewan,

For example, in bothvareas the Waitville association (grey
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podgzolic loam and clay-loam soils developed on undifferen-—

tiated boulder clay) has been mapped, but in the west the

well-drained agsociate ig usually a much deeper goil than

in the eagt, E£ome of the differences in development can
be illustrated by compsring two profiles which, slthough
not of Ja 1lle agsociamtion, are typical in o general
way of 1l g of east and west sccording to the writer's
experience,

The first example is a goil exsmined on the north

de of the Porcupine Hille under a forest cover of mature

white gpruce and asgpen,

profile, moderaﬁely calcareous

Porcupine Reserve, Sz 5katchewana
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PROFILE DESCRIPTION

A, horizon: 3" dark brown felty humus under a loose leaf
litter, pH 6,6, '

Ay horizon: 1/2" grey black loam,

Ao horizon: U-6" brownish grey to grey loam, distinct
platy structure, pH 5,4,

A3 or By 3% grey brown sandy clay loam, weakly platy
horiZon: to fine nuciform structure. pH 5.3,

Bo horizon: 6" brown clay loam, medium nutty to cloddy-
granular at the bottom, containing scattered smsll
stones, ©pH 6.8, Free lime carbonate at base of By
at 20" depth.,

C1 horigzon: 14" 1light brown silty clay loam, laminated
(lamina about 1/16" thick)., Some lenses of rusty
sandy loam, pH 7.4,

Co horizon: light brown silﬁy clay loam to silt loam with

streaks of free lime carbonate, becoming darker brown
and stony below H&", pH 7,4+,

This so0il is typical of many examined on the Riding

Mountain, the Duck Mountain, and the Porcupine Forest

Reserve, On the moderately calcareous silty clay-loam

till, a shallow profile has been formed, with free lime

carbonate at a depth of little more than 1‘1/2 feet, The

leached horizon (Ap) is thin, but the zone of accumulation

(B horizon) is relatively thick and of a heavier texture

than the parent material., The result is a rich "surfsce-
moist" soil, i.e,, one which holds its moisture reserves
close to the surface. The combination of surface molstness

and a low degree of leaching makes these solls particularly

e




the forest

Minor vegetation under Plcea-Populus on

a moderstely calcareous grey wooded soil,
Porcupine Forest Reserve, Saskatchewan (same
plot as Fig, 2), Note presence of Petagites
palmatus, Smilscina stellata, Fragaria
virginiana, Bymphoricarpos albus,

Hubug pubegcens,

The gecond example ig & so0il examined several milesg

of the settlement of Green Lake, Saskatchewan,

a cover-type of mature spruce with scattered sspen

Hl.




Deep grey woosed profile, weakly calcareous phage,
Green Lake, Sagkstchewan,

- Horizon of podzol profile,
PROFILE DESCRIPTION

by horizon: 30— U* dark brown fibrous humus under g looge
leaf lltbef, pH 5,0,

A1 horizon: 0-1/2" black sendy losm, speckled with white
silica graing, Few chip: of charcosal,

Ag horizon: 9"~ 10", ghowing secondary podzolization as
follows:

Aplp): 1'- 2" grey very fine send, slightly
melanized under the Al, single grain structure,
pH 5,0,
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B(p): 6%~ 7" brownish grey very fine sand with
a faintly mottled appearance, weakly platy.
pPH 5,4,
C(p): 2" grey very fine sand, pH 6.0.

Bl horizon: 9" brown very fine sandy loam, weakly cloddy-
granular, plastic when moist., pH 5.6,

Bo horizon: W'~ 6" brown sandy and gravelly loam (a lens
intrusion)., pH 6,0,

B3 horizon: 12" light brown loam, somewhat gravelly.
pH 6,4, Free lime carbonate at the base of the B3
at 41" depth.

C horizon: 1ight brown compact stony loam. ©pH 7.4,

This profile is,representative of many soils in
the forested areas of central Saskatchewan, for example
in the Torch River Regerve, at Candle Lake and Montreal
Lake, and at Green Lske and Big River, The soil-forming
processes working on a weakly calcareous till have
produced a deep, acid, leached (Ag) horizon which in this
particular profile shows evidences of secondary podzoli-
zation, The entire B horizon in the sample profile is
light in texture, and is underlain at about 3 1/2 feet
by a zone of lime carbonate accumulation, Frequently the
parent material of these soils consists of two geological
strata, an upper loamy till  (ablation moraine) in which
the solum is developed, overlying a compact clay loam_or
clay (lodgement till), Such soils although excellent-for

forest growth are frequently "surface-dry", a condition
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reflected in a somewhet sparse ground cover of the minor

o

vegetation (Fig, 5)

Minor vegetation under Picea-Populus on
& weakly calcareous, deep, grey wooded goil,
Green Lake, Sasketchewan {same plot ag Fig, U)
Note presgence of Lycopodiun annotinum, Ledum
groenlandicun, Arsliz nudicaulig, Cornus
canadensgig,

-3

The deep phase of the grey woecded soilg showing

.

no apparent modification of the Ao horizon ig apperently
more frequent than the podzol "double" profile on weakly
calcareoug drift, but the latter type is sufficiently
common to merit s few further remarks, The present

tentetive theory is that following lezching of bzsges and

the lowering of pH during formation of the grey wooded
g0il, secondary weathering commences and s podzol develops

within the Ap., According to & pergonal communicsation from
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Mr, H, C, Moss of the Baskatchewan Soil Survey, it is
usually the light-textured deposits which give rise to
podzol-like ("double") profiles, while heavier, more
calcareous deposits are associsted with the typical grey
wooded podzolic profiles, Significantly, both kinds of
profiles may occur in the same general area, and a
distinet climatic (zonal) difference does not seem to be
responsible for the obgerved differences. In this con-
nection, "double" profiles have also been found locally
on light-textured deposits on the Cretaceous Hillg, in
close association with the much more common shallow grey
wooded solls,

One other factor, time, may have played a signi-
ficant role in the differentiation‘of deeper profilesg
westward and northwestwerd from the Cretaceous Hills.
Locsl glaciers were probably maintained on the higher
elevations of the Hills for a considerable period after
the lower lands to the west were freed of ice and
exposed to the soll-forming processes, and thus the
shallower soils of the former locality may be compara-
tively young.

It might seem that the site distinction between
the moderately calcareous "ghallow" soils and the weakly
calcareous "deep" soils could best be handled by assign-

ing a moisture regime one unit higher to the first than
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to the second. This would be g practical approach for some
foresﬁry purposes--regeneration studies, for example--
where attention is focused on the surface horizons.
’However, so far as growth of the dominant trees is con-
’cerned, all horizons including the parent material are
important, and there is good evidence that under similar
climatic conditions many of the deep, grey wooded soils
are superior to the shallow, grey wooded soils for the
reproduction and growth of conifers, The reason is
probably to be found in relative moisture availsbility
of the entire profile, the deeply leached, weakly calcareous
solls being sﬁperiof in this respect to the shallow,
heavier-textured, moderately calcareous soils, In a sub-
humid climate such as prevails through the southern boreal
foregst, particularly where during the growing season the
pattern of precipltation is one of light showers alter-
nating with periods of high surface evaporation, the
cogrser-textured solls are actually superior to fine-
textured soils for the gfowth‘of deep-rooted plants
(8toeckeler and Bates, 19%9), Comparing the two soil
profileg just describéd, the Greén Lake profile (predomi-
nantly very fine sand and loam) ig probably superior to
the Porcupine Hills profile (predominantly clay loam)

for the growth of white gpruce, for the followlng reasons:
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(a) CGrester total storage of free water in the former
(lower hygroscopic coefficient).

(b) Deeper penetration of moisture, therefore less
surface logs by évaporation (particularly important
when rain falls intermittently in small guantities).

(c) Deeper root development (a result of deeper moisture
penetration) placing part of the root system beyond
the zone liable to dessication by evaporation,

The broad difference in soil sites between east and
west as outlined above is not without its exceptions,

It has been pointed out that deep profiles (sometimes

"double") are found on the Cretaceous uplands, while

shallow,profiles on locally calcareous deposits are found

farther wegtward, But in general the distinction appears
to be valid, and it is reflected in the following charac-
terigtic differences in the vegetation,

1, On the dry and fresh sites, a greater aggreésiveness
of white spruce where solils are deep and strongly
leached rather than shallow, with the opposite true
for agpen and for tall shrubs such as Corylus

cornuts, Viburnum trilobum, and Prunug pensylvanica.

2, A jJack pine component more common on the deep than
on the shallow soils,
%. Denser and floristically "richer" undergrowth in

- forests on the shallow (gurface moist) than on the
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deep (surface dry) soils, with species such as

Corylus cornuts, Aralis nudicaulis, Petasites

palmatug, Disporum trachycarpum, Symphoricarpos

albus, characterizing the former and Alnus crisps,

Vaccinium myrtilloides, Lycopodium spp. and Ledum

groenlandicum characterizing the latter, even

under a poplar canopy.

4., A tendency for the formation of even-aged
coniferous stands on the deep solls and for the
formation of uneven-aged mixedwoods on the shallow,
richer soils, thig doubtless related to the dif-
ferent conditions of competition and moisture
encountered by coniferous seedlings on the two

types of forest floor,

Vegetational Unitg

An acceptable system for the classification of
vegetation has yet to be worked out, No general agree-
ment on the basic units of vegetation exists, and many
are the definitions of "plant assbciations" . This
indicates'the complexity of vegetation--there doubtless
are as many different kinds of associations as there
are different kinds of species, One suspects however
that while the genetic approach ig being utilized mbre
and more in the sgtudy of gpecles, the analogous approach

in the study of vegetation is not being given sufficient
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'attention. Ags previously poinfed out, the site complex as
& genetic Tactor is commonly neglected.

| Vegetational units are distinguished one from

another by real or apparent discontinuities, and studies
of the cguses of discontinulties aid an understending of
the genesis and status of the units. The following outline
ig presented to clarify the genetic background of vegeta-

tional entities,

Causes of vegetational
digéontinuity and continuity

1. Abrupt environmentsl discontinuity, e.g., sudden changes

in surface geology or in topography and local climate

ag commonly seen in mountainous terraln,

(a) Usually accompanied by abrupt vegetational dis-
continuity with a narrow ecotone at the zone of
abrupt environmental change,

Digturbance such as fire, often stops at the
line of envirommental change, further sharpening
the apparent vegetétional discontinuity,

(b) Compensatory features on either side of the
zone of abrupt environmental change may widen the
ecotone and blur the differencesg on either side
of it, resulting in a lesser degree of vegeta-
tional discontinuity than study of habitat alone

would- suggest,
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(c) The degree of apparent vegetstionsl digcontinuity
may vary according to composition and stage of
development of the communities bccupying the adja—
cent habitats, Early seral stages may be similar,
although more advanced stages may be entirely

different,

Gradual environmentsl change, e.g., slow geographic
changes in climate 5r in relief, as commonly seen on
the interior continental plains.

(a) Usually'accompanied by gradual vegetational change,
Vegetation forms a "continuum" (c.f, Y“eline",
"catena') corresponding to gradient change in soil
moisture, rediant energy, etec.

(b) Moré or less abrupt vegetational chénge may
accompany gresdual environmental change, due to:

1) Disturbance (pyric, biotic, etc.) which leads
to the Jjuxtaposition of:

a) Different seral communities,

b) Communities of equal seral status but dis-
similar due to accidents of post-&isturbance
invesion, For example, different
"econsociationg®,

2) Competition, whose influence may show itgelf at
some point on the environmental gradient in the

gsudden and complete change from dominance by one
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species to dominance by another, Commengal

‘ species change with the change in‘dominants,
and distinct zonation appears, as at the edge
of a pond, |

3) Historicel factors which control migration.

The removal of isolating barriers or change in
climate, may allow dominants to advance; as at
the tree line in Alaska,

3. Method of sampling may give & false plcture of

continulty or discontinuity,

(a) Where abrupt vegetational discontinuity exists,
insufficient sampling in the ecotone and on either
side of it may create a false picture of gradual
change’(continuum).

(b) Where there is gradﬂal.vegetational change, Sampling
at widely separated points on the gradient may
apparently show more or less different vegetations
which are assumed to be discontinuous. Actually
the broad ecotones form as valid végetational units
as the "discrete" segments of the continuum which

they Join,

The above outline suggests reasons for the different
patterning of vegetation from place to place, In a recent

peper Curtis (1955) has reported that a study of prairie
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communities® referred to by Curtis (1955) or the "noda"
analogous to "taxa") of Poore (1955), The latter desig-
nation carries no implications as to discreteness of the
units, and it is therefore a useful way to refér to
communities while their successional and spatial relation-
ships are being worked out.

In forestry, any combination of dominating trees in
a stand is usually referred to as a "Gover-type" or mofe
simply as a "Type", neither term having any connotation
beyond the immediate one of species composition., "Forest
Type" on the other hand has been defined in various ways.
The writer uses this term in the sense advocated by
Sukachev (1954): "A forest type is a combination of
forest plots (individual forest biogeocenoses) which are
homogeneous by the composition of the arboreus stock, by
the other layers of vegetation and fauna, by the complex
of gite factors (climatic, soil and hydrological), by
the relationship between the plants and environment, by
the processeé of reproduction, and by the trend of changes
- within them. Hence in similar economic conditions these
plote require the same forestry measures." This defini-
tion, in its stress on stand-to-stand similarity in minor
vegetation and site factors, resembles that of the Finnish
forest (site) type (Cajander, 1926) although differing by

algo specifying stand-to-stand similarity in composition
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of the tree component,

The forest types (in the Russian sense) which will.
presently be described are abstract communities that have
been established from the observationgAstudy and compari;
son of many concrete stands, They are conceived aslnoda
within environmentsl and successional series, Inevitably
a degree of subjecti#ity has entered into their definition
by the very fact thaﬁ in the field a selection of study
areas had to be made, some stands being accepted and
others rejected, This defect is inherent in all synthe-
sizing vegetational studies; and 1f'unrecognized and
unacknowledged it can be very misleading,

An immediate problem in working up the vegetational
data concerned the methodology to be adopted., The
exclusive use of dominants, as stressed in much American
ecology, is a practical approach for the definition of
large units of vegetation ("Formation", "Agsociation,
"Consociation"), but for smaller communities it is not
alwaye adequate, According to Braun-Blanquet (1951) the
abstract plant "association" is best characterized by
specieg of high fidelity to the individual stands. This
is a useful approach, one which 1s particularly appro-
priate for the discrimination of communities which occupy
distinotly different habitats, such as acid peat bogs,

rock ledges, and serpentine soils, As the basgis for
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a universal system of description however, the idea hag
been critigized by Pooré (1955), on the grounds that the
fidelity of spécies to many communities is a result
either of limited sampling or of the arbitrary rejection
of conflicting descriptive material, Poore found in his
studies of mountain commﬁnities that the use‘of several
constant specles provided a satisfactory means of charac-
terizing the "noda", "Although it is not denied that the

constants are usually‘moré widearanging speclies than the

faithful, they are not ubiquitous, and combinations of
constants are quiteqadequate to défine 2 community precisely"
(Poore, 1955, p., 648), The term "ubiquitous” is relative

to many different things--to the species concerned, to the
unit of vegetation defined, to the ranges of sites and‘the
sizes of‘area that are compared.’ Within:the fﬁame of refer-
ence of thése étudiesvsome specles did appear to be nearly
ubliquitous, and therefore it éeemed that the indiscriminate
use of constant épecies might give unsaﬁisfactory results,
For this reason although constant species were used in desw
éribing communities,wan attempt was made toselect those of
highest fidelity accordingutb field observation. The forest
types have therefore been desecribed by dbminant tree species

énd by "characteristiec" constant species of the undergrowth,
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FOREST COMMUNITIES AND SUCCESSIONAL RELATIONSHIPS

In thigs chapter the vegetation is»treated within
gix environmental divisions or series, a method that has
frequently been adopted for forest description., Each
series represents a gignificant segment of the moisture
gradient, frém very dry and dry to fregh, moigt, very
moist and wet, Within the series, the oldest and most
mature forest stands encountered in the field are first
described and examined as to stability, and the geral or
temporary communities are then discussed., Wherever

poseible, recognizable forest types are described.

Very Dry Series

No detailed examinations were méde of the composi-
tion and development of forest communities in the very
dry series, as emphasis in the present study was on types
of greater economic importance. The following is there-
fore a very general treatment of the forests which occupy
porous, excesgively drained soils, Only two tree gpecieg—w—
Jack pine and white gpruce--contribute significantly to
the cover-types of this series, for aspen, paper birch
and black gpruce are poorly adapted to droughty sltes,
while fir, balsam poplar and tamsrack are entirely

unsuited and never appear,

104



105

- There seems %o beva good basgis for distinguishing’
the sites and communities of'white spruce from those of
pine, at least along the southern boundary of the forests,
for the former species is usually asséciated with elements
of a prairie flors on calcareous sands and gravels; while
the latter species 1s associated with an ericaceous flora
on pure sands., The differencé is apparently one of
comparative nutrient regime, with the richer (calcareous)
solls favouring s prairie vegetation into which spruce 1is
able to move, and the poorer (siliceous) soils incapable
of supporting any but the most Xerophytic and least demand-
ing of trees and minor gpecies, The ability of Jack pine
to invade established prairie ig for gome reasson inferior
to that of spruce, and although scattered pine have been

obgerved in Festuca scabrells prairie at Riding Mountaln,

Manitoba, and at Hudson Bay, Saskatchewan, it is commoner
to find white spruce under these conditions, Experimental
seeding in the Duck Mountain Forest Reserve has also
indicated that white spruce may become established in

grassland where pine faills,

Parklsnd White Spruce

The invasion of native prairie by spruce can be
observed in many places along the southern border of the
mixedwood forests. This does not imply that the prairie

climate is everywhere sultable for an invasion of the
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northern forest today; it eignifies only that local
habitats favourable for invasion of spruce do exist, these

being the porous soilg which, at the forest edge, ususlly

= “

bear a "preclimax" prairie vegetation., Initisl establign-

ment of spruce probably has taken place during a seriesg
of relatively wet years, allowing the geedlings to root

deeply before the return of normsl drought conditions,

The invagion of white spruce on a native prairie,

Riding Mountsin National Park, Manitoba.

ommonly the gpruce trees are widely scattered,
and the gomewhat modified prairie vegetation persists
between them, Infreguently a few aspen, of poor form and
unhezlthy appearence, are pregent, The following community
was growing on an old strand-line of Glacizl Lake Agoegiz

near Hudson Bay, Sagkatchewan (Table VIL),
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TABLE VII

ESCRIPTION OF A PICEA/AGROPYRON COMMUNITY

Parkland white spruce - Very dry, grass-herb (prairie) type.
Riding Mountain National Park, Manltoba.

Physiographic gitet 2 : 0O @ l.

80il: Shallow Black Earth proflle on calcareous gravel,

Dominant species: Picea glauca widely scattered, limby
to the ground, stems many-aged up to 70 years,
heights to 65 feet, v

v Populusg tremuloides represented by
a few short crooked individuals full of trunk rot,

Tree regeneration: Scattered seedlings in the grass, but
no signs of mass invasion,

Minor species: Predominantly grass and herbg, although
scattered shrubs and tall herbs give a ragged
appearance to the ground vegetation,

Abundant: Agropyron subsecundum Fragaria virginiana
Arctostephylos uvae-ursi

Common: Specles of the foregt and forest border:
Achillea millefolium Lathyrus ochroleucus
Agastache foeniculum Lilium umbellatum
Amelanchier alnifolia Lonicera dioica var,
Calamagrostis inexpansa glaucescens
Companula petiolata A.DC, Malanthemum canadense
Elymus innovatus var, interius
Galium septentrionale - Rosa sp.
Hedysarum alpinum var, Schizachne purpurascens

americanum Shepherdia canadensis

Hieracium cansdense Smilscina stellata
Juniperus communis Thalictrum venulosum

Specieg of the pralrie:

Anemone cylindrica Festuca saximontana
Anemone multifida Festuca scabrella
Antennaria campestris Heuchersa richardsonii
Aster lsevis Juniperus horizontalis
Bromus pumpellianus Serlib, Oxytropis gracilis
Comandra richardgiana (A,Nels,) K,Schum,
Danthonia splcata Poa interior Rydb.
Drymocallis agrimonioldes Rudbeckia hirta
(Pursh,) Rydb, 9tipa richardsoni Link,
Erigeron glabellus Viola adunca '

Zizle aptera
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Thevparkland forests of the Spruce Woods Forest
Reéerve aré very similar in structure and composition to
the stand Just described, although developed on calcareous
sandy delteic deposgsits, The comparative adaptations of
spruce and aspen to droughty sites can be clearly seen in
the Reserve, for the latter species grows chiefly in moist
depressions while the former is found established over the
gides and tops of the sandhills as well, Brief reference
to the flors and fauna of this area has been made by Bird
(1927).

In gsome of the parkland forests eXamined, mass
invasion from neighbouring seed-trees hag resulted in dense
thickets of spruce whose individual stems remain small
in size due to the deficiency of moisture, The shade of
the conifers hes eliminated the intolerant prairie flora,
but surface drought has largely prevented replacement by
tolerant forest species, Consequently a "needle cover'
type has formed, with scarcely a minor species showing
on the forest floor except for a rare individual of

Maianthemun cansdense var, interiug, Pyrols secunda,

Schizachne purpurasceng or Corallorhiza trifida., This

type of stand is found on the Riding and Duck Mountains,
It is probable that the prairie and the parkland
spruce alternate in time on some sites, probably in phase

with climetic cycles., On the Riding Mountain several
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small areas which presently support a typical native
'prairie flora were found‘with unmistakable signs that
scattered trees had grown there before. The evidence was
the presence of decayed wood. The positions of old logs

were usually marked by lines of Rosa gcicularis,

Farther northward the.spruce parkland on very dry
gravelly soils sppeared floristically poorer than in thé
south, presumably because there has been no ready access
to o prairie flora, For example, on a gravelly beach
ridge et Dore'Lake, Saskatchewan, the following species

were scattered through the open spruce stand:

Agropyron pauciflorum Lonicersa dioica var,
(Schwein,) Hitch. glaucescens
Amelanchier alnifolia Msianthemum canadense
Arctostaphylos uva-ursi var. interius
Artemisia caudata Oryzopsis pungens
Campanula petiolata Poa interior
Cladonia rangiferina Sibbaldiopsis tridentata
(L,) Web, Prunusg pensylvanica
Comandra richardsiana ‘Rhytidium rugosum
Cornus canadensis Rosa sp.
"Elymus innovatus o Sehizachne purpurascens
Fegtuca saximontana Vacecinium myrtilloides
. Hierscium canadense Vaccinium vitis-idaea
Hierochloe odorata var, minus

A parkland spruce forest type can perhaps be
defined on a strictly physiognomic basis, but taxonomically
it does not seem that sufficient stand-to-stand homo-

geneity exists,



Pine Sands

&

The only truly distinctive pine types occur on

thege driest &l 1, wWhere other tree species are unsble

to survive, ‘tande ' el with numerous

nark-lik Nels eccentusted

e ground vegetation in which ericsceousg

(egpecinlly Arctostaphylos uve-urei) and Cladoniz

ere prominent (

Fig, 7. Pinus bankgisna stand with a ground cover of

of Cladonia rangiferina-Arctostanhyvlos uve-ursi,




111
Under the conditions of excessi#e drainagerand siliceous-’
ness of parent material, the only visible profile
development is a faint bleaching of the upper two or three
inches of sand (Ap hotrizon) jJust beneath the thin, dry
humus layer, The dryness of the sites predisposes them to
frequent burning, |
- No attempt was mede in this stﬁdy to define variants
of the very dry, pine sand forest on the basis of the
minor vegetation, Congiderable differences from stand to
stand have been observed, doubtless related to frequency
of fire, stand age and density, and the availability of
gpeciegs for invasion;‘ However, a common physiognomy and,
'to some extent, a common floristic composition was noted,
and 1t 1ise beliéved that the general description in
Teble VIII defines a recognizable foresf type.
Undér present climatic conditions the Pinug/

Arctostaphylog-Cladonis community is apparently a stable

forest type. It cannot be replaced by othér tree gpecies
for they are unable to grow on the sterile, dry soils,

On the other hand it seems to be quite capable of reproduc-
ing itself either &ith or without the assistance of Tfire,
the latter possibility fesulting from the frequént although
as-yet-unexplained opening of cones on scattered large
trees as well as on most small trees, In a sénse then 1t

is also a fundamental forest type. Succession 1s from pine
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to pine, although frequent fires may prevent the formation

of stands for lbng periods of time,
TABLE VIII
DESCRIPTION OF THE PINUS/ARCTOSTAPHYLOS-CLADONIA FOREST TYPE

Pine gand community - Very dry, low shrub-and-lichen type.
Southern Boreal Foregt, Saskatchewan,

Typical physiographic site: 2 : 0 : O,

Soil: Weakly podzolic, medium to coarse sand.

Dominant tree: Pinus banksisna

Constant minor species:

Arctostaphylos uva-ursi Fegtuca saximontansg
Cladonia rangiferina Malanthemum canadense
Cryzopsis pungens var. interius

Other species,.listed approximately
in order of decreasing importance
(based on presence in 10 stands):

Fragaris virginiang Melampyrumn lineare
Vaceinium myrtilloides Artemisia caudata
Lycopodium complsnatum Rosa sp.
Sibbaldiopsis tridentata  Antennaria campestris
Galium septentrionale - Hieracium canadense
- folidago higpida Vaccinium vitis-idaea
Solidago nemoralis var, minus
Elymus innovatus Linnaea borealis var,
Arabis lyrata var, americana
kamchatica - Arceuthobium americanum
- BAgter laevisg Anemone patens
Comandra richardsiana Carex foenea
Lathyrus ochroleucus Selaginella densa

Bpiranthes gracilis
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Qn moister sites, Jack pine is associated with |
2 minor vegetation very different in character from the
one described above, Medium and tall shrubs are more
freqguent, and numerous herbacéous gpecies which commonly.
grow under whlte gpruce and agpen appear. It ig doubtful
therefore whether these moister types are stable, a point

to be further discussed in the next section,

Dry and Fresgh Series - Moderately Calcareoug Soils

{1) Dry Series

Forest communitiesg of the dry series are developed
on sites which slthough more favourable for tree growth
than those of the very dry series, have nevertheless
a moisture deficiency due to excessive ﬁorosity of the
soil or to slope and‘aspect; Dryness ig indicated by less
then maximal growth in height of the trees, by a feeble
development in stratification of the undergrowth even
where the forest canopy is open, and by pborly defined.
or very shallow goil profiles.,

The same two species found on vefy dry sltes--white
épruoe and Jjack pine-—aré dominant on the dry slites as

well, Aspen, paper birch and black spruce occur occasionally,

either alone or as associates of sgpruce and pine, but being
less well adapted than the latter species they are not
pergistent where competition ig effective, Within this

series there is evidence that white spruce has the potential
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ability to survive wherever piné'does, but it is quéstion—
able as to whether or not the reciprocal relationship
holds, and gravelly tills are a particularly doubtful site
for pine, For this reason white spruce is the only gpecies
considered to form stable types in the dry series.

In the Riding Mountain Nationsl Park, numerous
examples of white spruce foregts on dry stony drift can be
found. The young treeg often show a rapid initial growth
but they mature early and seldom reach & height of more
thén 70 feet, Typically they taper rapidly and carry
their limbs to the ground, Minor vegetation is low, giving
the stands a very park-like appearance. Most undergrowth
plénts are less than six inches tall, although flowering
stems may be higher. Figs.‘S, 9 and 10 ghow the trees,
the minor vegetation and a soil profile of & typical stand,
and Table IX is a description of the plot where the pictures

were taken.



Tig, &, 'Two-storied stand of Pices glaucs on a dry site,
d

n

Rid] ountain National Park, Menitoba.

ing K a

Minor vegetation aggociated with & epruce gtand
on z dry site, Riding Mountain National Perk,
Manitoba. Note the sbundsnce of Elymus innovatus.
and Fraceris virglnisna,




€01l profile under a Picea/Elymus-Fra
community, Riding Mountsin National
lanitoba,

PROFILE DEECRIPTION

horizon: 1" dark brown mottled leaves and spruce
needles,

horigzon: 1" black greanular sandy loanm,

horigon: 1" very dark grey, granular sandy loam,
horizon: UM dork brown, stony clay loam,

horizon: bH'" dark grey brown stony loam. Free
lime cerbonate at bzse of 83 at 12" depth,

horizon: Light yellowigh brown fine gravel,
celesreous, weakly stratified,




117
TABLE IX
 DESCRIPTION OF A PICEA GLAUCA COMMUNITY ON A DRY SITE

White spruce - Dry, low grass-herb type.

Plot No, 301, Riding Mountain National Park, Manitoba.
Physiographic gite: 2 : 1 : 1,

Soil: Shallow, grey wooded profile on calcareous fine gravel,

Dominant species: Irregular stand of Picea glauca,
uneven-aged, up to 70 feet tall at 90 years of age,
Scattered small Populus tremuloldes.

Minor species: Forest floor clean-looking, with abundant
low grasses and herbs but no conspicuous shrubs.
The species are listed within each freguency clasgs
in order of decreasing importance as determined by
studies of cover-sbundance in 20 milacre quadrats,

- Prequency 100-85h%

Oryzopsis asperifolia Galium septentrionale
Maianthemum canadenge var, Lathyrus ochroleucus
interius Symphoricarpos albus
Fragaris virginians _ Rosa acicularis
Elymus innovatus Hieracium canadense -

Freguency 80-65%

Thalictrum venulosum Calliergonella schreberi
Agter ciliolatus

Frequency 60-45%

Linnaea borealls var, Achillea millefolium
smericana Aster laevis
Carex sp.

Frequency 40-25%

Lonicera dioica var, Brachythecium salebrosum

glaucescens Hylocomium gplendens
Agastache foeniculum Antennaria parvifolia Nutt,
Vicia americans Solidago hispida

Smilacina stellata Viola aduncsa
Taraxacum sp. :
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Table IX cont,
Frequeney 20-5%

Schizachne purpurascens Prunus virginians

Zizis aptera - Campanula petiolata
Amelanchier alnifolis Galium triflorum

Pyrola secunda Artemisis gnaphalodes
Vaccinium caegpitosum Arglia nudicaulis
Drymocallis agrimonioides = Lathyrus venosus

Lilium umbellatum Prenanthes alba

Thuidium recognitum Rhytidisdelphus triquetrus
Dicranum rugosum Ceratodon purpureus
Juniperus communis Pohlia nutans

The structure of this stand indicates an initial
invasion of the gite by é few trees and a later seeding in
of the gaps, Some of the minor species are indicative of

an earlier prairie history (e.g., Zizis aptera, Artemisisz

gnaphalodes), while the presence of scattered mosses shows

the trend toward reduced light on the forest floor, It

is notable that tall shrubs sueh,as Corylusg cornuta are
unimportant Qonstituents.

Spruce communities with low grass-herd undergrowth
‘on dry sites are sufficiently common and recognizable to
be charascterized as a distinct forest type. Constance

date from ten stands are shown in Table X,
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THE COMPOSITION OF THE PICEA/ELYMUS-FRAGARIA FOREST TYPE

Within each Constance class the gpecies are listed
in order of decreasing importance (firsgt the left column,
then the right) as determined from quadrat studies of
frequeney and cover: '-gbundance in all stands,

Constance 100 and 90%

Fragaria virginiana
Galium septentrionale
Rosa acicularis
Oryzopsis asperifolia
Elymus innovatus
Maignthemum canadense
var, interius

Thalictrum venulosum
Aster ciliolatus
Lathyrus ochroleucus

Symphoricarpos albus
Achilles millefolium
Teraxacum sp,
Lonicera dioics var,
glaucescens

Vicis americana

Amelanchier alnifolia
Carex sp.
Hylocomium splendens

Constance %0 and 70%

Schizachne purpurascens

Agasgtache foeniculum

Hieracium canadense

Viola glunca

Zizia aptera _

Linnsea borealis var,
americans

Calliergonella schreberi
Lathyrus venosus

Pyrola asarifolia
Pyrola sgecunda

Solidago higpida
Corylus cornuta
Prenantheg alba

Constance 60 and 50%

Chamaenerion spicatum

Cornus canadensis

Lilium umbellatum

Aster laevis

Vaceinium vitis-idaea
var. minus

Comandra peallida

Rubus pubescens
Bmilacina stellata
Ribes hirtellum
Campanula petiolata
Baniculs marilandica
Solidago lepida

Plus 62 additional species of Constance 40% and less,
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The neme Picea/Elymus-Fragaria has been given to

this forest type, for although in,Table X Elymug innovatusg
is outranked in frequency by four species, 1t is more
characteristic of dry‘sites than they are,

In the Duck Mountain Forest Reserve occasioﬁal
stands of Jack pine of the low grass-herb type were found
on dry till ridges or on the south-facing slopes of valleys.
The minor vegetation of these stands was very similar to
that found under spruce on similer sites. Compare for
example the following community (Table»XI) and the constant
species in Table X,

Eighteen of the twenty-one spécies ligted as

abundant or common in this Pinug/Elymug-Fragaris stand

occur with a constancy of 50 per cent or higher in the

Picea/Elymus-Fragaria forest type. Under aspen also, the

minor vegetation is very similar to what is found in these
dry, coniferous types., Apparently the minor vegetation
i1s true to the site regerdless of which tree specles
dominates, a usual condition on poor sites with open
forest types, and the basis of Cajander's theory of

forest types (Cajander, 1926),
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DESCRIPTION OF A PINUS/FLYMUS-FRAGARIA COMMUNITY

Jack pine - Dry, low herb type.
Singoosh Lake, Duck Mountain, Manitoba,

Physiographic gite! 2 :

Soil:

Dominant species.

Minor speciesg?

Very abundant:

Abundant:

Common:

1:k,

Shallow, grey wooded profile on a clay-loam till slope,

Pinug banksisna in an open, even-aged

stand,

prominent,

A grags and herdb undergrowth,

65 years of age and 55 feet tall,

Elymug innovatus

Fragaria virginians
Arglia nudicaulieg

Actaea rubra

Anemone riparis
Agastache foenliculum
Lilium umbellatum
Sanicula marilandica

-Thalictrum venulosum
Zchizachne purpurascens

Jolidago hispida
Oryzopsis asperifolisa

Occagional:

Vaccinium myrtilloides
Amelanchier alnifolisa
Hiergscium canadense
Lathyrus venosus

Cheamaenerion spicatum
Lathyrus ochroleucus
Prenanthes albe
Galium septentrionale
Petasites palmatus
Cornus canadensis
Linnsea borealis var,
americana
Mailanthemum canadense
var, interius

Achillea sibirics
Corylus cornuta
Shepherdia canadensls
Diervilla lonicera
Alnus crisps

Shrubs not
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Successionsl Relationships

Removal of the 6verstory treeg on dry sites usually

brings Elymus innovatug into even greater prominence; and

open areas are of ten completely dominated by this western
grass, Frequently Elymus occurs in mixture with

Arctostaphylos uva-ursi and with typical prairie grasses

and herbs, forming communities intermediate between thosge
of the very dry and the dry series,

White spruce l1sg apparently the tree best suited to
the dry sites. It odcasionally forms closed stands, and
although the individual trees may not be large they
effectively shade the ground and reduce the role of the
minor vegetation, Examination of a one tehth—acre plot
in one such stand showed that the most striking change
in comparison to'adjacent more open stands wag a great

reduction in abundance of Elymug innovatug and an increase

of the feather mosses Hylocomium splendens and Callier-

gonella schreberi, The mogs mat although thin was

prevalent over all the plot, indicating its dependence

on shade rather than on soll moisture, A sparse feather-
mosgs type of white spruce vegetation is probably the

fingl stage in development ﬁithin the dry series, followed
- no doubt by disintegration of the stand and a return to

& park-like stage with Elymus innovatus prominent,
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(2) Fregh Series

Forest typeé of the fresh series are typical of the
rolling uplands on the Cretaceous Hills, FKach of the eight
native tree species 1s able to make good growth on the grey
wooded soils which develop in the well-drained position on
the prevalent calcareous tillsg, but competition reduces the
importance of all but white spruce and aspen, Minor vegeta-

tion 1s generally dominated by a vigorous tall-shrub stratum

(with Corylug cornuts prominent) beneath which a rich herd
flora is found, The aggressiveness of aspen, and the
vigour of the minor vegetétion on fresh sites is a deterrent
to the establishment of white spruce, Consequently where
the latter species is available, mixed stands are normally
formed, Often there is a slow replacement of the aspen by
the spruce, giving rise to uneven-aged stands which never-
theless maintain the relatively open structure imposed on
them by the prior aspen community. In such stands the shrub
and herb minor vegetation is able to persist and there is
no trend towerd a feather moss "shaded floor" type.

| Fig, 11 sho#s an old spruce gtand on an island in
8ingoosh Lake, Duck Mountain Forest Reserve, and Fig, 12
gshows the interior of the same stand.

A description of the stand shown in Pigs, 11 and

12 will be given next (Table XII) to illustrate a possible

trend of the successional process on fresh sites,



Htands of Pices glauca (igland in right fore-
ground) snd Picea-Populus (left backeround)
at SYingoosh Lake, Manitoba,

Fig, 12. Overmature Pices glauca with undergrowth of
Rubug idaeus, {(Interior of the stand on
singoosh Lake island, Manitobs,)
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TABLE XII

DESCRIPTION OF AN OVERMATURE WHITE SPRUCE STAND (PICEA/RUBUS)
ON A FRESH SITE

White spruce - Fresh, medium-shrub type,

Plot No, 111, Duck Mountain Forest Reserve, Manitoba,

Physiographic site: U : 2-3 : 5,

foil: Grey wooded profile on moderately calcareous clay-
loam till.

Dominant species: DPices glauca most important; an open
stand 50-140 years of age, 4-27 inches D.B.H., up
to 85 feet tall, : _
Abies balsamea secondery, up to 65 years
of age, 1-1% inches D.B.H., and up to 60 feet tall,
Scattered Betula papyrifers, Populusg
bglsamifera, Pices mariagna, Pinug banksgiana.

Tree regeneration: Abundent seedlings and saplings of
belsam fir, scattered saplings of birch and poplar,
rare spruce sgeedlings,

Minor vegetation: A conspicuoug stratum of wild raspberry,
about 3 feet tall, Ite prominence is indicstive of
a2 gradually opening canopy which is exposing the
coniferous humus layer to incressed light and warmth,

Very abundant: Rubus idaeus

Abundant: Mertensia paniculata Cornus canadensis
Arslia nudicaulis Galium septentrionale
Roga acicularis Ribes hirtellum
Common: Viburnum edule Rubus pubegcens
8chizachne purpurascens Amelanchier alnifolia
Chamaenerion spicatum Lonicera dioica var,
Calamagrostis canadensis glaucescens
Linnsea borealis var. Ribes glandulosum
americana Carex sp.
Mitella nuda Galium triflorum
Symphoricarpos albus Petasites palmatus
Fragaris virginiana Moehringia lateriflors
Maianthemum canadense Viola rugulosa
var, interius
Occasgional: Ribesg trigte Urtica gracilis
Cornug stolonifera Vicia americana
Agropyron subsecundum Taraxacum sp.
Aster ciliolatus Achillea millefolium

Pyrolsa asarifolis Digporum trachycarpum
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The history of the tree component of the stand is
known back to 1921, and the changes which have occurred

during the last thirty years are shown in Pig, 13z,

in 1946,  Singoosh Lake, Manitoba.

Fig, 13, Tree composition of a spruce stand in 1921 and |
(Note: These graphs are not regression lines.)

The most important point to note ig the decrease
of fir in all size classes since 1921, This apparently
indicates a poor ability of the species to compete on

fresh sites, a point of considerable significance when the
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"elimax" status of fir in the Mixedwood forest is argued,
It is of interest too that by 1950 s8l1 aspén had dis-
appeared from the stand,

Regeneration studies at the same locality showed
that the forest had its genesis after‘a severe fire (circa
1810) which destroyed a stand of large trees and Eurned
away most of the surface humus, The spruce and scattered
pine seeded in on exposed mineral soil, Under the stand
as examined in 1951 only fir appeared to be regenerating
to any extent, although its seedlings and saplings had an
unthrifty appearance due paftly at least to browsing,
Small balsam poplar suckers were found here and there, and
rotted loges supported many small birch saplings, but only
one or two white spruce seedlings were located. Unless
guch a stand is burned over it seems likely that it will |
become more and more open and brushy és the spruce dies
out, There was no indication that any of the tree gspecies
could form a self-maintaining (fundamental) forest type

on this site,

Successional relationships of younger communities

With few exceptions, all forest stands in the
fresh series have their genesis in fire, The severlity of
the burn has a profound influence on the subsequent forest

due to differences in the habits of reproduction of the
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two maln tree specles, aspen and white spruce, The extreme
possibilities, light (i,e,, non-severe) fires and severe

fires, will be taken up in turn,

(a) Succession following light fires

Crown fires, or light surface fires which merely
burn over the top of the humus layer, stimulate the
suckering of aspen and encourage a vigofous growth of
perennisl minor gpecies on the forest floor., The severe .
competition factor effectively prevents the raﬁid invagion
of spruce, fof the small, delicate seedlings of the latter
species cannot compete either above ground for light or
below ground for molsture with the numeroug wellfestablished
perennial shrubs and herbs, Therefore a puré poplar
stand generally deveiops.

| It is interesting to note that different vegeta-
tional communities are predisposed in varying-degrees to
fire and to severity of burning., Fires tend to be light
in poplar stands because of the luxuriant broad-leaved
undergrowth, Only in spring is there dry fuel on the
~ground, and at that time the humus layer can rarely be
consumed by fire because it is moigt except on the surface,
Consequently the cycle, poplar stand > light burn ~ poplar
stand, and so on, tends to recur, and spruce is effectively

excluded at almost every stage.
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The effect of a light fire in an aspen or agpen-
sprﬁce stand is comparable to that of eclear cutting; the
trees are removed but the minor vegetation isg unchanged,
Shrubs and herbs quickly sprout from their roots and form,
with the new aspen sprouts, a community very similar to the
previous one, Usually there is an increase in the relative

abundance of gome species such as Chamsenerion spicatum,

Lathyrus venosus and Fragaris virginisha in response to the

changes in light, molsture and nutrients, but the actual
composition of each community depends largely on what
plants were originally presént, and the historical agpect
is doubtlegs most important to the expianétion as to why
different specles dominate the undergrowth strata from

- stand to stand,

The commonest dominant of the undergrowth in poplar

communities in the fresh series is Corylus cornuta, a shrub

which is widespread through the southern boreal forest
(Fig, 14),

On the basls of field observations there seems to
be a recognizable, temporary or stable, aspen forest type

characterized by Corylus cornuta, Aralis nudicaulis,

Violas rugulosa, Oryzopsis asperifolia and Lathyrus venosus,

In Table XIII a gummary of the composgition of fifteen
aspen stands, each with a vigorous Corylus stratum, is

presented,



.
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Corylug cornuta forming the dominant ground

cover under mature aspen, Riding MHountain
National Park, Menitoba,
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TABLE XIIT

THE COMPOSITION OF THE POPULUS/CORYLUS-ARALIA-VIOLA-
ORYZOPSIS FOREST TYPE

Within each constance class the sgpecieg are ligted
in order of decreasing freauency as determined by the

examination of 200 quadrats,

Constance 100 and 90%

Corylug cornuta

Arglis nudicaulis

Maianthemum canadense
var, interius

Rosa acicularis

Aster ciliolatue

Fragaria virginiana

Mertensia paniculata

Viols rugulosa

Oryzopsis asperifolisg

Symphoricarpos albus
Galium geptentrionale
Cornug canasdensgis
Prunus virginians
Galium triflorum
Lathyrus venosgusg
Viburnum edule
Chamsenerion gpicdatum
Vicia americana
Amelanchier alnifolia

Constance &0 and 70%

Petasites palmatus
Thalictrum venulosum
Rubug idzeus
Lathyrus ochroleucus
Sanicula marilandica
Carex sp.

Lonicera dioica
Digporum trachycarpum
Pyrola asarifolia
Actsea rubra

Cornus stolonifera
Calzmagrostis canadensis

Constance 60 and 50%

Heracleum maximum
Elymus innovatus
Solidago lepida
Ribes trisgte
Ribeg hirtellum
Taraxacum sp.

Viburnum trilobum
Agropyron subsecundum
Smilacing stellata
Prunues pengylvanica
Sehizachne purpurascens
Mitella nuda

Plug 63 species of Constance less than U0%.
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A moister variant of this type that deserves
recognition due to 1ts better productive potential for

white spruce has a high incidence of Mitells nuda and ,

Cornusg eanadensig associated with Corylus and Aralia,

In the Populus/Corylus-Aralis-Mitella-Cornug community  the

Corzlﬁs grows very tall, sometimes up to sixX or eight feet.

As aspen stands mature and the individual trees |
begin to die, thé shrub'stratum becomes denser but apparent-
ly there is no radical change in composition of the
undergrowth, In such circumstances it is rare to find that
the 0ld stand is regenerating itself, Table XIV ghows
the composition of an old stand in which only scattered
trees femained, and where very few young root sprouts were
found, | |

In an occasionai locality one aspen stand was found
to have suceeeded another without any signs of the inter-
position of fire, Poseibly windthrow of the parent trees
was the initiating cause as it seems that some form of
disturbance is always neéessary for the geneslis of new

poplar stands,
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TABLE XTIV

DESCRIPTION OF A DECADENT, OPEN STAND OF ASPEN ON A FRESH
SITE

Aspen ~ Fresh, tall shrub type.

Riding Mountain National Park, Manitoba.

Physiographic sitet 2 : 3 : 5,

Soil: Grey wooded profile on moderately calcareous, silty
clay-loam till, '

Dominant species: Populug tremuloides widely scattered,
overmature, Many dead‘“snags". A few root sprouts.

Minor species: Shrub layer strongly developed, 4 to 5 feet
tall, dominated by Corylus cornutsa.

Within the frequency classes, species are listed in
order of decressing importance as determined by quadrat
studies of cover-abundance.

Freguency 100-85%

Corylus cornuta
Aralia nudicaulis

Rubus idaeus
Fragaria virginiana

Freguency 80-65%

Viola rugulosa
Galium triflorum
Galium septentrionale

Heracleum maximum

Mertensis paniculata

Mgianthemum canadense
var, interius

Fregquency 60-45%

Rosa acicularig
Aster ciliolatus
Lathyrus ochroleucus

Elymus Ganadensis
Vicia americana
Rubus pubescens

Frequency H0-25%

Bromus ciliatus

Sanicula marilandica
Calamagrostis canadensis
Oryzopsis asperifolisg
Moehringia lateriflors

Solidago lepida
Taraxacum sp.
Thalictrum venulogum
Prunus virginiana
Carex deweyana
Agropyron subsecundum
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Frequency 20% and less

Digporum trachycarpum Brachythecium salebrosum
Petasgites palmatus Ceratodon purpureus
Smilacina stellata Cornus stolonifera
Amelanchier slnifolia Crataegus chrysocarps
Symphoricarpog albus Prunus pensylvanics
‘Aster umbellatus var. Ribes hirtellum
pubens Picea glauca seedlings
Lathyrus venosus Poa sp.
Urtica gracilis Anemone canadensis
Elymus innovatus Anemone quinguefolia
Schizachne purpurascens Chamzsenerlion spicatum
Cornus cansdensis Prenanthes alba

Lysimachia cillata

The invasion of established aspen stands by white
gspruce following light fires can occur, but it is usually
‘a slow process because relatively few niches where the
seedlings can survive are available on fresh sites. The
most important niche for initial invasion is decayed wood,
as few other specieg are adapted to grow on it,
Consequently spruce sometimes slowly "dribbles" into
poplar stands where the decayed remains of former trees
provide a suitable substratum, Another invasion niche
of some importance is provided by mossy hummocks at the
bases of the zspen trees where, as on decayed logs and
stumps, moisture conditionsg are favourable and the dangers
of smothering by the autumnal fz2ll of broad leaves are
minimized, Fig, 15 shows the digtribution of stems in
a mature aspen stand where white spruce was found to be
invading, and where in time an open, uneven-aged spruce

stand will be formed.
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The invasion of a mature aspen stand by white
spruce, The distribution of spruce seedlings
i1s given by one-foot height classes and the
distribution of trees by one-inch diameter
classes, Data from a tally of three acres of
the type. (Note: These graphs are not regres-
sion lines.)

{(b) Succession following severe fires

Severe ground fires which burn away the humus layer

favour establishment of gpruce by simultaneously destroy-

ing ébmpeting plants and baring a mineral soil seed-bed,

Many examples of spruce stande which have regenerated

after fire have been observed and some have been referred
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to previously (Rowe, 1955, pp. 18, 19), Various factorg
other than climatic conditions per se dispose forest
gtands to seﬁere ground fires, the most important ones
being & high needle-leaf content of the humus layer and
a texture and structure of the underlying mineral s0il con-
ducive to rapid drainage at the surface, Therefore complete
destruction of the humus layer by fire is more frequent
in coniferous sténds than in hardwood stands, and on sandy'
surface soils than on clays. In mixed stands it has been
observed that ground fires often burn away all humus under
gpruce while only lightly burning the surface under
adjacent aspen, and thus spruce regeneration is favoured
where gpruce grew before, Just as aspen ig favoured where
it formerly existed,

The effect of a severe ground fire is to destroy
almost 21l the résident forest ﬁegetation, for most specles
(including poplar) have their perennating parts in or Just
beneath the humus layer., A& few gmall studies made by the
writer sre pertinent to this point. In one experiment,
one hundred samples of humug layer (12 inches by 12 inches .
by 4 inches) were collected under a mature mixed sprucer-
and-aspen stand early in the spring, The sampies, placed
in open frames and watered throughout the summer, produced
the typical flora of the mixedwood stand, an indicatlion

that the perennating parts of most of the forest floor
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species are in the humus layer. During the same period
observationg at points where the samples had been lifted
showed that iny & few gpecies had survived removal of the

humus layer, these including Vicia americana, Lathyrus

ochroleucug, and Galium geptentrionale, Other plants

repidly invaded the bared mineral goil from adjacent un-
disturbed humus, particularly the stoloniferous species

Fragaria virginiana and Rubus pubescens., Excavation of

the underground parte of Vicia americans, Lathyrus ochro-

leucus and Lathyrus venosus showed the reason for the

success of these legumes after destruction of the humus
layer. All possess deep roots and rhizomes in the minersl
vsoil from which new stems can rapidly be produced,

The species of the open communities which form on
exposed minersl goil after fires can be classed in three
groups, as follows:

(1) B8pecies with deep perennating parts:

E.g., Vicia americana, Lathyrus venosus, Lathyrus

ochroleucug, Galium geptentrionale, Apocynum

androsaemifolium, Mertensis paniculsta,

Chamaenerion spicatum, Ross acicularis, Populus

tremuloides belongs partly here, for severe fires

gseldom eliminate it entirely,.
.(ii) Species gpreading rapidly by vegetative means:

E,g.,, Populug tremuloides, Fragaria virginiang,
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Rubusg pubescens, Arctostaphylos uva-ursi,

Smilacina stellata.

(111) Species with mobile seede (many ruderals):

E.g., Taraxacum dumetorum, Sonchug arvensis,

Lactuca pulchella, Solidago hispida, Clrsium

arvense, Salix bebbiana, Aster ciliolstus, Achilleg

- millefolium, Hieracium canadense, Erigeron

canadense, Gentlana acuta, Geranium bicknelliil,

Cerstodon purpureus and Funaris hygrometrica.

Picea glauca belongs with this group,

The invasion of spruce, asgpen and the pioneer minor
gspecies on severely burned areas gradually results in the
formation of a new humus layer in which the more mesophytic

species Aralia nudicaulig, Viola rugulosa, Petasites

palmatug, Saniculs marilandica, Cornus cansdensis, etc.

become established.,

Corylus cornuts does not invade areas}where spruce
hag established itself equally with aspen; presumably
bdue to unfavoursble light conditions. Instead Aralia
nudicaulis, slightly morertolerant than the Corylus, often
comes to the fore (Fig. 16),

The soil sssocliate accompanying the community in

Fig, 16 is shown in Fig, 17.



Aralies nudicsulis dominsting the minor vege-
tation in & potch of white spruce, Riding
Hountain National Psrk, Manitoba,

A cloger cover of gpruce ig in turn less faovoursble
to tall herbs such ag Aralis, and then the lower, more

tolerant

o

pecleg such ag Cornug cenadensis, Linnaes

borealig var, smericans and Pyrols spp. become distinctive

in the minor vegetation, A recognizable temporary forest

type (Pices-Populus/Cornus-Linnaes-Pyrola) is described

in Table XV on the basis of ten mixed gtandg in which

gpruce predominated over sspen,

4
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PROFILE DESCRIFTION

horizon: 1 1/2" dark brown mottled humus,
horizon: 0-1" dark grey to blsck losm, some charcoal

horigon: %-U" brownish grey loam, platy structure,
a] & F

horizon: 6" brown clay loam, granular to fine nutty.

horizon: 8&-10" dark brown clay loam, weakly columnar,
breaking to medium nutty agesregates.

horizon: 2-L" yellowish brown clay losm, stony, weak
nutty to granular gtructure, with free lime carbonate
at basge (at 20-24" depth),

C horigzon: greyish brown silt

by clay loam, moderately
calcareoug, fragments of s

vy c
hale and limestone sbundent,
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TABLE XV

THE COMPOSITION OF THE PICEA-POPULUS/CORNUS-LINNAEA-PYROLA
FOREST TYPE

Within each Constance class the sgpeciles have been
ligted in order of decreasing frequency as determined on the
bagis of 100 milacre quadrats.

Constancy 100 and 90%

Cornug canadensis Mitella nuda
Mertensia paniculata Rubus pubescens
Fragaria virginiana Maianthemum canadense
Roga acicularis var, interius f
Petasites palmatus Elymus innovatus |
Arzlis nudicaulis - Pyrola asarifolis §
Agter ciliolatus Hymphoricarpos albus |
Linnaesa borealis var, Pyrola secunda

americans

Constancy %0 and 70%

Galium septentrionale Disporum trachycarpum
Viola rugulosa Calliergonella schreberil
Oryzopsis asperifolis Ribes triste
Viburnum edule Ribes hirtellum
Chamsenerion spicatum Amelanchier alnifolia
Lathyrus ochroleucus Cornus stolonifera
Lonicere dioica var, Mnium spp.

glaucescens

Congtancy 60 and 50%

Corylus cornuta Equisetum arvense

Thalictrum venulosgum Pyrola virens _ |
Carex sp, Solidago hispida '
Schizschne purpurascens Sanicula marilandica

Hylocomium splendens Dicranum rugosum

Galium triflorum Corallorhiza trifida

Viola renifolia Actaea rubrs

Plus 5% others of Constancy 40% and less,
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The averagé community Jjust deseribed is a geral
stage which will give way to a spruce type as the asgpen
mature and die, Although a tendency has been obgerved for
the patchy development of a feather moss stratum

(Calliergonella gchreberi, Hylocomium splendens, Dicranum

rugogum) in the most shaded perts of intermediate-aged
spruce and spruce—éspen sténds (60 to 80 years), older
stands usually show little evidence of further develop-
ment in thig direction, as has earlier been mentioned,
In some stands the herb and shrub vegetation seemg to have
become denser rather than thinner with advancing age, due
in 211 probability to increased side-light as suppressed
spruce and mature poplar die and fall throughout the stand.
In support of the contention that spruce stands do
nbt necessarily develop to a feather moss type, reference
will be made to a small spruce stand on the Riding Mountain
where tree measurements have been mede since 1921, When
three 1/b-acre study plots were marked out in 1921 by
G, Tunstell and C, Gill, notes were taken stating that
the stand contained "mainly spruce, some poplar (aspen),
a few birch and some dead tamarack", Furthermore it was
stated that no underbrush was present, the minor vegetatlion
"peing mainly moss 2 to 4 inches thick (presumebly in

patches), bunch berry (Cornus canadensig) and hound's tongue

(Mertensis paniculsta)." Fig, 1%, a photo taken in 1921,



shows the dense gpruce znd the minor vegetation

% y

Arslis nudicaulis

rig virginisns, Petagites palnm

)

LU

Aubug pubesceng, as well a2s the sbove-mentioned Cornug

Mertengis, can be discerned,

e

.

&, Denze white goruce with = varee herb snd moss
e

ground veg tet - Ria i tain Netional
Farl, Menitoba, 1921,




ig
7 of the latter picture
1z, 12, the overmature spruce stand at Singoosh Leke,

notaghle,

spruce stand of Fig, 18 ag seen in 1952,

5 herb and shrub ground cover.

forh

In the 3l-yesr intervasl the forest changed from

a,

sparge mogs~snd~herb type to o predominantly shrub-and-

herb type., The most important s ot pregent (as

determined by examination in 195 are Rubug idaseus,




145

Arglia nudicsulis, Cornus canadensis and Petasites palmatus.

Corylus cornuta is present, with Linnses borealis ver.

americana, Pyrols virens, Rubus pubescens, Mertensia

paniculata, and many other herbs,

Some of the different kinds of stands arising after .
severe or light fires have néw ﬁeen‘discussed. Many other
kinde, intermediate in character, are‘formed due to varia-
tions in fire intensity, compoéition of original stands,
suitability of season for regenerstion, and so forth, Thus
every conceivable mixture of white spruce and agpen can be
found in the fresh series, along’with a great many different
age—élass distributions, If a stand is predominantly aépen
(common after light fire), and spruce slowly invades over |
a long period, the final result is an open uneven-aged |
coniferous stand., Where invssion by spruce is sudden and
complete (common after severe fire) a more closed, even-

- aged coniferous stand will result, This is the type of
stand whose development hag been discussed by Kabzems (1952),

Probably the commonest condition arises when, due
to varigbility in intensity of fire, ;n local climate and
in reproductive potential, a patchwork forest of spruce,
aspen and their_mixtures ig formed, 8ixty to seventy years
after the initiatidn of such & forest there is usually
a secondary intra-stand invasion of the aspen by the spruce,

‘Kagis (1954) observed this process in a mixedwood stand .
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and suggested that it could be related to "stand-opening"

as aspen declined after about 60 years. This may be one
predigposing factor, but there is another of equal or
greater importance, namely the initiation of geed production
by the spruce after approximately the same interval of time,

The diameter distribution of a mature, mixed spruce-
and-agpen stand on the Riding Mountain is shown in Fig, 20
as an illustration of gtand structure resulting from the
above-mentioned developmental process,

Note in Fig, 20 the normal distributions by diameter
size classeg of agpen and balsam poplar and paper birch,
indicating an even-aged hardwood component in the stand,

On the other hand, the distribution of the spruce by
diameter size classes indicates unevenness of age of the
softwood component, The mode of the distribution curve

for the older spruce ig apparently sround the 9- to l2-inch
dismeter classes, and ﬁhis can be vigualized if a leg
extending from the &-inch diameter clasgs toward the lower
left of the gfaph is added (dotted line from the arrow),
The shape of the left-hand side of the sgpruce curve indi-
cates the presence of young trees., The old stand is 100

to 110 years old, and if.it is assumed that appreciable

seed production began when the older spruce were 50 to 60

years of ége, then there has been a period of K0 years
for the establishment of the "ingrowth" represented by the-

left-hand side (1 to & inches diameters) of the curve,
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Fig, 20, The diameter distribution of the tree species
in a mature mixed forest. Riding Mountain
N ationsl Park, Manitoba, The data are from
a complete tally of 100 acres of the type.
(Note: These graphs are not regression lines,)
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The vegetation of this matﬁre mixed stand was
sampled by 1,000 emall circular plots, each one half
a meter in gize, distributed systemafically over the 100-
acre area, The topography is undulating, and a minority
of the plots fell in moist to wet localities, However the
great majority of the plots sampled upland sites, and
therefore the data are presented in summery form in
Table XVI as representative of the vegetation under mature

mixed gpruce-and-aspen on fresh sites,
TABLE XVI

DESCRIPTION OF THE MINOR VEGETATION IN A MATURE MIXED FOREST
OF SPRUCE, POPLAR AND BIRCH
RIDING MOUNTAIN NATIONAL PARK, MANITOBA

The 70 commonest minor species are listed in order
of deereasing’freguency in 1,000 sample plots,

Freouency above #0%

Fragaris virginiana

Frequency &0 to 60%

Agter ciliolatus Mertengia paniculata
Petagites palmatus Galium septentrionale
Arglia nudicaulis Calamagrostis canadensis

Rubus pubescens

Frequency 60 to 40%

Maianthemum canadense Rosa acicularis ,
var, interius Symphoricarpos albus
Cornus canadensis Oryzopsis asperifolia
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Table XVI cont.
Frequency 40 to 20%

Pyrols asarifolia Corylus cornuta
Thalictrum venulosum Mnium spp.
Lathyrus ochroleucus Viola rugulosa
Brachythecium salebrosum Carex spp. chiefly
Elymus innovatus C. deweyana

Freguency less than 20%

Smilacina stellsta Heracleum maximum
Rubus idaeus Anemone quinquefolia
Aster umbellatus var, Anemone riparia

pubensg Viburnum edule
Mitella nuda Ribes triste
Vieia americsnz Bromus ciliatus
Chamaenerion gpicatum Viola renifolis
Galium triflorum Luzula multiflora
Taraxacum gpp. Moehringia lateriflora
Equisetum arvense Apocynum sndrossemifolium
Populus tremuloides Mentha sarvensis

suckers Gentiana acuta

Sanicula marilandica Btachys palustris
Solidago lepida Climacium americanum
Lonicera dioica var, Actaea rubrs

. glaucescens Pyrola elliptica
Pyrola secunda Viola gp.

gchizachne purpurascens Prunus virginiana
Anemone canadensis Thuidium recognitum
Prenanthes albs * Linnsea borealis var,
Achillea millefolium smericans
Ribesg hirtellum Aster puniceus
Halenia deflexa Petasites sagittatus
Hierocium canadensge Solidago higpida
Amelanchier alnifolia Agastache foenliculum
Lathyrus venosus Celliergonells schreberi

Plus 50 additional spp. of minor importance,
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Dry and Fresh Series - Weakly calcareoug goils

The differences between the shallow, moderately
calcareous solls characteristic of the Cretaceous highlands
in the vicinity of the Manitoba-Saskatchewan boundary and
the deeper, weakly calcareous soils which are common in
central Baskatchewan have been briefly outlined before,
Both support forests consisting mostly of aspen, white
spruce and their intermixtures, but important differences
in stand structure and in cbmposition of accompanying vege-
tation can be discerned which in the writer's opinion
Justify their separation,

The deep, leached surface horizon (Ap) of soils on
the weakly calcareous drift confers on them many of the
characteristics of sandy porous soiles., To the agricul-
turist, iﬁterested in the growth of shallow-rooted annual
cereals, many of the soils would probably be classed as
impoverisghed and somewhat arid, but for forestry purposes
such 1s not the case as they provide good to superior
conditions for the reproduction and growth of spruce and
pine. The well-drained surface allows rapid drying of
the humus layer which is a predisposing factor to ite
complete destruction when fires oécur, and the consequent
exposure of mineral soil in turn facilitates invasion by
the conifers., Impoverishment of the surface horizon by

strong leaching--indicated by the depth to free lime
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carbonate in the soil, by strong acidity in the upper
horizons and frequently by secondary podzolization of the
Ao horizon--probably favours the survival of coniferous
seedlings in composition with the more demanding broad-_
leaved herbs, shrubs and trees., Thus the favourability
of these soiis for gpruce and pine as cdmpared to shallower,
more calcareous (richer) soils is reflécted in the higher
incidence of forest stands in which the coniferous compo-
nent 1s both even-aged and dense. Once established, the
subseguent rate of growth of conifers is also good,
particularly on the fregh sites, and a reason in terms of
favourable molsture storage and avallabllity has earlier
been suggested. }

Some of the species which assume greater lmportance
on the deeply leached soilsg than on the shallower, more
calcareous soils are the ericaceous Specieé Vaccinium

myrtilloides, V. vitis-idaea var, minus, and Ledum

groenlandicum. The club mosses, Lycopodium spp., also

become prominent, and such species as Geocaulon lividum

and Habenaria orbiculata frequently appear, not only under

coniferous cover but also under hardwoods., It is an
interesting although puzzling fact that where the above-
mentioned specles occur on the more calcareous solls,
they are usﬁally associated with much moister conditions

of site. On the other hand some species more commonly
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associated with dry piné gltes in the eastern area are
prominent in spruce and poplar as well as pine stands to

the west, Such are Alnus crispa, Vaccinium caespitosum

and Arctostaphylos uva-ursgi.

(1) Dry Series

White sprucé, Jack pine, and aspen, alone or in
mixture, compose the stands of the dry series, Oﬁly frag-
mentary examples of forests belonging to this series were
found during these studies., An éXample of a spruce-aspen
stand is given in Table XVII,

The open forests of the dry serles resemble those‘

- which have beenvdescribed'farther east on the Cretaceous

Hills, in that Elymus innovatus is the most abundant minor

species, This grags carpets the ground, particularly
under aspen and pine, but it is associated with species
legs common on comparable sites to the eastward, such

being Arctostaphylos uva-ursi, Vaccinium spp.,

Sibbaldiopsis:tridentata'and Alnus cerispa.
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TABLE XVII

DESCRIPTION OF A PICEA-POPULUS COMMUNITY ON A DRY, DEEP
GREY WOODED SOIL

White spruce and aspen - Dry, mixed herb-and-shrub type.
Loon Lake, Saskatchewan,

Physiographic site: & :
Deep grey wooded profile on weakly calcareous,

Soil:

stony clay-loam till,

Dominant species:

Picea glauca in an open stand, with

individual trees up to (O feet tall at 85 years
of age.

Populug tremuloides of poor form,

stems up to 55 feet tall,

Minor species:
growth,

Abundant:

Linnaea borealis
var, americans
Chamaenerion spicatum
Shepherdia canadensis
Elymus innovatus

No distinct stratification in the under-
Variable ground cover,

Cornus canadensis
Arctostaphylos uva-ursi
Cglliergonella schreberi
Hylocomium splendens
Viburnum edule

Common:  Arslia nudicaulis Corylus cornuta
Aster ciliolatus Vaccinium caespitosum
Agter consgpicuus Vaccinium myrtilloides
Roga aclcularis Vaccinium vitis-idaea
Ledum groenlandicum var, minus
Occasional: Calamagrostis Rubug pubescens
canadensis Vicla americana

Schizachne purpurascens

" Achillea millefolium

Fragaria virginiana
Gentiana acuts
Galium septentrionale
Hieracium canadensg .
Disporum trachycarpum
Mertensia paniculata
Maianthemum canadense
var, interius
Petasites palmatus
Pyrola secunds
Pyrola asarifolis
Symphoricarpos albus
Lathyrus ochroleucus

Populug tremuloides
suckers
Amelanchler alnifolia
Mitella nuda
Eurhynchium strigosum
Viola renifolis
Lonicera involucrata
Betulas papyrifera
seedlings
Tersxacum &p.
Goodyera repens
Salix discolor
Loniceras dioica var,
glaucescens
Castille)a rhexifolia.
Spiranthes romanzoffiana
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~In the dry series the same gituation of simlilarity
in ground flora, whether under white spruce, pine, aspen
or their mixtures, was observed on the weakly calcareous
ag on the moderately calcareous soils. Therefore it is
logical to assume that white gpruce couldyreplace both
aspen and pine on the dry series of sites given sufficient

time and an absence of fire,

(2) Fregh Series

The dominants of forest stands of the fresh series
dn weakly calcaréous goils include aépen, white spruce,
balgam fir, Jack pine; balsam poplar and black spruce,

The last three trees usually occur either gcattered or as
small patches in stands of the other speéies. The sites
are barticularly favourable for the regeneration of white
spruce and, in association with it, of balsam fir, Spruce-
fir stands appear to have more stability than on comparable
molilsture regimeg of more calcareousksoils;

The description of an bvermature spruce-fir forest
studied near Bittern Greek,'Saskatchewan is first given

(Table XVIII). This stand is typical of the Pices-Abies/

Hylocomium-Rubug forest type, to which reference will be

made later under the Moist and Very Moist Series.
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TABLE XVIII

DESCRIPTION OF AN OLD PICEA-ABIES FOREST ON A FRESH SITE

White spruce and balsam fir - Fresh, feather moss type.

Plot No, %27, Bittern Creek, SBaskatchewan,

Physiographic slte: 4 : 3 : 4,

So0il: Deep grey-wooded profile, developed in weakly cal-
careous ablation moraine (stony loam) over lodgement
ti111 (stony clay).

Dominant trees: Picea glauca 1 to 27 inches in dliameter,
up to 115 feet tall, and 170 years old,
Abies balsamea 1 to 1% inches in dilameter,
up to &5 feeet tall, 80 years old.
Picea mariana, a few scattered small
trees, 1 to 10 inches in diameter, A few Betuls

papyrifera. No Bopulus spp.

Tree Regeneration: Abundant seediings'and saplings of‘fir
: ~in stsnd openings. Scattered spruce seedlings .on
decayed logs, ‘

Minor species: The presence of a great deal of decayed
wood--logs and stumps--has resulted in a "moist”
moss ground flora, Under the closed coniferous
canopy the moss stratum is prominent, but in stand
openings caused by the death of old trees Rubus
idaeusgs dominates the undergrowth,

Species are ligted below, within frequendy classes,

according to their decreasing frequency and cover-abundance
ag determined by examination of 20 milacre quadrats,

Freguency &5-100%

Hylocomium splendens Hypnum crista-castrensis
Calliergonella schreberi = Abies balsamea seedlings

Freguency 65-20%

Eurhynchium strigosum Mitella nuda
Moss sp. (Hypnum haldanianum?)

Freouency 45-60%

Linnaea borealis var, Dicranum flagellare
americana Mnium sp.
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Table XVIII cont.

Freguency 25-40%

Rubusg l1ldaeus Eurhynchium diversifolium
Cornus cenadensis Betula papyrifera
Dicranum rugosum geedlings
Pohlia nutans Chamaenerion spicatum
Aralia nudicaulis . Rubus pubescens
Maianthemum canadense Trientalis borealls

var., interius Polytrichum Jjuniperinum
Pyrola secunda Dicranum bergeri

Frequency 5-20%

Ribes triste . Oncophorus wahlenbergil
Lycopodium annotinum Viburnum edule

Galium triflorum Goodyera repens
Moneses uniflora Dryopteris splnulosa
Pyrola virens Carex sp.

Pig. 21 shows the distribution by two-inch diameter
classes of the spruce and fir components in a one-acre
sample of the forest.

It appears that the community here may be a stable
or even a fundamental forest type. Fir has been reproduc-
ing well, although not to the exclusion of the larger and
longer-lived spruce. The occurrence of the latter species
in the small diameter classes indicates a probability that
it has been reproducing at a rate sufficient for its main-
tensnce in the community. The large amount of molsat
decayed wood on the forest floor 1s a significant factor

go far as continued regeneration of spruce is concerned,
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Fig, 21, The diameter distribution of spruce and fir
in an old coniferous gtand., Bittern Creek,
Sagkatchewan,
(Note: These grephs are not regression lines.)

Successional relationships of younger communities:

The successional relationships of the vegetation in
the fresh series are much the same throughout our area,
A common end point of forest succession (in the sbsence of

fire) is apparently a spruce or spruce-gnd-fir forest of
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variable stability., Due to the more favourable conditions
for the establighment of spruce which exist on the deep,
weakly calcareous soils, there is a greater tendency here
than on shallower more calcareous soils for the development
of even-aged, closed types of coniferous stands., A closer
canopy and a less vigorous herb stratum than on the more
calcareousg soils is in turn conducive to the genesis of
feather moss forest floors, and with these the regeneration
of balgam fir is gquite commonly associated.

On the deep grey wooded soils, forést types of
similar composition and structure td thoge discussed earlier
for the more eastern part of the area are to be found, for
example: pure poplar stands, poplar with spruce slowly
"dribbling in", open stands of fairly even-aged gpruce-znd-
poplar with regeneration of the former species filling in
under the latter, and cloged stands of even-aged spruce-
poplar in which the successional trend to a feather moss
coniferous type can clearly be seen, Examples of some of
thegse common communities will now be given,

By far the most‘common forest in Saskatchewan and
in Manitoba 1s the pure aspen type, a result of frequent
fires, In young aspen standse, tall herbs often form the
most noticeable stratum, but after about 40 years a pro-
nounced tall-;hrub stratum usually dominates the undergrowth,
Table XIX gives an example of a mature aspen stand which

developed after a severe fire,
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TABLE XIX

DESCRIPTION OF A MATURE ASPEN STAND ON A FRESH, DEEP,GREY
WOODED SOIL

Mature aspen - Fresh, tall shrub type.

Plot No, 131, Torech River Forest Reserve, Sasgkatchewan,

Physiographic gite: 4 : 3 1 3=l ‘

'Boil: A deep, grey wooded (“double") profile developed on
weakly calcareous glacio-lacustrine deposits (very
fine sandy loam with interbedded thin bands of clay.

Dominant trees: Populus tremuloides 6 to 11 inches D,.B.H,,
up to 80 feet tall, 88 years old,
Scattered Betula papyrifera 1 to 2 inches
D.B.H. - ,

Tree regeneration: Scattered seedlings and saplings of
Picea glauca, all rooted in decayed wood,

Minor species: A strongly developed shrub stratum 6 to &
feet tall congisting of Corylus cornuts &nd Alnus
crigpa, with a lower gtratum of herbs and Dierviile
lonigera.

Species are listed within each frequency class in
order of decreasing frequency and cover-abundance, as :
determined by the study of 20 milacre quadrats,

Frequency 100-85%

Corylus cornuta : Maianthemum canadense
Arslia nudicaulis var, interius
Cornus canadensis Rosa acicularis

piervilla lonicers

| Freguency %0-65%
Rubus pubescens Rubug idaeus
Trientalis borealis Ribes triste
Mitella nuda

Frequency 60-45%

Viburnun edule Ribes glandulosum
Alnus crisgpa ' Galium triflorum
Pyrola asarifolia
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Table XIX cont.,

Freguency 40-25%

Calemagrostis canadensis Linnaea borealis var,
Carex sp. americana
Aster ciliolatus Petaslites palmatus

Mertensia paniculata

Freaueney 20-5%

Viola rugulosa Cornus stolonifera
Oryzopsis asperifolila . Ledumn groenlandicum
Actaea rubra , Schizachne purpurascens
Galium septentrionale Equisetum arvense
Lycopodium annotinum Lathyrus ochroleucus
Lycopodium obscurum Apocynum androsaemifolium
Amelanchier alnifolia Chamaenerion spicatum

Disporum trachycarpum

Fig. 22 shows the soil profileiunder this stand.

This natural stand of Populus/Corylus-Alnus-Diervillas

was found to resemble closely a number of artificial stands
created by the logging out of sprucé from spruce-aspen
mixedwoods in the Torch River area. The tall-shrub stratum
evidently develops rather quickly where light conditions
are favourable, A further relationshlip, suggestive of
developmentsl trends, waé found with some open coniferous
types (white spruce and balsam fir) where the stand open-

ings were dominated by Cogqug cornuta and Alnus crispa

(with Diervilla lonicera very abundant under the Alnus in

one stand) and where the closed canopy parts had a low

herb and moss ground cover,



Soil profile under a fresh, Populus/Corylus-Alnus-
Diervilla community, Torch River Forest Reserve,
Sasgkatchewan,

PROFILE DESCRIPTLON
Ay horizon: 2-3" dark matted mor,
Aolp) horizon: 1-3" pinkigh grey, loamy sand,

Ao horizon: 6-10" faintly blotchy, light yellowish brown,
very fine sandy loam, Weakly laminsted structure,

AB horizon: U-6" light brown very fine sandy loam with fine
rusty crenulate lines of clay,

Bo horizon: &" brown clay, compact, somewhat stony.

B3 horigzon: &" light brown friasble clay loam, Some small
streaks of free calcium carbonate at 40" depth.

C horizon: 1light grey to very pale brown silty clay
below 48" depth,
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In moister variants of open "fresh" forests,

Corylus cornuta usually replaces Alnug crigpa., A fine

exemple of a mature sprude stand from which most of the
poplar had diéd, but which still maintained a tall-shrub
(Gofxlus) gtratum, is given in Table XX,

Earlier, reference has been made to an aspen forest

type on moderately calecareous soils, Populus/Corylug-

Aralia-Viola-Oryzopsgis, and to a moister variant, in which

Mitells nuds and Cornus canadensis are prominent. The stand

deseribed in Table XX has the‘latter type of undergrowth
(Corylus-Aralia-Mitella-Cornug) although associated with

an open stand of spruce rather than aspen, Similar stands,
in which spruce where present always showed an excellent
rate of growth, héve been found on the Cretaceous uplands
as well as in central Bagkatchewan, There is here ah
indication that except on the dry and fresh sites the
differences in vegetational communities between the eastern

and western parts of our area are very small,
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TABLE XX

DESCRIPTION OF A MATURE OPEN STAND OF PICEA/CORYLUS ON
A BUPERICR FRESH TO MOIST SITE

White spruce - Fresh, tall-shrub type.

Plots Nos, 323, 224, Love, Saskatchewan,

Physiographlc site: 4 : 3-4 : 4,

Soll: Deep,grey wooded profile on weakly calcareous
glacio-lacustrine deposits (very fine sandy loam
over modified clay till).

Dominant trees: Picea glauca, a moderately open stand of
trees 4 to 20 inches D.B.H.,, up to 110 feet tall
at 100 years of age--an excellent rate of growth,

Populus tremuloides mostly dead.
Populus balsamifera and Abieg balsames present as
scattered individuals, .

Tree regeneration: Numerous seedlings and saplings of
fir, mostly in scattered patches or thickets.
A few spruce seedlings on decayed wood, and a few
birch and poplar saplings where the canopy has
. opened,

Minor vegetation: A pronounced Corylusg stratum, 4 to 6
feet tall, dominates the undergrowth,

Bpeclies are listed below in order of decreasing

fréquency and cover-abundance within each frequency class
as determined by the study of 40 milscre quadrats.:

Frequency 100 to 85%

Corylus cornuta Petasgites palmatus
Mitella nuda Mnium spp.,

Arglia nudicaulis Fragaria virginlana
Cornus canadensis Maianthemum canadense
~Mertengia paniculata var, interius
Rubug pubescens Galium triflorum

Frequency 83 to 65%

Ribes triste Linnaea borealis var,
americansa
Viburnum edule
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' Frequency 63 to U5%

Cornus stolonifera
Brachythecium salebrosum
Pyrola asarifolis

Rubus idaeus

LCarex sp.

Calliergonella schreberi

Frequency 43 to 2Kk%

Oryzopsis asperifolis
Ribes hirtellum
Hylocomium splendens
Viola renifolis

Rosa acicularis

Galium geptentrionale
Agter ciliolatus
Eurhynchium strigosum
Symphoricarpos albus
Circsea alpina

Frequency 23% and less

Lonicera dioica var,
glaucescens
Trientalis borealis
Calamagrostis canadengis
Pyrola secundas
Agropyron subsecundum
Bromus ciliatus . ,
Lathyrus ochroleucus
Amelanchier alnifolis
Cinna latifolla
Lonicera involucrata
Dieranum rugosum
Viola rugulosa
Apocynum androsaemifolium
Equisetum arvense
Hypnum crista-castrensis
Moss sp.
Prunus virginians
Digporum trachyecarpum

Actgea rubra
Chamaenerion spicatum
Goodyera repens
Smilacina stellata
Solidago lepida
Targxacum sp.

- Climacium americanum

Dicranum flagellare
Pohlia nutans

Ribes glandulosum
Shepherdig canadengis
Elymus innovatus
Schizachne purpurascens
Hergecleum maximum
Trillium cernuum
Thalictrum venulosum
Rhytidiadelphus triquetrus
Thuidium recognitum

Turning once again to more typlcal fresh sites,
a summary of the composition of four mixed stands, each
with a high spruce component, will next be given, The
stands are representative of even-aged forests found after
severe fire and they wefe selected for sgimilarities in

soil (deeply¢leached, very fine sandy loams) and in age
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(80 to 90 years). On the basis of these data and other

observations, a Picea glauca/Cornus-Linnaea-Vaceinium

forest type is tentatively defined (Table XXI),

TABLE XXI

THE COMPOSITION OF THE PICEA{POPULUSYCORNUS-LINNAEA- .
VACCINIUM FOREST TYPE

Dominant trees: Pices glauca.2 to 12 inches D,B.H., up to
70 feet tall at 80 years of age, -
- Populus tremuloideg % to 9 inches D.B.H,,
equal in age and height to the spruce, but fewer stems.
Scattered individuals of Pinug banksiana,
Picea mariana, Abies balsamea and Populus balgamifera,

Minor species: A pronounced herb-and-moss unndergrowth.

” The species are listed in decreasing order of cover-
abundance as determined by the study of 40 milacre quadrats,
supplemented by ocular estimates.

Very abundant:

Cornug canadensis Linnaea boreclis var,
Hylocomium splendens ~ ameriecana;
Calliergonella schreberi
Abundant:
Maianthemum canadense Petasites palmatus
var. interius Rubue pubescens

Hypnum erista-castrensis x Vacecinium myrtilloides
Oryzopsis asperifolia

Common:
Roga acicularis Frageria virginiana
Mitella nuda x Lycopodium complanatum
Arslia nudicaulis . Brachythecium salebrosum’

x Trientalis borealis Galium septentrionale
Viola renifolis x Alnus crispa
Aster ciliolatus .Chemaenerion spicstum
Viburnum edule : Goodyera repens

x Vacecinium vitis-idaea Lathyrus ochroleucus

var, minus - Ribes triste

x Ledum groenlandicum
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Table XXI cont,

Occasional:

X Vaccinium caespitosum X Geocaulon lividum
Pyrola asarifolis Symphoricarpos albus
Elymus innovatus , Alnus rugosa
Lonicers dioieca var, Corylus cornuta

glaucescens Mertensia paniculatsa

Dicranum rugosum Habenaria orbiculata
Schizachne purpurascens Cornus stolonifera
Calamagrostis canadensis Shepherdia canadensis
Achilleg millefolium Agropyron subsecundum
Hieracium canadense Apocynum androsaemifolium
Pyrola secunds x Arctostaphylos uva-ursi

x Lycopodium annotinum Carex sp,
Solidago hispida Equisetum arvense
Mnium sp. . Solidago lepide
Pyrola virens Viecia americana
Polytrichum Jjuniperinum Rhytidiadelphus triquetrus
Amelanchier alnifolia Drepanocladus uncinatus

Eurhynchium dlversifolium

* - The characteristic species are marked with an asterigk to
facilitate comparison with Table XV which summarizes the con-
stancy data for similar stands on moderately calcareous soils,

A picture of a patch of the ground cover from one
of the plots on which Table XXI is based is shown in Fig, 23,
In older stands the trend toward a complete moss

cover on the forest floor hag been observed, accompanied

- by the dying out of poplar and the appearance of much balsam
fir regeneration, The moss flora brings with it a charac-

teristic low-herb flora in which the orchids Goodyera repens,

Habenaria obtusata and Habenaris orbiculate are usually

distinctive, In the final stage, which is a feather moss
type of spruce and fir forest as in Table XIX, the

Vaccinium and Lypopodium species typlcal of the earlier
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stages may not appear, possibly due to the lessening
influence of thé mineral goil as the humus layer thickens

and decayed wood accumulates on the forest floor,

Reduced light intensity is doubtless g significant factor

also in the elimination of these and meny other minor species.

Home of the characterigbic species in the ground
cover of the Picest{Populug/Cornus-Linnsea—
Vaccinium forest type, Torch River Foresgt
Regerve, Saskatchewan,

Note presgence of Vaccinium myrtilloides, Ledum
groenlandicum, Cornus csnadensis, Lycopodium
complanatum, and one of the Agaricaceae,

Several less important although fairly common forest
types will now be mentioned, They are the forests formed
by Jack pine and black spruce, both of which species find

conditionsg favourable for invasion when fire clesrs the
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hunus from the surface of fregh, strongly leached soilsg,
Seed availabiliﬁy after Tire, and superior adaptation to
cooler than normal ecoclimate, @robably,assists the local
establishment of these species to the exclusion of white
spruce,

Upland black spruce stands are ususglly very dense
and for this reason they typically have a complete festher

mogs ground cover, Observations suggest that Calliergonells

sciireberi 1g the most prominent moss on sites toward the

drier side of fregh, with Hylocomium splendens of greater

importance toward the moister side (Fig, 24),

Fig, 2, Minor vegetation typical of gome dense upland
black spruce stands, Torch River Forest
Regerve, Saskatchewan,

Note the abundance of Calliergonella schreberi
and the presence of Trientalis borealis, Cornus
cenadensis, Ledum groenlandicum and Linnsea
boreslig var, americanz.,
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The mosses, and the occasgional herbs and shrubs

noted in the moss mat of several upland black spruce stands,

are listed below in decreasing order of importance:

Calliergonella schreberi Roga acicularis
Hylocomium splendens Lycopodium complanatum
Cornus canzdensgis Lycopodium obscurum
Lycopodium annotinum Dicranum rugosum
Mitella nuda Hypnum crista-casgtrensis
Linnsesa borealis var, Aralis nudicsulis
americana Lonicera dioica var.,
Pyrola secunda - - glaucescens
Ledum groenlandicum Viola renifolia
Petasites palmatus Vaccinium vitis-idaea var,
minusg

In one 65-year-old black spruce stand that was

studied, the ground was crigs-crossed with the white trunks

of dead birch (Betula papyrifera), all individuals having
died when about 2 to U4 inches in diameter, Evidence of
a similar. elimination of birch has frequently been found in
dense white spruce stands also, indicating a poor ability
of the species to compete with conifers in closed stands,

A nmixture of Jack pine with black spruce on upland
sites 1g common, the two species coexisting due to the
fact that the intolefant pine ig faster growing and extends
above the black spruce csnopy. The mixture invariably
represents a transitional stage in develépment,toward
a black spruce type. Commonly the undergrowth is dominated
by feather mosses, Vaccinium species, and the,piants
previously listed as occaslonal in upland black spruce

gtands,
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Several examples of open pine stands, encountered
on fresh sites in western Saskatchewan, had the typical

understory associates Alnug crispa, Elymue innovatus,

Vaceinium myrtilloides, V. vitis-idaes var, minug and

Ledum groenlandicum, with other more ubiquitous species

such as Cornus canadensig, Fragaria virginiana and

Malanthemum canadense var, interius. A few denser pine

stands shaded the ground sufficiently for the devélopment

of a complete cover of Calliergonella schreberi, and in

the moss mat occasional individuals of Linngea borealig var.

americana, Goodyera repens and Pyrola secunds were found.

Examination of the goils suggested no differences from
adlacent areas occupied by aspen and white spruce,
although slope and agpect provided evidences of cooler than
normal ecoclimate, Such pine types are probably the
result of accidents of geeding following disturbance,

At this point reference should be made to a forest
type which, although occurring on the Cretaceous highlands,
has many points of similarity to some of the open forests

Just described., It can be designated the Pinus/Alnug-

Lycopodium forest type, The following description

(Table XXII) is based on an examination of four stands,
ranging in age from 70 to 120 years old, in the Riding

Mountain and Duck Mountain Forest Reserves,
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TABLE XXIT |
DESCRIPTION OF THE PINUS/ALNUS-LICOPODIUM FOREST TYFE

Jack pine -~ Fresh to moist, tall shrub type,

Four stands, Riding Mountain and Duck Mountain

Usual physiographic site: 6 : 4-5: 5,

Soll: CGrey wooded profileg on moderately calcareous,
stony clay-loam till, ~

Dominant tree: Pinug banksgiana, Excellent growtn gshown
' by old stands, with trees up to 18 inches D,B.H,
and 85 feet tall,

Minor vegetation: A pronounced stratum of Alnus crisgpa,
5 to 7 feet tall, the clumps evenly spaced, almost
as if planted (hypodisperslon)

Beneath the Alnug there is a low herb
and moss vegetation, in which Calliergonells

schreberi, Lycopodium annotinum and Cornus canadensig

are digtinctive,
Bpecies are ligted below in order of decressing

abundance as determined by an examination of 20 milacre
quadrate supplemented by ocular estimates,

Very abundant: Alnus crispa

Abundant: Cornus canadensis Rosa acicularis
Calliergonella schreberi Rubug pubescens
Linnasea borealis var, Petasites palmatus

americana Maianthemum canadense

Lycopodium annotinum var. interius
Pyrola asarifolis Rubug idaeus

Common: Fragaria virginiana Symphoricarpos albus
Elymus innovatus Galium triflorum
Schizachne purpurascens Gglium septentrionale
Arslia nudicaulis Viburnum edule
Aster ciliolatus Luzula acuminata
Chamaenerion gpicatum Mitella nuda
Dryopteris spinulosa Hylocomium splendens

Pyrola secunda Oryzopsie asperifolia



Table XXII.cont.
Occagional:

Dicranum rugosum
Lonicera dioica var,
glaucescensg
Ribes glandulosum
Vaceinium myrtilloides
Rhamnus alnifolia
Calamagrostis canadensis
Actaea rubra
Corallorhiza trifida
Lathyrus ochroleucus -
Vaccinium caespitosum
Viola adunca
Goodyera repens
-Polytrichum Jjuniperinum
Carex pedunculata
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Hieracium canadense
Arctostaphylos uva-ursi
Campanula petiolata
Achillea millefoliunm
Anemone canadensis
Solidago hisgpids -
Taraxacum 8p,
Oryzopsis pungens
Lycopodium complanatum
Lycopodium clavatum
Equisetum scirpoides
Ribes triste

Vicia americana
Mertengisa paniculata
Potentilla fruticosa

A relationship of this type to some of the fresh,
upland coniferous stands in central Saskstchewan is sug-
gested not only by the sbundant species_bﬁt also some of

the rarer ones--for example, Vaccinium cgespitosum,

V. myrtilloides and Lycopodium complanatum, ’The surpris-
ing feature of the type is that it usually occurs on moist
sites, that is, on areas of low relief and poor drainage,
rather than on dry to fregh sites as the pine and sglder
components would suggest. In some places scattered white
spruce, black spruce andApoplar are mixed with the pine,
and it is notable that the spruce shows an excellent rate
of growth, Possibly the type has been shaped primarily
by local climste (cooler than normal) rather than by soil

moisture regime or nutrient regime, as 1ts distribution
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compared to communities with the typical Corylus-Aralia-

Viola substrata appears to be topographically determined.
It is undoubtedly a temporary type, dependent on recurring

fire for its maintenance,

Moist and Very Moigt Series

Forest communities of the moist, very moist and wet
series can be distinguished rather easily as a group from
fhose of the fresh and dry series by characteristics of
sdii and of vegetation.,. In the soil, the appearance of an
A1 (humus-darkened) horizon just beneath the humus layer,
accompanied by a dulling of the brown colours in the B hori-
zon and by signs of incipient gleization at its base, have
been chieflylused in setting a boundary between the two
large site groups. Recognizable changes in the composi-
tion of the vegetation also accompany the transition from
gites with inadequate or barely adequate moisture for good
tree growth to those with an excess, For example, there

ig a decided shift in dominance by minor species, as exem-

plified by the increased importance of Cornus stolonifera

over Corylug cornuta, and of Mertensia paniculata over

Viola rugulosa. In the tree stratum, Jjack pine becomes

a much less important member of the forest communities,
while black spruce, balsam poplar, paper birch and balsam

fir lincrease in frequency of occurrence, The moister soil
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gurfaces favour survival of coniferous seedlings with the
‘frequent result that dense stands are formed, under which
"feather moss" ground-cover appears at an early age. The
local formation of pure fir stands is also favoured, a very un-
common gituation on fresh gites,

Within the moist to wet portion of the environmental
gradient however, it hasg proved difficult to find charac-
teristics of soil and vegetation that can be used to draw
the line between the moist series and the very molst series,
If variability of communities is any eriterion, there 1l1s
truly a vegetational continuum on these sites! Although
the unique features of most of the communities examined
in these studies on moist and very moigt sites are such
as t0 cast doubt on the advisability of attempting to group
and generalize except on & local basis, there is one forest
type which Waé found to occur rather frequently although
not extensively in most localities, it is the white
spruce (or spruce and fir) forest type characterized by
a mossy floor in its shaded parts, Reference has already
been made to an example in the fresh series (Table XViIiI).

The reason why this recognizable type occurs over
a broad range of sites can be understood by an examination
of the conditions which apparently favour its development,
Abgence of fire seems to be a prime necessity, and only

very rarely in the entire area has the writer found
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a mixture of young spruce and fir growing under an aspen
canopy soon after fire, (In one burned areas where the above
conditions prevailed, a neighbouring stand of mature fir
had provided the gource of geed, and invasion had taken
place on the incompletely burned humus of a prior coni-
ferous forest.) Without fire to renew their growth, the
intolerant hardwoods die and the normal conversion to

a white spruce forest takes place on many sites, Concur-
rentiy the humug layer thickens as needles, twigs, cones
and tree trunks fall, and although rate of accumulation
{and of decomposition) is related to moistness, coolness,
nutrients, etec.,, the composition of the accumulating surface

humus is largely independent of site, Whether the under-

lying soil is fresh, moist or very moist, the debris on its
gurface develops a sameness of character, provided that the
appropriaste cover has been maintained for a sufficiently
long period, Thie is doubtless the key to the formation
of the same forest undergrowth on many different sites,
and it is a good example of the reaction of dominant plants
on initially different habitats to finally produce a
similar degree of mesophytism on all,

In Table XXIII a summary of the species composition
in eight stands of white spruce, each showing the charac-
teristic "feather moss" floor, is presented. The stands

were mature and appeared to be very similar, although soil
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examinations indicated that the physiographic site range
was from fresh to very moist, This forest type has been

named Picea/Hylocomium-Viols-Trientalis,as Viola renifollg

and to a lesser extent Trientalis borealis are characteris-

tically present in the Hylocomium mat,

Referring to the "Moss spp." listed with a constance
of KO per cent in Table XXIII it should be explained that
the richnegs of the moss, lichen, and liverwort flora in
particular stands is directly related to the amount of

decaying wood present, The larger mosses such as Hylocomium

splendens, Calliergonells gchreberi, Hypnum crista-cestren-

gis and Dicranum rugosum are capable of growing on

substrata other than rotting wood, but numerous smaller
gpecies are not, In the latter group some of the commones®t
species collected on various plots during these studies

were: Heterophyllium haldenianum, Dicranum flagellare,

Pohlis nutans, Hypnum reptile, Oncophorus wahlenbergii,

Plagiothecium striatellum and Ptilidium ciliare.




177
TABLE XXIII

THE COMPOSITION OF THE PICEA/HYLOCOMIUM-VIOLA-TRIENTALIS
FOREST TYPE

Within each Consgtance class the species are arranged
in decreasing order of importance as determined by quadrat
studies of frequency supplemented by ocular estimates of
cover-abundance,

Congtance 100 and &&%

Hylocomium splendens Cornus canadensis
Linnaea borealis var, Arglis nudicaulis
americana Rosga acicularis

Calliergonella schreberi Ribes triste
Rubus pubescens Viola renifolis
Mitella nuda _ Goodyera repens

Chamaenerion spicatum

Congtance 75 and 62%

Viburnum edule Galium septentrionale
Malanthemum canadense Mertensia paniculata
var, interius : Schizachne purpurascens
Mnium spp. Pyrola gecunda
Dicranum rugosum Trientalis borealis
Pyrola virens Pyrols asarifolia
Petagites palmatus Ribes hirtellum
Equisetum arvense Moneges uniflora

Constance 50 and 3%8%

Mogs spp.--chiefly Cornus stolonifera

Heterophyllium Amelanchier alnifolia
haldanianum and Dicranum  Lonicers lnvolucrata
flagellare Ribes glandulosum
Fragaria virgihiana Rubus idaeus
Hypnum crista-castrensis Bromus ciliaztus
Galium triflorum Lathyrus ochroleucus
Symphoricarpos albus Thuidium recognitum
Carex spp. Polytrichum Jjuniperinum
Eurhynchium diversifolium Actaea rubra
Circaea alpina Vicia americana
Aster ciliolatus Peltigera spp.
Lonicera dioica var,
glaucescens

Plus 60 species of Constance 25% and less,
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Balsam fir ig frequently an associate of the Picez/

Hylocomium-Viola-Trientalis forest type. Its seedlings

are able to establigh themselves where thoge of white
spruce cennot--on the shaded forest floor, among the

mogses and low herbs (Fig, 25).

Ground cover in an old Picea-Abies stand,
Regerve, Saskatchewan, .Note The seedlings of
Tir scattered through the mat of Hylocomium
splendeng, with Cornus canadensis, Viola
renifolia, Rubus pubescens, Mitells nuda and
other spp,

As openings develop in the forest canopy due to the

death of overmature trees, the fir incresses in abundance,

and in very old standg it becomeg the most prominent tree,
fuch old fir-gpruce stands when geen from s distance have

an uneven silhouette due to the appearance of the spire-like

tops of scattered large spruce above the general fir canopy.
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In Table XXIV the constance of minor species in
| tweive coniferous stands, éach having balsam fir as an
inportant cohstituent, is given,
TABLE XXIV

THE COMPOSITION OF THE PICEA-ABIES/HYLOCOMIUM-VIOLA-
S TRIENTALIS FOREST IYPE

Within each Constance clags the species are arranged
in decreasing order of importance as determined by quedrat
studies of frequency supplemented by ocular estimates of
cover-abundance,

Constancy 100't0'8Q%

Hylocomium splendens Linnsea boreallis var,americane

Calliergonella schreberi Cornus canadensis
~ Miﬁella nuda

~ Congtancy 75 to 65%

. Arglia nudicaulis Equisetum arvense
Rubus pubescens Mertensia paniculata
Petasites palmatus Trientalis borealis
Viola renifolia Maianthemum canadense
Ribes triste ] var., interius

Congtaney 60 to BQ%‘

Circaea alpins . Hypnum crista-castrensis
Rosa aecicularis Viburnum edule
Galium triflorum

Congtancy 40 to 30%

Rhytidiadelphus triquetrus Carex spp.

Mnium spp. Lonicera dioica var,
Schizachne purpurascens glaucescens
Fragaria virginiana Rubus idaeus

Viola rugulosa Lycopodium gnnotinum
Symphoricarpos albus Pyrola asarifolia-
Aster ciliolatus Pyrols secunda
Galium septentrionale Ribes lacustre

Ribes hirtellum Actaea rubra
Polytrichum juniperinum Ledum groenlandicum
Pyrola virens Amelanchier alnifolia

Plus 56 additionsl species of Constancy 25% and less,
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A comparison of the last two fables (Tables XXIII
and XXIV) shows the similarity in species composition of
the feather moss types of white sprﬁce and of spruce-fir,
The similarity also extends to stands of upland black
spruce, a type that will be discussed 1ater; With the
exception of the mosses and Peltigera spp., the species of
highest fidelity to these coniferous types are the following:

Viola renifolia ' Moneses uniflora
Trientalis borealis Pyrols virens
Goodyera repens Vaccinium vitis-idaea
Linnaea borezlis var, var, minug
americana Geocaulon lividum
Habenaria obtusata Dryopteris disjuncta
Habenaria orbiculata Lycopodium annotinum
Corallorhiza striata Equisetum scirpoides

In 211 forests where the feather-moss carpet of

‘Hylocomium splendens, Calliergonella schreberi, Dieranum
rugosum and Hypnum crisgta-castrensis is prominent, the

favourable conditions for its development seem to be pro-
vided by the inter-related complex‘of shade, surface coolnesg
-and absence of mechanical competition from broad-leaved
trees, shrubs and herbs, That moistness of sub—stratﬁm is
not directly important is indieated'by the formation of the
feather moss layer under some closed coniferous stands on
exXcessively drained soils, (Locally cooler-than-normal
ecoclimate probably faﬁours this development,) Also,

studies of the ecology of some of the mosses (Hylocomium

splendeng by Tamm, 1953%; Polytrichum commune and Atrichum
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angustatum by Anderson and'Bourdeau, 1955) have shown that

they apparently obtain their water needs from above (rain,
fog and dew) rather than from beiow. Nevertheless soil
moistness undoubtedly exerts an indirect beneficial effect
through its cooling and humidifying influence on the eco-
climate of the ground surface, and this is reflected in the
particularly luxuriant development of the feather mosses
under coniferous stands at the borders of swamps and on
north-facing slopes.

| An examination of the coniferous types which lack
thé feather moss stratum is instructive, Stands having an
épen structure, even though very old, maintain a shrub-and-
herb minor vegetation and show no tendencies to pass to the
mogs-and-low-herb type., Shrubs and tall herbs are probably
unfavourable to the development of the moss stratum for the
same reasgon that hardwood trees are unfavourable, i.e,,
because of the smothering effect of their annual leaf fall,

One‘densely»stocked, mature white spruce stand which

appeared to have all the necessary qualifications for a
feather mogs floor, namely, shade and moistness, was found
to have.instead a dense herbaceous ground-cover, This
must have stemmed from fertility of substratum--at that |
particular place a calcareous degrading‘meadow soil-aand 
it seems probable that the moss floor will develop sooner

on nutrient-poor than on nutrient-rich soils, other things
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being equal., The inference has previously been made that
this is one reason for the rarity of the feather moss type
of spruce stand on the relatively fertile, fresh, moderately
calcareous goils, The feather'mosses are also absent in
over-dense stands, and instances have been sgeen where
nothing but a néedle floor existed beneath mature white
spruce, The shade and the needle fall of thickets of balsam
fir are also unfavourable, and vigorous regeneration of fir
is usually accompanied by a bare needle floor., Occasional
patches of mature fir have been found with sufficient
density to maintain the needle floor, but it is more usual
to f£ind the typical moss mat under fir as under spruce.

It follows from the foregoing that the feather moss
floor under spruce or spruce-fir redquires a particular
history of stand development fof its geneslisg, and the maln-
tenance of a cerﬁain gtand cover and composition for its
continued existence, The feather moss type is therefore
a developmental stage, although one which appears to have
felimax" attributes due to its recognizability and to its
duration and stability relative to earlier stages (e.g., to
the poplar-spruce stage). Inevitably however the forest
canopy opens, and this ig fatal to the characteristic
ground flora as increased light allows the development of
shrubs and herbs with which the feather mosses cannot

co-exist, The moss floor may not be restored for a long
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time, depending on how rapidly balsam fir and spruce invade
the openingg--the former species usually forming thickets

on the decomposging humus, and the latter appearing asg

scattered single stems on decayed logs and stumps (Fig, 26),

Uneven-aged Picea-Abies forest, Riding Mountain
National Park, Manifoba., A feather moss (closed)
type in the background and a shrub-herb (Rubus
idaeus-Chamgenerion gpicatum) stand opening in
the foreground. Note the thicket of fir regene-
ration behind the shovel,

The final stage or steady state of the vegetation
therefore appears to embrace a mosalc of patches which
alternate in time and place until fire intervenes., The
patches are: agpruce and fir with a feather mogs floor,

fir with or without a feather moss floor, and openings

dominated elther by brambles (chiefly Rubug idaeus and
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Ribes spp.) or by fir regeneration, Such s vegetation,

the Abieg-Picea/Hyloconium-Rubus forest type, ig victured

in Fig, 27,

An 0ld stand of Abies-Picea showing a mosaic of
vegetational patches, Torch River Forest
Regerve, Saskatchewan,

Note the fir regeneration (at left), and Rubusg
ldaeus in stand openings (centre right), ~In
the left background there is a cloged-Torest
feather moss type,

The feather mogs—dominated vegetation of the closed
coniferous stands or patches has been previously discussed,

To complete the picture, an example of the vegetation of

the open patchesg which develop in overmature coniferous

forests 1 shown in Table XAV,
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TABLE XXV

DESCRIPTION OF AN OVERMATURE OPEN STAND OF ABIES-PICEA ON
A MOIbT TO VERX MOIST SITE

White spruce-balgam fir - Very moist, shrub and herb type,

Madge Lake, Saskatchewan. ¢

 Physiographic site: -6 : 5,

Soil: A grey-black profile on moderately calcareous, stony
clay-loam till,

Dominant trees: Uneven-aged Abieg balsamea and Picea glauca
in pure patches and intermixed. Many stand openings
with much decayed wood (logs and stumps) on the ground.

Tree regenerstion: Thickets of Abiesg balsamea regeneration
here and there, Scattered seedlings of Picea glauca
rooted in decayed wood, :

Minor species: Dense tangles of brambles, chiefly Rubusg
idseus and Ribes hirtellum, also some pure patches of
fern (Pteretis pensylvanica and Athyrium filix-femina).

Species are llsted below in decrea31ng order of
Aabundance, based on ocular estimates.

Abundant: Rubus idaeus , Impatiens capensis
Ribeg hirtellum
Commons Athyrium filix-femina Circaea alpina
var, michauxii Cornus canadensis
Mertensgia paniculata

Occasional to Rare:

Roga acicularis Calamagrostis canadensis
Viburnum edule Ribes glandulosum
Urtica gracilis Aralia nudicaulis

Viola renifolia Carex sp.

Galium septentrionale Cinna latifelia

Galium triflorum Viola rugulosa

Mitella nuda Fragaria virginiana
Actaea rubrs Dryopteris disjuncta
Stachys palustris + Dryopteris spinulosa
Cornug stolonifera Mnium sp.

Agropyron subsecundum Thuidium recognitum
Sorbus decora Polytrichum Juniperinum

Pteretis pensylvanica
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Other communities and successional tendencies

Some examples which illustrate the variability in
forest communities of the moist and very moist series will
now be mentioned, |

Mature and overmature undisturbed stands of white
spruce were examined at Dore Lake, Baskatchewan, The trees
were large, freduently two feet in diameter at breast
height and 100 to 110 feet tall, and.as old as 180 years,
Development had been through the usual mixedwodd stage,
evidence of which could be seen in the numerous poplar
—snags scattered through the stands. There were indications
that balsam fir was increasing, énd young growth of this

species was becoming prominent in some places under the spruce,

Apparently there is no Corylus cornuts in the Dore
Lake area and the gbsence of this shrub from all cover-types
is a striking feature to one famlliar with the forests of

the Cretaceous highlands, Instead, Viburnum edule, Cornus

gtolonifera, Alnug rugosa and Ribeg spp.--indicative of

mbist to very moist goils-~-were prevalent, In most of the
stands which were examined the undergrowth was dominated
by herbs, and the feather mosses, although present, nowhére
formed a continuous carpet,

The soils had been formed in what éppeared to be
a weakly calecareous, stony ablation moraine over a com-

| pacted, tight lodgement $till, Conditions of glow drainage
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associated with the underlyihg'till regulted in condiﬁions
of excess moisgture as indicated by soil colouration and
composition of minor vegetation,

In Table XXVI a summary of the vegetation in nine
stands of mature and overmature spruce at Dore Lake is.given.
All stands were moderately dense, and most of them contained
a small component of balgam fir, It proved difficult to
select species of the ground flora that could be used to
characterize moist forests of spruce or spruce-poplar,

The three species tnaf have been tentatively selected to

describe these types are Mitella nuda, Peﬁasites palmatus
and ﬁertensia paniculata, )

The composition of the vegetation in these stands
at Dore Lake is remarkably similar to that reported by
Moss (1953) for a white spruce sténd at Lesser Slave Lake
in Alberta, |

Almature gspruce, fir and poplar stand in the Torch
River Forest Reserve is next described (Table XXVII),

The similarity of this stand to the Dore Lake
forests ie apparent from a comparisgon of‘Tables XXVI and
| XXVII, The trees in both forests were very largé, probably
due to the open stand structure imposed by a prior "mixed-
‘'wood" gtage, and this same sténd‘struoture appeared to

provide the posgibility for self perpetuation of the type.
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TABLE XXVI
THE COMPOSITLION OF THE PICEA/MITELLA-PETASITES-MERTENSIA
FOREST TYPE

Within Constancy classes the species are arranged
in decreasing order of importance as determined by ocular
estimate of cover-abundance in the nine stands,

Constance 100 and 88%

Aralia nudicaulis Petasites palmatus
Cornus canadensis Malanthemum canadense
Linnaea borealis var, var, interius
americana Ribes hirtellum
Mitella nuda Ribes triste
Roga acicularis Galium septentrionale
Rubus pubescens Viola renifolis
Viburnum edule Lonicera dioica var.

Mertensia paniculata _ glaucescens

Constance 77 and 66%

Cornus stolonifera Rubug idseus

Pyrola secunda ~ Pyrola gsarifolis

Calliergonells schreberi Actaea rubra

Hylocomium splendens Galium triflorum

Equisetum arvense Amelanchier alnifolia
- Mnium spp.

Constance 55 and U4U4%

Blymus innovatus Ribeg lacustre
Irientalis borealis Lycopodium annotinum
Ribes glandulosum Alnus rugosa

Lathyrus ochroleucus Equisetum sylvaticum
Dicranum flagellare Calamagrogtis canadensis
Eurhynchivm strigosum Agter ciliolatus
Fragaria virginiana Hypnum crista-castrensis

Brachythecium salebrosum
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Table XXVI cont, A
| ~ Constance 3%, 22 and 11%

Chamaenerion spicatum
Dryopterig disjuncta
Circaea alpins

Dryopteris spinulosa
Pohlia nutans ’
Eurhynchium diversifolium
Drepanocladus uncinatug

Rhytidiadelphus triquetrus

Alnus crisgpa
Achillea millefolium
Dicranum rugosum
Lonicera involucrata
Sorbus decora
Impatiens capensis
Urtica gracilis

Pylaisia polyantha -
Polytrichum juniperinum
Carex epp.

Ledum groenlandicum
Symphoricarpos albusg
Shepherdia csnadensisg
Salix bebbians
Anemone cansdensis
Geocgulon lividum
Eqguisetum scirpoides
Heracleum maximum
Goodyera repens

Geum macrophyllum

‘Pyrols virens

Vicia americana
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TABLE XXVII.

DESCRIPTION OF A MATURE STAND OF PICEA/MITELLA—PETASITES

White spruce - Moist, herb and moss type.

Plot No, 132, Torch River Forest Reserve, Saskatchewan,

Phy51ographic gite: 4 : 51: 5,

Soil: A deep grey-black profile developed on weakly
calcareous clay-loam till,

Dominant trees: Picea glauca of all sizes, 1 to 30 inches
in diameter at breast height, up to 120 feet tall,
175 years old, _
Scattered Piceg marigna (3 to 12 inches
D.B.H.), Abies balgamea (up to 18 inches D.B.H.),
Populus balsamifera and Populus tremuloides (up to
O inches D.B,

Tree regenerationt: Abundant seedlings and saplings of
Abieg balgamea on the forest floor; scattered seed-
lings and saplings of Pices glauca on decayed wood,

Minor species: Specles are listed in order of decreasing
frequency and cover-sbundance within each freguency
class, ag determined by the study of 20 milacre

guadrats,
Frequency 100-&5%
Cornus canadensis ' Viburnum edule
- Petasites palmatus Rubus pubescens
Arglis nudicaulis Mitella nuda
Frequency 80-65%
Hylocomium splendens Linngea boreslis var,
Calamagrostis canadensis americana
Abies balsames seedlings Lycopodium annotinum
Galium septentrionale
Lathyrus ochroleucus
Freguency 60-45%
/ Fragaria virginiana Viola renifolis
Ribes sp. (triste?) Mertensia paniculata
Maianthemum canadense Rosa acicularis

var, interius
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Table XXVII cont,
FréQuency Lo-25%

Equisetum arvense Rubug idaeus
Calliergonella schreberi . Chemsenerion gpicatum
Picea glauca seedlings Ribeg hirtellum
Galium triflorum Lonicera dioica var,
Symphoricarpos albug . glaucegcens

Pyrols asarifolia

Freguency 20-5%

Oryzopsis asperifolia Corylus cornuta
Schizschne purpurascens Elymus innovatus
Agter ciliolatus Equisetum sylvaticum
Actaea rubra v -Hieracium canadense
Pyrola secunda Trientalis boreslis
Amelanchier alnifolia Ledum groenlandicum
Achillea millefolium Carex sp.

Equisetum scirpoides Vaccinium myrtilloides
Vicia americana Viola sgp.

Solidago higpida

On the northern and eastern gldes of the Porcupine
and Pasquia Hills numerous small streams descending from
the swampy uplands are resgponsible for moist to very molist
slope sites. Here a mixed forest of poplar, spruce and
fir ig found, with considerable paper birch component (the
"birch belt"), The excellence of these sites is reflected

in a tall, vigorous shrub vegetation of Acer splcatum,

Corylug cornuts and Cornus stolonifera, which in some places

forms a nearly impenetrable tangle., Areas of seepage and
surface flboding are recognized by asbundant Equisetum
species in the herbaceous stratum, Unfortunatély no plot
studies of the type were made, but in Fig, 28 the tree

composition of a mature spruce-birch forest on the north
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side of the Pasquia Hills is shown, Only the trees 4 inches
D.B.H, and larger were tallied, but the diameter distribu-
tlons of the four species indicate a probable trend toward
a coniferous (fir-spruce) type. However, the birch may be
able to maintain itself on the very moist slopes, and the
posslibility of a relatively stable mixed forest on these

gltes cannot be dismissed,
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Fig, 28, The diameter distribution of ftree speciesg in
. a mature mixed forest on a very moist site,
Pagquia Hills, Saskatchewan, The data are from
a tally of 1% acres of the type,
(Note: These graphs are not regression lines.)
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Several mature forests on alluvial deposits were
examined north and east of Hudson Bay, Saskatchewan .,
Thié area l1s & part of the Manitoba lowlands and was at
one time covered by Glacial Lake Agassiz, On the flanks
of the Cretaceous Hills (Pasquia and Porcupine Hills) the
former levels of the post-glacial lake are marked by
g series of sandy beach ridges, and streams desgcending
from the uplands dissect them at right angles. A fertile
strip of calcareous alluvium has been deposited along the
sides of the streams and this provides a favourable site
for the growth of poplar and spruce., Within the rectangu-
iar areas formed by the beach lines and the intersecting
streams, the swampy land is vegetated by sedges and rushes,
black spruce, of wet variants of the sprucé—poplar forest, -
Along the lower sides of the beach‘ridges gnd on
the fertile alluvium (both very ﬁoist sites) conditions are
ideal for the luxuriant growth of tall shrubs, particularly

Acer gpicatum and Cornus stolonifera, Even when spruce

invades, the shrub stratum seems to be persistent,
Table XXVIII is based on two mature stands of white spruce
and balsam fir examined on the east side of the Pasquia

Hills,
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TABLE XXVIII ;

DESCRIPTION OF TWO MATURE PICEA-ABIES STANDS ON MOIST ALLUVIUM

White spruce and fir - Moist, tall shrub type,

Plot Nos. 530, 531A, Pasquia Reserve, Sasgkatchewan,

Physiographic site: 4 : 5 3 4,

goil: Grey-black profile on calcareous silty alluvium over
sandy beach deposits.

Dominant trees: Picea glauca, uneven-aged in patches with
some stems about 220 years, 148 years and 115 years
0ld, Individual stems up to 2b inches D.B.H, and
119 feet tall, _ \

Abies balsamea up to 16 inches D,.B.H.,
120 years old and 70 feet tall,

Scattered Betula papyrifera 4 to 13 inches
D,B.H.,, and Populus balsamifera up to 22 inches D,B,H,

Tree regeneration: Denge thickets of Abies balsames seed-
lings and saplings covering the ground in stand
openings. No spruce.

Minor vegetation: A 60 to 80 per cent cover of Acer
gpicatum 6 to 8 feet tall, with low herbs beneath,
Mosses associated with the coniferous patches,

Very abundant: Acer spicatum

Abundant:
Circaea alpina ' Cornue canadensis
Hylocomium splendens Linnsea boreaslis var,
Mitella nuda americana
Rubus pubescens Arslia nudicaulls
Common:
Calliergonells schreberi Galium septentrionale
Mnium sp. Mertensia paniculata
Rhytidiadelphus triquetrus Maianthemum cansdensge
Rubus idaeus var, interius
Ribes triste Trientalis borealis
Ribes lacustre Equisetum arvense

Viola renifolila Corylus cornuta
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Occasional:

Hypnum crigta-castrensis
Eurhynchium diversifolium
Dryopteris disjuncta
Goodyera repens
Equigsetum sylvaticum
Moneses uniflora
Amelanchier glnifolia
Symphoricarpos albus
Actaea rubra

Hieracium canadense
Schizachne purpurascens
Pyrola secunda
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Pyrols asarifolis
Rosga acicularis
Sorbus decora
Lathyrus ochroleucus
Aster ciliolatus
Petagites palmatus
Viola rugulosa
Viburnum edule

Ribes hirtellum
Achillesa sibirica
Rhamnus alnifolisa
Lonicera oblongifolia

Similar stands were found near Armit, on the north

side of the Porcupine Hillg, There large scattered spruce

grew on very moist, strongly calcareous slluvium, with

a tangled shrub understory of Acer gpicatum and Cornus

Stolonifera six to eight feet tall, and an herb stratum in

which Mertensgia paniculata, Petasites palmatug, Thalictrum

dasycarpum, Rubus pubescens, Equisetum arvense, Pteretig

pensylvanica, Viola rugulosa and Aralia nudicaulis were

prominent,

In several stands the tall shrubs were rare

and only tall herbs covered the ground under the spruce,

It was interesting to note that several gpecies usually

associated with mature spruce forests were not present,

namely Cornus canadengis, Linnsea borealis var, americana

and Malsnthemum canadense ver. interius, Periodic flood-

ing rather than the excess of lime carbonate in the soil

may explailn their absence,

In any event there were no



196
indications that natural succession would lead to a low
herb and feather moss‘type on these rich sites,

In the same district, excellent aspen stands occupied
sites similar to the above where spruce had not yet invaded
or was only in the early stages of invasion, The tsll
shrubs showed phenomenal development under the aspen,
reaching helghts of ten to fifteen feet in some places,
In Table XXIX the common species in one such aspen stand

are shown; those marked with an asterisk were also present

under spruce on adjacent gites.

, TABLE XXIX
MINOR SPECIES ASSOCIATED WITH POPULUS TREMULOIDES ON A RICH,
: VERY MOIST ALLUVIAL SITE
Shrubs

x Cornus stolonifers Alnus rugosa

Acer spicatum

X Prunus virginiana
Amelanchier alnifolis
Corylus cornuts
Viburnum trilobum

x Acer negundo
Rubus idaeus

"X Ribes triste

Ribeg hirtellum
Roga acicularis

Tall and Medium Herbs

Calamagrostis canadensis
Cinna latifolia

x Anemone canadensis

x Solidago gigantea

X Aralia nudicaulis

Disporum trachycarpum
x Trillium cernuum
x Equisetum arvense
X Mertensia paniculata
X Smilacina stellsta

Low Herbs

x Galium triflorum
x Circaea alpina
X Rubus pubescens

x Mitella nuda

X Fragaria virginiana
Anemone quinquefolia
Pyrola secunda
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The presence of Populus tremuloides rather than

- Populus balsamifera in association with the undergrowth

Just listed is at first sight surprising. The latter
species 1s usually considered the charascteristic tree of
very moist alluvium, During these studies the writer
encountered very few pure balsam poplar stands, and it was
noticeable that aspen often occupied sites which appeared
%o be better suited to the former species. Alternstively
it was not uncommon to find stands ddminated by balsam
poplar on fresh, upland sites, The alluvial sites north
of the Pasquia Hills where balsam poplar grows to a very
large sizé were not examinéd in thig study,

No matter which species dominates on moist to very
moist sites, whether balsam poplar or aspen. the accompany-
ing minor vegetation is much the same. In the eastern area

referred to above, Acer gpicatum was prominent on moist

till slopes and alluvium, But throughout the study area

as a whole, Cornug stolonifera was the more characteristic

species on moist and very moist sites. In Table XXX a
summary of the constance of minor sgpecies in ten poplar

stands, each with Cornus stolonifera dominating the under-

growth, is presented, As Equisetum epp, are frequently

present with the Cornus stolonifera, the forest type is

called Populus/Cornus-Egquigetunm,
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TABLE XXX

THE COMPOSITION OF THE POPULUS/CORNUS-EQUISETUM FOREST TYPE

Within Constance classes the species are arranged in
decreaging order of importance as determined by gquadrat
studies of frequency supplemented by ocular estimates of
cover-gbundance,

Congtance 100 and 90%

Cornue stolonifers Petagites palmatus
Equisetun arvense . Mitella nuda
Fragaris virginiasna Ribes triste

Rubug pubesceng Galium triflorum
Mertensia paniculata Symphoricarpos albus

Constance &0 and 70%

Aralia nudicaulis Anemone canadensgis

Rubue idaeus Ribes hirtellum
Aster ciliolatus Viburnum edule
Maianthemum canadense Pyrola asarifolia

var. interius Actaesa rubra 2
Smilacina stellata Amelanchier alnifolia
Bromus ciliatus Calemagrostis canadensis

Viola rugulosa

Congtance 60 and 50%

Rosa acicularis Viciz americans
Cornug canadensgis Agropyron subsecundum
Corylus cornuts Circaea alpina
Galium septentrionale ~ Stachys palustris
Linngea borealis var, Lonicera dioica var,
americana glaucescens
Carex sp. Heracleun maximum
Chamaenerion spicatum " Viola renifolia

Prunugs virginisna A Schizachne purpurascens

Plus 63 additionsl species:6f Constance 40% and less.
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In zddition to Cornug stolonifers there ig gnother

Specles which locally at least dominates the ground flors

on molst to very moist siteg, giving a distinctive appearsnce

to many stands of poplar andpoplar-spruce, It is the tall

grass, Calamagrostig canadensis, Following fires op logging

this specieg often spreads rapidly Torming & meadowland
type of vegetation which persist even after the forest hag

been re-established (Fig, 29),

Pig, 29, An open Populug-Pices forest with abundant
Calamagrostis cansdensis undergrowti,
Riding Mountain National Park, Manitoba,
Note 8alix sp. at lefst,
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On the Riding Mountain, numerous examples of the

Calamagrostig canadensgisg type of forest have been examined,

and there 1s apparently little difference in the composi-
tidn of the vegetation whether associated with aspen,

balsam poplar or 6pen'stands of white spruce, In Table XXX1
a summary of the species composition in'éight stands is
presented, The type has been designated as Populus (or

Populus-Picea)/Calamegrogtis-Aster-Anemone, the latter two

names from Aster umbellatug var. pubeng and Anemone canadensig,

The soil profile associated with a stand of Picea-

Populus/Calamagrostis is shown in Fig, 30, The blackening

of the surface horizon (Aj) is doubtless due to the

Calamagrostisg roots,
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TABLE XXXI

- THE COMPOSITION OF THE POPULUS-PICEA/CALAMAGROSTI S-ASTER
~ ANEMONE FOREST TYPE :

Within each Constance cl

ass, specles are arranged in

order of decreasing importance asg determined by a study of
10 to 20 milacre quadrats in each of elght stands,

Constance 100 and 88%

Calamagrostis canadensis
Galium septentrionsle
Rosga acicularis ‘
Mertensis paniculata
Thalictrum venulosum
Fragaria virginians
Aster ciliolstusg
Rubus pubescens
Vieia americana
Maignthemum canadense
var., interius
Petasites palmatus
Carex gpp.
Aster umbellatus var.
pubens

Smilacina stellata
Ribes hirtellum
Rubug idaeus
Lathyrus ochroleucus
Heracleum maximum
Solidago lepida
Symphoricarpos albus
Chamaenerion spicatum
Sanicula marilandica
Amelanchier alnifolia
Anemone canadensis
Achillea millefolium
Pyrola zsarifolia
Lonicera dioica var,
glaucescens
Taraxacum sp,

Constance 75 and 62%

Corylus cornuts
Oryzopsis asperifolia
Viola rugulosa
Arglia nudicaulis
Elymus innovatus

Agagtache foeniculum
Salix bebbiana

Cornus canadensis
Schizachne purpurascens
Comandra pallids

Congtance 50 and 38%

Equisetum arvense
Petasites sagittatus:
Petagites vitifolius
Stachys palustris
Viola sp.

Galivm triflorum
Mentha arvensis
Moehringia lateriflora
Mnium spp.
Prenanthes albg
Hierscium canadensge

Lysimachia ciliata
Zlzia aptera

Agter puniceus
Bromug ciliatus
Actaea rubra
Cirsium muticum
Mitella nuda
Thuidium recognitum
Cornus stolonifera
Ribes triste
Viburnum edule
Lilium umbellatum

Plus 37 additional species of Conetance 25 and 12%,



Fig, 30, 8oil profile under a moisgt to very moist Picea-
Populug/Calamagrostig~Leter—Anemone community,

Riding Mountain National Park, Manitoba,

PROFILE DESCRIPTION

Ao horizon: 2-3" dark brown humus passing gradually into
the A1 (mull-like),

A1 horizon: 3-4' black granular clay loam

£=B transition: 2" grey, granulsr clay,

B horigzon: 12" dark grey to greyish brown, faintly mottled
clay, cloddy structure, Free lime carbonate
st 20" depth,

C1 horizon:

10" mottled greyish brown wet silty clay,
granular,

Co horigzon:

Mottled rusty brown and grey, stony silty clay,
Moderately calcareous,
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At no place in the Calemagrostig type, even where

the spruce has formed a close stand, has there been
observed any signs of a transition to the feather moss type,
.and the reason may possibly be traced to thé underlying
heavy-textured soils which are gsubject to surface flooding
in the spring. | |

Some of the resgults of severe fire on moist and very
moigt sites were obgerved in the vicinity of Reserve and
Bertwell, in the Porcupine Forest Reserve‘of Sagkatchewan,
Frequent firesg have destroyed stands of various ages and
compositions in this area, producing many different types
which could be related in successional series, In 1937
the summer was so dry that the deep humus layers which had
' developed on the normally moist to very moist sites were
burned away entirely, exposing mineral soil, Twelve‘years

later, in 1949, studies of several sgsuch areas showed the

_pfesence of scattered young aspen, abundant Salix bebbisna
and S, discolor, and an open herbaceous vegetation in which

Taraxacum 6p., Vicis americana, Epilobium angustifolium

and Aster ciliolatus were prominent., Many white spruce
seedlings 4 to 20 inches tall weré growing in the minersl
soll, In 1954 the minor vegetation had congolidated and

completely covered the ground, and Vicia americasna had

agsumed the position of most abundant herb, Meanwhile the

- spruce had grown rapidly, and it seemed probable that the
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future development would be to a feather moss spruce type
via an herbaceous type df spruce-poplar, the entire process
probably requiring about &0 years more for its completion,

A list of species,pioneering on mineral soil on
fresh sites has been previously given on pageé 137 and 138,
Baged on a study of ten separate areas, the following
species can be listed as characteristic of clean-burned

areas on moilst to very moist sites:

S8alix bebbiana Lysimachia ciliata
Salix discolor Anemone cgnadensis
Balix petiolaris Lathyrue palustris
Calamagrostis canadensis Equisetum arvense
Deschampsia caespitosa Potentilla norveglca
Agrostis scabra Habenarie hyperbores
Erigeron philadelphicus Parnagsia palustris
Senecio pauperculus Carex aurea

Cirgium muticum Funaris hygrometrica
Achillea sibirica Marchantia spp.

Solidago lepida -
Wherever fire had only burned the upper part of the
humus layer, aspen and balsam poplar stands were found
with thelr usual mesophytic undergrowth, The primary shrub

in all cases was Cornug stolonifers slthough Viburum edule

was abundent in some stands, The abundance of spruoé seed-
lings ranged'from none to many in different stands, and
the.entire range of forest communities from pure poplar, to
mixed spruce-poplar, to spruce with scattered poplar,
could be seen in the formative stages.

A last community to be described on moist and very
moist sites is the feather moss black spruée type.}

A'fresh" variant has already been described {(pp. 168 and 169)
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on weakly calcareous so;ls, but the moister COmmunity on
level clay uplands or at the borders of bogs and muskegs
is of commoner occufrence. Apparently it is a fire type,
and there l1s ample evidence that these even-aged stands
usually have their genesis immediately following severe
ground fires,

The distribution of the type is significant.,
Relative to the incidence of coniferous forests dominated
by white spruce, it increases in frequency northward, and
on the shallow tills and lacustrine deposits of the
Precambrign Shield area it is a major forest type. The
latitudinal increase 1s paralleled by an altitudinal increase
as well, and on the highest elevations of the Cretaceous
Hills the upland black spruce forest is prominent, The
relationship here may be topographic as well as climatic,
for the tops of the hills are nearly level, hence poorly
drained, A picture of a typical stand is shown in Fig, 31,
and in Table XXXII a stand description is given,

Note that the soil‘was frozen under thisg stand in
July, and thus a high water table was maintained into mid-
summer, Reference to frozen layers in thé soil of various
forest stands, and to the significance of the phenomenon

to forest sites, has been made by Rowe (1953);



Fig, 31, A mature stand of Picea marians/Hylocomium on
a very molst upland gite. Duck Mountain
Forest Reserve, Manitoba,

The increased importance of the Pices mariana/

Hylocomium-Calliergonelila forest type northward and at

higher altitudes suggests the effect of climatic conditions
in i1ts genesls, The known frogt resistance of the species
pogsibly confers on it an advantage over other trees on

the cooler sites, Certainly in the normal and warmer-than-
normal ecoclimates (south slopes, for example) of the
gouthern coniferous forest region black spruce does not
establish itegelf in competition with white spruce, even
where moigture conditions are favourable, The problem needs

Turther study however, particularly in relation to the

relative incidence of fires in areas where the type occurs
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as compared to those where it is absent,

TABLE XXXII

DESCRIPTION OF THE PICEA MARIANA/HYLOCOMIUM-CALLIERGONELLA
STAND ON A VERY MOIST SITE

Black spruce.- Very moist, feather moss type.
Plot Ne, 11, Duck Mountain, Minitoba.

Physiographic site: 6 : 6

Soil: A Grey-black profile under & thick humus layer,
developed on a moderately calcareous silt loam,
The soil frozen at 1&" depth on July 26, 1954,

Dominant tree: DPicea marisgna in an almost pure stand, the
stems densely crowded, 2 to & inches D.B.H, and up
to 4O feet tall at 60 years of age.

Scattered Picea glauca, Pinug banksiana,

Abies balsames and Populus spp.

Minor specles: Feather mosses form a continuous ground
cover, Few shrubs and herbs.

Very abundant:

Hylocomium gplendens

Occasional:

Mitella nuda
Lycopodium annotinum
Pyrola secunds

Rare: Moneses uniflora
Equisetum scirpoides
Corallorhiza trifids

Aquilegia brevisfiyla

Rosga acicularis
Viburnum edule
Ledum groenlandicum
Ribes triste

Calliergonella schreberi
Hypnum crista-castrensis

Linnaea borealis var,
americans
Mertensia paniculata
Trientalis borealis
Rubus pubescens

Cornus canadensis
Petagites palmatus
Dicranum rugosum
Lonicera villosa var.
golonis A
Ranunculus lapponicus
Viola renifolia
Listera cordata
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‘The feather moss Pices mariana community very often

develops through a pine or a'pine-sprude stage. The gradual
replacement of pine stands by the black spruce can be
obgerved on many cool moist sites, particularly to the
northward although also quite commonly on the highest parts
of the uplands throughqut the area, The type does not
appear to be self-perpetuating, at least in any immediate
sense, and in overmaturity, as the trees die, it tends

toward the open, brushy Rubus idaeug type. At the latter

stage a few examples of invasion by scattered fir and
white spruce have been observed, but this may be of only

local significance,

Wet'séries

The wet series includes all forest types developed
on sites which at some prior time were too wet for tree
growth, In other words it comprises the later stages of
the hydrosere--the treed stages of the succession which
takes place as streams and ponds are slowly filled under
the influence of vegetation, The soils of the wet series
are therefore highly organic in nature, having been built
up primarily from plant remains,

It is usually assumed that the observed vegetational
zones at the edge of a pond or stream correspond also
to developmental stages in time. If this be true, and it

is a logical assumption, then indications are that the
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successional stages through which vegetatioh proceeds in
transforming areas of water to organic soil are many and
varled, for numerous different zonation patterns can be
Tound. Depth of water, currents, wave action, nutrient
regime, aspect and exposure of the shore, biotic influences,
avalilable flora, and many other factors influence the
formation and sequence of development of hydrophytic com-
munities, hence the diversity of the site-vegetation units
which often appear in the vieinity of one small lake or
stream,

Plant succession in the wet series culminates in
forests dominated by white spruce, black spruce or tama-
rack, with small amounts of paper birch, aspen, balsam
poplar, and balsam fir, Although the reasons for the d4if-
ferences in the succegsional geries are obscure, it geems
that the deposits frequently formed in shallow drainage
channels, ponds or lakes, which comprise the group of
hydromorphic soils called "fen", "wiesenboden" and "muck",
are more favourable for the ultimate invasion of white
épruce than of black spruce, while the deep "raw' peats
such as result primarily from the accumulation of moss
remalins are more favourable for the latter than for the
former4species; Tamarack apparently is tolerant of either
slte and can be found intermingled in, or as a zone on the

wetter side of, both white and black spruce stands.
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White Spruce Forests

Throughout the entire ares covered by thege studiesg,

denge stande of white spruce frequently occur ag patches

and strips along the edges of ponds and creeks on meadow,

fen and muck soils, On the east side of the Porcupine

Hills Forest Reserve, extensive areas of the "gwamp gprucel
3 gh &

type form a mosaic with sedge and grass meadows on lacug-

trine clay flats, and here g study of the vegetation and

1ts successional relationsinips was made,

A typical stand is shown in Fig, 32 and the

description of g similsr stand 1s given in Table X¥XIII,

32, A stand of "swamp gpruce", Pices glauca, at the
edge of a Carex meadow, Reserve, Saskatchewan,
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TABLE XXXIII

DESCRIPTION OF A STAND OF WSWAMP SPRUCEY, PICEA GLAUCA

White spruce - Herb and moss type.

Plot No, 523, Bertwell, Saskatchewan,

Physiographic site: 6 : 7 : 5,

Boil: A black peaty meadow profile developed on modified,
calcareous, silty clay.

Dominant species: Picea glauca, dense stand with stems
1 to 15 inches D.B.,H., up to 70 feet tall at 115
years of age, A few scattered stems of Populus
tremuloides. No tree regeneration,

Minor vegetation: Dominated by Eduisetum arvense about
one foot tall, like o green haze over the forest
floor, and an almost continuous mosgs stratum of
Hylocomium-Calliergonellsa.

-Very abundant: Equisetum arvense

Abundant: Linnaea, boreslis var, americana
Hylocomium splendens
Calliergonella schreberi
Mitells nuda

Common: Symphoricarpos albus Petasites sagittatus

Lonicera diocica var,
glaucegcens
Rosa secicularis

Cornug stolonifera

Viburnum edule

Ledum groenlandicum
Ribeg glandulosum
Ribes hudsonianum
Salix discolor
Lonicera involucrata
Betula glandulosa
Rhamnug alnifolia
Shepherdia canadensisg
Agropyron subgecundum
Thalictrum venulosum
Arglis nudicaulis
Chamaenerion sgpicatum
Heracleum maximum

Mertensia paniculata
Petgsites vitifolius
Mentha arvensis
Habenaria orbiculata
Frageria virginiana
Cornug canadensis
Goodyera repens
Maignthemum canadensge
var, interius
Pyrola asarifolis
Taraxsecum sp.
Galium triflorum
Moneges uniflors
Rubusg pubescens
Viola renifolia
Rhytidiadelphus triquetrus
Dicranum rugosum
Mnium sp.
Thuidium recognitum
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Table XXXIII cont. |

Occasional:

Halenia deflexa Solidago lepida
Cypripedium calceolus Spiraea alba v

var, pubescens - Impatiens capensis
Galium geptentrionale Lathyrus palustris
8milacina stellata Parnassia palustris
Pyrola virens var, neogaea
Anemone canadensis : Hypnum crista-castrensis
Cirgium muticum . Avlacomnium palustre

The undergrowth of the swamp border white spruce
forests is distinctive chiefly because of the abundance of

Egulsetum species, especlally Equigetum arvense (although

E, gylvaticum, E., pratense and E., scirpoides are also

important), in association with the moss and low herb flora,
Sufficlient stands were seen with the same general
composition to suggest that a recognizsble forest type

Picea/Equisetum-Hylocomium, can be defined, Table XXXIV

gives a summary of the composgition of ten stands of this

type.
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» TABLE XXXIV
THE COMPOSITION OF THE PICEA/EQUISETUM-HYLOCOMIUM FOREST TYPE -
Within each Constance class the species are arranged
in order of decreasing importance, based on cover-abundance

as determined by quadrat studies supplemented by ocular
estimates,

Congtance 100 and 90%

Eguisetum arvense

Hylocomium splendens

Linnsea borealis var,
amerlicansa

Rubus pubescens
Aralias nudicsulis
Galium triflorum
Rogsa acicularis

Constance &0 and 70%

Mitella nuda ,

Cornug canadensis
Calliergonella schreberi
Viols renifolia

Ribeg triste

Dicranum rugosum
Fragaria virginiana
Mertensia paniculata

Ribes hirtellum
Calamagrostis canadensis
Hypnum crista-castrensis
Viburnum edule

Lonicera dioica var,

. glaucescens

Moneges uniflora
Goodyera repens

Constance 60 and 50%

Mnium spp.
Aulgcomnium palustre
Maianthemum canadense
var, infterius
Petasites palmatus
Ribes glandulosum
Rubug idaeus
Equisetum scirpoides
Chamaenerion spicatum
Symphoricarpos albus

Cornus stolonifera
Aster ciliolatus
Agropyron subsecundum

Rhytidiadelphus triguetrus .

Pyrola virens
Smilaecina stellata
Amelanchier alnifolia
Habenaria obtusata _
Galium septentrionale
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Constance 40 and 30%

Carex sp.

Lycopodium annotinum
Pyrols secunda
Ledum groenlandicum
Circaes alpina

Alnus rugosa

Petasites sagittatus

Petasites vitifolius
Lonicera involucrata
Irientalis borealis
Taraxacum sp,

Rhamnus alnifolla
Bromus ciliatus
Mentha arvensis
Habenaris orbiculata
Achilles sibirics
Aster puniceus
Actaea rubra

Pyrola asarifolia
Shepherdia canadensis
Solidago lepida
Cirsium muticum

Plus 57 additional species of Constance 20 and 10%.

Numerous variants of the swamp-border spruce type
were encountered, due presumably to such differences in
local habitat as are caused by fluctuating water levels,
thickness of organic solil, nutrient status of substratum,
and density of tree cover; In mést stands the Equigetum
component of the ground flors wae consistently present and
abundant, but the moss componenf, more sensitive to d4if-

ferences in site, was variable. Hylocomium splendens,

the usual asgociate of Equigetum grvense, was replaced

partly or entirely by Climacium americgnum or Aulocomnium

palustre on some of the wetter sites. In a few of the

faster-growing stands Mnium cugpidatum wae the predominant

moss and its abundance seemed to be paralleled by an

increase in Circgea alpina., In these stands there were

signs of periodic flooding of the surface and of
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& consequent accumulation of mineral matter in the organic
g01l,
4Fig@ 3% shows the ground cover in a gtand opening

Picea/Equisetum type where Mnium spp, are abundant

than Hylocomium,

The ground cover in an opening of the Picea/
Lguisetum type, Riding Mountain National Park,
Manitoba, Note presence of Mertengia paniculata,
Rubug idaeus and Ribes spp. With the Equisetum
arvense,

On the drier side, there was evidence that with the
accumuletion of litter, and the gradusl build up of the

forest floor, the transition to a spruce and fir foregt

would take plaee, An example of a community which had

reached this stage via a meadow stage is given in
Table XXXV, while a soil profile illustrating the same

succession ig shown in Fig, 3,
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TABLE XXXV

DESCRIPTION OF A PlGEA-ABIES/FQUISETUM-HYLOCOMIUM FOREST
STAND

White spruce and balsam fir - Wet, herb and moss type.

Plot No, 5b, Reserve, Saskatchewan.

'Physiographlc site: 6 v 7 : 5,

Soil: Under a thick humus layer there is a shallow, black,
meadow profile developed on highly calcareous,
modified till,

Dominant trees: Closed stand of Picea glauca 3 to 20 inches
D.B.H., up to &0 feet tall at 180 years of age.
Abieg balsameg very numerous in the 1l- to
b-inch dlameter classes, up to 10 inches D.B.H.,
with maximum height and age of 75 feet and 90 years,

Tree regeneration: Abundant seedlings and saplings of
Abies balgames, and scattered seedlings of Picea
glauca, the latter invariably rooted in decayed wood.

cngiderable numbers of Betula papyrifera seedlings,
also on decayed wood,

Minor vegetation: A continuous carpet of feather mosses,
with Equisetum and low herbs prominent.

Within fredquency classes the gpecies are listed in

order of imporbance based on cover-abundance in ten milacre
quadrats.

Frequency 100 and 90%

Hylocomium splendens Linnsea borealig var,
Cornus canadensis . americana
Equisetum arvense Calliergonella schreberi

Mitells nuds

Frequency &0 and 70%

Ribes triste Carex sp.
Aralia nudicaulis Rubus pubescensg
Lycopodium annotinum Viola renifolia

- Frequency 60 and 50%

Betula papyrifera Seedlings Equisetum scirpoides
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Table XXXV cont, ‘
Freaguency 40 and 30%

Alnus rugosa Ledum groenlandiéum
Rosga acicularis Galium triflorum
Ribes glandulosum Moneses uniflora

Gaultheria hispidula

Frequency 20 and 10%

Circaea alpina Sorbus decora
Pyrola virens Rhytidiadelphus triquetrus
Trientalis borealis Geocaulon lividum
Ribes hirtellum - Mertensis paniculata
galix sp. v Petagites palmatus
Calamagrostis canadensls Vaccinium vitis-idaea
Agropyron subsecundunm var, minus
Dicranum rugosunm Dryopteris disjuncta
Aulscomnium palustre : Thuidium recognitum
Goodyera repens Hypnum crigta-castrensis
Habenaris obtusata Agter puniceus
Malanthemum canadense Cirsium muticum

var, interius BSolidago lepida
Habenaria hyperborea Corallorhiza trifids
Viburnum edule Habenaria orbiculata

Successional Relationships

Swamp border stands of white spruce guch as those
just deseribed have undoubtedly succeeded a wet mesdow stage.
The evidence ié frequently preserved in the humus, in the
form of abundant snail shelle and the broad leaves of
paludal plants., Present zonation of the vegetation suggests
that one probable‘sequencé is the following, from stage 1
to stage 6:

1. In open water, Nuphar variegatum, Potamogeton spp.,

Lemna trisulca, ete. .




Woll profile on a very moist to wet gite under
a Picea-Abieg/Eauisetun community., Torch

River Forest Regerve, Sasgkatchewsn, Note tuft
of Xdquisetum arvense at top right,

PROFILY DESCRIPTION
Ay horizon: 12-14" wet, peaty humus, chiefly built up
from coniferous needles, Full of tree roots,

Al Horizon:

3-4" wet mucky black loam, representing
a former meadow or fen goil.

G horizon: Gleied loam, showing irregular dark humus
stalning and yellowish grey mottling,
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2, Typha_latifolis.

3 Caréx species, particularly Carex aguatilis,

C. atherodes, C. rostrata.

i, The meadow grasses Scolochloe festucacea, Phalaris

arundinaces, and Calamagrostis neglecta, plus an

abundant herb flora including Agter puniceusg,

A, salicifoliug, Galium trifidum, Scutellaria epilo-

bifolia, Petasites sagittatus, Rumex mexicanug,

Epilobium lineare, Sium suave, Triglochin palustrisg,

Lycopus uniflorug, Mentha arvensig, Potentills palustrisg.

5. Salix species, particularly £alix petiolarig,

8, serigsima, S. bebbiana.

6, Picea glauca.

Apparently invasion by spruce in the final stage can
take place rapidly, begause most of the stands were found
to be even-aged and dense, Possibly establishment has taken
place in one or two favourable years during the drier part
of the climatic cycle,

Black spruce was rarely found with white spruce on
the meadow or fen soils of the wet, swamp-border gites, but
tamarack was frequently an associate, In several places,
standes were examined where tamarack formed a distinet zone

(Larix/Carex community) on the wetter side of the white

spruce ag shown in Fig, 35, thus representing an eérlier

successional stage in the hydrosere,



Fig, 35. Zonation of Larix laricina and Picea glauca at
the edge of a Carex swamp, Riding Mountain
National Park, Manitobe,
The zonation ig: Pond - Typha zone - Carex zone
(Carex atherodes, C, aquatilis) - Salix zone -
Larix zone - Picea zone,

The chief species found in the Larix and Picea com-
munities shown in Fig, 35 are compared in Table XXXVI,

Severe fires can occur on normally wet gitesg during
periods of drought, burning away the humus down to the
minergl horizon or to a level of saturation, With the
return of normal precipitation the burned areas are swamped,
a condition aggravated by the dragtic reduction in trans-
pirational logses accompanying destruction of the forest,
The vegetation then returns to the early, wet-meadow stage,

and the slow succession back to forest begins,




22l

TABLE XXXVI

COMPARISON OF SPECIES IN ADJACENT STANDS OF LARIX LARICINA
AND PICEA GLAUCA AT THE BORDER OF A SWAMP

The firgt group of species in each column ig of
‘greatest importance in that community,

Larix/Carex

Climacium americanum
Aulacomnium palustre
Mnium spp,

Carex canescens
Carex digperma

Rubus arcticus
Smilacina trifolia

Rhamnus alnifolisg
Ribes glandulosum
Caltha palustris
Mitella nuda
Polygonum sp.
Lysimachia thyresiflora
Potentilla palustris
Galium triflorum
Galium trifidum
Moneses uniflora
Dryopteris cristata
Geum macrophyllum var,
perincisum '
Pyrola asarifolia var,
purpurea :
Betula papyrifera
seedlings

Picea/Equisetum

Hylocomium splendens
Equisetum arvense
Cornus canadensis
Mitella nuda
Rubus pubescens
Linnsea borealis var,
americsana ‘
Lycopodium annotinum
Viola renifolis

Calamagrostis canadensis
Ribes glandulosum

Ribes hirtellum
Chamaenerion gpicatum
Rosa sp.

Viburnum edule

Lonicera dioica var,

~ glaucescens

Galium triflorum

Ribes triste

Moehringia lateriflora
Fragaria virginiana
Rhytidiadelphus triguetrus
Calliergonells schreberi
Dryopteris cristata

Much evidence of this cycle

Succession

Meadow /—\ Forest
§;\~_~___’,/’

was found in the Porcupine Reserve, Reference has already

been made to snail shells and paludic plants preserved in



222
the humus under mature forests, Usually charcoal was
mixed with these indicators of a former meadow stage, and
indeed charcoal seemed to be as common on the wet sites as
on the moist or fresh sites. In the Reserve meadows,

- charred wood was found buried in the fibrous organic solls,
“and in several places whole logs were found, thus indica-
ting a prior forest stage., A final plece of evidence was
provided by the examination in 1949 and agein in 1954 of
a "swamp spruce" stand which had been partly burned in 1942,
At the first examination, the forest vegetation (including
many seedling white spruce) seemed to be successfully
reinvading on the éxpcsed mineral soil, but five years
later the entire burn had become a wet Carex swamp and no
elements of the forest flora could be found in it,

Less severe fireg which kill the trees but do not
destroy the organic soil are often followed immediatély
by a return of the forest, The pioneer tree on the humus
of lightly burned areas was usually paper birch rather
than poplar., Pure birch stands with a gpruce and fir
understory were found in several localities, the slower-
growing conifers having seeded in at about the same time
| as the birch. As on many of the moist and very moist
sites, 80 on wet sites the birch does not usually last very
long, and the dead white stems, standing or on the ground,

were a consplcuous feature in a number of older coniferous
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stands, A common line of succession is thereforé through

a birch stage to the Equisetun-Hylocomium type of Pices

or Picea-Abies,

& unique site in the wet series compriseS-thé
shallow drainage channels of till and glacio-lacustrine
deposits. Small intermittent or permanent streams wind
through the channels, bordered by thickets of speckled
alder (Alggg rugosa) rooted in the wet black soils, The
specificity of alder to these alluvial, muck goile and
its farity on the meadow and fen soils suggests a relation-
ship between the presence of the species and moving water,
Wilde et al (1954) have deseribed some of the characterisg-
tics of muck soils under alder in the Algoma District of
Ontario,

The composition of the Alnetum is shown in the fol-

lowing list, based on an examination of four communities:

Alnus rugosa (dominant) Geum macrophyllum
Caltha palustris _ var. perincisum
Rhamnus alnifolis Cardamine pensylvanica
Ribes glandulogum Dryopteris cristata
Ribes hudsonianum Urtica gracilis
Ribes lacustre Equisetum arvense
Glyceria striata var, Equisetum scirpoides
stricta Impatiens capensis
Cinns latifolis Circaea alpina
Sium suave Chrysosplenium ionesge
Viola renifolia Mnium cuspidatum
Viola palustris Mnium affine
Cirgium mubicum Climacium americanum

Ag soil accumulates in the Alnus swales white spruce

can be found invading in locglly favourable places,
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speclally along the outer edges of the channels, The

*

result is the formation of a rather open gpruce forest,

occurring as a narrow border along the edges of the shallow

drainage channels, Ribeg species flourisgh and patches of

Alnus rugogs persist, An example 1g shown in Fig, 36,

Fig, 36, An open stand of Pices/Ribes—Alnus on muck
goil, Torch River lorest Regerve, Haskatchewan,

Thig community ig called the Picea/Ribea-Alnus

foregt type, The individual spruce trees of the type
sometimes grow to a large size, influenced in all probability

by inflow of enriched ground water from the adjacent slopes,
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Black Spruce Forestg

A clogse examination of black spruce types on wet
sites, and of the tamarack communities assoclated with
them, was not within the scope of the present study, and
therefore only a few general obgervations zre given here,

Scattered mixed stands of black spruce and white
spruce are found occasionsally on well-decompoged, organic
solils, but pure stands of the former specles on wét sites
are largely confined to the raw moss-peat type of deposit.

Here the widely distributed Picea marisna/Sphagnum forest

type is characteristic,

Many of the mosgses, herbs and low shrubs found in
the white spruce forests on moist to wet sites also grow
in the sphagnous black spruce forests, for example the.
common feather mosses and Bgquigetum spp., Pyrols spp.,

Rubug pubescens, Mitells nuda, Mertensias paniculata,

Cornug canadensig and Linnaea borealis var, americana,

but the species listed in Table XXXVII are more faithful

to the Pilcea/Sphagnum community and serve to characterize it,

In the drier variants of the Picea/Sphagnum type,

Ledum groenlandicum increases in abundance, provided that

the tree canopy is not too dense, Other ericaceous shrubg-—

Chamaedaphne calycﬁlata, Kalmia polifolia and Andromeda

polifolig--are not go common as Ledum in the bogs and

musgkegs of the southern boreal forest, although their
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importance increases northward, A typical open stend of

black spruce with abundant Ledum is shown in Fig, %7, and

the ground cover of the geme stand is shown in Fig, 38,

TABLE XXXVII

SOME PREFERENTIAL SPECIES OF PICKA MARIANA/SPHAGNUM
POREST TYPE

Pphagnum capillaceum , Spirantheg romanzoffisna
Sphagnum fugcum Vaccinium vitig-idsea
“phagnumn magellanicum var, minusg
Sphagnum tenerum Rubus arcticus
Sphagnum recurvum Smilacina trifolia
Rubus chamaemorus Ledun groenlandicum
Vaceinium oxycoccus Eriophorum spissum
Drosers rotundifolia Carex paupercula
Gaultheria hispidula Carex gynocrates
Orchis rotundifolia Carex capillaris

: Carex vaginata

A shrub and moss type of black spruce (Picea/
Ledun~-Sphagnum), Riding Mountain National
Park, Manitoba,




Fig, 38, The ground cover in a Picea/Ledum-Sphacnum
stand, Note the presence of Ledun groenlandicum,
Sphagnum spp., and Vaccinium vitis-idaes var,
minug,

Congiderable evidence hag been found in support of
Moss'y (195%) contention that the natural succession of
the "black spruce-peat mogs agsociation'! is to a “black
spruée~feather moss agsociation", In one black spruce-
Teather moss stand on the Riding Mountain, the lower humus
layer was found to be composed of sphagnous peat, In
another stand on the Duck Mountain, the feather mosses

could be seen encroaching on the sphagnum mounds,

Table XXXVILL describeg the latter stand,
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TABLE XXXVIII

DESCRIPTION OF A DRY PHASE OF THE PLGEA MARIANA/LEDUM
COMMUNITY

Black spruce - Wet, moss (peat) type.

Plot No, 113, Duck Mountain, Manitoba.

Physiographic site: & : 7 :

Soil: Half Bog (shallow peat) proflle, consisting of
2 1/2 feet of sphagnous and woody peat over a gleid
stony clay. .

Déminant trees: Picea mariana 1 to 12 inches D.B.H., up
to 150 years old, The stend had been partially cut,

Tree regeneration: Scattered seedlings of Picea mariana,
Abies balsamea,. Betula papyrifera and Larix laricina.

‘Minor species: Abundant Ledum with feather mosses on
hummocksg of Sghagnum

Specieg are ligted below within frequency classes in

order of decreasing importance as determined by studies of
cover—abundance in ten milacre quadrats.

Freguency 100 and 90%

Ledun groenlandicunm Vaccinium vitisg-idaes
Calliergonella schreberi var, minus
Dicranum rugosum

Freoquency &0 and 70%

Equisetum sylvaticum Geocaulon lividum

Freguency 60 and 50%

Ggultheria hispidula - Sphagnum spp.
Frequency 40 and 30%

Moneges uniflora Equlsetum arvense
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Table XXXVIII cont,

Frequency 20 and 10%

Ribes triste Fragaria virginiana

Rubus pubescens 4 Hylocomium splendens
Vaccinium oxycoccus Carex sp.

Cladonia rangiferina _ Chamsenerion spicat

Salix sp. Orchis rotundifolia

Marchantia sp. Habenaris obtusata

The succession from Sphagnum to feather moss ground
cover does not mean that the former community is a necessary
antecedenﬁ of the latter, for it has been polnted out
earlier that most black spruce-feather moss types arev
formed, following ground fires, on moist mineral soil
rather than on peat.

Thie concludes the description of forest communities

within the environmental series,
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Discussion

The review of forest communities that has Just been
given ralses a number of interesting'points‘concerning the
development of vegetation, Some of these will be briefly
discussed, after which a review of relevant studies by
other workers will be given.

(1) Development of Vegetation

It is first of all evident that throughout the érea
as a whole there is no convergence of succéssion to one
"Climax" forest type., .Even if the "Climax" be defined
more inclusively asg a mosalc of communities (Jones, 1945)
or as a‘pattern'of populations corresponding to the pattern
. of envirommental gradients (Whittaker, 1953%) the problem
remaing as to what particular mosaics or patterns represent
developmental end points. Disturbance by fire is such an
integral part of the ecology of the forest that ultimate
communities are seldom realized, and indeed it may be
questioned as to whether the eight resident tree‘species
are capable of forming fundamental or steady-state com-
munities on many sites., For example, there 1s evidence
that some poplar stands if undisturbed would die without
replacement, and that some white spruce types on fresh,
calcareous soils might also in time give place to brushy,
sparsely treed vegetation, Again, the fate of upland
gtands of black spruce is uncertain, and fire is probably

necesgssary to perpetuate the type,
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On the other hand there are certain noda in the
vegetation pattern which are sufficiently perménent on par-
ticular sites to be characterized as "climax" or "funda-
mental®, although fire may st111 be an active agent in
their éerpetuation. On extreme gites.in part;cular, per-
sistent communities are formed which owe much‘of their
recognizablility to dominance by & single tree sgpecles.
Such are the pine and the spruce forest types on very dry

and dry sites (Pinug/Arctostaphylog-Cladonls and Picea/

Elymus-Frageria), the white spruce forest type on meadow

and fen soils (Picea/Ecuisetum-Hylocomium), the black spruce

forest type on moss peat (Picea mariana/Sphagnum, or Picea/

Ledum-Sphagnum) , and the tamarack forest type on poorly

consolidated organic soils (Larix/Carex). The less

extreme sites--fresh, moist and very moist--show a grest
deal more variability in vegetational patterning, due to
the fact that more than one tree speclies can occupy them
and that successional development ig an immediate pos-
sibility. One nodum with "climax" attributes is the mosaic

fir-gpruce forest type (Abies-Picea/Hylocomium-Rubug) that

occurs over a congiderable range of sites and which may
represent an approximation of the steady state, with the
fir continuously reproducing on the coniferous humus or

in the moss mat, and the spruce (plus small numbers of
paper birch in some localities) reproducing in stahd open-

ings on the decayed remains of former trees,
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There is nothing inevitable about. the development

- of the Abiesg-Picea/Hylocomium-Rubus community on non-extreme

sites, Wherever it occurs its genesis can be traced to

a coincidenée of conditions which favoured the initial
establishment of white spruce seedlings in sufficient numbers
for the ultimate development of closed coniferous stands,
and also favoured the formation bf the mogs ground-cover
and the invasion of balgam fir, The prime necessity--the
mass invasion of an area by white spruce--is prevented by

e number of circumstances, chief among which is competition
from broad-leaved trees, shrubs and herbs, The competition
factor itself is intensified by a variety of prbcesses
which‘stem from site, vegetation,:and historical circum-
stances, such as frequent fires; light (crown) fires,
shallow calcareous soilg, warm local climate, the composi-
tion and structure of prior»non-cohiferous communities, etc,

Hence the relative rarity of the Abies-Picea/Hylocomium-

Rubus forest type, and the preponderance of stands of
hardwoods and of mixed hardwoods and conifers in the
southern boreal forest.

The developmental trends, on different sites, in
stands with varying mixtureg of poplar and spruce need more
study. In the absence of fire some mixed forests undoubted-
ly pass to white spruce types as the'hardwoqd éomponent

dies. On moist sites there is evidence of a further trend
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toward a spruce-fir type, for exaMple in the Dore Lake
forests, although whether such stands are capable of guf-
ficient intra-stand reproduction to form closed, feather
moss types is problematical, On other sites the conditionsg
of habitat, or the vegetational structure and composition,
may posasibly favour the perpetuation of open forests with
herb or ghrub-herb undergrowth, as for example on the rich
siopes and alluvial sites of the Pasquia-Porcupine Reserve
éreas.

Practical forestry interest in developmental trends
does not go beyoﬁd the spruce-hardwood communities, ag the
best spruce saw timber is found in the mature mixed staﬁds
or 1ln coniferous stands which have only recently emerged
from the mixed stage. In older forests the incidence of
cull, due to butt and trunk rots of the spruce, increases
concurrently with an increase in the proportion of the
"weed tree" balsam fir, and exploitation becomes less
profitable,

It is often said that white spruce makes its best
growth in association with poplar, This is another way of
saying that white spruce grows best in the same places
where poplar also thrives, i.e., on the fresh to very moist
sites, Poplar is rarely able to tolerate conditions on
very dry, dry and wet sites, and it is here that white

spruce in pure stands grows rather poorly, Pure stands of
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‘gpruce gometimes occur on the.intermediéte sites as well
but almost invarisble evidence can be found that poplar was
present in the earlier stages of development, In some
circumstances the poplar may have a deleterious effect on
the'growth of smaller spruce, a result of’mechanical
abragion of the tops of the 1atter'speoies_és it grows into
the hafdwood canopy (Kagis, 1952), However in several
indirect ways the poplar is probably instrumental in assist-
. ing growth to large sizes of iﬁdividual spruce, Its
presence as g diluent in all stands on intermediate sites
frequently prevents the establishment inuexcessive'numbers
of spruce seedlings, Any tendencies toward overcrowding
and stagnation are thus prevented in the young stands, and
in later life the death of the poplér’produces results akin
to a silvicultural thinning; yielding increased space,
light, nutrients and moisture for continued growth of the
maturing spruce,

| in terms of soils and sites, the best growth of
individual white spruce trees has been obgerved on deep,
permeable, fresh and moist solls, Loams and very fine
sandy loams having solum depths 6f three or four feet are
particularly favourable, On sites where the ground water
‘either is moving or is frequently replenished spruce grows
very well on many different kinds of soils, and therefore

alluvium and the slopes of hillg are excellent spruce sites

whether the moisture regime is moist, very moist or wet,
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(2) Related gtudies by other workers

Congiderable information on the forest vegetation
of Manitoba and Saskatchewan is contained in old‘forestry
réports (some dating back to the beginning of the century)
dealing with timber cruises, rate of growth surveys, work-
ing plans and general gilviculture, Several of the most
interesting and instructive are "The Riding Mountain Forest
Reserve" by J. R, Dickson (1909), and "Silvical Report on
Riding and Duck Mountain Forest Reserves" by Tunstell, Gill
- and Kuhring (1922), the latter containing an excellent
account of the silvics of the forest tree species, Most
of the reports are prefaced by only very general descrip-
tions of the forestfvegetation, as the writers were elther
not interested in ecology or had insufficient time to
write down their observations invdetail. However a few men
did actually set out to describe and élassify}the forest
vegetation in & more ambitious way, and their pioneer work
deserves recognition, |

Connell (1920) wrote a thesis (unpublished) entitled
"Forest types of eastern Saskatchewan" in which he discus-
sed the climax and seral vegetétidn of an area studied only
in part by the writer, namely the north side of the
Porcupine Hills, the Pasquia Hilleg and the Palaeozoic and
Precambrian Lowlands immediately to the north, Following
the concepts of Nichols (1918), he took the whole ares as
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one "Climatic Formation" and divided it into eight "Edaphic .
Formations": Boulder Clay Slope, Sand Plain, Rock Outcrop,
Lecustrine Clay, Poorly drained \drift) Flat, Undrained
Swamp, Drained Swamp, Flood Plain--each supporting an
"Agsociation Complex" (called also a "Forest Type") consist-
ing of the temporary and climax associations appropriate
for that particulsar site. Thus he recognized a number of
"Edaphic Climax Association Types", but he selected only
one as the "Regional Climax Association Type", it
representing "the highest degree of mesophytism which the
climate of the region permits", This is precisely Odum's
suggested approach as expressed earlier (p. 76)., Connell
cave short deseriptions of the various "Association Types",
classifying them firstly in either the Xerarch {(upland) or
Hydrarch (lowland) successional series,‘and secondly as
belonging to either the Prisere or the Subsere.

Connell's work was not intensive and for most
Agsociation Types he described little more than the tree
cbmpoéition, but because his clagsification has a physio-
graphic basis 1t is possible to match 1t with the resultsg
vof this study., His Sand Plain Association Type with its

stable climax of Pinus banksiana belongs in the Very Dry

deries, The Rock Outerop Type occurs only north of our
area, The Boulder Clay Slope Association Type doubtless

corresponds to segments of the Fresh, Moist and Very Molst
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Series, Here Connell defined his Regional Climax Associa-

tion Type, made up of Picea glaucs (75 per cent of stand),

Abieg balsamea (10 per cent), and the hardwoods Betuls

papyrifera, Populus fremuloideg and P. balgamiferg (15 per

cent), with a pronounced moss stratum on the forest floor,

and such herbs as Cornus canadensis, Trientalis boreslis,

and Maisnthemum canadense., This is the typical Picea-Abies/

Hylocomium forest type described in the present paper.

The Populug/Corylug community on some of these sites was

considered a stable sub-climax by Connell, The rest of his
Asgociation Types fall in the Very Moist and Vet Seriés,

and although some of theﬁ are poorly defined, it is posgsible
to recognize communities similar to the feather moss types
of white anq b1ack spruce at the borders of gswamps and bogs,
the Sphagnum type of black spruce, and the open éhrubby
types of hardwoods and white gpruce on alluvium,

Halliday (1929; 1930) studied the forests of the
Gretadeous Hills in western Manitoba and eastern Saskatchewan,
and developed a clagsification on the basis of the minor
vegetation. In this he was strongly influenced by the work
of Cajander. (1926), Four "Forest Classes" were recognized
and these were subdivided into "Forest Types" (gensu
Cajander) on the basis of dominance by particular layer
communities, The following is & brief outline of his

clagsification:



1, Grass-Herb Forest

(a) Shrub type.  Typical of hardwood stahds on high

ground,

(b) Herb type. Typical of mixedwood stands on well-

drained slopes and flats,

2. Moiat Moge Forest

(a)

(b)

Hylocomium type. Complete feather moss cover,
scattered herbs and shrubs, Typical of coniferous
stands, especially white spruce and balsam fir,
Trensition (Hylocomium/Grass~Herb) type. Typical
of coniferous stands with smell amounts of hardwood

species,

%, Wet Moss Forest

(a)

(b)

Hypnum type. Black spruce with occasional temarack
and white spruce,

Sphagnum type. Complete Sphagnum cover, scattered

 herbs, Typical of black spruce and black spruce-

(e)

(a)

(e)

tamarack stands.

Ledum Muskeg type. Labrador tea and Sphagnum in
hillocks, Non-merchantable black spruce with
occasional tamarack,

Tamarack Moor type. Wet grass and reeds., Typical
of open tamerack stands,

Low Moor type., Open muskeg and floating bog.

Characterized by swamp birch,
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4, Dry Moss and Lichen Forest
(&) Heath type. Abundant eriéaceoue dwarf snrubé_and
lichens, Typical of jack piné forests, with
occasional black spruce, | v
{b) Transition (Heath-Hylocomium) type. Typical of Jjack

pine and black spruce mixtures at the borders of bogs,

This is quite & comprehensive classification, one
into which most forest communities in our area can be fitted
without difficulty. A criticism, however, is that while
1t is fairly detaliled for the moss types, it provides only
two categories for the much more important grass, herb
and shrub types, The latter types need to be defined either
taxonomically or in terms of moisture regime if they are
i to have any precise meaning, Halliday did not develop the
clagsification further, nor did he &ttempt to describe the
vegetation of the types or to show their relationships to |
one another either physiographically or successionally,

Halliday (1935) made o study of vegetation and sites
on a limited forest area in the Riding Mountain National
Park, His aim was to_in#estigate the forest conditions of
the locality, with particular reference to the relationship
of tree growth to site conditions as expressed through the
lower vegetation, and to this end nineteen plots sampling
8 variety of cover-types were examined in detail, The

comnunlties were fitted into the following claSSification,



again following Cajander (1926) and Ilvessalo (1929),.

1, Meso-hygrophile or Hygrophile Forest, Shrub forest
with tall herbs, poor in mosses.

2., Mesophile Transition, Herb-grass forest with some
tall herbs and shrubs, irregular moss cover,

3. Mesophile Forest., Molst-moss communities, with

_ abundant fernworts and hydrophytic shrubs,
., HydrOphiie Forest, Wet-moss communities, with

Sphagnum or aquatic mosses on peat or muck,

The difficulties which accompany'attempts to apply an
& priori clagsification are well exemplified in this study.
It has been showh in the previous Séction that some grass
and herb (Mesophile Transition) forests on the Riding
Mountain are dry (Elymus type) and some are very.moist
(Calamagrostis type), and they cannot be realistically

classed'togéther. Furthermore, shrub communities are
variable in the same way, as are the moss communities, and
it is hardly possible to sort them out in any reasonsble
way unless cognizance is taken of}other features such as
cover-type and site, The study contributed some interest-
ing data concerning the composition of individual stands,
although its value from the standpoint of clasgsification
of forest siteg and vegetation is small,

The only other work of importance in similar

forests has been done farther to the west., Moss (1953, 1955)
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reported on the forest communities in northwestern Alberta,
an area very similar geographically and fioristically to our
own, As would be expected therefore, his descriptions apply
equally well to many stands in Saskatchewan and Manitoba.

He treated each of the prevalent single-species cover-types
as,associétions or consociations, defining variants on the
basis of ground-cover, In the white spruce association,

the following four faclations (variants) were recognized:

1, Needle cover faciation; minor vegetation scarce or
lacking., This is a type that can develop on many
sites provided that conditions havé been favourable
for the prolific regeneration of white spruce,
black spruce or fir,

2, Grass—shrub faciation, characterized by Elymus innovatus,

Aster conspicuus, Shepherdis canadensis and Alnus
erispa. This corresponds closely to spruce types 1in
the Dry Series on weakly calcareous soils,

%, Shrub-herb faciation, with a prominent shrub stratum
(Viburnum ggggg, Rosa spp., Ribesg spp.) and luxuri-

ant herb strata (Linngsea boreslis var. americana,

Rubug pubegceng, Cornus canadensis, Mitells nuda, ete.)

This is like some of the moist spruce forests recogni-
zed in these studies, sufficlently open (i.e.,
diluted with poplar) to prevent the formation of a
moss stratum and yet dense enough to shade out the

tall shrubs and many of the tall herbs., The "good
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| regeneration’ in older stands referred %o by Moss
may represent the intra-sgtand invasion earlier
referred to, which coincides with the falling out
of the poplar and the attainment of maXimum seed
production by the first generation spruce.,

%, Feather moss faciation, charscterized by Hylocomium

splendeng, Calliergonells gchreberi and other

mosses, plus Equisetum spp. and Cornus canadensis.

The reported presence of Eguisetum 8pp. suggests
that this faciation corresponds in part to the
Picea/Eguisetum-Hxlocomium forest type of the Very

Moist and Wet series, otherwise to the similar
Jciosed typeé in the fresh and moist series. Moss
congidered the feather moss faciation as the end
point of succession in the spruce association
{(barring fire), and'there is certainly a trend in
this direction on many sites. Since the develop-
ment and maintenance of the feather moss stratum
depends primarily'on'coniferous cover; the above

is an eXpréssion of the tendency toward normal
stand density, i.e., open spruce stands tend to
close with age, and over-dense sgtands (needle cover
faciation) tend to become somewhat more open, It
is by no means sure that all open stands do"fill in"
with age however, particularly where environmental

conditions favour broad-leaved competitérs,
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In connection with'the guestion ralsed by Moss
concerning succession of the black sprube-feather mogg
agsociation to the white spruce assoclation, or vice versa,
it is probable that one or the other species 1s favoured
under different climatic and soil conditions, Within the
ares of the present study the relative competitife ability
of black spruce apparently increases from south to north,
and it is probsble that Kabzems (_1952) had the more northern
areas in mind:when he stated that black spruce succeeds the
white spruce, i

Farther to the north and west Raup (1946, 1935) has
 described the forest types of the Aphabaské-Great Slave
Region and adjacent northern Alberta, Moss (1953, 1955)
has compared Raup's forests wlth those of northwestern
Alberta, and his remarks concerning differences and simi-
larities apply equally well for our area. Raup recognized
three kinds of white spruce forést:

1, Park-like White Spruce

This is actually a subarctic ("Taigé") type, and it

is probably comparable to spruce communities in far

northern Manitoba and Saskatchewan, It is similer

in physiognomy of tree layer to our Parkland Spruce,

élthough the undergrowth of the two community types

is diétinctly different, with only a few species 1in

.common, e.g., Juniperug horizontalis, Arctostaphylos
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uva-ursi, and Hedysarum alpinum var, americanum,

It is interesting that Raup found spruce rather
than pihe on stony ridges (lake beaches), a situa-
tion akin to that of our area.

2, Flood Plain ‘White Spruce
This resembles the spruce stands observed on very
moist alluvium in the southern boreal forest, It
begins as a poplar_type with tall shruﬁs, and pro-
gresses to g spfuce type in which a "loose mat of
mosses is formed" and the shrubs and herbs aré\largely
shaded out, The relatively poor development of the
moss mat may be due to a number of factors as sug-
gested previously, namely, a relatively open canopy
due fo the structure imposed on the spruce forest |
by a prior poplar component, a rich soil favouring
persistent herb and shrub growth even as the canopy
closes, and intermittent flooding with a consequent
deposition of thin layers of new alluvium,

3. Upland Mesophytic White Spruce
This category dovers all upland forests except those
occupled by Park-like White Spruce, It is therefore
too broad a grouping to convey much information on
the character of pérticular cover-types and sites.
Apparently the feather moss type, featuring Hypnum

crista~castrengis rather than Hylocomium splendens

is prevalent,
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Raup reports that succession on the uplands follow-
ing light (crown) fires is direetly"back to spruce,
but following severe (ground) fires:it ig to aspen
(or to aspen-pine), This is exactly the opposite to
ﬁhat hasg been obserVed in our area on upland sites,
and 1t points to the daﬁgers of generalizing for

large areas,

A few of the other}forest,éommunities in the Athabaska-
Great Slave Lake Region are homologous with ours. The sand

plains Jack pine type (Pinus/Arctostaphylog-Cladonia) is

there, and also the black spruce bog forest (Picea/Sphagnum-

Ledum). Balsam Fir-White Spruce forests are less widely
distributed than with us, being "confined to the immediate
valléys of streams and to local terraces within valleys'.
Raup's description indicates that the type is largely con-
fined to alluvium, whereas in the southern boreal forest
the fir is much more common on upland sites.

In another paper which deals with the vegétation
along the Alaska highway, Raup (1945) has mentioned the
relationghip between upland black spruce, heavy soils
(lacustrine and till clays) and frozen ground, He has sug-
gested that the shade of the forest maintains a frozen
subsgoil which in fturn is responsible for a high water table,
The same coincidence‘of vegetation-site characterigtics

has been obsgerved in the Duck Mountain Forest Reserve,
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where in 1954 the ground remained frozen at least in '
patches under upland black spruce until.midsummer. This
relationghip between ground frost and vegetation may be
very important on many heavy-textured soils throughout the
boresl forest region,

Across the Lake Agassiz basin in the boreal forest
of the east, the published descriptions of the vegetation
show many points of resemblance to the vegetation of the
gsouthern boreal forest in Manitoba-Saskatchewan, Particu-
larly is this true. 6f coniferous types, Reference will be
made to only two examples, Cooper's (1913) classic
description of the Climax forest of Isle Royale, pictures
a fir-sbruce-birch forest very similar to some of the

AbiesfPicea/ﬂxlocomium-calliergonella communities in this

area, although floristic differences are apparent, For

example, Thuja occidentalis is associated with the tree

dominants on Isle Royale, while Taxug canadensis, Clintonis

borealis, Oxalig acetogella and other eastern specles appear

in the undergrowth, Northward from the Great Lakes the
floristic differences become less, and with the deletion of
very few minor species Hustich's (1955) shorf accounts of
some spruce-~-fir stands at Moose Rlver near James Bay,

could apply to feather moss and herb types of Picea-Abies

in the southern boreal forest.
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Having mentioned some of the relationships to west
and east, 1t only remains to consider the north and south
contacts of the southern boreal forest., Scarcely any eco-
logical work has been dohe'northward on the palaeozolc and-
precambrian lowlands, although in recent years a number of
floristic surveys of selected areas have been carried out
in northern Manitoba and Séskatchewan,chiefly, by taxono-
mists of the Canadian National Museum, It is known that
in the "northern boreal forest" the importance of white
spruce and aspén is much reduced relative to the role thesge
specles play in the southern boreal forest, and also that
there is a reciprocal increase in the importance of black
spruce, Jjack pine and tamerack, There are indications too
in the inventory reports of the Provincial Forest Services
‘that paper biréh is generally more abundant than aspen on
the precambrian shield, and that fir and balsam poplar are
relatively unimportant constituents of the vegetation,

On its southern side, the boreal forest is fringed
by a belt of aspen woodland which is first a continuous
forest and then, nearer the prairies, a groveland or park-
land interspersed with grassy patches., The aspen woodland
‘has been studied in Manitoba by Bird (1930) and in Alberta
by Moss (19%2). From these published papers as well as
from personal 6bservations, it ig clear that the aspen

woodland is closely related floristically to the poplar
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stande of the southern boreal forest, although differing
from them in the relétive incidence of certain secondary
plant,speciés. A c&mparison of the speclies tallied in
twenty-four aspen stands in the southern boreal forest
proper with those tallied in sixteen stands south of 1t
hag indicated that in the aspen woodland there are only
a few characteristic species. Examples of thesge are:

Symphoricarpos occidentalis 8Smilax lssioneura

- Pyrola elliptica Rhus radicans var,
Aster laevis rydbergil
Thalictrum dasycarpum Corylus americana
Anemone riparisg Viburnum lentsgo

Probably more distinctive is the absence or comparative
rarity of species which are common in poplar stands to

the north, Examples are:

Cornus canadensis Linngea borealis var,
Petasites palmatus americana

Mertensia paniculata Calamagrostis canadensis
Mitells nuda Prunug pensylvanics
Ribes triste Shepherdis canadensls

In a general and none too exact sense the southern
boreal forest can be envisaged as an intergrade between
the northern boreal (coniferous) forest and the aspen wood-
land, Many of its coniferous stands with their low herb
and moss vegetation show a marked similarity floristically
(and presumably in structure aléo) to northern types,
while the close affinities of its shrub and tall herb hard-
wood types to those of the aspen woodland have Jjust been

mentioned, A further interesting comparison or anslogy can
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be made between succession following fire on upland sites

in the southern boreal forest (poplar -» poplar-spruce -
spruce) and the zonation from south to north of aspen

woodland, "Mixedwoods", and coniferous forest,
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- VII
A GENERAL DESCRIPTIVE SCHEME FOR FOREST VEGETATION

The tasgk of describing vegetational communities is
not easy., The investigator is confronted with the fact
that no two stands are exactly alike; variability due to
-vegetational development and site differences occurs on
every hand, Usually the method followed is to describe |
selecﬁed "representative" stands (as has been done in the
previoug chapter) fully aware at the same time that no one
will encounter in the field the exact conditions described,
From the study of several hundred stands, the writer has
selected for desceription those forest communities which
‘he believes illustrate the range of interplay of three
varigbles: vsite, speclies composition and successional
status. At the same time an effort has been made to define
communities which, due.to the recurrence of similar his-
torical circumgtances and similar site patterning, show
general similarities of compogition and structure. These
are the defined forest types. Still, much of the vegeta-
tion hag of necessity been left out, énd a great number
of intermediate and variént communities remain undescribed,
It would be very useful, particularly to the practising
forester, to have a general descriptive scheme that could
be applled in the field to each and every stand encountered,
and in the following pages such a scheme for use in the

southern boreal forest is outlined,
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The attribute of vegetation which lends itself most
readily to description is physiognomy (Du Rietz, 1931;
Dansereau, 1951) and a comparison of the structure of the
forest undergrowth in various stands during these studies
suggested one very helpful approach, Where gites are
neither extremely dry nor wet, the undergrowth of ploneer
forest stands (poplar, birch, or even pine, at times)
characteristically shows a high proportion of tall ghrubs
and/or tall herbs, In marked contrast is the clean forest
floor under pure spruce or spruce-fir staﬁds, characteri—
zed by mosses and low herbs, It ig interesting to note
that if a ligt of the forest flora from non-extreme sites
is divided into three groups on the basis of height alone
as follows--tall shrubs and herbs (higher than three feet
and one foot, respectively), medium shrubs and herbs (one
to three feet and four inches to one foot), low herbs and
mosses (generally lower than four inches)--then the species
in the tall and low groups are precisely those which stand
out in deciduous forest (poplar) stands and in coniferous
(chiefly spruce) stands, respectively. The middle group
is not so gpecific as to éover-type preference, its
specles characterizing many kinds of gtands.

The principal factor controlling the structure of
the undergrowth is light, for although temperature, root

competition, litter accumulation, and other soil
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charaoteristics exert a subsidiary#effeot, their mailn
influence ig on composition rather than on gstratification.
A poplar canopy allows much more 1ight‘to penetrate to the
forest floor than does a spruce canopy, consequently tall
shrubs are able to flourish under the former But not under
the latter forest. In g comparable way, én,open stratum
of tall shrubs may allow tall hérbs to survive, while

a dense stratum eliminates all but the most tolerant., It
ig a fairly sound generalization that the relative height
of the forest undergrowth épecies-bears ah inverse rela-
tlonship to tolerance, since plants of low stature must

be adapted to shade in order to survive, For example, the

series: Corylus cornuta - Aralia nudicsulis -+ Cornus

canadensig < Calliergonella schreberi (tall shrub » tall

herb + low herb » moss) is clearly one of increasing
tolerance to shade,

In order to illustratévthe change in vegetative
stru&ture with increasing shade, an analysis was made of
the comparative cover-abundance of the shrub, herb, and
moss layers in stands representative of the successional
series: poplar - poplar-spruce - spruce—popiar - spruce,
The data were drawn from 400 milacre quadrats examined in
20 forest stands on fresh and moist sites, Fig. 39 shows
the caleulated percentage of total cover that the various

layers contributed in this particular sample,
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Fig, 39, The relative cover-abundance of the undergrowth
gtrates in mature gtandg of poplar, poplar and
gpruce, and gpruce,

Note that the percentage of cover contributed by
tall shrubs decreases steadily from poplsr through mixed-

wood to gpruce standg, while the percentage of cover

contributed by mosses risgses abruptly as mixed sgtaends change
to spruce, Note also that the cover-gbundance of tall
herbg ig inversely related to that of tall shrubs in the
poplar and poplar-spruce communitieg, reasching a high

point in the latter, Medium shrubg decresse slowly from
poplar Gto sgpruce, some few being very pergistent even

where light intensity is very low, e.g., Viburnum edule

and Ribes spp. Herbs of medium height have their best
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development in mixed stands, ,The~1ow—herb‘strétum is
gtrong in all communities, particularly in the mixed;
its conépicuousness in spruce stands is due to the absence
of the higher, herb and shrub gtrata which tend to conceal
it elsevhere,

A gecond feature useful in describing stands is
found in the relationship between the forest biants and the
soils which support them., In so far as single s0il factors
can be separated from the environmental complex and treated
as "causes", soil moisture is probably the most important
modifier of competitive ability and growth, and variations
in moigture regime are always reflected in variations of
vegetation, To determine the molsture regime of a site 1is
not always easy even after the time-consuming examination
of the complete soil profile, Topographic position and
texture of mineral material are frequently good indicators,
a8 also are plants when their habits are sufficiently
understood,

In 1949, after two years of field work in the Cre-
taceous Hills area bf the southern boreal forest, a tenta-
tive table was drawn up ranking many of the species on
a four-point moigture-preference scale (Rowe, 1950). Sub-
sequently, additional observations made during the course
of these studies under various conditions of physiography

led to a partial revision of the table, and to the~use of
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five main moisture groups: Dry (ineluding Very Dry),
Fresh, Moist, Very Moist, and Wet, The picture which
has gradvally béen developed'of the moisture preferences
of the common forest species; relative to one another,
provides a means of judging the4moisture relations of
particular stands. |

Using these two features, structure of vegetation
and moistness of site as indicated by.the species present,
it ies possible %o chéracterize every forest gtand with a
short descriptive epithet as was done, for example, in
the tables describing particular forest communities in the
previous chapter, Considerable information on density and
succegsional status is conveyed at the same time., Mention
of the "dry, low grass-and-herb type" immediately calls to
mind the open, limby stands of pine or spruce which pioneer
onvexcessively drained soils, just as the ﬂmoist‘moss type
suggests the'dense, comparatively stable stands of gpruce
or spruce-fir on flats and lower slopes, Whep deseribing
stands in this gengralized manner, the names of the domi-
nant trees are always included,

Note that the characterization of stands according-
to structure of the undergrowth étresses wheat is particu-~
larly evident to the observer's eye., Thus a "tall shrub
type" may actually include tall-herb and low-herb strata,

although these may not be mentioned because they are not
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readily seen, Where two or more strata are cdhspicuous
the deseription can include them all, for example, "the
moist, tall-ghrub and moss type of pine forest" (Pinug

banksiana/Alnus crispa-Calliergonells schreberi),

The Vegetation Table

As an aid to more exact descriptions of plots and
stands particularlyvin the forests of the Riding and Duck
Mountains, a field sheet was prepared on which the common
foregst species were located with reference to height on
one co-ordinate axis and to molisture preference on the other,
In using this field sheet the investigator checks off the
plant species which occur on the ares being studied, noting
as well the prominent stratum or strata which contribute
to the physiognomy or'“look“ of the stand, Relevant notes
on environmental factors (soil,»topographic position, aspect,
etc.) are also taken, Table XXXIX shows the vegetation
part of the fleld sheet, as revised after one summer's use,
with the relationship of tree species to moisture gradient
indicated at the top of the page.

It should be immediately emphasized that the position
occuplied by each species in the table does ndt represent
its only pogsible niche in natural communities, Consider
the vertical scale: from top to bottom of the page are
listed tall shrubg (more than three feet tall), medium

shrubs (one to three feet tall), tall herbs (more than one

¢
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TABLE XXXIX

VEGETATION TABLE FOR THE SOUTHERN  BOREAL FOREST

The species are arranged by strata in the vertical d1m3ﬁ91on”anc by moisture preference in the horizontal dimension
Species having 1little indicator value so far as moisture is concernedaze underlined, and species characteristic of coniferous
types are marked with an asterisk, -

VERY DRY AND DRY FOREST -~ FRESH FOREST ‘fV S MDIST FOREST VERY MOIST FOREST WET FOREST

_xerOphytic speclies xero-mesophytic spegies‘ mesophytic species meso-hydrophytic species hydrophytic species
< Pinus banksiana — _ > € Larix laricing =——————3m
< ' _ Picea glauca >
VEGETATION < Betula papyrifera ' >
< e Populus balsamifers >
£§?¥'f'ff_ U < — Picea mariana >
< : [~f*‘_ ‘ “Populus tremuloides >
-< Abies balsamea >
- TALL SHRUBS Alnus crispa Amelanchier alnlfolia Acer spicatum Acer negundo Alnus rugosa
. Elaeagnus commutata Corylus eornuta I Sorbus decora Cornus stolonifers Salix petiolaris
- {3 £, plus) Salix humilis Prunus pensylvanica o Viburnum trilobum Salix bebbiana Salix pyrifolia
| Shepherdia canadensis Prunus virginiana ST » Salix discolor
MEDIUM SHRUBS + Hudsonia tomentosa ' Diervilla lonicera’ L  Lonicera dioica var, + Ledum groenlandiéum  + Andromeda polifolia
. - Juniperus communis Rosa acicularis IR glaucescens Lonicera involucrata Betula glandulosa
(1 £t, to 3 £t.) Symphoricarpoe albus » Lonicera villosa var, + Chamaedaphne caly-
' Symphoricarpos oc01denta—§ j : : solonis culata
Coo 1lis - , Ribes glandulosum + Kalmia polifolia
: B + Vaccinium myrt11101des._ ‘ Ribes hirtellum Rhamnus alnifolia
. R Ribes triste Ribes hudsonianum
- L u Rubus l1daeus Ribes lacustre
B : co v Viburnum edule Spiraea alba

Agastache foeniculum

.~ .Anemone canadensis Arnica chamissonis
Anemone cylindrica Aster umbellatus var. Asgter junclformls
Hedysarum alpinum var.wv ‘ .pubens - . Aster puniceus
-americanum e e Calamagroetis - : ~Cirsivm muti -
Hieracium canadens'“* canadensis ,i’jt  Eupatorium maculatum
. Eathyrus venosus Cinna latis : : . LS

" Lilium umbellatum

- : f'Heracleum maximum ) - Impatiens capensis:
... .7 Potentilla arguta - Pteretis pensylvaniaa Petasites sagittatus
- o ' T . - Bolidago gigantea " Petasites vitifolius

H'Thalictrum venuloé Thalictrum. dasyearpum Sium suave

Urtica orsecilia




MEDIUM HERBS
AND GRASSES

(4 in, to 1 ft.)

LOW HERBS
AND GRASSES -
AND SHRUBS

(Less than
4 in,)

....'........"—"»........0..0.“....0........0‘..‘.....&

MOSSES AND
LICHENS

*on.nen];l_l..l.”a,wg;:gutay T

* s s

‘Achillea millefolium

Aster laevis
Agtragalus alpinus
Agtragalus striatus
Erigeron glabellus
Castilleja rhexifolis
C omandre pallida
Elymus innovatus
Equisetum hyemale
Gentianella amarells
Habenaria bracteata
Heuchera richardsonii
Melampyrum lineare
Oryzopsis asperifolia
Poa interior
Polygala senega
Rudbeckia hirts
Solidago nemoralis
Zizia aptera

LI R N

Antennaria campestris
Antennaria petaloidea
Arctostaphylos uva-ursi
Danthonia spicata
Houstonia longifolis
Festuca ovina
Juniperus horizontalis
Lycopodium complanatum
Oryzopsis pungens -
Polygala paucifolis
Sibbaldiopsis
tridentata
Solidago hispida
Spiranthes gracilis
Vaccinium caegpitosum
Viola adunca

- Thalictrum venulosu

. ReAYPuS ochroleucus: -

Saniculs marllandica-

¢ o 00

Adquilegia brev1styla
Aster ciliolatus f%
Corallorhiza maculata
Corallorhiza striata.

Galium segtentrlonal :

Prenanthes alba .
Sehizachne purpu
Smilacina stellats -
Vieia americana = .«
Viola rugulosa

Anemone qulnquefblia'
Corallorhiza trifida

- Fragaria virginlana

Lycopodium obscurum
Maianthemum canadense
var, interius v 7
Pyrola asarlfolla:,ﬂ‘

- Pyrola secunda

+ 4+ +

i

bk
ces e

Ceratodon purpureus

+ Cladonisa rangiferina
Polytrichum piliferum

* & o0

‘Bromus ciliatus
Mertensia paniculata
Osmorhiza obtusa
‘Petasites palmatus

e e 8 @

Carex deweyana

-+ Coptis groenlandica

Corallorhiza trifida

Cornus canadensis

Fragaria vesca

Goodyera repens

-Llnnaea borealis

. var, americana .

Lycopodium annotinum

Moehringia lateri-

. flora

Monotropa uniflora

Pyrolas virens

Rubus pubescens

Trientalis borealis

Vaceinium vitis-
idaea var, minus

Viola renifolia

++

ooioo'.l.'l.!..c..tocoOoo.loooooocootnc..oo

"anagmmua
. ‘schreberi ‘

:+ chranum rugosum

 Eurhynchium strigo-

© sum

‘Furhynchium diver-
sifolium

Peltigera spp.

EVeICLLIE PCHSYLVAlLL&

' Solidags elgantea

_Thalictrum dasyearpum -

+
+

+
+

Urtlca gracilis

s e &0

Dryopteris cristata
Dryopteris disjuncta
Dryopteris spinulosa
Geocaulon lividum
Habenaria hyperborea
Lysimachia ciliata
Poa palustris
Valeriana septen-
trionalis

LR B N 2

Circaea alpina
Equisetum Beirpoides
Galium triflorum
Gaultheria hispidula
Habenaris obtusata
Habenaria orbliculata
Listera cordata

'Mitella nuda

-+
-t

Moneses uniflora
Ranunculus lapponicus

+ Hylocomium splendens

+ Hypnum crista-

strensis v
~Thuldium recognitum

0000.000000090@0

FebasL s daplibvabus
" Petasites vitlfollus””
~Sium suave

s o 00

Caltha palustris
Equisetum arvense
Equisetum pratense
Geum macrophyllum
Geum rivale
Lathyrus palustris
Mentha arvensis
Parnassia palustris
var, neogaea
Senecio pauperculus
Stachys palustris

s o s 0

Carex capillaris

+ Carex disperma
Carex gynocrates
Chrysosplenium

iloense

+ Drosera rotundifolis
‘Galium trifidum
Ranunculus aboriivus

+ Rubus acaulis

+ Rubus chamaemorus

+ Smilacina trifolilse
Stellaria longifolia

-+ Vaccinium oxycoccus

Viola nephrophylla
Viola palustris

Aulacomnium palus
- Camptothecium niten
Climacium americanum
Drepanoeladus:
uncinatus
Mnium cuspidatum
+ Sphagnum spp.

s e 6 0 0!
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foot tall), medium herbs {(four inches tovoné foot tall),
low shrubs and herbs (less than four inches tall), and the
moss and lichen layer, Obviously there are numerous plants
, which can take their places; according to growing Qondi—
tions, in mofe than one of these arbitrarily defined strata,
?he aim has been, howevér, to make the scale conform as
closely as posgsible to the average physiognomy of the vege-
tation as observed in numerous férest stands throughout
the eastern part of the Mixedwood Forest Section, and in
most cases it has not been difficult to decide whére’any
given species should be placed.- More impofﬁance has been
attached to the position of the vegetative folliage than to

the flowering parts, and species such as Elymug innovatus,

Agter oiliolaﬂus, and Mertensia paniculata, which in

flowering extend into the tall-herb layer, are neverthe-
less ranked as medium herbs,

The position of a species relative to the horizon-
tal moisture-preference scale is not meant to be interpreted
in a hard and fast way elther, Plants of wide tolerance
~may be found in all sorts of communities, from dry to wet
~sites, However, most of the specles exhibit a preference
‘for one moisture regime (their "apparent optimum") over

others, reflecting this preference in greater abundance
and vigour, and it is expedient here to pigeon-hole each

according to the moisture column of closest fit, Intensive
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studies would make possible the subdivision of moisture-
preference clasgses, as the finer regponses of sgpecles
relative to one another were distinguished, but for present
purposes s five—point division oflmoisture-gradient is
considered adequate.

The sampling unit in forestry work is ﬁsually a one-
tenth- or one-fifth-acre plot. On such limited areas,
particularly when cover-type and site conditions are rela-
tively homogeneous, it has been found from quadraf studles
that 40 to 50 species of minor plants are usually present
(plus a number of rarer bryophytes and lichens which are
not considered here), When these species are checked off
on the table, a éertain scatter pattern is obtained'depend-
ing on the nature of the overstory, successional stage §f
the community, and the moistness of the site. It is often
quife apparent from the presence pattern thus obtained that
the welght of the community is concentrated in a particular
part of the tablé, and this faciiitates the characteriza-
tion of stands by physiognomy and moisture'regime.

Table XXXIX can be interpreted as a general
description of many communities, indicating as it does the
probabilities of certain plants entering into the consti-
tution of the vegetation in response'to environmental

variations. It represents an attempt to come to terms both

wlith the importent fact that a segregation of species
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occurs in relation to gradients of light and moisture,
and with the corollary that ecologically similar specieg
ﬁay replace one another on equivalent sites, It suggests
in a very broad way what may be expected so far as florig-—
>fic composition is concerned under varlous degrees of
crown closure and soil moisture,

One important qualification is necessary. The table
places together all speéies which are somewhat similar in
height, growth habit and moisture preference, but this
does not mean that they are negessarily ecological equi-
valents or even that they are found together in nature.

To further refine the table for descriptive purposes it
would be necesgsary to mark thoge species which commonly
oceur together, ﬁhus suggesting more exactly the probable
composition of communities under particdlar conditions of
cover-type and site. A rather broad division has been

made in the téble by marking with an asterisk those species
which are largely confined to coniferous forests. ”

The tableléiso indicates something of the develop-
mental trends in forest communities, The course of
succession on many upland sites‘from poplar or pine to
spruce (or to spruce-fir) is marked‘by a diminution of
light on the forest floor., As previously mentioned, the
pioneer communities are characterizéd by an open canopy -

which allows tall shrubs and ta2ll herbs to flourish beneéth
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(provided that moisture and nutrients are adequate), The
more advanced communities--the white spruce (or white
gpruce~fir) and black spruce--with their closer canoples
make conditions unsuitable for survival of all except the
most tolerant undergrowth: the mosses and low herbs, |
With some exceptions ﬁhen, which are mentioned below, the
top half of the table contains the gpecies characteristic
of pioneer oﬁen forest types, while the lower half con-
taing those species characteriétic of the coniferous types,
many of whiéh stand farther along in the éucpessional
series, The exceptione occur mainly in the Dry column, and
many of the low specieg of dry sites are intolerant of'

much shade, As an example, Arctostaphylos uva-ursi and

Sibbgldiopsis tridentata, both low shrubby "heath" plants,

are often found forming a carpet in dry open pine types,
but they are absent or at least very rare where the shade
factor is high, Other exceptions to the generslization
are exemplified by the shade tolerance of some medium

shrubs such as Viburnum edule and Rosa acicularis, and of

some tall and medium herbs such as Aralis nudicaulis and

Petasites palmatus.

The mostvtolerant herbs of the forest are those
listed as low herbs in the Fresh, Moist and Very Moilst
columns., Some of these species occur in communities of

poplar or pine where they grow under the taller shrubs
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and herbs, and their prominence in the denser coniferous
stends ig a result of the shading out of the higher layer
comnunities which concealed them in the earlier succes-
sional communities., Fig. 39 illustrates this véry well,
On the other hand, certain of the low herbs show a high
fidelity to spruce and fir stands only,

The mosses are the most tolerant of all species,
successional development from the more or less open pioneer
stands to the close coniferous forest 1is mafked by an
increase in importance of this lowest layer community,
culminating in the predominantly moss type. Mention has
been made of the special forest éommunity which is dis-
tinctive because of the virtual absence of any undergrowth
species: the "needle cover type”(Moss, 1953), Needle
cover is maintained under densely stocked coniferous stands,
where light is 'of low intensity and root competition is
presumably of high intensity.

It is worth pointing out that the prominent stratum
of the undergrowth in mixed and cdniferous stands is
a falr index of stocking or stand density; and in many
cagses 1t is possible to interpret shrub types as indica-
ting undergtocking, and needle cover or moss types as

indicating overstocking,
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Forest Vepetation Types

A short outline of some of the commoner forest
communities of the southern boreal forest will now be gi#en,
by way of summary of the preceding chapter, using the
phjsiognomy and moisfure scheme, The series of communi-
ties, from shrub-layer prominent to moss-layer prominent,
will be taken up under each molsture class, with brief

mention of some of the typical species participating,

(1) The Very Dry and Dry Series of forests, occurring
on excesgsively drained soils, are characterized predomi-
nantiy by low, grass-herb-sgshrub vegetation under Jack pine

or white spruce, Examples are the low-heath (Arctogtaphy-

log) pine types on sand plains and dunes, and the prairie

or "park" types (Festuca-Agropyron) on gravelly outwash

or on the beach ridges of post—glacial lakes, these latter
types being the resgult of recent invasion of prairies by
spruce, Exceptionally dry éites caerry congiderable
Cladonia spp., usually under pine although sometimes under
spruce, On slightly less dry sités o few examples of tall-
shrub pine communities have been seeh, featuring Alnug

crigpa and (in one place) Salix humilig, In the Nisbet

Forest Reserve, Saskatchewan, there is a remarkable dry-
herb type of pine stand with an understory of Thermopsis

rhombifolia (Nutt,) Richards, a leguminous herb,
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Pogsibly the most'frequent specieg in the Dry Series

is the Cordilleran grass Elymﬁs innovatusg, which in agso-

ciation with Arctostaphylos uva-ursi, Shepherdis canadense

and numerous specles characteristic of gemi-open woodland,
forms a characteristic grbund vegetation on appropriate
sltes under pine, aspen and spruce forests from western
Manitoba to western Alberta.

(2) The Fresh Series on well-drained soils includes

many shrub and herb types, while moss types are uncommon,
Tree specieg are mainly jack pine, white spruce, aspen,

birch, plus their mixtures. Corylus cornuta is a common

tall shrub_in the Fregh Series particularly along the
gouthern part of the Mixedwood Section, while on the
plateaux of the Cretsceous Hills and in the northern dig-

tricts, Alnus crispa becomes prominent as Corylus declines,

Other tall shrubs--Prunus virginiasna, P. pensylvanica,

Crataegus chrygocarps and Amelanchier alnifolia--charac-—

terize many aspen, pine and spruce stands, often in
association with Corylus, Medium shrubs which sometimes

contribute a well-defined stratum to forests of pine or

poplar are Vaccinium myrtilloideg and Diervilla lonicera.
The absenvce of shrubs, whether due to a fallure of

invasion after destructive fires or to the eliminative

action of a closing canopy, may allow herbs to come to the

fore, Common tall herbs forming pure dominant strata under
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poplar, pine, spruce, or mixedwoods are Aralia nudicaulis

and Chamsenerion spicatum, associated in turn with Actaea

rubra, Disporun trachycarpum,'AroynUm androggemifoliun

and Viola rugulosa., Under dense canopies, particularly

where spruce dominates, low-herb types are prevalent,

A layer community of Maianthemum canadense var. interiusg,

Pyrola spp., Fragaria virginiana, Galium septentrionale,

Oryzopsig asperifolia, plus Cornus canadensis and Rubus

.pubesgceng is usual in such cirumstances,

(3) In the Moist Seriesg (soils only moderately drained)

all layer communities may become prominent in association
with various mixtures of all tree species. Where the
forest stands are such that congiderable light penetrates
the canopy, tall shrubs often play a primery role in the
undergrowth, In the eastern part of the Mixedwood Forest
SBection, particularly in the Cretaceous escarpment area,

Acer sgpicatum is a charascteristic shrub under stands of

aspen and aspen-gpruce, Corylus cornuta cbntinues-to be

sbundant but with it appear Viburnum trilobum snd scat-

tered Sorbus decora. Similarly Aralia nudicaulisg and

Chamaenerion gpicstum are common in tall-shrub types

although their association with more mesophytic species

such as Solidago lepida, Mertensia paniculata, Petasites

palmatus and Heracleum maximum is significant of a trend

.toward the moister than fresh soils,
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In coniferous stands, a low-herb vegetation is

usual, with a high percentage of the cover contributed by

Cornus canadengig, Linnsea borealis var. americana, Viola

renifolia, Mitella nuda, Rubus pubegscens and Petasites

palmatus. While the herb type of undergrowth is common in
young coniferous stands, the feather moss stratum apparent-
ly develops only with age and is rarely present until

standsg are more than 70 years old; The development of the
forest moés floor ig accompanied by the appearance of guch

species as Trientalig borealig, Goodyera repens and Pyrola

virens, in addition to the other low hérbs present in the
previous stage of development.

(4) The Very Moist Series on imperfectly drained soils

includeé many physiognomic types. All tree specles enter
into the possible cover composition, although jack pine
and tamarack sre relatively unimportant,

The tall shrub which characterizes many stands of

aspen, balsam poplar and white spruce is Cornug stoloniferag,

Sallix specieg also contribute to the tall-shrub stratum,
particularly on burned-over areas., Medium-shrub types are

frequent, with Viburnum edule, Rubus idaeus and Ribes spp.

particularly impoftant in mature and overmature coniferous

stands, Calamegrostis canadensis with Agter umbellatus var,

pubeng, Anemone canadensig, Cinna latifolia, forms a dis-

-tinctive tall-herb stratum in some opén poplar and poplar-
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spruce forests, Pteretis pensylvanica and Athyrium £ilix-

femins are sometimes prominent on very moist alluvium,
In the cloger spruce and spruce-fir gtands, herd
types feature the same species as in the moist series,

but Equisetum species begin to appear, with Circaes alpina,

Geocaulon lividum, Dryopteris spp., Habenaria spp. A moss

gtratun forms early in the life of such stands, and the
older forests almost invariably show s more or less con-

tinuous carpet of Hylocomium gplendens with Calliergonella

gchreberi, Dicranum rugosum and Hypnum crigta-castrensis.

l5) The Wet Series on soils of poor drainage and high
organlc content includes forests composed chiefly of white
and black spruce and tamarack, The latter is the speciés
most tolerant of excesgsive soil moisture, hence its
bioneer role in the forest invasioh»of peats, On the
firmer and slightly drier peaty deposits, formed in areas
of stagnating ground water, black spruce is the typical
tree, White spruce shows a tendency to colonize muck or
fen soils which are apparently formed under the influence
of various conditions such as alkalinity of substratum,
grasse and sedge vegetation, and moving ground water.,

_The commonest tall-shrub type is characterized by

Alnus rugosa, associated usually with temarack and white

spruce, Tall Salix species are not uncommon in the Wet

Series, but their intolerance to shade tends to reduce
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their significance speedily in the physliognomy of develop-
ing forests., The medium-shrub>types of black spruce are

well known, particularly those characterized by Ledum

groenlandicunm, Ghamaedaphne calyculata, Kalmia polifolisg
and Andromeds polifolias, With white spruce, Ribeg spp.

Rubug idaeus and Rhamnus alnifolis are common medium-shrub

associates., Tall herbs are rarely prominent in stands of
larch and black spruce; but the open variants of the swamp
border white spruce stands sometimes show a conspicuous

layer of Cirsium muticum, Aster puniceus, Sium suave, and

others, Carex spp. characterize many tamarack and spruce
stands.v There i1s one readiiy récognizable medium-herdb

type in which Equigetum arvense is abundant. It is usually

associated with mosses and with the same low herbs that
appear in the Very Moist Series. Well-defined moss types

are common, with Hylocomium splendens, Climacium americgnum,

Aulacomnium palustre and Mnium spp. on the fen and muck

soils with white spruce and'tamarack, and Sphagnum species

or Camptothecium niteng in the deep peats with black spruce,

Groups of Species as Indicators of Moilstness of Site

Those who are thoroughly familiar with the vegetation
of a particular region are often able to judge the moisture
relations‘of any given community with considerable accuracy.
Unfortunately the approach through experience is not

- pogsible for everyone, and a more objective method which all
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may use igs highly desirable, ThéAvegetation table offers
some help, for if the moisture-preference groupings are
goundly based, as the author believes they are, then anyone
with o moderate knowledge of the flora should be able %o
interpret the moiéture relations of g particular area from
the species present. To take an artificial example, a site

supporting Cornus stolonifera, Ribes hirtellum and

Dryopteris cristata ("Very Moist" species), should have

similar moisture conditions to one supporting Viburnum

edule, Mitella nuda and Hylocomium splendens (also "Very

Moist" species), even though the forest cover on the two
areas may differ in quality and quantity. ‘Unfortunately
the species making up actual plant communities never fall
nicely into one moisture-preference column as in this
example, and therefore it ig difficult by inspection alone
to determine what moisture regime is indicated.

To circumvent this difficulty,various methods were
tested in an attempt to derive for any given sample of
forest vegetation a single numerical index, based on the
distribution of the species as checked on the tablé.

‘The following practical and theoretical considerations

guided the development of a "vegetation moisture index":

(1) For maximum usefulness the method must be gimple--
not much more than recognition of the plant species can bé

ekpected of those who will use it, Therefore, if possible,
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an index must be derived from presence or absence of species

rather than from features sqch as cover and density which
are difficult to assess without quadrat or line-intersect
studies,

(2) Certain gccommodating species occupy practically all
habitats within a given forest district., The broad eco-
logical amplitude of such species (here called "ubiquists")
renders them more or less useless as indicators. Little
welght should be given to them when caleculating a moisture
index, even though they may be very promiﬂent constituents
of the vegetation, Prelimiﬁary studies are necessary to
determine which species fall into‘the category of "ubiquist!,

(3) Rare plants (defingd as those which in quadrat
studies have the very lowest frequencies and cover-
abundances, or which 1n presence studies are not readily
found) should be used very cautiously if at all in working
out a moisture index, as the danger is always present that
members of this group are éphemeral invaders from outside
the community,

(4) Thé ecological amplitude of species listed in the
very moist and wet columns is, in general, narrower than
that of Species on the drier side of the table. In other
words, the former are better indicators thén the latter
and should be given more weight when calculating an index.

Why this should be so ig not well understood, but it is
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apparent in the field that the more mesophytic and hydro-
phytic species are tied rather closely.to their appropriate
habitats, while species whiéh are abie to'tblerate drier
conditiong are not by that fact necessarily confined to the

drier gites.

The method which was adopted as giving the most
satlsfactory results assigned a weight of 1, 2, 4, & ana
16 to specles which occur in the Dry, Fresh, Moist, Very
Moist and Wet columns, respectively, Ubiquists are omitted
from the calculations, as also are rare species, except
in particular circﬁmstances. The geometric increase of
valueg is alrecognition of the greater significance of v
species on the wetter side of the table, Steps in the cal-
culations are as follows: ‘

(1) A gspecigl field sheet, drawn up in the same form
a8 the vegetation table and listihg the important foregt
species of the district in their appropriate moisture-
preference columns, is used, Ubiquists, identified from
preliminary studies, are specially marked, so that they
can be readily kept spart from the others in subsequent
calculations, A place is provided for noting the dominant
and secondary strata of the undergrowth ("tall shrub®,
etc,) which characterize each stand,

(2) The investigator checks off 3ll the species which

he finds in the particular stand being studied. In practice
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1t has been found preferable to enter beside each species
an ocular estimate of cover-abundance, since this increases
the value of the list for other phytosociological purposes,
By specifying in field instructions that on each plot

a minimum number of species (usually 25) must be listed

in addition to the ubiquists, an adequate sample is
assured,

(3) On completion of the tally, the species in each of
the five moisture columns are summed, and the totals are
weighted by multiplying by the appropriate number, whether
1,2, 4, & or 16, At this stage the ubiquists are
excluded, and the rare specieg are used only when their
omisgion would reduce the sample below 20 species,

(4) The figures from all columns are now gummed, the
total is divided by the number of species entering into
the previous calculations, and the quotient is multiplied
by 10 to eliminate the decimal. The resulting figure is
the Vegetation Moisture Index, abbreviated hereafter as

the VMI,

The VMI was worked out for various férest sample
areas in Manitoba and Saskatchewan during the field season
of 1954, and it was found that stends in which white spruce
is a constituent species'segregated“along an index gradient
from 15 (driest) to &0 (wettest) Three examples are shown
in Table XL,
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TABLE XL

' THE FOREST VEGETATION OF THREE SITES,rILLUSTRATING THE

DERIVATION OF VEGETATION MOISTURE INDICES

Plot 500 - Duek Mountain Foregt Reserve, Manitoba,
Open white spruce and aspen stand on excessively drained till,
Dry, grass-herb community (Elymus-Frageris-Arctostaphylos).

"Wery Dry and Dry": 1k speoiés (plus jlrare)

4 Elymus innovatus - 1. Aster laevie _

-2 Arctostaphylos uva-ursi .1 Comandrs richardsians

‘1 Agastache foeniculum 1l Oryzopsis asperifolia

-1l Hedysarum slpinum var, 1 Polygala senega
americanum ' 1 Oxytropis gracilis

1 Potentills arguts 1 Viola adunca

1l Astragalus alpinus + Lilium umbellatum

1l Halenia deflexa + Solidago hispidas

1 Anemone multifids + Antennaris campestrisg

"Fresh": 5 specieg
1l Amelanchier alnifolia 1l Vicia smericana
1l Lathyrus ochroleucus 1 Viola rugulosa

1l Thalictrim venulosum

"Very Moist": 1 species

1l Balix bebbiana

"Ubiquigts": 6 gpecies

3 Fragaria virginiana 1 Galium septentrionale
1l Rosa acicularis 1 Schizachne purpurascens
1 Aster ciliolatus 1l Smilacina stellata

~ Sum of the weighted values of the species in each moisture

group: ,

(14 x 1) + (5 x2) + (1 x &) = 32

VMI: 32/(14 + 5+ 1) = 1,6 x10 = 16,
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B, Plot 512 - Duck Mountain Forest Reserve., |
Mature white spruce and birch, on moderately drained till,
Moist, tall shrub-and-herb community (Corylus-Aralis-Mitella).

"Dry" species: 1 (plue 1 rare)

1 Oryzopsis asperifolia + Elymus innovatus

"Fresh" species: 3 (plus 4 rare

)

% Corylus cornuta + Prunus virginiana

1l Symphoricarpos albus + Actaea rubra

1 Lathyrus ochroleucus + Chamaenerion spicatum
+ Pyrola secunds

"Moist" species: 7 {plus 1 rare)

2 Mertensis paniculsata 1 Viola renifolis

2 Petasites palmatus 1 Linnaea boreslis var,
2 Cornug canadensis americana

2 Rubus pubescens + Sorbus decors

1l Pyrola virens

"Very Moiet" species &(plus 1 rare)

2 Viburnum edule 1 Ribeg triste

2 Circaea alpina 1l Rubus idaeus

2 Mitells nuds 1 Galium triflorum

1 Cornue stolonifers + Dryopteris cristata

1l Ribes hirtellum '
"Ubiquists": 6 (plus 1 rare)

3 Arglia nudicaulis 1 Fragaris virginians

1l Rosga acicularis 1 Maianthemum canadense

1 Asgter ciliolatus var, interius

1 Galium septentrionale + Schizachne purpurascens

Sum of the weighted values of species in each moisture
group:

(Lx1)+(3x2)+(7x4 +(&x8) = 99
CYMI: 99/(1 + 34+ 7+8) = 5,2x10 = B2,
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Table XL cont,

Plot 510 - Duck Mountain Forest Reserve,
Mature white spruce, on poorly drained (muck) soil
Wet, herb-moss type (Equisetum-Mnium)

"Fregh": 1 gpecies (plus 1 rare)

1 Disgporum trachycarpum + Chamaenerion spicatum

"Moist": 3 species

2 Mertensis paniculata 1 Petasites palmatus
2 Cornus canadensis

"Very Moist": 11 species (plus 2 rare)
5 Mnium spp. 1l Circaea alpins
% Mitella nuda 1 Galium triflorum
1l Viburnum edule 1l Habenarisa obtusata
1 Ribes hirtellum 1 Moneses uniflora -
1 Ribes triste + Ribes glandulosum
1l Anemone canadensis + Poa palustris
1l Heracleum maximum

"fet": 2 gpecies (plus 2 rare)

5 Equisetum arvense + Ribes hudsonignum

1l Carex disperma + Stachys palustris
"Ubiquists": U species

1l Aralia nudicgulis 1 gchizachne purpurascens

1 Aster ciliolatus 1l Fragsris virginiana

Sum of the weighted values of species in each moisture
group:

(Lx2) +(3xl)+(11x8&) +(2x 16) = 13k
I 134/(1+3+11+2) = 7,9x10 = J9.
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If there were some objective method of determining
the goil moisture regimes of given homogeneous areas, then
it would be possible to check the reliability of the VMI'g,
but none such exiéts. The system proposed by Hillg (1950,
1952) to whichlreference has earlier been made 1s one of
the least subjective which can be ugsed, abd it derives
moisture regimes of sites primarily from the study of soil
profile development, pofe pattern of parent material, and
topographic position-—ail determinable with a fair'degree
of exactitude. Basic work along these lines was carried
out in conjunction with quadrat:studies of minor vegetation
on one-tenth-acre forest sample plots at fhe Riding
Mountain Forest Experimental Area in 1952, hence a compari-
gon was posgsible of soil moisture regimes according to
Hills' method, and of VMI's as later worked up from the
quadrat frequency-abundance_data. Table XLI shows the
fesults from Plots 301 to 316, inclusive, the VMI'g being
based on the 25 most frequent species, exclusive of

ubiquists, on each plot.
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TABLE XLI

COMPARISON OF SOIL MOISTURh REGIMES AND VEGETATLON MOISTURE
INDICES ON SIXTEEN ONE-TENTH-ACRE PLOTS

Plot Soil Moisture Vegetation
Number Regime Moisture Index Remarks
301 0 22
308 1 18
30 L 23
315 1 2
' 306 1 2
5o -
0 - - - lope community
307 2-3 58
312 3 29
205 E 2
310 l - - - VUneven surface
209 45 32
11 5
302 5 y
214 5 64 - - - Depression in plot
315 6 '

A rather good correspondence between increasing
moisture regime and increasing végetation moisture index is
shown, There are doubtless a number of reasonsg why the
two scales do not coincide., The soil moisture regimes were
determined from the examination of gingle soil pits, in
other words, they represent "point" studies, while each
VMI wag derived from the areal gtudy of an entire plot,

For this reason the best coincidence is to bé expected on
very homogeneous plotes, and the poorest on those of irregular
surface or on slopes, as the notes in the table suggest,

Also, the use of plant species as indicators is not
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straightforward, A complicating fact ig that each species
reflects a slightly different environment according to
size and to depth or preference of rooting, ©Small species
are influenced by surface conditions while large species
usually are influenced by deeper as well as the shallow
soil horizons, Thus the small herbs on well-leached,
surfece-dry soils may reflect more xerophytic conditions
Tthan do the associated tall shrubs and herbs, but on the
- same sites if much decayed wood lies on the grouﬁd, the
comparative moisture indications of the small snd large
plants may be reversed., In general however there is a good
correspondence between moistness of site and the associazted
elements of the vegetation, although common sense cannot
be dispensed with both in working up the VMI and interpret-
ing its usefulnegs in particular situations,

Two additional Tacts support the contention that the
proposed method of determining a Vegetation Moisture Index
for site, using the groupings 6f speclies shown in the
Vegetation Table, will be found useful in the field, The
first is that communities on long slopes segregate out as
éxpected, with a relatively low VMI on the upper slope
and a relatively high VMI on the lower slope, As an
~eXample, the following VMI's were calculated on five plots
sampling the forest on g north-facing hillside in the
Duck Mountain Forest Reserve--36, 43, 42, Ul and U&-—thig
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representing the sequence from a birch stand on the upper
slope to a spruce stand on the lower slope.

The ‘second fact is that samples of different vege-
tation growing on apparently similar éites work up to very
similar VMI's, For example, it is not uﬁcommon to find
patehy forest types in which well-stocked areas with g
shade-type flora alternate with small, more open areas
where better light conditions allow the development of
richer vegetation, Provided that the patches;are-not 80
large as to cause marked differences in such factors ag
tree-root distribution, surface temperature, and molisture,
1t has been found that the VMI'g of the various patches
usually fall within half a dozen units of one snother,

1t 1s not claimed that the vegetation moisture
index provides more than g rough measure of site conditiong,
yet it apparently has possibilities which could be improved
upon by more exact knowledge of the ranges and tolerances
of the minor forest plants, Uged in conjunction with
Hills' s0il sites (op. cit.) it may prove to have con-
slderable value, as it can be called upon where soil
conditions are difficult to interpret, or where the emphagis
1s on rapid reconnaissance. For g given digtrict it would
seem feééible to correlate soil moisture regimes and VMI'g
so that bofh might be used together or interchangeably.

In Table XLII an equivalency is tentatively suggested for
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the Riding Mountain-Duck Mountain area at the southeastern
extremity of the Mixedwood Forest Section, based on the
compaﬁisons of s0il moisture regimes determined in the

fleld and VMI's worked up from the forest vegetation lists,
TABLE XLIT

EQUIVALENCE OF VMI CLASSES AND SOIL MOISTURE REGIMES IN
UPLAND FORESTS OF THE RIDING MOUNTAIN-DUCK MOUNTAIN AREA

VMI Clasgses Moisgture Re§imes General Moisture

(Rowe) {Hills Class
Less than 25 0, 1 ‘ Very Dry and Dry
25-28 2 Moderately Fregh
29-34 2 Fresh
H-42 : Moderately Moist
%-52 5 Moigt
_ -6 o) Very Moist
More than 65 7, 8 Wet

As a comment . on the foregoing Table XLII, it might
be supposed that all "Dry" plots should place in the 10 to
20 VMI range and all "Wet" plots in the &0 to 160 range.
However, in almost every kind of forest community there
has been found a scattering of "Fresh" and "Moigt" specles
whose presence tends to raise the VMI of the dry and lower
the VMI of the wet plots. Therefdre the data in hand
suggested that all VWMI'g less thaﬁ 25 should be designated
as "Dry" and all greater than 65 as "Wet", The inter-

mediate classes have been made of unequal width,
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increasing by 4, 6, &, 10 and 13 units, respectively, in
récognition of the theoretical tehdency toward a geometrical
increase in VMI which follows from the geometrical increase
in weight given to each sucéeeding moisture class,

The vegetation table, the vegetation moisture index,
-and the index classes (above), have all been drawn up with
& view to usability in the eastern paft of the B,18 Forest
Section, particularly in stands of white sgpruce and aspen.
Studies in other forest sections, or studies which empha-
size other types, would require that new tables be devised
to take account of the significant species., For example,
work confined to jack pine types would require & considerable
expansion of the left-hand side of the table, since species
in the two right-hand columns (very moist and wet) would
be largely omitted, The same generasl approach could be

used however,

Discugsion

| Various classifications of forest types and forest
sltes have been built around the concept of gradients in
environmental factors, as the following examples illustrate,
Heimburger (1934) refers to early work by Pogrebnjak who
"plotted the natural limits of distribution of certain
plants on two axes representing the méin edaphic factors

of growth, namely mineral soil fertility and moisture",
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Thus a series from poor—to-rich hutrient status was com-
bined with a series from dry-to-wet moisture regime, and
the scheme wag applied to yield classes for forest trees,
A similar approach to the classification of forest coﬁ-
munities in Russia can be seen in the wbrk of Sukachev
(1928), |

More recently Anderson (1952) olaséified "locality
units" on g co-ordinate system, using six fertility and
four moisture groups. The resulting site classes were
named after the predominant plant species usually occur-
ring on them, Tore Arnborg (1950) used a similar system
in a forest site classification for northern Sweden, with
five moistube classes (arid, dry, fresh, moist, wet) and
four nutrient-regime classes which, from poorest to"best,
are indicated by dominance of the following: ericaceous
shrubs, oak fern with ericaceous shrubs, herbs with erica-
ceous shrubs, and herbs. Working in New Brunswick; Long
(unpublished, 1952) has also outlined a forest type-and-
site classification dividing the three stable forest
agsoclations of the Acadian Regearch Area into moisture
types (dry, fresh, moist and wet) on the basig of the
"Yapparent moisture requirements” of the vegetation., 8Still
another worker exploring along similar lines i1s Lossee
(1954), who has prepared a tentative site classification
] fof the Abitibl Experimental Area based partislly on plant
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indlcators as they relate to gradients of soil moisture
within three fertility series. In addition to the above
_'examples drawn from forestry literature, many more
references could be quoted to illustrate the considerable
interest which is presently being shown by ecologists in
"gradient analysis" as an approach to specific problems
of vegetation (see for example, Whittaker, 1954),

It cannot be expected that the distribution and
growth of plants will always show a neat correlation with
gradlents in the intensity of particular factors, as com-
,pensétory influences in the environment plus varigble
ecological tolerances in the plants will tend to conceal
much of the relationship, Nevertheless, detectable
responses of plants to factor variations do occur, and care-
ful study by appropfiate techniques will disclose ﬁhem.

The responses of plants to varistions in intensity
of light and of moisture have been discugsed &t some length
in the main body of this chapter, Two environmental
factors, or rather factor-complexes, whose gradients might
be correlated with planﬁ indicators, are soil fertility
and ecoclimate, Mention has already been made of fertility
series set up by some investigators for purposes of site
classification, Much of the reported work is highly sub-
Jective however, partly because the concept of fertility

is poorly defined and partly because of s lack of knowledge
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of the optimal nutrient requirements for ﬁree growth,
A recent article by Wilde (1955) illustrates an improved
approach to the problem, '

The other factor-complex, ecoclimate, has been little
studied in relation to plant indicators., One fruitful
line of research is the study of plant distributions, as
the range of a species suggests the climaﬁic conditions
to which it is adapted. Thus within the boreal forest
the warmer sites are often characterized by plant migrants
from the eastern deciduous forest, while colder sites are
inhablited by arctic-alpine plants. A second approach can
be made throﬁgh studies of phenology, for the periodicity
of- leafing, flowering, etc., is closely related to
climatic influences,

The sﬁggestion is made here that the methods used in
the development of a Vegetation Moisture Index might also
be applied in working out indices of other important
factors or factor-complexes, The approach is ag follows:
Firgt determine, as exactly as possible, the relative
positions of the plant species along a gradient from low
intensity to high intensity of the selected envirommental
factor, As previously pointed out, thig requires inten-
sive fleld work, combining close obsgervation and good
Judgement with whatever instrumentsl messurements and

analyses are agppropriate, Next, divide the gradient into
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classes or series, and assign empirical weights to each,
When calculating the final index from given gamples of
vegetation, take into account only the species whoge
significance in resgpect to the factor concerned is

regsgonably assured,



SUMMARY

1, Véry féw detailed studies of the forest vegetation of
west-central Canada have yet been made, The purpose of the
present projlect was to examine. and describe the composition,
structure and ecological relationships of gsome of the more
lmportant forest communities in western Manitoba‘and iﬁ'
Saékatcnewan. The work was carried out in twelve maiﬁ
localities, from the BidingvMountain in the east to Loon Lake
in the west, |

2. The area of study, here called the "Southern Boreal
Forest", extends from the Cretaceous escarpment westward to
Alberta, It lies within g dfy, subhumid climatic province,
with a total annual precipitat;on of 17 to 19 inches and an
;average annual moisture deficiency (Thornthwaite) of 4 to 6
inches, The forests are dominated by eight principal tree

spécies, Populus tremuloides, Picea glauca, Populus balsami-

fera, Picea mariana, Betula papyrifera, Pinus banksiana,

Abieg balsamea and Larix laricina, of which the first two
are of most lmportance in the foreets of upland sites. The
solls are of the grey wooded (podzolic) group, developed on
deep, more or less calcareous, glacial and post-glacial
deposits,

3 The unit of detailéd study was a plot, square or
rectangular and of one-tenth-~ or one-fifth-acre in size, so
located as to sample a homogeneous forest—site unit,

287
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On each plot a complete study of the total forest community
was made, using accepted ecological methods.‘ Significant
features of site, including ecoclimate; molsture regime, pore
pattern of sgubstratum and calcareousness of soil, were
studied in relation to vegetational patterning., In addition
- to the intenéive studies of several hundred sample plots,
a less detaiied eXamlination was made of many other forest
stands and their sites.
i, The southern boreal forest ccrresponds to one homo-~
geneous floristic province., The centre of origin of the
migrant flora which'came}to}this area folloﬁing Wisconsin
glaciation has generally been piaced eastward in the vieci-
hity of the Great Lakes, althoﬁgh there is evidence of an
unglaciated survival area in the foothills of western
Alberta. In the light of what is now known concerning
glacial and post-glaciai history, it seems unlikely that the
flora of the southern boreal forest emanated from southeast
of the Lake Agassiz basin, Rather, evidence is produced
to support the contention that the forest survived in large
part at least along the southern znd western borders of
the last continental ice sheet, occupylng the favoursble
sites provided by valley sides and shores of Qeri-glacial
rivers and lakes., New fossil evidence of the presence of
spruce, pine and tamarack on the west side of Glacial Lake

~Agassiz during its initial stage shows conclusively that
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important boreal elements were already present on the
western plain in Late Wisconsin times, when ice and water
in the Agaseiz basin must have constituted an effective
barriervagainst plant migration from the east, The present
distribution of certain shrubs and herbs points to the
importance of species "drift" into the area from the west.
5. The autecology of the elght tree species ig discus-
sed with particular attention to habits which are believed
to be of special significance for competitive ability and
survival: site preferences, habits of reproduction, root-
ing behaviour, tolerance to shade and cold, palatability
to animals, and length of life, All the trees are adapted
to survive recurring fires with the exception of fir, the
latter species alone'épparentlyvdependingfon,prior forest
communities to prepare conditions of humus and shade
favourable for its invasion, ,
6; The theoretical approach adopted in order to "mske
sense" of the diversity in the vegetation is outlined with
emphasls on the ecosystem concept, The necessity of
including site within the framework of vegetational studies
is argued, and a system for describing unit sites using
ecoclimate, soil moisture regime, pore pattern of soil
parent material, and. calcareousness of soil is presentéd.
Within the area studied one distinet site difference stems

from the greater amount of lime carbonate in the parent
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materials of soils in the eastern than in the Western sector,
The question of discreteness of vegetational units is
examined, and it is shown that many different circumstances
may contribute to the appearance of either the discrete com-
munity or the continuum, The abstract "forest type", in
the Russian sense, 1s sdopted as the unit of forest description,
In these studies the forest type is defined by the dominant
trees and by characteristic constant species of the under-
growth. The forest vegetation and its successional
relationships are described within environmental "seriesg"
based on moistness of site, Examples of vegetation and. of
typical soil profiles are shown pictobially.

T In the Very Dry Series a Picea/Agropyron community

is formed wherever white spruce invades native prairie, On

nutrientépoor sands, a stable Pinus/Arctogstaphylos-Cladonia

forest type is usual,
g, In the Dry Series on moderately calcareous grey

wooded soils a stable Picea/Elymus-Fragaria forest type is

defined, and on these sites stands of Pinus and Populug
frequently have the same kind of undergrowth as the spruce.
in closer coniferous stands, the grass-herd vegetation is
partly replaced by featner mosses., In the Fresh Series on
moderately calcareous soils, old forests,from which the

hardwoods have died are frequently open shrubby types

(?ieea/Rubgg). Younger stands which originate after light
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(erown) fires are mostly of the Populus/Corylug-Aralia-

Viola-Oryzopgis forest type. This may slowly be invaded
by white spruce with the eventual formation of an open,
uneven-aged coniferous type. Young spruce-dqminated stands--~

the Picea (Populug/Cornus-Linnaea-Pyrola forest type--some-

times appear. after severe ground fires., There is evidence
that such stands may not develop into feather moss types as
they mature. |
9. On weakly calcareous (deep) grey wooded soils, the
forest communities toward the drier side of the moisture
gradient are characterized by the presence of ericaceous’

shrubs, Lycopodium spp., and Alnus crispa., In the Dry Series,

Elymus innovatus is usually abundant under spruce, pine and

aspen, In the Fresh Series, closed coniferous stands of the

Picea (Abies)/Hylocomium-Calliergonella forest type are

sometimes formed., Young tall-shrub types of aspen and white
spruce are common, and where the spruce component is pro-

minent, the Picea (Populus)/Cornus-Linnaea-Vacecinium forest

type can be recognized. Feather moss types of black spruce

and pine occur infrequently, A Pinus/Alnug-Lycopodium

forest type on the moist siteé of modefately calcareous

801ls resembles some of the communities formed on fresh sites
of the weakly calcareéus soils,

10, On all soils in the Moist and Very Moist Series,

Picea and Abies/Hylocomium-Viola-Trientalis forest type may
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form if conditions favour the mass invasion of the conifers,

With advancing age, the community develops into a mosaic

Abies—Picea[leocomium-Rubug forest type consisting of
patches of o0ld conifers with a moss undergrowth, and of

stand openings dominated by brambles (Rubus idaeus and

Ribes spp.) or by fir regeneration, Spruce (and sometimes
pbaper birch) regencrates sparsely on decayed logs and stumps,
Tnis 1s a self-perpetuating steady-state, a fundemental or

felimax" community. More open communities are frequently

of the Picea/Mitella-Petasites-Mertensié forest type. On
“rica" alluvial and slope sites the open forest type may

be stable due to tne vigorous undergrowth which effectively

prevents mass invasion by the conifers.. The Populug/Cornus-
 Eguisetum community is a common young forest type; the

Populusg-Picea/Calamagrostis-Aster-Anemone forest type is of

more local oceurrenée. Feather moss black spruce communities
are found on upland sites under conditions of cool ecoclimate,
11, The Wet Series includes all forest on goils which

at some prior time were too wet for tree growth. A Pices

lAbies)/EQuisetum-hylocomium forest type is recognized on

meadow or fen soils, and a Picea/Ribes-Alnus forest type on

muck soils. The tamarack forest type (Larix/Carex) on

poorly consolidated organic soils, and the black spruce

forest type (Picea/Sphagnum) on deep peat are briefly

mentioned,
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12, There is no single "climax" community toward which
all forest development trends. Different sites have their
appropriate vegetational patterns which are stable, or not,
according fto a variety of circumstances. The trends within
mixed stands on the variousvsites require more study,
13, A review of relevant work by other investigators is
given, A close correspondence can be seen between the
vegetation of the southern boreal forest in Manitoba-
Sasgkatenewan and that of Alberta as descfibed by Moss,
14, A generalized descriptive scheme is developed for
communities in the southern boreal forest, based on ﬁhysio—
gnomy and moistness of site as reflected in the composition
of undergrowth, Stands are described, for example, as -dry
low-herb types, fresh tall-shrub types, or moist moss
types. A vegetation table designed to facilitate the
characterizsation of éommunities is given, and its use as
a‘geheral description of many forest communitieg and of
their successional relationsghips is briefly outlined.
A method of deriving an index of site moistness from the
speciesg present in a given stand, using the vegetation
table, is presented. Finally, it is suggested that similar
‘methods might be used to derive 1hdices of soil fertility
and ecoclimate for uge in stand description and forestry

research,
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