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ABSTRACT

A phytosociological gtudy of the middle boreal
subzone in the southern District of Mackaﬂii‘ ichmented
e A
‘the floristic composition and structune'o i ¥Qe ¢

}2& fv?@ tation

]
in orden to determine the variety of plangh Qwﬂﬁties and

their relationships\ o: soils and sites. Ten major
vegetation classes and their subclasses were distingu1shed
and, reflected a complex grad1ent of increasing m01sture
bry01d -dominated talus, Arctostaphylos uva-ursi steppe
scrub, gigggl banksfanakiwoodland Populus tremuloides
forest, Picea gl uc g feathermoss forest, Picea ‘mariena
~ raised ombrotrophic bog, giggg\\ mariana fen, :_§gli§
Eediéeilaris dwerf' shrub peatland, \Qgggg_ aguetilié fen,
" and Eleocharis pauciflora marl fen. \

The methodolegy‘emgioyed a %htee-phase process -
inventory, enalysis, “and ﬁsynthesis - to refine the
'comptehenéive' method of KUChler . nd euiminated in a
large scale vegetatlon map representatlve of dlstinctive,
regional community patterns. During inventory, the
strUCtute “and dominantu}species iof all stands within a
30-km2i area of a ;small _watersh%d surrounding Heart Lake
were enumerated,. mapped, and ;tratified into formation

clasSesZt Representatlve‘stands from each class were then

Selected aIOng a topographic gradient for detailed



0

RN

quantitétive désCrfptio& of structure; dominant
.life-forms, ahd floristic compositipn. \The anélytic phase
involvgd classification and éompatison basedk on
multivariate techniques and. a computer-assisted Vefsipn of
the‘Braun-Blanqyef method. The process Qas cohplude&,by
synthesizing information into'a Eiﬁal map produced by ‘a
fusion of classifications developed in the inventory andk
analytic phases. | |
Phytogeographic analysis \Of the Heart Lake érea
supported previdus analyses of ‘floristic affinities in’
-ad jacent fegions and fhe concept of a. mid\ib borgal
subzone‘ in central Canada. Classificatibn - using
differential sﬁecies gro@ps based on‘ the preéence or
=ab§ence§of species agreed well with clagssification based
on quantitativeA _floristic and life-fotm criteria.
Succéssional sequence and return interval followipg’fire

were well correlated with the presence or _absence of

poorly drained soils.
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R .
INTRODUCTION \ : R

Climatic zonatioﬁ provides a means for

'comparingvblant‘comﬁunitieg’frqm wid lyqseparated'areas.
One procedure for 'accompliShing comp;;isons within the
boreal zone (H#met-Ahti et al. 1974) Qigtingﬁishes four
thermaliy ~defined Isubzones;:"norther$ boreal, middle
boreal,\"sguthern‘ boreal, and hemiboreal. In Canada the
applicat;pn of this approaéh is liﬁjtéd to Ohtafio and
British Columbia (Ahti 1964, Himet-Ahti 1965) and points
to the need er ‘greater under‘st’anding of vegetation/zone
;elatiénships.

- An ;ekaminatioﬁ_ of the yégetation literature
from locations in‘_ﬁést central?'Canada 'indicates that
'éécounts focus almost entirely on the horthern and
- southern. boréal; while investigations within the. middle
boreal are rare. In particular _thefe ;is,_a, paucity of
quantitative studies from ~thé middle boregl of northern
Alberta and the adjacent soufhetn District -of Mackenzie.
‘What is known of thisg portion'bf the middle boreal comes
primarily from ,general"overviéws. - For example, Rowe
(19223:37) broadly characterizes the upland forests of the
 "Hay River Section, B. 18b" (which includes parts’ of both
the middle and southern boreal) as "the nor;héfﬁ extension
of .thef mixed;béd forest, someWhéth'modified by a more
-,rigoroué CIimate.(coldefﬁand drier)." ‘

9
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qut' published. d¢scri§tiohs Qf the wmiddle
boréal are too broad to Eonvéy muéh information on
community characteris:ics and are made withoﬁt regard to
éubzonafion. Thus, studies _either span more than one
subzone or’ ére cbncentrated in' the southern boreal
sybzone. In addition, lichens and mosses, despite théir
high importance in the vegetation, either are not inéluded
or argigiven brief attention.
| Other accounts are’ floriétic or Vbased on
partial spécies lists. ‘Thesé include the bot;nicaL
investigations of thé ﬁood.Buffalo, Athabaéca-Greét Slavé,
and southwestern Mackenzie regions (Raup 1935, 1946, 1947;
the bogs and forests of northwesteﬁﬁ Alberta'(Moss 1953a,
V1953b; 1955); the flora and vegetation adjacent to the
Eﬁterprise-Yellowknife section of the 'Mackenzie Highway
(Thieret 1963a, i963b, 1964); the vegetation of ancien;
beach fidgeé’of Glacial Lake McConnell (Lindsey 1952); and
the iérgé-scale study of the North‘American t%iga (La Rai
1967). ‘Becauée the amounts of informatidn..in these
- studies -are sbA vét&ed, a subzone-baéedu synthesis is
difficult. However,  for central-most Canada, Larseﬁ
"(1572);_ using zonal subdivisions similar to those of
Hdmet-Ahti et al. (1974), but‘utilizing a complex of nine
gnvironmentalkfactors, correlates zonal changeé with plahtv
distribqtidn. The leSé.coincidence between the'subzqnes
of Larsen (1972) and Himet-Ahti et al. (1974) suggests 3

AL .
that a direct comparison of species-zone relationships is

|

f



possible for areas adjacent but outside tﬁe'region'studied‘
by Larsen (1972). S =
One method basic to an understanding of the

geography of plant communities is vegetation mapping, but

P

there are /few vegetation wmaps for the continental
Northwest Térritories._ Those published are restricted to
small ' scale vegetation ‘maps,. "which convey broad
physiogno&ic information, e.g;, 'Raup (1946:62),4 Rowe
(19723),'and the‘Forest Management'Institute (1974)f and
forest cover‘maps which distinguish types like hardwood?
'softwoqd, énd; mixturéS» thereof (Hirvonen 1968; Wallace
1969). Large scale'vegétation maps, detailing structural
- and - compositional attributes, are unavailable. In
addition, thére are. no attempts. to ascertain if a ﬁ;péing
‘method like that of Kdchler (1967), successful in
temperate and tropical regions, is méaniqgful,at northefn’
latitudes.
| Fire is known to be an integral component of
boreal ecosystems (Rowe and Scofter 1973); Because firg
recovery sequences Are ~often different from region to.
region, an‘éxamination of each region is warranted (Black
and Bliss 1978)." Similarly, the concepts of succession
and .climax must always be related to specific terrain
(Rowe 1961). For the Hay River Section of Rowe (1972a),
no quantitative studies of succession exist.
| One pufpose of this éhytosociélogical study was

to obtain vegetational .evidence of the middle boreal

-



subzone in the southern District of Mqékenzie "~ by
4documenting the terrestrial and wetland plant communities
océur:ing in a émall but representgtive watershed.
The Heart Lake watershed was selécted as the
study area becausg,its vegetation and landforms present a
felatively' diverse bu; representative pattern of boreal
plant communities within a small area. Becéuse the study
_ié rest?icted, genétic. énd climatic variations are
minimized. Furthermore, since the ‘Heart Lake& area lies
adjacent to the regioh studied by Larsen (1972).‘a direct
compatison of"zonal characteristics is possible. Other
reasons for selecting this study area are that it is
easily accessible by ‘road, lacks major distu:bance, and
had a research station within it. |
| Tﬁe main objectives of the study were as
follows: | |
1. record  the floristic composition and
‘structure of the vegetation in order to
‘deéeriine'the variety of plant communitieg
and‘théir relationships to soils andlsiteg;
2. detérmine if phytogeographical analysis of
the vegetation supports previous analyses
- o of floristic afﬁinities in adjacent regions;
3. ascertain if classification of the boreal

vegetation of this area based on dominant

life-forms provides a scheme which



corresponds with ﬁhe flbristic
phytosociological classification;

4. determine-the pattern of the succession in
relation to the landgcape by analyzing tree

diameter-classes;

5.. refine the ~ comprehensive ‘mapping method.

proposed by Kuchler (1967) to produce a
& vegetation ‘map  which emphasizes  the
distinctive features important for a
portion of thé‘middlevborealﬁsubzone; |
6. compare classification techhiques to see if
the wuse of differential species' gfoupg
based on the presencé oroabsence of §pecies
was consistent with classification based on
quanﬁitative criteria; and
7. obtain | detailéd ‘descriptions of the
Vegétation,‘flora, and soils. | |
The ’method of -investigation  employs a
'three-phase procéés: ~inventory, analyéis,#and synthesis.
During the inventory, the structure gnd dominant species
of all stands within a 30-km? area are coﬁpletely

enumerated, mapped, = and . stratified =  into

formation-classes. Representative stands from each class

are then’ selected along a topographic gradient for 7a

detailed quantitative -description. The analysis process

involves classification and comparison based on a number

of multivariate techniques. Concluding the process is a



synthesis of the information into a final map produced by

a fusion of several classifications using structure and

] [, .
dominant species, life forms, and floristic composition.

area:

I will show that within the Heart Lake study

1. the vegetation supports the existence

- of a middle boreal subzone in central

Canada; -
2. a classification scheme . employing
differential  species groups is mainly

consistent with analyses baseéd on dominance or
frequency while -exhibiting increased
sensitivity to edéphié factors;

3. classification using dominant life-form

 spectra closely resembles the floristic

phytosociological classification;
&. the kind of succession that occurs and

return interval >following fire are closely

- related to the presence or absence of poorly.

drained soils; and
5. modification of Kiuchler’s vegetation
mapping method resulté in a map that is

méaningful,at boreal latitudes.



STUDY AREA

Location

The study area is Fﬁéﬁted southwéest of Great
Slave Lake 1in the southern District of Mackenzie,
Northwest Territories, Canada (Figs. 1 and 2). It is
bounded approximately by the geographical coordinates of
60°48° and 60°53° N lat. and of 116°37° and
116%43° W long. The study area surrouﬁbs Heart Lake, 1is
irregular in shape, and 1is appr;ximately 30 km2 in
size. The MackKenzie Highwéy qtossés the study area and

serves as a rough topographic boundary between its two

major physiographic units: (1) the western lowlands and

- (2) the eastern uplands. From Heart Lake at an elevation

of 249 m ASL in the southwestern part, the land rises

- slowly to 270-275 m in the east where it drops suddenly to

DISTRICT
OF
KEEWATIN

~
-
~..

BRITISH COLUMSIA

,Fighre l. Location of the Heart Lake study area.



Figure 2.

Map of the Heart Lake area study sites
(modif(ed from tne Heart Lake map sheet,
85C/15; scale 1:50,000; courtesy of Surveys and
Mapping Branch, Deptt of Energy, ™Mines and
Resources, Ottawa, 1975). Contour interval is
10 o (light gray). Dashed 1lines 1indicate
abandoned roads and seismic lines; study sites

are shown (1-41).
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220 m along a steep limestone esearpment. From the top of

this escarpment, Great Slave Lake ie cleerly visible'some

18 km to the northeast at 154 m.

Physiographically the study area lies in- thee

southern portlon of the Great Slave Plaln of ‘the Iqter1or
Plalns Reg1on (Bostock 1970). Tt is distlnctly bounded by
the Cameron Hllls of the Alberta Plateau to the south and
the Cartridge Mountalns escarpment.qf Greathear Plain to

the north. In the west the ‘Eiain merges with the

Mabkenzie,Mountain area of the Cordilleran'Reéion! while

the OShield  of . the Kazan - Region defines the eastern
boundqgi. ‘Great Slave Plain 1is predominately 1ew-kfing,
almost flat ground;~u50ally below 300 m in elevation. It
is charaeterized' by _low scerps of . reeistant carbonate
strata, small_ehallow lakes, and orgehic'terrain. In the
central portion, however, ‘an outlier of the Alberta
Plateau, the Horn Plateeu, rises to an eleVatioh of 750 m

(Bostock 1970).
vGeolegz

The\ mejor reports exahining the“'surficial
geoloéy and '.geological formatiqns of the southern
Mackenzie are. those of Craig (1965) end Douglas (1974),
respectively, whose cenclusioneoare adopted hete.

The entire western basin of Great Slave Lake ig

underlain.by Upper Devonian bedrock, while the hills of

10
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_the TAlberta‘ and- Horn Plateaus are of Cretaceous origin
ﬂbouglas 1974). - Along the escarpment. at Heé}; Léke,
Eassive bioclastic limestone and reefy limestone beds
outCrop as the Alexandra Member of the Twin Félls
Formation (Fig. 3). A second cdmponent of this member
borderingv it to the west .undetlies - Heart Lake and is

composed of aphanitic limestone and shale. Farther west

the Twin Falls Formation consists of varicolored limestone

‘and shale. Below the escarpment to the %east, the Hay

River Formation, composed of greenish gray shale limestone

and siltstone, stretches to Great Slave Lake (Douglas

1974) .
Duringf Wisconsin  time,  glacial ice, whose
center was in the Keewatin District, covered - the Interior

‘Plains and _Penetrated to the eastern ‘ranges . of the

Franklin and 'Mackenzie Mountainé (Craig 1965). Although
the main elements | of physiography . were | probably -

well-deveioped prior to glaciation, the efféct‘ of

glaciation was to - lessen the - apparent relief (Craig

1965). Inmediately following .the retreat of the

continental 1ice . sheet, an 'immehss; lake, Glacial Lake

McConnell, was férmed resulting from differential
isostatic rebound toward the ‘east (Craig 1965). The

glacial lake’s former limits extended from Great Bear Lake

through Great Slave Lake to Lake Athabasca. During the

isostatic re-adjustment that followed, water levels

lowered until Glacial Lake McConnell separated'intp’threet

11



Figure 3.

Figure 4.

Geology of the area encompaésipg Heart -Lake,r

(Legend - uDTF = Twin Falls Formation: vari-

coloredb iimestoné and shale; uDA}w- "Alexandra

Member, Twin Falls Formation: aphanitic lime-

stone, shale; UDAr = Alexandra Mémbef; Twio’

Falls Fofmatién: . bioclastic (limestone and

//.

reefy limestone K beds; uDHR = Hay ~River

Formation: greenish gray shale, limestone,

- 8ilt- stone; llll'- normal fault (hatchures on

downthrow side); X = rock outcrob;' -*i* =

abandoned well).

A\

Soils mép of the area encompassing Heart Lake .
(Legend - De = Desmarais series; Do = ‘Dory
series; Et = Enterprise serieé; Et = Escarﬁment'
‘land  type; Es = Eécarpment complex; G =

Grainger series;.Ma - Matou series; S = Slough

and Marsh land type; Sw = Swede series; Tf =
Twin‘Falls complex. The number following each
symbol is the decile portion -of the series

component in each unit of the complex).

T
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smaller“lakes;’one of which was ancestral to Great Slave

’vLake.\

w

. As a result of glaciation ~nearly the entire"

study ‘area isv covered by glacial dr1ft }w1th strandl1ne
features and bottom deposits from Glacial Lake McConnell
domlnatlng the landscape (Craig 1965). ln_many parts of
the Heart Lake uplands, l1mestone bedrock is 'exposed
Although the drift is generally less that one meter thick,
'1t occa91ona11y reaches depths of &everal meters.
Paleovegetational | 1nvestigations in che
southern Mackeniie, have been few. A broad dutline of
clidatiC‘ and vegetatfdnal change in late Wisconsin and
Holocene-times as deduced from the pollen record for the
northernmost forest line .of Canada 'was presented by

Nichols (1974, '1975).  He demonstrated a sxnchrony ‘and
e ; . - ‘

parallelism in movement of the northern forest-tundra

ecotone over the past 6000.years and tentatively suggested

similar movements for the southern tree *lin% ,His’

preliminary - evidence indicated the greatest ecotonal
displacement perhaps 400 km; occurred in the continental
interior of the Mackenz1e and Keewat1n Concelvably,wth;s
may have had a s1gn1f1cant effect on the study area.
Follow1ng deglac1at1on the c11mate amel1orated
and entered a hyp31thermal warm period with spruce forests
lranglng north of their Present limit. A cooling perlod

began about 4800 BP and lasted untll 4000 BP dur1ng wh1ch

t1me tundra expanded southward, approaching " its modern



~

lihitd Around 4000 BP temperetures peaked followed ' by
generally decreasing temperatures vend emassive forest
retreat From 4000-3000 BP‘frequent‘fires swept through
" the northern forest presumably caused by summer expans1on
of cold dry arctic air masses (cf. Bryson 1966), Recovery
from severe cooling occurred about 2000 BP followed hy a
briet cooiing at 1400 BP. A 'minor . warming eround
1200-1000 BP apparentiyv allowed A‘ woodland advanee
follouedhby mejor cooling after;800-600>BP which ;esulted
in e, large-scale forest retreat. Within the last 129J

years a 'slight warming may have occurred .(Nichols 1974 |

1975) .
Soils

' ' Soil ‘development is generally weak throughout
the etudy area. This may- be attributed to three factors
(1) youth of the 30113 material with Laurent1de glac1at10n
- ending at approx1mately 8500 BP (Bryson et al 1969); (2)
hlgh base concentratlon of the parent material; and (3) a
cllpate with low prec1p1tat10n, ~long cold winters, and
Vconsequently lowv soil ‘temperatures. ‘According to Ives
(1974) - the study area lies hithin the sporadic permafrostr
zone. | | |

In an extensive survey Day (1968) descrlbed and
mapped the 'so1ls _of vthe upper Mackenzie reglon which
includes the Heart Lake area. These soils can be

)
I4



conveniently classified into great groups having generally

similar profile characteristics which reflect similar

genetic processes. If each great gfoup is compared as to
the percentage of“the total area occupiéd. the mineral
soils df the upper Mackenzie‘may be arranged according to
decfeasing abundance: Eutric Brunisolé (32%), Cleysols
(22), Regosols (4), Gray Luvisols (3), and,Humic Gleysols

( 1). Eutric Brunisols are :egarded as the zonal type

|

(Department of Energy;" Mines, and Resources ~ 1974).

Organic soils comprise 24%. Their  zonal‘7relations are
consideted by Tarnocai (1973) whose conclusions may be
féxtended to the. study area. . He vconsidersk the organic

soils in .the southern Mackenzie to be dominantly Mesisols

and Cryic Fibrisols. '"Land types' (Day 1968) and water

féprééent an additional 5 and 10%, respectively. - Soils
included within and adjacent ;o‘the“Heart Lake study area

are shown - in Fig. 4 and their characteristics are

summarized in Table 1.
Climate

" The climate of the Mackenzie Plain is cold,

continental: In ‘wintér and ‘spring the weather patterns-

are ‘dominated by Arctic airstreams which are génerally,

: replaCed' in  summer - and , fall by westerly currtents

driginating‘in the Pacific (Hare and Thomas 1974)._

16
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Figﬁre 5. Climatic diagrams (after Walter and Lieth 1967)
of -sixb stations located 1io northern Alberta and the
southern District of Mackénzie. Data from Environm;nt
Canada (1973a and 1973b). ~-For Heart Lake precipitatioon

. was estimated by averagingfvalueé from Fort‘Providence
and Hay River, and tempe}ature was calculated usibg the
'regressioﬁ formulas of Hopkins (1968). Key: abscissa
- moﬁths of year, January to December; ordinate = one
unit‘equaIS‘IOOC‘or 20 ﬁm precipitation; a - station
bame; b - altitdde (m); c = oumber of years of
observation; d = mean annual temperaturé Cc); e -
meanAannual precipitation‘(mm); f = mean daily’minimum'
temperature in coldest month; 8 = absolute minimum
tempera;ure;bki_Q mean daily maximum temperature; i o=
absolute maximum temperature; j = mean daily
temperature - range; k = curve of @mean - montnly
temperature; 1 = curve of mean ﬁontnly brecipitatioh; m
= drought period (dotted); © = humid period
(hatchures); 'p_ - réducéd supplementary pfecipitation‘
curve (10°C = 30 mm) and abdvé it dashéé' in ‘dry
period; q = monthslwith mean daily,minimuq below 0°C
(black), cold period; r = ﬁqnths with absolute minimum
below 0°C (diagonal shading), laté or ea;ly ‘frosts

occur; s = mean duration of frost-dree pefiod (days).

o
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The regional climate (Fig. 5) may Dbe
characterized and classified on the basis of long-term
normals from severAI stations that encircle the Hay River
Section of Rowe (1972a). - In  assessing the
representativeness of these records, care is needed
because manybof the weather stations are located adjacent

to large lakes and rivers. It is possiblé to interpolate

climates - of other locations within the section, given

latitude, longitude, and elevation, and using the

regression formulas of Hopkins (1968). For Heart Lake, .

these formulas were used to calculate.tempetature values
such a# the monthly and anﬁual mean daily maximum, mean
'daily minimum, and mean temperatures (Williams 1975,
personal-communication). : ~

Climatic ‘classificatioﬂ is a geographic

technique for synthesizing large quantities of ~c11mat1c

data into a manageable number of c11mat1c types that can

- be characterized and mapped. Some climatic class1f1cat10n\

systems (Troll and Paffen 1964) are  broad in scope,
’tharacterizing vast areas of central Canada including the
study' area as -belonging to one climatﬁc type, the Cold
Temperate Boreal Zone. Others sy%tems are more
discriminatory and'récognize subclasses kWaltef and Lieth
1967, Hare and Thomas 1974, and Himet-Ahti et al. 1974).

| + To compare climatic details of widely separated
geogfaphic localities_ whose . vegetation aight be very

similar, Walter and Lieth‘(l967) deveioped a technique for

20



constructing climatic diagrams for meteorological stations
that record temparature‘and precipitation. The climatic
diagr?ms (Fig. 5) representative of the southern District
of Maékenzie and northern Alberta were classified into two
types whose joint boundary passes approximately through
Heart Lake Us1ng this approacb the Fort Sidpson. Hay
River, and Fort Vermilion stations, were "Boreal"; whereas
Fort Providence, Fort Smith.‘ and tentativély Heart Lake
were "Arctic'",

Hare and Thomas (1974) .related annual net
radiation to vegetation zonation. Typical valges (kly
‘yr-l) for the boreal zone are: forest tundra and
woodland (20-25), northern forest line (30), and boreal
forést (30-35). The study area, with an intérpolated
annual net radiation of 28 (Hare and Thomas 1974:30, Fig.
3.3), bridges‘the woodland and main’boreal divisions.

Himet-Ahti et al. (1974) proposed a method to

\

determine the bioclimatic zones and subzones of the world

based on '"biotemperature'. The mean annual biotemperature

is calculated'byésumming all the mean months tempetatures

above 0°C, mean temperatures above 30°C being counted
as 30°C, ‘and dividing‘ by  12. The appro%imate
biotemperature ranges are: ' northern - (3.5‘ - 4.5%),
middle 4.5 - AS.S), s;uthern (5.5 -~ 6.5); and hemiSoreal
(6.5 - 7.5). |

If compared on the crlterlon of blotemperature,

the following stations are middle boreal: Hay &1ver

21



(5.1°C), Fort Simpson (5.1°C), Fort Saith (4.9°C),
_Fort  Providence (4.8%), and Heart Lake (4.6°C);
whereas Yellowknife (4.4°C) is northern boreal; and Fort
Vermilion (5.5°C) is marginally southern boreal (cf.
Himet-Ahti 1976:58).

These narrowly-defined climatic classification
systems show clearly that the climate of the study area is
transitional. In contrast to the «classifications of
Walter and Lieth (1967) and Hare and Thomas (1974), whose
boundaries go across Heart Lake, the system of Hidmet-Ahti
et al. (1974) recognizes an intermediate subzone, middle
bo;;al. As climate is one of the main determinants of
plant distribution, the nature of the Heart Lake
veget;tion should likewise be transitional and exhibit
characteristics intermediate between southern and northern
boreal.

Fire is a natural phenomenon in boreal

ecosystems (Rowe and Scotter 1973). In the 4ackenzie

Valley, Rowe et al. (1974) concluded that climate exerts a

significant effect on fire frequency with lightningqgs the

primary ignition agent. Since boreal vegetation pattern

is so strongly related to fire history, the vegetation
;osaic. of the study area should similarly reflect the
influence of fire. From an examination of dackenzie
Forest éervice fire records in Fort Smith, N.W.T., it is

apparent that fires are a frequent phenomenon through the

District of Mackenzie. After plotting these reported fire
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@
records on the Tathllna Lake (850) map sheet (60-61N,
116- 118W) wh1ch includes .the study area, I estimate 15- 20
percent ‘of the land surface was burned over from 1950 to

'1971.



METHODS | | .

Vegetation

In this study the term "phytocoenose" (Westhoégyi
and Haarel 1973:625) referé to a concrete blant community
or compartment of th; vegetation which was sémpled. The
abstract ”bhytocoenon" (Westhoff and Maarel 1973:625) was
av"type of phytocoenose dé;ived from'thé chafaéterizétion
of a group of phytocoenoées corresponding_witﬁ each other
'ih ali characters tﬁat were - considéred typoiogidaily N
relevant'". Phytocoena theréfore’iﬁcluded vegetatioﬁ uniﬁg
defined .on criteria such as physiognomy, life-forms,
.dominance, floristics, . multivariate analysis, or
combinations of these. | |

| -\The methodolpgy employedv to descfibe and
“classify the vegetation was Qeveloped in. a stepwise mannet

which involved inventory, énalysis, and- synthesis, and

culminated in a vegetation map of the study area.

Inventory

In order to form - ;\ sound basis for :
charaéterizing a representative area within the middlgf‘\\he
boreaf subzone, . a 30—km2 portion of a small watershed

surrounding Heart ' Lake was selected to encqmpaés a

topographic gradient which included a catena of sites from

wet to dry.



Prior to initiating the field ..investigation,
all 571 phytocoenoses witﬁin the study area were
interpreted from Aefial bhotbgraphs,»'édale 1:13,200, and
delineated into \physiognomically “homogeneous units on a
preliminary map. These phytocoenoses later served as the
framework for a vphytosociolbgical‘,study ~of the plant
. communities _ selected to represent the spectrum of

environmental and vegetational variation withinbthe area.
Following a groﬁnd feconnaissénce 6f the Heart

Lake_gegion, a field survey of all 571‘phytocoendsé3'was

conducted to record physiognoay, structure, and dominant

»

woody speéies. Concomitantly, the boundarieé between
phytocoenosés were reintérpreted and modified when
necessary. Each phytocoenose was described.ih the field
écéotding' to chhler's (1967) physiognomic-structural
'sysgem with‘a.ﬁﬁndr moi}fication of his height classes,
which ‘were altéred’ as wfolldws: class I;Q <0.1 m; 2,
0.1-0.3 m; 3, 0.3- 1.5 m, &, 1.5-4.5 m; 5, 4.5-9.m; 6,

9-15 m; 7, 15-18 m; 8, >18 m.* Estimation of height;was

refined through the use of a meter stick and clinometec in

“each phytocoenose. Life-form categories and their

definitions follow Kdchler (1967) with the;@  ception of

the "bryoid" category which was sﬁbdivided into mosses,

lichens, and sphagna to better  express  boreal

L

characteristics.’ The ' basic  wobdy categories were:
; N 4

broadleaf evergreen, ©broadleaf deciduous, needleleaf

evergreen, needleleaf deciduous, and mixed (at least 25%

25



broadleaf deciduous and 25% needleleaf evergreen).
Herbaceous vegetatién categories included graminoids and
forbs. Cover, using the cover classes of Kichler (1967),

was estimated for éach height class of each life-form

category. . To obtain some indication of floristic

composition the dominant species of major woody vegetation
and forb categories were enumerated and assigned cover

values.

In the next major step, all phytocoenose field

descriptions were hand sorted and classified 'in:o seven
formation classes accprdihg to the Fosberg (1967)
structural-formation system. These classes were delimited
on the preliminary map and -served to stfafify ~ the
Vegetation for mdre. intensive samplihg. Forty-one

representative phytocoenoses (within these 'seven- classg

were then selected for future quantitative study along a

elevational  gradient which originated ‘ia Xeric
plateau-like uplands - and terminated in wet peatlands.

Sampling intensity was thus roughiyb proportional to the

commonness of a particular formation class. cxamples of
Eare phytqcoenoses. not found along the gradient  but
occurring elsewhere in the study area were also included.
'As suggested by Ramensky (1953:35): "a rare.experiment in
ﬁaturelsome;imes gives a key to understanding a wide range
of phenomena'. |

Vegetation description was therefore

accomplished at two levels: general and detailed. At the
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general 1level thé physiognomy, structure, and dominant

‘woody species of all map phytocoenoses were investigated.

At the detailed level, quantitative investigations were |

undértaken to record the floristic composition, structﬁre,
life-form, and major edaphic and site features of the
selected phytocoenoses. " To be acceptable for sampling, a
phytocoenose had to meet two requirements: . (1)
homogeneous; Xand' (2) éréa oécupied by iphytocoenose not
1ess.thén O.SIha. |

‘ A stratifiedftandom‘ sampling procedure was
employed uging ten centrally - nested quadrats of the
following dimensfons: 1 x 1 m, 5 x 5 m, and 10 x 10 m to
. measure fhé composition and structure of the herb, moss,
»;fchen; shrub; aﬁd . tree strata, respectively, .of 41

phytocoenoses. Stratal subdivisions of the above follow

La Roi (1967): (1) Tree, specimens whose stem dbh exceeds
7.5 cm; (2) Low Tree - sapling, specimens ranging from

2.5-7.5 cm dbh; (3) Tall Shrub - -transgressive, plants

from 150 cm tall to 2.5 cm dbh. The 150 cm limit

represents a minor modification of La Roi’s (1967) system

- where 135 cm was used; (4) Medium and . Low Shrub -
transgressive, specimens from 30-150 ca tall; '(5)

Herb-Dwarf Shrub - seedling, woody plants7léss than 30 cm
~tall and all  herbaceous plants; and (6) Bryoid -

bryophytes and lichens.

Sampling adequacy was assessed using a

modification of Cain’s (1938{577) minimal érea criterion.
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The modification wused the stratified-raﬁdom procedure
above to develop species-area curves 'of' plantS' of
different stature rather than by lisséssing; all species
.within éontiguous quadrats. Sampled . areas were larger
* than ‘those indicated by('species-aréa curbeé for each
stratum. Homogeneity degree was " calculated :forv each
phytocoenose using the homogeneipy-coefficient (bH) of

~

‘Moravec (1971):

=

1 &
t')H, a— z CJ.

<,

where Cj = qﬁaﬂrat frequency percentage of_‘SPecies" 1
(=species with frequency >61%), d = mean species
‘ﬁumbér per sample plot, 1 .= numbér of species with
freduency >61%. The highest value possible " was iOO
indicating perfect, homogeneity, and’ the lowest,
zé;o. ) | | |
,Canbpy covefage was evaluated as the sum of

yshadows (Daubenmire 1968:42) for all species. Bryoids on

G

’decaying stumps and logs were 1nc1uded but not crustose
lichens, epllithlc bryoids, or certaln Loph021aceae due to
dlfficultles in critical identiflcatlon A

‘ Cover values were estimated by strata in each
quadrat for elght cover-abundance classes: +, <1%; 1,
i 5%,_2, 6-15%; 3, 16f251;‘4;_26-502‘5, 51-75% 6, 76-95%;
and 7, 96-IOOZ.> In an additional category,’” r,  rare
é?ecies occurring outside the ’qanrats but within.'éach

phytocoenose were listed. Mean cover was calculated -using

it



the midpo;nts of ﬁhe COver-abundance‘clasées._ Categories
r and + were;arbitrafily aSsignéd a value of 1%. |
In addition to the plant collections made
Within“"each phytocbendse;f‘ a concomitént survey - was
conducted which sought to catalog all vascular plants and
bry01ds in the ‘study area excluding  the exceptlons

‘previously‘noted; 7' | |
' Classification of vascular 11fe forms followed

‘the Emberger and Sauvage (1968) revision of Raunkiaer

(1934). - In this study the traditional qualitative

classification was wused, and a second approach was

introduced which sought'vto establish a quantitative

- description based on dominant llfebforms of component

kvasculaf strata. The method descrlbed 8structure at the
phytocoenose level by . 1nd1cat1ng the percentages of total
cover of the life- forms in the different strata.b

Identification of life-forms . according to
Emberger and.Sauvége (1968) were made in both”the’field
and from Voucher'specimehs; In éaées where more than ohg
interpretatioﬁ'was possible for a pérticular species, I
was guided ‘by the categorizations of Scoggan (1978),
'Thieret (1963), and Ennis (1928).£0 maintain inter-study
‘consisténcy. | |

Tree 'age was assessed  in sevétal size classes
by taking iﬁcrement cores, or discs at 30 cm-aboVe—ground

for the tree or sapling nearest quadrat center in each of
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the’tén 10 x 10 miquadrats and also the largest tree (dbﬁ
‘and height) in the quadrat. o | |

) Potential climax was‘predicted frp¢ tree 5tand
structure. As discuss?d by Hé:per‘ (1977) tree size
distribution repr;sents some measure of a population’s
futute. fhus,'to déterp;ne successional trends toward the
clidax; all liying'and dééd-standing trees were tallied by
species and by Q.S cm (l-inch) diéﬁeter claéses‘Within‘ten
10 x 10.m qdadfats for each of the 41 phytocoenosés;' The
resulting data were also used to calculate density and
basal area. Assessment of reprodpction success was based
on whether ten.op more individuals per acre (.4047 ha)
occupied or'would occupy the site {Pfisﬁer et al. 1977).
In this study an arbitrary lo&ef diameter limit of 2.5 cm
was set to deté:mine if a species might occup}.the site at
the climéx.‘ Thus, tree species less than 2.5 cm dbh were
excluded from analyéis, The  dead standing trees were
-aséumed to represent‘the kndwn mdrtélity of thg popqlation
since few fallen dead trees wefe;pbserved and,decay was
inhibited under the dry,'cold-éontineﬁéal_cLimatg.v

<

Analzsié

| Phytocoenosesﬂwete classified by a cpmbination
of methods including two fundamental 'aﬁpfoaches:
-clustering and ordination.  ‘In clustering, similar
phytocoénoses are grouped. into classes,” while .in

ordination each phytocoenose is ordered on one or more
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axes As an individual.  Although +different philosophies
underlay ~ each " method, these were " considered

complementary. - Their primary purposes were data

[

reduction, efficient communication, and interpratation.

-Accordingly, their objective was to produce a quantitative

description or display of some of the relations between ,

the objects being classified. These procedures were used
to improve objectivity and  judgement in defining
phytocoena and vegetdtion map units.

In- this study a polythetic, agglomerativé

clustering method, described in detail by Orloci (1967),.

was used. The ‘technique was defined by a metric
(distance) function and ﬁtilizéd within-group sum of
squares- as the -agglomeration’ criterion (Orloci 1975).
Suscessive cycles of égglomeration were carfied out to

minimize ~ within-group sum of squares which, consequently,

maximized the difference% between  groups at each .

clustering cycle (Orloci 1967).

Similarity relationships were displayéd.

geometrically using the polar ordination'éechniqde of Bray

vand Curtis (1957) as modified by Beals (1960) 'for‘

poéitioning the phytocoenoses along ordination axes and
“employed Sgrensen’s (1948) index of similarity (1s8) = 2
w/(a+b) where w = the number of species shared by two
phiytocoenoses, a = the total number‘ of species in one
pPhytocoenose, and b = the total number of ébeciés in the

second phytocoenose.

31



Since ordinations are ‘only a geometric
approximétion’ for displaying similarity. values{ it was
necessary to test for their efficiency. Stétistical tests
were performed‘to assess the validity of the ordinations
using randomly selected phytocoenose pairs. Following
standard -phytosociological practice inter-stand ordination
distances were compared with idter-stand similatity values
and the vordinétions were evaluated by “the .correlation
‘coefficient r (Bray andfCurtis 1957, Muelleg-Dombois and
Ellenberg 1974). k

Iﬁ evaiuating clustering results it was
desirablé td know the degree to which two classifications
of the same set of phytocoendses were independent. Thus,
clgsées ‘established on a- criterion l;ke specfes
cover-abundance could be uéed to‘comparé clasées based on
other properties, e.g;, life-form. To determine how
reliably a given.'classifiéation might be wused for
prediction, the  method of Orloci (19755134;136) was
adopted. He calculates a "mutual information" statistic

(r) and ceSts for independence in a contingency table:

2F = 2rtfl i,
= Lz . 1n ;
| AR P
where n - label for row; i = label for coluamn; 1ln -

natural logarithm; f,; = element in ni cell; £, -

el

hth row total; r . = itn column total; and f.. =
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grand total for .table. The calculated value was then

referred to the chi-square distribution table to test for -

’sigbifi§ance and 1f less éhan 21, the hypothesis _for
_indepenZeﬁce was rejected. In order .to make a  more
quantitéﬁive statement ip terms 'of‘ relating ~scale, a
coherence'coefficient,~r (Orloci 1975) may be calculated

ﬁsing‘Rajski's (d) metric defined by

SETp IS 1 F

, — s g In ff
7
with summations » = 1,. ..., n; i = 1, ..., c, where n

and ¢ indicate the oumber of rows and columns,

regpectively, 1ip the contingency ;able.' From the  d

value Orloci (1975) computes the coherence coefficient,

r, whose 1limits are one .and zero where a value of one

indicates the highest affinity:

r = ¥/ (1-42)

Orloci’s vprocedure ostensibly resembles other
~ tests of independenge and 1Lke them only iﬁdicates'whether
two classifications are 'related. 'But, because he firsg
incorporates an information statistic intorthe_tést, it is

possible through the use of the pohetence coefficient to
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offer a unique quantitative measure of the strength of the

relationship.

In all quantitative analyses, ‘cover data
computations were based on an ordinal ) cover
transformation. The transformgd value scale follows: 1,

<1%; 2, 1-1.9%; 3, 2-2.9%; 4, 3-4.9%; 5, 5-12.9%; 6, 13-
25.9%; 7, 26-50.9%; 8, 51F75.91; and 9, 76-100L (Weéthoff
and Maéfel 1973). This transformation, while recognlzlpg
overall domlnance, allowed for the representation of small
values and malntélned ﬁhe relatlve order of species
importance. |

An analysis of several data set; based on’
actual perceﬁt- cover was .also carried out, but the
results, although similar to those where transformed
values‘were used, were not adopted beéause“of.the.fkgoding
of small data values by the largér. |
| One other claSS1f1catory technique ‘was used.
It employed a computer program based on the Braun-Blanquet
method for identifying species-phytocoenose groups_(Ceska
and Roemer 1971) . and used spécieé presence-absencé data.
The aim of this éfocess was to group those phytocoenoses
together which were typified"by »pafticular groups of
species and, cbnve:sely, to group those species §ogethgr
which  typified particular groups of phytocoenoses.
According | to Ceska and Roemer (1971:256-257), the -
species-phytocoenose groups, or "blocks", in a vegetation

table ''show the extent, precision, and validity of these



species-phytocoenose groups, and distinguish the
- vegetation types from each other." Once identified those
species phytocoenose groups which  "optimally

differentiate" corresponding groups of phytocoenoses were
extracted from the table. Both species groups and
phytocoenosés are thenubrdered dsing Hill " s (1973) method
of reciprocal averaging to follow the main wunderlying
factor (Ceéka and Roemer 1973:1).

‘ Classification of the 41 phytocoenoses was thus

p
the combined result of several formulative numerical

procedures. Phytocoenoses were first classified using the

"agglomerative clugtering method (Orloci 1967) based on
species quadrét ‘frequency classes, giving the "F"
classification. Although fcequencyv is a non-absolute
measure (Greingmith 1964) and varies with quadrat size

and shape, it has the advantagé of integrating density and

pattern.
A second cluster analysis was performed on
. . N
transformed, species = cover values, j“giving the '"C"
classification. Cover is usually ~attributed greéter

ecological significance - than is ‘density or frequency

(Mueller—Dombois ahd Ellenberg 1974).

Coincidence between the . "F"  and e

‘classifications was compared using the mutual information
statistic and coherence coefficient (Orloci 1975).
Inconsistencies were resolved using  the

\species-phytocoenose group method (Ceska and Roemer 1973),
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species-~number curve method (Bdttcher 1968), and
ordination (Bray and Curtis 1957). Using ordination it
was  possible to "demonstrate similarity relations
geometrically" (Mueller-Dombois and Ellenberg 1974:277)
aﬁd relate the phytocoenoses to edaphic trends.
Classification of 41 pnytocoenoses Based on the
dominance of 32 vascularvlife-forma was acgomplished using
thé Orloci (1967) clustering method and the ordinal

transformation of percent cover given previously.

Synthesis Y.
v 5, ’
The final stage intzgrated tbgﬂp&assifications

*

produced in the analytic phase througW@piP process of

successive approximation (Poore 1962), i.e., those based
on struciure, dominant f&fe-forms. floristic composition,
and succession, into a hierarchical system of vegetation
units_which formed the framework of the map legend. This
was accomplished wusing characteristics of the plant
communities identified as signifiéént in  the analytic
phase. Since not. all significant feétures can ‘be’ fully
reflected in a hierarchical system, a coordination scheme
was developed for the map and téxt which sought to
emphasize aistinctive vegetation features.

An important consideration in the development
of the entire map ‘was that the names of the vegetation
classes folloQ. a -relatively consistent system of

nomenclature. Thus, the map units were defined primarily

-



e |

- 4 . : ‘ :
within the framework of the Fosberg (1967) classification

sysﬁem. This system, based satictly on characteristics of
the vegétation, 'was modified accordihg ‘to the Ellenberg

and Mueller-Dombois (1967a) ,structural-eéokogical _system

~to incorporate terms referring to soils and landforms

wﬁere they aided in the identification of units. Like the
preliminary map, the final map utilized the '"formation
class" as ‘ the  broadest-‘1%yel of division, e.g. forest,
wootland, dwarf scruB. The next separation of' units,
”formatfbn group", récognized'hhetheg of.not the'dohinant
communityuiayer was evergreen or deciduous. At the next
succeeding level, "formation", characterization was by
growth-form with emphasis on leaf texture, e.g., resinous
evergreen narrow sclerophyll forest. Further subdivisions
separated the actual map units. These were distinguished
by ;comPOSitioﬁal criteria, the evergreen of deciduous
nature of the understory, and bryoid dominance.

Average percent cover values determined for the

map units were based on midpoints of Kuchler <coverage
/ ) .

A

Taxonomic considerations

‘SpeCieS nomenclature follows Porsild and Cody

(1968) for all vascular plants except Salix which follows .

Argus (1973), Crum et al. (1973) for all mosses except

Mniaceae *and Sghagnuﬁ which follow Koponen (1974) and

.

- classes. The numerical value 0.5% was arbitrarily"
/ .

/ selected for the a class, <1%. _ :
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Isoviita (1966), respecfively; Bird and Hong (1975) for

hepatics; and Hale and Culberson (L970)Afor,Lichens except

Cladina which generally follows the European treatment as

Cladonia (Appendik,l); o S : G

The treatment of the Peltigeré canina complex

included P. rufescens (Weiss) Humb. fq/the phytocoeﬁoée
descriptions.. Although both were present, they were often
difficult to distinguish in the field. \

Information  on species distribution * was

‘ohtained from\ ﬁird et al. (1977), Bird and Hohg (1975),

Brodo (1968), Porsild and Cody .(1981), Kurokawa (1962),
Llano (i950){ National HerBariumT,of Canada, Porsjld
(1955), Thomson (1963, 1967), and Welch (1960).

A nearly complete set of Qouchér épecimens is

deposited at the University of Alberta Herbarium (ALTA).

. Partial sets have been placed on file at the National

 Herbarium of Canada, Ottawa (CAN), New York Bocéhical

Garden, Bronx; (NY), <Canada Department of Agricultpre,

Ottawa (DOA), U.thForest Service, Ft. Collins (FS), and

’University‘of Helsinki (H) herbaria.

Soils

Within each phytocoenose two soil profiles were

- described at least to the subgroup level according to the

’ Canada@ Soil Survey' Committee, Subcommittee on Soil

Classification (1978). Soil pit location was established
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"xusing the center of ghe first and tenth nested vegetation
quadrats in each phytocoendse. Soil color determination
was "based on the Munsell color designations. In some
"instances the presence of.permafr&st or high water tables
did not petmit complete desériptions of tnev lower
horizons; CQmposite samples .were‘ collected from each
‘horizon for laboratory anaiysis.

After screening the <2 'mm fraction was
subjected to teitural ané}ysis ‘fdllowing the hydromeﬁer
| meﬁbod (Boufouc0311951).U‘Pe:centages'of sand (2.0 - 0.05
mm), silt (0.05 - 0.002;mm), and clay (<0.002 am) wére

determined, but organic matter was not removed prior to

~ the analysis. Soil horizon acidity was determined using a

Beckman pH meter according to the soil paste method
‘*(Doughty 1941).

‘ | Drainége conditions were estimated in the field
‘based on . factors such asl wa;ér table depth; molting,

texture, soil depth to bedrock, and topographic -position.
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RESULTS
Flora
An enumeration of the vascular flora revealed

316 species (317 taxa) representing 162 genera d1str1buted

in 60 fam111es (Appendix I). The largest families were:

Cyperaceae (42 gpecies), ¢, f{@Gramineae (23),
Salicaceae (17), Rosaceae (16),  ’éruciferae (13),
Caryophyllaceae (12), Orchidaceae‘(ll) and-Ranunculaceae
(10). . The two genera w1th the highest number of spec1es~
were: Carex (31) and Salix (15).

In geographical distribution' the = vascular

y -

. speciggs ‘Te  composed . of several floristic

‘“r;l. North American. This. group is composed,ef'
spec{esf endemiCa to North America. It contains eearly
half, or '49.31 (156 species) of the Heart, Lake flora.
rhey are prlmarlly w1de ranglng, boreal species such as

Glyceria strlata, Listera borealis, Larix laricina,

Muhlenbergia glomerata, Orzyop31s agperifolia, Picea

mariana,. and Prlmula mlsta331n1ca. Nine species within

the North American .element are endemic to’ the , west:

Antennaria campestris, Astragalus vyukonis, Dodecatheon

pauciflorum,b Erigeron glabellus, Melandrium oStenfeldii,

Oxytropis varians, Salix athabascensis, Senecio lugens,

and Solidago decumbens.
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2.  Circumpolar. This second major group is
composed of 135 species, or 42.7% of the flora. Although

the majority are wide-ranging species like Allium

schoenoprasum, Andromeda polifolia, Androsace
éeptentrionalis, Atctostaphylos uva-ursi, Corallorhiza

trifida, Equisetum™fluviatile, and Moneses unifora, there

are species groups of more restricted distribution (sensu

Porsild 1955): widespread arétic-élpine (Arnica alpina,

Campanula rotundifolia, Draba glabella, Empetrum nigrum;‘

Poa glauca, Polygonum Viviparum,fASalix reticulata, and

Woodsia glabella); . low arctic (Carex chordorrhiza, C.

gynocrates, . Deschampsia caespitosa, Eriophotum
brachyvantherum, Lycopedium annotinum, and Tofieldia

QUSilla);v and - nbn-arccic' (Carex diandra, £leocharis

palustris, Oxycoccus quadripetalus, . Potamogeton natansL

\
b

Potentilla norvegica; Stellaria calycantha, ' and Typha
; 3

%

%

latifolia). - L v \
- 3, Aﬁphi—Béringian. This element is centé}gd

in eastern Asia and northwestetrn America. Three species,

or’ 1.0%4 of the flora, belong to ‘this category:

Arctagrostis arundinacea, Aster sibiricus and Cyptipedium

guttatum.

4. Cosmopolitan. This gfoup contains. species

which are either introduced aliens, including those native

Canadian species transported north by man, or species with

a nearly world-wide distribution. It accounts for 5.7% of

‘the flora with 18 species. Examples are: Capsella bursa-

*
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pastoris, Crepis‘ tectorum, Descurainia sophia, Melilotus

alba, Phleum pratense, Poa pratensis, and Plantago
major.
5. Cordilleran. There are only four species

or 1.3% of the flora 1in this group~-whose center of

distribution 1is in the ‘Cordillera: Draba oligosperma,

Plantago -geptata, Semecio cymbalarioides, and Silene
menziesii. | |

The Heart Lake mosses were represented by 136
species from 61 genera an& 33 families (Appendi; I).
Families with 10 or more species ate'Amblystegiaceae'(l8
species), Dicranaceae (15), Hypnaceée (12), Mniaceaef(lZ),
Bryaceaez(lO),‘and Sphagnaceae (10). The largest genera
are Dicranum (12 species), Sphagnum (10), Hzgnui (8), and

Drepanocladus (6).

Four ‘ phytogéographic ~elements ‘ afe
‘represented: |

1. Circumpolar. This dominant group cdmpfised

79.4% of the mosses, or 108 species. .Examples included

Dicranum polysetum, Mnium orthorrhynchum, Sghégnum

riparium, Tetraphis pellucida, Thuidium recognitum, and

. Tortula ruralis.

2. Cosmopolitan. This group accounted  for

16.9%2 of the mosses, or 23 species. It coatained the

"weedy" species Ceratodon purpureus, Funaria hygrometrica,

:Leptobryum pyriforme, and Bryum argenteum as well ‘as

nearly world-wide species like  Grimmia apocarpa,



Rhacomitrium 'heterostichum,- Pohlia cruda, Drepanocladus

uncinatus, and Hypnum cupréssiforme.

E 3. North American.. A minor element composed

of 5 species, or 3.7% of the mosses: F1991dens arcticus,

Orthotrichum jamesianum, Plagiomnium ciliare, - Fontinalis

daeéarlica, and possibly Seligeria tristichoides.

All 16 species (Appendix I) of the "hepatic

i flora collecred at He#rt‘Laké were circumboreal.
Eighty-five 1icﬁen species were collected

(Appendix I) but the number of species in the flora may be

higber. The flora contains ‘a major circumpolar element,

~

95.2%, -or 8l species. '~ Two species, 2.3%, might be

amphi-Beringian: Evernia perfragilis and Umbilicaria

‘muhlenbergii; one (1. 11) is nearly cosmopoiitan, Cladonia

gracilis; and the other (1.1%) is- primarily North
i .

American, Alectoria glabra.

Presence ‘
A number of species were widespready throughout

the Heart Lake area. Those wirh a presence in

phytocoenoses of SOZ”or greater wereE} ‘Cetraria plnastrl

Cladonia arbuscula, C. mitis, Galium boreale. Locomium

splendens, Junlperus communig, and Rosa acicula: .; while:

those occurring from 40-49% were Campylium hispidulum,

Cladonla - cornuta, C. gracilis, C. pyxidata, C.

.\\

43



rangiferina, Dicranum undulatum, Ditrichum flexicaule,

Drepanocladus uncinatus, Elymus . innovatus, Linnaea

~borealis, Peltigera aphthosa, Picea glauca, P. mariana,

Pinus banksiana, Ptilidium ‘ciliare, Pyrola secunda, and

. Tomenthypaum hitens.

A different pattern emerged if presence was
considered ‘Gseparately within t&o méjor topographic
grouﬁs: uplands (21 ph&tocoenoses)“an@ lowiands (20)f
For inciusion in a given group a specieg must not have a
presénce -of more than 154 in the other group.

Accordingly, "uplahd species" with presence 70% or greater

were:  Drepanocladus  uncinatus, Elymus innovatus,
Eurhynchium lechellum,. Juniperus communis,’ Liﬁgaéa
borealigs, Picea glaqga; Populus tremuloides, Pyrola
secunda, and ' Rosa acicularis; ‘60-6923 Arctostaphylos

~uva-ursi, Brachythechium salebrosum, (Cetraria ericetorum,.

Cladonia pyxidata, and Peltigera canina; . and 50-59%:

Amelanchier alnifolia, ‘Cetraria nivalis, Cladonia

multiformis, Cornus canadensis, ©Ptilidium pulcherrimum,

~and Salix bebbiana; Predominantly '"lowland species' with

presence 70% or greater were: Betula glanduldsa and Bryum

pseudotriddetfum;- 60-69%: Campylium  gtellatum; and .

50-59%: Carex aquatilis, Drepanocladus ¥ revolvens, Larix

laricina, Salix candida, and Scorpidium scorpioides.

L
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Life-form composition of the vascular flora

The vascular species collected at Heart Lake
are referable to - 34 classes in the 1ife-form
classification system of Emberger and Sauvage (1968;
Appendix II). In Table 2 the 1life-form spectra are
compared for the study area.’ Wheﬁ vascular crypfogams
were included (Emberger and SauVage 1968), the percehtéges

of chamaephytes and’ cryptophytes increased only slightly,

0.5 and = 2.1% respecﬁively, while other groups

correspondingly decreased. Therefore, the inclusion of 14
vascular -éryptogémig species, which‘ form _ad ‘important
ﬁloristic ~elément, did- not seem to modify the specter
appreciably. ‘The ‘vaécular flora was made up of 834
herbacedusvand 17% woody specieé.

| Hemicryptophytes-'clearly represent the most
abundant iife-fo:m, conétituting 46Z.of the flora, while
cryptophytes (including hydrophytes) comprise 25%4. Thus
71% of the Heart Pake species have their pérennating bud
protectedv by ‘the _substratum. The remaining 29% of ’the
,flota consists of phanerdphytes, 13%, chamaephytes, 12%,
and therophytes, 4%.
. | In fcomparison with the '"normal spectrum"
(Raunkiaer_‘l934)," the flora}vat Heart Lake was; lower in
;hanerophytes and therophytes, higher in ;hamaephytes,”énd
much higher in 'hemicryptophytes and- cryﬁtopnyCeSQ. This

departure = from the '"normal spectrum’  demon§trated
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Table 2. Life-form spectra of the Heart Lake flora and
' the '"normal spectrum’ of Raunkiaer (1934).

Life-form péfcentages

No.
Species P Ch d C Th
Heart Lake
With0u£ vascular o
. cryptogams 303 13.9 11.2 47.5 23.1 4.0
With vascular | f‘ ' ,
cryptogams 317 13.4 11.7 46.1 25.2 3.8

."'Normal - ,
spectrum" : 1000 46.0 9.0 .26.0 6.0 13

.0




differenceg which Raunkiaer considers charactéfistic of
thermally unfavorable climates (Raunkiaer 1934).

The humbers‘ of species in subclasses of the
life-form’ classes are presented 1in  Table 3. In the
phanérophyte class the greétest proportion of spgéies is
in the nanophanerophyte subclass. There are approximately
twice as many herbaceous as woody species represented in
- the , chamaephyte class; In . the hemicryptophytes the
semi -rosette subclass has 66 species, or 46% vbf the
class. When the hemicryptophyte data weré reassessed
using the three traditional 'subclasses (Rauhkiaer 1934),

most biennial and caespitose species (Appendix II) fell

into the semi-rosette subclass which then accounted for

64% of the hemicryptophyte class. Hemicryptophyte species

are  also. = classed  as stoloniferous, 46%,  and

non—stoldniferous, 54% (Appendix II). Rhizomatous species

- make up 8l% of all terrestrial c:yptophytes.' Cryptophytes
with&ﬁt rosettes are more abundant that those with
" rosettes: 61% and 39%4 of all terrestrial cryptophytes,
respectivély., If hydrophytes were considered as a
cryptophyte subélass, they would chmprise 314 of all
cryptophytes and BZﬂof‘the,flora.

In Table 4 woody species are cléssifiéd into
three leaf types: broadleaf evergreen, needléleaf
evérgreen, and deciduous. Broadleaf evetgrgenaangioéperms

were most species rich in the chamaephyte subclass (18%),

decreased markedly in the nanophanerophytes (5%), and were
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. Table 3."Life-form distribution of the Heart Lake flora.

Vascular cryptogams are included.

LIFE-FORM CLASS

Percent
Subclass Total Species of Flora
PHANEROPHYTES (P) 41 13.0
Mesophanerophytes "7 2.2
Michrophaherophytes 11 3.5
Nanophanerophytes 23 7.3
CHAMAEPHYTES (Ch) 38 12.0
Herbaceous chamaephytes 24 7.6
Woody chamaephytes 14 4.4
HEMICRYPTOPHYTES (H) 146 46.0
Protohemicryptophytes 29 9.1
Caespitose hemicryptophytes 16 5.0
Semi-rosette hemicryptophytes 66 20.8
Biennial hemicryptophytes 11 3.5
CRYPTOPHYTES (C) 54 17.0
Bulb or tuber cryptophytes
with rosettes 3 0.9
without rosettes 6 1.9
Rhizome cryptophytes
with rosettes 13 5.7
without rosettes 26 8.2
Root cryptophytes N 1 0.1
HYDROPHYTES (Hy) 26 8.2
THEROPHYTES (Th) 12 3.8
317 100.0




‘Table 4. Percentage -distribution of  -‘Heart Lake woody
' species of four life-form classes in three leaf
types. Number of species in parentheses.

Broadleaf Needleleaf veciduous

Life~form No. - Evergreem Evergreen Angiosperm
' Species  Angiosperm Gymnosperm + and
. ! Gymnosperm
Meso- ' .
" phanerophyte 7 .- 5.4 L Y.2
' (3) (4)
Micro-‘} -
phanerophyte 12 - - 21.8
Y | (12)
"Nano - \ ,
phanerophyte 23 5.4 1.8 : 34.5
' ‘ (3) - (L) ¢19)
Chamaephyte 13 - 18.0 1.8 | 3.6

(10) . 1) : (2)

i

B
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absent as wmicro- and mesophanefophytca. Needleleaf
evergreen gymnosperms were represented almoag‘entirely as
,mesophanerophytes. Daciduous gymnosperms and angiosperms
peaked in the nanophanerophyte class (341),ndeCteaaed in
richnesg with height:to 7% in the mesophanerophyte class

and were rare as chamaephytes.



Classification ¢f phytocoenoses based on

species composition and abundance -

Igterpretation of classifications

S

Phytocoénbse classification based on species
composition and abundapce involved a series of steps (see
Methods) First, lphytocoenoses ~were clustered (Orloci
1967) ' based oo - speécies  frequency classes ("F"
classification). This was followed by clustering the

-phytocoenosesv based  onb species = cover ("c"

classification). Ten major phytocoena were recognized in

the "F" claSsification:(Fig.lé) at: the 60% dissimilarity

level, where within- cluster mean squares were expressed as
a percent of total mean squares. hleven clusters are
delimited in the ''C" classification at approximately the
457 dissimilarity level (Fig 7).

Coincidence between the two clasgsifications was

~

“high at the specified clustering thresholds ‘as measured

with the ‘mutual information .”Statistic (Orloci

©1975:134-136). - Because * chi-square (P. 20-01,{ 90 df) =
124.1  was less than 21 (= 156.4), the two

classifications were not independent, aun. the coherence

coefficient r = indicated high similarity. Ooly
four phytocoenoses were problematical. These were
*summarized as fourAexceptith'\ (1) phytocoenoses 35 and

37 were clustered in phytocoenon VII of ”F", while in "C'
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jigure 6. The» "F" ciaésification, a hlerarcity or 4l
Phytocoenoses based on quadrat Irequency vaiues -
Qng using absqiute diétgnce \urlbéi 1967,.
VQrtiCal scalés indicates witnin-group’' mean
Squares (Q/k);sexpressed as rpercentéges . or
Sagple mean sq@are (Q/n). ien majoripuycécqena

(I-X)-are recognized at tue 6Uy tnresnold:
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Figure 7.

The "C'" classification, a hierarcay of .4l

phytocoenoses based oo mean percenc cover

values and wusing absolute distance (Urloci

1967). Vertical scaie indicated withiln-group

~mean squares (Q/k) expressed as percentages of

‘sample mean square (/o). bleven  wajor

phytocoena (I-A1) are recognized at the 474

threshold. Subclasses A, o8, C, u) are

AN

recognized at approximately the 30% thresnold.
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they formed a separéte cluéter, 'XI, lioked at- the 60%
threshold to phytocoenon VIII; (2) phytocoenose 39 was
clustered in phytocoenon VII in "F", but in phytogoenon
VIII in "C"; (3) phytocoenoses 5 and 12 were clustered in
phytocoenon II io 'F", but with phytocoenon III in ”C”;\
and (4) phytocoenose 18 was assigned to phytocoenon V in

F"F",”but with phytocbenon VII in "C".

Classification ''C" | Classification "F"
| | , VII 11 v
x 735,37 - -
VAT - 39 TN -
T | s 5, 12 -
VII - - 18

Théée ’exceptiops were inveétigated critically '
using éomputer programs based on the Braun-Blanquet wmethod
(Ceska-Roemer 1973), ordination (Bray and Curtis 1957),
and épecies-number ~curves (B6ttcher 1968)
relationships. | | |
| .,Ihe four gxceptipns were then evaluated and
assigned classes accérding to the Ceska-Roemer '(1973)
program - for  identifying species-phytocoenose ~groups. .
Although the species phytocoenose groups were based oo .
p;esence-absencé:values, they exhibited'higﬁ;simiiarityc

_ the quantitétiveﬂclaSsifications "F'" and ”C”@%Appendi




‘Exceptions 1 (Nos. 35 and 37), 2 (39), and 4 (18) were
placed in phytocoenon VII (Table 5). while exception 3

(Nos. 5 and 12) was assigned to phytocoenon III.
C

L'Allbcation of phytocoenosé 18, however, was not clearly .

resolved pecause it exhibited transitional tendencies To
;resolve the prob.em Bdttcher’s (1968) species-number curve
was employed and served as anp indicator of homogeneity.
Phytocoenose 18 was relatively species-rich compdared to
the member phytocoenoses in 'phytOCOenon V, and - wae
therefore allocated to - phytocoeDCn VII t,(Tablev,~5),
confirming the ‘selection of Ceske and Roemer's (1973)

program.

stand ordination (Bray and Curtis 1957{ Beals 1960). .It
yielded anp independent assessment of similarity relatioons
end repreéented a complex moisture gradient To reduee
beta diversity and its distortion effects on ordination

the phytocoenoses were divided into two classes; for

ordinatiOn: uplands (phytocoena I'V), and lowlands (VI~

X). Selection of phytocoena for these. two classes was
based on the two lergeSt clusters agglomerated in Figures
6 and 7. It should be noted that phytocoenon I (no. 36),
an npland type, nas apbgrently misclassified and 1linked
directly to phytocoenon X éNo. 30), e%ggwland type.in the
cluster analyses at about the 70% dissimilarity level.
Thie may be due to the/iow informatien content of each

‘type. In the preliminary ordinations ﬂéanﬁiderébfé

5.

A second classification technidue utilized’
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distortion was introduced by phytocoenose’36 (1) and 30
(X) since both formed single-member satellite groups; 1in
subsequent ordinat}ons phytocoenoses 36 and 30 were
removed, consideraély reducing distortion (Figs. 8 ‘and
9); 'Ipter-stand‘sihilarity values are given in Appendices
IIT and IV. '

|

Stdtistiral tests of ordipation efficiency

- using 20 randomly | selected phytocoetose ‘pairs from each

J

ordinatioq'demonstﬁated rea%onably consistent quantitative
represeﬁﬁations Aoﬂ phytocoenose relations. For upland
phytocoenoses -(Fi#. 8) r = 0.71 (sigoificant at
p<0.01), and fori lowland phytocoenoses, (Fig. 9)' r =
0.71 (significant at p<0.01).

| Fipally, a linear ordination of phytocoena and
their subclasses was prépared as a._differentiatea table

(Table 5) based on the reciprocal averaging fechﬁique of

Ceska and Roemer [(1973). Statistically defined species
releve-éroups (Cesﬁa'and Roemer 1971) served as nuclei for

further table diffe%enfi&tion (Appendix V).

Values of the homogéneit&-coefficieét‘ (Moravec
1971)' for quadrat frequency within phytocoenoses ranged
from .20 to 82. bThe mean value for all phytdcoenoses was
55.5. These values were expected since ;mall plots could
only record fragments of the phytocoenosés being
investigated (Moravec . 1973). The coefficiént would,
therefore, vary with quadrat size. Microclimatic effect

on bryoids was also recogbized in influencihg homogeneity



Figure 8.

n

Bray-Cﬁrtis ordination ot 20 upland
phytocoenoses in tne Heart Lake stuay a4area ipn
relatiod to a moisture gradient. Phyfocoena
fI-V, delimited by %gli& lines and toaeir
subclasses circumscribed by dsshed lines, were
recognized after an anailysis or all tormulatlvé

classifications.
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Figure 9. Bray-Curtis 6rdinacion of 19 lowland
Jphytocbenoses in thelﬁeaff Lake study area in
relation to a moisture gradient. Paytocoena
VI-IX delimited by solid lines avd taeir
subclasses circumscribed by dashed lines, were

recognized after an analysis or all formulative

classifications.






values (Barkman 1968). When coefficients were detérmined

separately for vascular and bryoid ' species, mean

homogeneity values for vascular plants réached 63.4-and

for bryoids 45.1.
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Description of Phytocoena u : )
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ﬁ . Yy
i - Ten phytocoena and theéir subclasses were

gcn‘

‘idcluded 1o the following descriptions. Species groups

which optimally differenciatéé phytocoena were delimited

‘with solid 1lines, while weakly defined groups were

indicated by dashed lines (Table 5). The average number
of species per duadrat was abbreviated as NSQ, and epecies
richness or the total oumber of species within each
phytoceenose was»abbrevi&ted as SR. Total plant cover and
stratum cover were expressed as sums of cover values of
member species. The simtlarity of phytocoenoses'within a
phytocoeﬁon was indieﬁted 'aei'percentage based on Figure
7. The ‘original sequenee Sf phytocoena 1I-X, although
estabiished entirely on- species composition, represented a

gradient of increasing wetness.

I. Hypoum cupressiforbei - Grimmia apocarpa phytocoenon

(No. 30).

: Tﬁis b;ypid4dominatéd phytoceenon occurred
below ?the e3carphent on a 300 N—facing~ talus slope
composed of semi;stabilized : extremely. well-drained,
limestone debris ranging. from 30-60 cm in diameter On
some level blocks fine material accumulated and provided a

rhizosphere for higher plants. Of all phytocoena it was

- the second lowest both in NSQ and SR.

Total plant cover wasv171'(Igble 6). 1In the
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Mean peréent cover by stratum of phytocoenon and phytodoénose.

Table 6.
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‘bryoid layer mosses ‘(cover 13%1) were three times as
abundant as lichens (41).4'3Igportdnt. mosses with 100%

frequency were: HYpbum cupressiforme (é?érage cover 41),

Grimmia apocarpa (21), Ditrichum flexicaule (21), Tortella

fragilis (12), and Orthotrichum anomalum (1%). The most

abundant lichens, Cladonia pyxidata (cover 2%), and

Collema tunaeforme (<1%), were slightly 1less frequenf

(80-90%).: Séxifrgga‘tricuspidéta,'the only vascular plint

._spécies,b was 1infrequent (20%2), and very 1low in cover

s

(<1%). B

Li. Arctostapuylos uva-ursi - Anepome wuitiCfida = oSebeCLO

cymbaiarioides paytocoenon (Nos. L, 2, 3, &, i3).

'*Tnis widespread Atctostapnylos Uva-ursy steppe
scrub pnyto;oenon was found 1o tne plateau LiKe upliauds ou

WY LT

snallow, -very rapidly dfﬁlned sells/ ‘over caicaceous

vedrock. | Typicélly, tue soils were \gilc Loans  and: aré
ciassed as Eucric Brun180Ls (Litaic ramlly, Noa. 2, 3, 4,
and i{3) but witnic paase Aegosols \L; also occurreQ.
| Tné five puytocoenoses making up tue type were
b8%mg?milar (Fig. 7)l‘tuéir average SK = >u aﬁd NSQ" 19.0.
- Member pnytocoenoses mignt dlfxer LnAscruccure
~ but in general tney were‘xeylc, open snrublanus'and o:ten
’ containedl scatferqd éoniferous trees. Identlticatipn_ ot

the phytocoenon was based largely oo tue‘comoindcion or 13

diagnostic . species: Acnillea lanulosa, Aster. hlpinus,

Bracnythecium albicans, - Bryum  ar.enceuu, cerastium

\

e
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arvense, Draba lanceolata, Encalypta vulgaris, Festuca

saximontana, Geum triflorum, Poa glauca, Prunus

éensz}vanica, Saxifraga tricuspidata,  and Solidago

decumbens (T#ble 5). A second group of species reacned
“r ! . Q
. their optimum development in phytocoenou II but were also

occaSidnally,. found in phytocoenon  III: ,Cémganula

rotundifolia, Carex richardsonii, Cladonia  cariosa,

Fragaria virginiana, Senecio cymbalarioides, and Tortella

fragilis. ‘'The last aﬁtained its - peak 'abVédanbe in
. o _

\" .

< phytocoenon . &. | . Ce
Several other species"had a sligntly bloader

distribution and occurred in botn phytocoenon“IIsand 111,
: ‘ : ' i
thus 1linking them at a broader taxonomic level:

Arctdstaphylos »uva-uféi, Anenome' multifida, Cetraria

ericetorum, and Peltigera canina.

Wider-ranging. species having 100% constancy

within this'~*5e wqre:' Cetrariélpinastri, Cladonia mitis,

Cladonia pyxidata, Ditrichum flexicaule,.~ Eurhyhchium

pulchellum, Galium} boreale, Juniperus communis;,an& Rosa

- . l"‘-‘ .
acicularis, while those having 807 counstancy were:

-

Campylium ‘*»hispiduium, Cetraria nivalis, Cladonia

arbuscula, . Drepanocladus uncinatus, Elymus N ionovatus,

Jﬁniperd§ horizontalis, Picea glauca, Populusg trémuioides,
{ .

and éhepherdia canadensis. .

J :

Alﬁhough'member phytocoenoses were difficult to

age precisely (e.g., due. to :ot);‘ some indicationl was

obtained by combining evidence from shrubs (Juniperus -

67
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communis) aondl tree age. On this basis; the age of oldest.

plants.was 80-

IIA. Juniperus horizootalis - Arctostaphylos uva- ursi -

cladonia pyxidata phytocoenon (No. 1).

This subclass (Plate 1) occﬁrred'.on an open,
~ subarctic ‘heath of evergreen dwarf shrubs on a‘ Lithic
phase .Regosol.

Total plant cover was 96%. Although there was
no shrub: s%;atum- as such, tg%ee speeies (Juhigérus

communis, Rosa “acicularis)

o -

The herb dwarf’ shrub e%}étum was well developed

(cover 38%) and mainly composed/of Juniperus horizountalis

(23%),.and Arctostapbylos uvavgfsif(SZ). Other frequently

encountered epecies with lowey cover (1-2%) were: Carex

rihhardsonii, Cerastium arvense, Festuca saximontana,

Potentilla nivea, Saxifraga \¢ricuspidata, and Senecio
gzmbalarioides '

In the bryoid stratum (cover 56%), lichens
(44%) were more abundant than mosses, 12%. ’The stratum

~was dominated by, Cladpnia pyxidata (34%), - Ditrichum

flexicaule 7%), an¢ Peltigera canina (5%), all with 100%

frequency



Pléte 1.‘ Juniperus horizontalis - Arctostcapanylos

uva-ursi - Cladomia pyxidata phytocoenon (LIA:
: - o =R o
‘ . . ' ’ el
phytocoenose 1) .

Plate 2. Populus. tremuloides - Juniperus communis -

Ditrichum flexicauie paytocoenon (Lio:

phytocoenose 13).

AL



70




-atf‘,':f 5

“and low trees (62),.whiie in the shrub stratum, low shrubs

IIB. Populus tremuloides - Juniperus communis - Ditrichum

flexicaule phytocoenon (Nos. 2, 3, 4, 13).

Typically found oo shallow soi¥s, Eutric
Brunisols (Lithic family) over calcareous bedtbcﬁ,z this

phytocoenon occurred as xeric, open shrublands (Plate 2).

‘In some instancegy the bedrock was exposed.

. , v : .
Total plant cover was 927 (Table 6). The tree

strdtum was poorly developed with trees averaging 7Z covet

(16%), predominated with tall shrubs averaging 5% QOVer
~ Mean- \tree basal area, 6 mz/ha, and ﬁensity,

882 stems/ha, were relatively low (Tables 7 and 8). |
Although there was considerable structural’
variaqion'in.the ﬁpper straga, tree species predominated

aS'shrubs:or.sapliqgs. Populus tremuloides was dominant,

(cover 13%), while Picea glauca ranked second_(?Z), Pinus

' banksiana represented a minor but conspicuous component

(3%) .

In- the herb-dwarf shrub stratum (cover 38%),

Arctostaphylos wuva-ursi (181), and Juniperus communis

(10%), were clearly the most important species, both with

. 95% frequency. Rosa-acicblafis and Shepherdia canadensis,

averaging'Z-QZ,ICOver’were less important. .but conspicﬁods
and ° evenly distributed, ' frequency 88% and  75%,
réépegtivély. Notably IEBEZnt ‘was  .the ’ suffiutescent‘ﬂ

dwarf-shrub, Linnaea botealis, The mdst abundant herb was

Carex richardsqnii (<2%Z cover). Several noteworthy

herbs
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occurred in at least one-third of the quadrats but with ao

_avérage caver <1%: Achillea  lanulosa, Anemone

multifida, Campanula rotundifolia, Elymus inonovatus,

Fragaria vigginiana, ~Galium boreale, | Saxifraga

tricuspidata, abﬂ%ﬁenecio cymbalarioides.
The Brﬁoid layer, cover 18%, with 8% moss and

10% 1lichen cover, was dominated by Ditrichum flexicaule

and Cladonia pyxidata, each averaging 4% cover. Other
-

~minor (<1% cover) 1less frequently (20-40%Z) occurring

bryoids were: Cladounia mitis,'Eurhynchium pulchellum, and

Tortella fragilis..

III. 'Pinus banksiana - Arctostaphylos. uva-ursi -

Cladonia phytocoenon (Nos. 5, 6, 10, 12, 14, 17,

22, 34). | ‘

'This phytocoenon of pine woodlands usually

occurred on déep, rapidly to well drained soils. and was By

fér the‘best represented phytocoenon. wIt.was composed of

eight phytocoenoses whose similarity is 727 (Fig. 7.).

The NSQ‘of 21.1 and mean SR of 56 species make this the
richest,ggland.phytocoenon.

Community structure was remarkably similar

throughout the type ‘except phytocoenose 12 (III B) which

was excluded from coosideration because of it successional
status (Table 6). In the tree stratum trees averaged 17%

cover and low trees 32,.while'in"the shrub stratum tall
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shrubs represented oonly 1% with low shrubs reaching 10%.

- The herb-dwarf shrub'stratum (367) was well developed as

was the bryoid stratum (40%) where mosses (26%) were about
twice as abundant as lichens (14%). Total'plant cover was
1077%.

Mean basal area, 21 mz/ha, and mean density,
2413 stems/ha, showed a marked increase over phytocoenon
I1 (Tables 7 and 8). ’

Typically phytocoenon 111 shared four

: - o ,
characteristic species with phytocoenon II, i.e. Anemone

multifida, Arctostaphylos uva-ursi, Cetraria ericetorum,

Q

of 11 (Table 5).

Al

.75

and Peltigera céhiné, but lacked the diagonostic species “

Wider ranging species (100% constancy) within

the type were: Cetraria pipastri, Cladonia ' cornuta,

Elymus inoovatus, Linnaea borealis, Peltigera aphthosa,

Pinus banksiana, Pyrola secunda, Rosa acicularis, and

Shepherdia canadensis; slightly less coostant (88%)

species were: Cladonia arbuscula, C. gracilis, C. mitis,

C. rangiferina, Galium boreale, Hylocomium splendens,

Juniperus = communis, Pleurozium schreberi, Ptilidium

ciliare, Viburnum edhle, and Zygadenus elegans.

Four subclasses were recognized.

IIIA. Pinus bansiana - Juniperus communis -

Arctostaphylos uva-ursil‘phytocoenoh (Nos. 5, 14,

17). -



This subclass was found in the plateau-like
uplands oo rapidly drained soils over calcareous bedrock
(Plate 3). Soils were Orthic Eutric Brunisols and thus
deeper than the Eutric Brunisols (Lithic family) of
phytocoenon II. )

Total plant cover was 987 (Table‘6). The tree
straﬁum was relatively well developed with trees averaging
22% cover and low trees 6% cover‘. In the shrub stratum
tall shrubs were almost absent (<11) but low /shrubs
averaged 14%. Herb-dwarf shrub cover (26i) was{ ooly
slightly less than bryoid stratum cover (30%Z) with 181
moss cover and 12% lichen cover. ‘ | |

The overstory was dominated by mature gﬁggg
banksiana (cover 221) with Picea glauca subdominant (62)

- Phytocoenon age was 83 years.
The mean basal area, 22 mz/ha, and density;
3230 stems/ha, of this subclass were the highest withio

phytoeoenon III (Table 7 and 8).

The distinct shrub stratum was characterized by

‘three constant species: Juniperus communis (cover ilZ),

Rosa acicularis (31), and Shepherdia canadensis (3%).

| In the herb- dwprf shrubf stratum (cover 26%),

the mo§t prominent species was’ Arctostaphylos uva-ursi

/

(121) Next in importance we;e .Linnaea borealis (7%) and’

Carex richardsouii (6%). Elymus innovatus and Galium'

boreale were also typical despite their low average covers

(<1%).

T \m :
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Plate 3. Pinusg bauksigna - Juniperué communls -

Arctostapnylos uva-ursi pnytocoenon ALLLa:

T

phytocoenose 14,. Divisions on scale pole

(photograph center) are 30 cm long.

Plate 4.  Populus tremdloides (Picea) - Alpus crispa -

Eylocqmium sglendéns phytocoenon \va:

pnytocoenose 15,.

am ﬁiﬂ
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Moo Impdrtant bryoids were Hylocomium splendens .

) (111), ‘Cladonia arbuscula (32), Ptilidium ciliare (21);,

Ditrichum flexieaule (12), and Cetraria ericetorum (11)

o

IIIB. Pinus bankslana - Rosa aclcularis - Ditrichum

flexicaule phytocoenon (No 12).

This was a seral community recovering from the
effects of an extensive fire which occurred in the eastern
‘fpart of the Heart Lake area about 30 years ago.
| o - Total - plant cover was 91% (Table 6) The tree
stratum was still immature and only low trees (cover 112)
were ‘presentz ln the ~dense shrub stratum, cover was
almost equally distributed between tall (26%) and low
,(ZZZ) shrubs,d Average herb-dwarf shrub cover yas lOZ and
bryoid cover, 14% with mosses comprising 9% anddlichens
s.. ¢ |

Basal area, 2 m2/ha was very low despite a

density of 2060 stems/ha " (Table 7 and 8)

At present Pinus banksiana (cover Sli),

occurred as transgressives and saplings. Picea glauca was

poorly represented.

. N .
The most importhnt species were: Rosa

acicularis (cover 6%), Shepherdia canadensis (5%), Elymus

innovatus (3%), Cladonia pyxidata (2%), and Ditrichum
flexicaule (21).f
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“'Speciés present in phytocoenoo - IIIA such as

.\ Arctostaphylos uva-ursi, .Junipqxﬁs Eommunis, and Lionaea
borealis were present'but had minor representation (<1%

“caver).  With’ advancing age ' this phytocoenose might

develop into the” Pinus banksiana, - Juﬁipefus communis " -

Arctbstapﬁylos uvaFursi‘phytocoenon.

\ (-
N

..
~

N

I1IC. Pinus banksiana - Arctostaphylos uvg-ursi -

Vaccinium vitis-idaea phytocoenon (Nos. 6, 22, 34).
*  ‘Phytocoenoses belﬁngipg to this subclass were

found on wellfdréined beach' deposits frémijlacial Lake.
McCoonell. Soils f;eré classed as Ofthic,~and”fEluviated( |
Eutric Brunisols. Two were gravélly (Noé. 22, 34) bﬁt one'/
was sandf (6). o x |  .
e A total plant cover of iZZi was the highest
‘\within‘the phytocoenqn (Tabléﬁﬁ). However in comparisoﬁ
with III A, the tree stratﬁﬁ'was_leés developed with tfées
averéging 13% édver and low trees only 2%. "q

Typically'the,Pinus=banksiana'-AArctostaphylos

uva-ursi - Vaccinium vitis-idaea phytocoenon had a sparse

tree cover q@ Pinus banksiaoa (cover 14%) with vgry minor

represeﬁtatign of Picea gléﬁca, and - Populus tremuloidés
i <1%) « Its average age . of 84 years closely .resembled

+ [)

that’of III A (88 years);

-



"Mean basal area, 19 mz/ha, was slightly less

than III A but mean density, 1540 stems/ha, was less than

nalf as much (Tables 7 and 8). Accordingly, dRh’s were
. ‘ . - o . . . / . .
higher in III €. -
. i & _ .
TRe shrub stratum was also. lets developed than

“io III A with tall and low shrubs averaging 2% and 81

respectively. 'Shrub cover was composed of Rosa acicularis

(71), Shepherdia canadensgis (32), and Viburnum edule (SZ)V

Alnus crispa and Juniperus communis occurred infrequently

In contrast to the preceding strata, the herb
- dwarf shrub stratum (542) was extremely well developed

7Arctostaphylos uva-urgi  was _clearly 'the' ‘dominant

pdwarf-shrub (averagingr 227 'cover)y‘ but Vaccinium

vitis idaea was also ,very prominent (13%) and diagnostic

for the type. The only other importang species in the

stratum, also a dwarf shrub, was Lionaea borealis (42)

In the bryoid stratum (cover 45%), mosses (282)

were more common. Hylocomium gplendens (cover 12%) and
Pleurozium sohreberi (111)' were codominant. Ptilidium

ciliare was evenly bdistributed« and present in. lesser
amounts (cover 3%); Lichens (171) were: well represented

“with the three dominant species Cladonia arbuscula (9%),

- C. mitis (5%), and C. rangiferina (21)

Although qualitatively ‘similar to III A, this
subclass differed-Quantitatiuer in severaldrespectsa"the

cover of Pinus banksiana, 'juniperus communis; Linnaea

borealis, Carex ricﬁardsonii,sand Ditrichum flexicaule was

81
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much1~1ower. Cdnvefsely, -several species in ’III C were

more abundaot such as ArCCOBCEPhylos uva-ursi, Vaccinium

-

vitis -idaea, and- Pleurozium schreberi

IIID. Picea cglauca' - Betula papyrifera - Hylocomium

sglendensgw- Pleurozium schreberi phytocoenon (Nc.
10) . | | | |

~

LN

N

north f;\ng colluvium below the escarpment. Soils were

stony,Awell- drained, Orthic Humic‘Regosols.

Total plant cover was  108% (Table d6) Tree

cover averagedjléz and low. tree cover 7%. Tall and 1owf

f

shrub cover were 1% and 8%, respectively. The bryoid

stratum,» 60%Z, was well developed - with mosses ;(48%),

dominant.over lichens (ilZ). The herb-dwarf shrub stratum
‘averaged 167 'cover. In; relation to other subclasses'

within the phytocoenon ~ this subclass appeared

structurally intermediate. . ‘ v

Basal area,. 21 2/ha and dehsity; 2580

stems/ha, were ‘the second highest withfn the phytocoenon
(Tables 7 and @)

The overstory 'was dominated by mature «Plcea

€'glauca (cover 152), with a scattered admixture of Betula,

' Qapyrifera  Picea - mariana - and ~ Pinus banksiana.

Phytocoenon age was 149 years

Thia phytocoenoﬁ was 'represented on



_differed mainly in being depauperate}

;Cladonia arbuscula (41)

‘imoderately'.well-drained sites of colluvium (No. 16) and

- This phytocoenose had the highest s eciesb

richness 'of the 21 upland" phytocoenoses, 8 more| fha’ the
next richest (no. 34)
Shrub and herb 1layers '-were \quallitatively

similar to other phytocoencses within the class |and

The bryoid layer was dominated by Hylocom um

Elendens (cover 241), and Pleurozium schreberi (18%),

. Populus tremuloides - VPopulus - balsamifera

Viburoum edule phytocoenon (Nos. 16, 32).

These deciduous forests - occurred on stony,

- ancient beach deposits ‘(No. 32; Plates 5 and 6) Soils|

were Orthic Humic Regosols and. Orthic Eutric Brunisols,

4

respectively Significantly, they bordered wetlands which |-

might provide access to moisture.

Overall phytocoenon similarity was high, 90% !

(Fig. '8), mean »NSQ - 13’7 and mean SR = 42." This

‘phytocoenon was thus lower in species diversity thao all

other treed, upland phytocoena in the study area.
Total plant cover was 98% (Table 6). Tree

cover was 44%, the maximum rec0rded, while the low tree

cover was _only 3%, tall shrub - 2%, and bryoid 2% with

.



'Plate 5.

Plate 6.

- was a Pipus banksiana woodland.

Aerial oblique of Populus trémuldides - Populus

baléamifera - FViburnum edule puytocoenca (1V: -
ph};tocqénose 16) at bis,e’ ot 'eéca‘xpment., To the
left the deciduous forest changed to a igﬁggg
swamp and t:nen co aAmgrl fgb;_ to ‘tne riéhtménld

above the escarpment on the plateau-like uplanus

v

Interior of che deciduoqs forest shown in Plateée 5

(Populus tremuloides - Populus* balsamifera -~

Viburoum edule phytocoe o; IV: pliytocoenose
) - \

16). Divisions on gcale pole (puotograph center)

are 3U'cm'lodg.

_—



30




mosges 2% and lichens <11T\_ In contrast the low shrub
and herb-dwarf shrub strata averaged 20% and 27% cover,
respectively.

| Although tree dehsiﬁy, 1850 stems/ha, was not
relgtively' high;-,basal area, 35 mZ/ha, was the 'highest
of any phytocoenon (Tables '7 and 8). However, a; the

. Ssubclass level basal area was higher‘in phytocoenon V B.

In the tree stratum Populus tremuloides (cover

30%) was more important thap _PopUIus baléamifera, (10%) .

Phytocoenon age was 81 yeargL | |
The well developed 1low shrub and herb-dwarf
‘shrub stratum . contained several important - shrubs:

Viburnum edule (cover 16%), Rosa acicﬁiaris (8%),

Shephérdia canadensis (5%7), Amelanchier alnifolia (4%),

Cornus stolohifera | z), ahd Ribes oxjacantnoides

(<1%). The two most abuhdant herbaceous specieé. were

Cornus canadensis (3%) aod Rubus pubescens (2%). Other

characteristic forbs but with low covers (<1%), were the

legumes Léthyrus ochroleucus and Vicia americana.

Bryoids mostly occurred on rotting logs, -

slightly above the 1litter and thus npot smothered by
deciduous leaf fall. |

Like phytocoena II 'Qnd' ITI, this subclass

typiéally ~ contained Cornus 'capadénsié, Ptilidium

pulcherrimuﬁ, and Viburoum edule. Unlike phytocoenon iI,

however, it lacked Anemone* muitifida, Arctostaphylos uva

-ursi, and Cetraria ericetorum (Table 5).

J
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Other specles present in both phytocoenoses

within the type were: Brachythecium éalebrosum, Campylium

-hispidulum, Cetraria pinastri, Drepanocladus unc&patus,

Elymus 1onovatus, Eurhynchium pulchellum, Epilobium
. ' 4

angustifolium, Gaiiumﬂboreale, Junipefus commuﬁis; Lionaea

. borealis, Pyrola secunda,g Picea glauca, Salix bebbiana,

-and Thuidium abietinum.

V. Picea glauca (P. mariava) - Hylocomium splendens

phytocoenbn (Nos. 7, 8, 9, 15, 18, 31)..
An overall similarity of 53% (Fig. 7)vindicévéd

the heterogeneous nature. of ‘this upland Picea glauca

feathermoss forest phytocoenon. whose members occurred on a
variety of mesic sites. They were primarily related
through their feather moss understories. ‘The NSQ Qas 15.5
and meah SR = 47. | |

Structural_ly’3 they rénged from .woodlaﬁdSv to
forests. The meah total plant cover of 1407 was the
highest of all phytocoéné (Table 6). Because of their

structural diversity they are best described at the

subclass level.

Mean basal area, 32 mz/ha, was the second
‘highest of all phytocoena with a range of 15-50 n%/ha.
-While the mean deonsity of 4084 stems/ha was the highest of

' all phytocoena, this value was deceptive because the

87



density 1o phytocoenose 8 was very high, 11,180 stems/ha,
which significantly increased mean density (Tables 7 and
8).

‘Important member species witﬁl 1002 conétancy

werev(Table_S): Cornus canadené}s, Hylocomium splendens,

Linnaea borealis, Picea glauca, Rosa acicularis, Salix

bebbiana, Vaccipium vitis-idaea, and Viburnum edule.

Other less constant (80%) species were: Brachythecium
salebrosum, Campylium Jchrysophylldm, Drepanocladus
uncinatus, - Elymus ihnova;us, Pyrola secunda, and

Shepherdia canadensis.

Al

VA. Populus tremuloides (Picea) - Alpus crispa -

Hylocomium splendens phytocoenon (Nos. 7, 15).

o Two phytocoenoses belonged to this. subclass.
Phytocoenpsé*'?,was on a north-facing sandy beach ridge,
while phytocoenése ’15 (?}ate 4) occurred on loam in a
relatively closed depression located in the plateau-like
.uplands. Both soils were Eluviated Eutric Brunisdls. |
Total plant cover was 1367 (Table 6)5 The tree
~stratum was well developed wiﬁh trees averaging 27% cover

and low trees, 22%. They were dominated by Populus

tremuloides (23%) with Picea and Pinus banksiané admixed.,

Phytocoenon age was 78 years.



S
Mean basal area was 26 m2/ha and mean density
was 2840 stema/ha (Table 7 and 8).
In the shrub stratum tall shrubs were very

abundant (43%), while low shrubs were much less abundant

(8%). The stratum was dominated by Alnus crispa (42%)

with Rosa acicularis the oonly other important shrub (8%).

Probably due to the dominance of decidudus
trees and shrubs, the herb-dwarf shrub stratum (14%) and
bryoid stratum (22%1) were weakly developed. The most

prominent species in these strata were Hylocomium

splendens (16%) and Linnaea borealis (1%). Mosses (cover

20%) were more abundant than the pfimarily fruticose

lichens (2%).

VB. - Picea glauca - Hylocomium splendens - Thuidium

abietinum phytocoenon (Nos. 8, 9).

The ‘vphytocoénoses representative of this
subclass (Plate 9) were both found on Orthic Eutric
Brunisols. One occurred on the plateau-like uplands ino a
rglatively closedidepression (No. 8), while the other was
below the escarpment on. alluvium along Heart Lake Creek
(9). | . . - :
| Total plant cover, 144% (Table 6) was the mean

makimum value recorded for subclasses at Heart Lake. Io

the tree sﬁratum, as in phytocoenon V A, the tree (32%)

/
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v
and low tree (231) were jointly better developed than all

~other phytocoenon subclasses. Conéouic:ncly, mean basal
’aroa, 46 mz/ha, was higher than in all phytocoena as was

density, 6735 stems/ha (Tables 7 and 8).

The primary overstory species was Picea glauca
with an average cover of 40%. Ion the uplands, however,

Pinus banksiana comprised an important portion of the

overstory cover (13%), while in the lowlands Picea mariana

contributed to the overstory (5%). Age of the oldest
trees in the upland phytocoenose averaged 95 years, and in
the lowland, 225 years. The latter was the second oldest
phytocoenose. v

The shrub stratum was depauperate (cover 3%)
and oovly two species appeared with any regularity, Rosa

acicularis and Shepherdia canadensis, although both had

low cover (1-3%).
In the herb-dwarf shrub stratum, cover 27%,

several sgpecies were constant with average covers up to

2%: Carex concinna, Cornus cavadensis, Elymus innovatus,

and Linnaea borealis.

The bryoid layer (58%) was well developed.

Dominant species were: Hylocomium splendens (cover 43%)

and Thuidium abietioum (6%). Lichens were poorly

represented (<1%).



vC. Picea glayce - Mitells nuda - Hylocomium splendens
- ~‘lEil£“‘ grista - cactr‘nnin phytocoenon

(No. 31).
This subclass (Plate 7) occurred in a deep (13

m) escarpment canyon and probably represented the amost
mesic upland site within the study area. The soll was a
Regosolic Static Cryosol.

Total plant cover was 1397 (Table 6). In the
tree stratum, trees averaged 161 cover and low trees 7%.

The site was dominated by very old Picea glauca (161) with

Betula papyrifera (5%1) subdominant. Phytocoenose age was

264 years, the oldest sampled.

Basal area, 15 mz/ha, and density, 1270
Qtema/ha, were relatively low (Tables 7 and 8).

The shrub f§Cratum was gparse with tall shrub
cover only 12 and low shrub cover 6%. The most prominent

shrub, Ledum groenlandicum, averaged less than 2% cover.

The  bryoid stratum (91%) established the
phytocoenon’s essential character. Within {t wmosses
attained 81% cover and lichens only 11%. It was dominated

by Hylocomium splendens. Other common bryoids were:

Ptilium crista-castrensis (18%), Peltigera aphthosa (10%1),

and Barbilophozia barbata = (<27). Considerable

importance was ascribed Ptilium, because this was the only
phytocoenose where it occurred in more than trace

amounts. Also, Peltigera aphthosa, although it occurred

'in other phytocoena, reached its optimum development here.

g1
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Plate 7. Mesic 'eécarpment canyon with Picea glauca -~

“Hylocomium splendens - Ptilium crista-castrensis |

phytocoenon (VC: phytocoenose 31).

O
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o

VI. Picea mariana - Ledum decumbens -,Spﬁagnum‘fuscum

phytocoenon (Nos: 20, 21, 38, 40).

Commonly found -in the southern parﬁv ofy‘the
Heart Lake area (Fig. 10), this phytocoenon wasArestrictgd
to orgaﬁic terrain rich io 'Sphégnum  peat.’ {}This
‘fodr-member phyﬁocoenon represented a gradiént from poor
fen (No. 38) in an aapamire :strang through raised bogs

with shallow peat (lm; No. 20) to deep péat (5m; No. 40).
. Overail phytocoenose similarity was 76% (Fig..~
7). Theré was a mean total o£‘38'specieé‘and the NSQ‘wés
18.0. - | o 7
| Total plant cover was 1387 (Table 6). 1In the
tree stratum, tree cover -was sparse;:31,.as was the low
treeAstratum comprising 6chover."The'shrub‘stfatum hadia

- minor tall shrub component (2%), while low shrubs averaged

16% cover. Tree and shrub strata were almost -entirely

conposed of.Picea mariana (16%).

| Mean basal, area, 4.1 ﬁz/ha, IWas the lowest
pbtained for treed phytocoena, despite a fairly high mean
depsity‘bf 1798 stéms/hé (Tables‘7 and 8).
| | In  the 'hegb-dwarf" shrub stratum (21%),

evergreen - dwarf shrubs were particularly prominent:

Andromeda polifolia, @ Chamaedaphne calyculata, Ledum



decumbens, L. groenlandicum, Oxycoccus microcarpus, and

vVaccinium vitis-idaea.

The bryoid stratum avefaged 90%Z cover .and

contained three constant and dominant bryoids: Sphagoum

fuscum (35%), Cladonia  mitis (302), and Cladoonia

‘rangiferina ‘ %) . Three other species, Cladonia

arbuscula, C. cornuta, and Dicranum undulatum, were less

abundant but constant.*

ieﬁngiagnostic ~ species were: Chamaedaphne

. calyculata, Cladonia amaurocraea, C. pleurota, Drosera

- rotundifolia, Icmadophila‘ eriéetoruﬁ, Ledum decumbens,

- Mylia anomala, Pinguicuia villosa, Pohlia cf. sphagnicola,

Polytrichum strictum, Rubus éhémaemorus, . Sphagoum

nemoreum, and S. fuscum.

In thevtwovsubclésses, raiséd'bogs'(VI A) were

>distinguished from aapamire strangs'(VI B).

)

o/
\

VIA. Picea mariana - Ledum decumbens - Sphagnum-fuséi;

/
/

phytocoenon (Nos; 20, 21, 40).

This subclass (Plate 8) occurred io ‘faised

ombrotrophic peat plateaus at the margio of Heart Lake'and'

f

in old lake beds at other locations. These organic

landforﬁs were frozen, Sphagnum-derived,  peat deposits

raised- ome or two meters above the - surrounding.

minerotrophié fen deposits. The raised surface prevented

95



Plate 8. Picea mariana - Ledum decumbens - Sphagoum

fuscum phytocoenon (VI A: phytbcdenose ¢l).
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\

inflow of water from mineral soils and, therefore, these
bogs were dependent on precipitation :for water and
nutrients. Soils ‘were. typically Fi ric Organic Cryosols.
Microrelief - was hummocky with indiv dual hummock height

- about 30 cm.

Total plant cover was 1411 (Iable 6) The tree
stratum was better developed ‘than in' VI B; here trees
covered 31“and low trees 71._ In the shrub stratum, low
shrubs ,averaged 18% while tall shrubs oonly 2%. Picea
mariana was absclutely dominant .in all these strata.
Phytoceenose, age raonged from 82 jyears (No. 20)_ td‘-113‘
'years (40).to 203 years (21). Phytocoendse Zl'contained
the oldest tree sampled within the Heart Lake area, a 318+
. year old black spruce.

The herb-dwarf shrub stratum (cover 19%) and
the bryoid stratum (927%) ~contained vthe same diagnostic

species present at the»phytocoenon level (Table 5).

VIB. Picea mariana_rrLarix laricina - Betula glandulosa

- Sphagpum'fuscum phytccoenon (No. 38).

Occhrring cn;aapamire Strangs (Plate 13), this
phytocoenon showed a pronounced effect of mimerotrophy as

evidenced by the presence of Meesia uliginosa, Myrica,

zale, Smilacina trifolia,,Tomenthypnum nitens, and several

sedges. The organic soil was classed as a Typic Mesisol



Picea  mariana and Larix laricina were
represented as mainly low trees with average covers of

2%Z. Only Picea mariana was represented in the tree

.stratum. Phytocoenose age was 72 years.
The bryoid stratum was dominated by Sphagoum

~fuscum (cover 52%). Tomenthypoum nitens (11%), was well

represented in depressions. Aulacoﬁniuﬁ palustre and

Dicranum undulatum were . important assoclates. Lichens

(8%) were' far less abundant here in comparison with VI A
where they attained an averege cover of 59%. .
| In comparison with subclase 'VI B, this
phytocoenon was primarily distingeished by a relatively
low NSQ, 16.0, and low'SR,'32.“Ie‘eubc1ass VI’B, the NSQ
-~ was 23.8 with a total SR of 59. o
| In addition beth basal aree and densiﬁy were
greater in‘eubciess VI A than in VI B (Tab1e§ 7 and 8).
For.VI A‘eeae’besel area>and density were 5.1 mz/ha and
2210 stems/ha, respectively, wﬂile for VI  % ‘there were

onl& 1.2 mz/ha and 560 stems/ha. .

Despite the_cited differences between the two

subclasses the abundances of Sphagoum fuscum, evergreen

shrubs, and Picea mariana were responsible for VI B being

clustered with VI A.



VII. Picea ﬁariana' - Potentilla fruticosa <

Tomenthypoum pitebs« -  Campy1ium ~ stellatum

phytocoenon (Nos. 11, 18, 19, 33, 35, 37, 39, 41).
With a mean NSQ of 21.7 and an .SR of 58, this

was floristically . the richest phytocoenon. It was,

ho&ever, ‘iny slightly richer io species than Pinus

banksiana - Arctostaphylos uva-ursi - Viburnum edule

,phytbcdénon (1I11). . Its eight phytocoenoses had the least
similarity, 42% (Fig. 7). ‘

- This phytocoenon was composed of woodéd feons, .

shrub fens, and riéh sedge fens oqcurring on imperfectly
»fo poorly drained lacustrine deposits. The‘ microrelief
was hummocky. g
Total plant cover is 1332 (Table 6). ' Because
of the great st;pctural diversity wifhin the tybe, stratal
cover is discussed at the subclass level.
A mean basal“aréa éf 12  m2/ha and . mean
dehéity . Qf >2095 stems/ha are mentioned here for

comparative ,purposeé (Table 7 and 8).  Because of

structural diverSity, caution wmust also be used in-

‘assessing mean values at these levels.

Diagnostic species were: Arctostaphylos rubra,

Equisetum pratense, Mitella nuda, Salix myrtillifolia,

Selaginella selaginoides.

‘Several species had 100% .coonstancy but occurred

in other phytocoena: Tomenthypnum vitens (cover 19%),

Campylium stellatum (15%), Picéa"mariana (9%), Larix

-

\
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laricina (4%7), Potentilla fruticosa (4%), and -Galium

boreale ‘(<11). Two other species (consténcy 76%2-88%)

were: Aulacomnium palustre (1%) and Equisetum scirpoides
: »

(<1%).
Differential species common to both phytocoena

'VII . apnd - VIII were: Betula glaodulosa, Campylium

stellatum,' Drepanoclhdus revolvens, and Salix candida

(Table 9). Several species occurred less frequeotly but

.were often characteristic: Cinclidium stygium, Drosera

~anglica, Scirpus caesgpitosus, Scorpidium scorpioides, and

Triglochin maritima.

Other species had their optimum development in

phytocoenon VI and VII: Carex aurea, C. capillaris, C.

legtalea, C. vaginata, Catascopium nigritum, Parpassia

palustris, Rubus acaulis,‘and Smilaciﬁa trifolia.

| | The three JsubclasSes presented a complexity
gradient from structurally diverse (VII A) tolsimple (V11
c). | |

- VIIA. -Picea mariana - Larix laricina - Vaccinium vitis

-idaea - Tomenthypoum nitens phytocngon (Nos. 11,

18, 19).
Occurring as open, woodéd—fens, this sﬁbclass
(Plate 10) was found extensively Below_the eécarpment and

south of the Mackenzie H;ghway. The microrelief was
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- Plate 9. Picea glauca - Hylocomium splendens - Thuidigg

abietinum phytocoenon (V B: phytocoenose Y).
Divisions on scale pole (right of center) were

10 cm in leongth.

Plate 10. Picea méiiana - Larix laricina - Vaccinium

vitis-idaea - Tomenthypoum uoitens - Cladonia
arbuscula phytocoenon (VII A: phytocoenose 19).

L}
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hummocky and the soils were mainly Rego Gleysols (peaty
phase). |

Total plant cover was 1411 (Table 6). In the
tree stratum, cover was almost equally divided b?tweon
trees (12%) and low trees (141).

The overstory was dominated By evenly

distributed Picea mariana (cover 13%1) and scattered Larix

laricina (3%). Picea glauca sometimes composed part of
the overstory (8-12% cover). Ayerage:ages of the oldest
trees ranged from 144 to over 200 years.

Mean basal area was 10 mz/ha and density was
4513 stems/ha (Tébles 7 and 8).

Although the tall shrub stratum was esseotially

absent (1%), the low shrub and herb-dwarf shrub strata

accounted for 16% and 26%, téspectively. These strata
contained ‘several characteristic species: Ledun

~groenlandicum (cover 6Z), Juniperus horizontalis (11),

Salix glauca .. (1%), Shepherdia canadensis (<1%2),

Juniperus communis (<1%Z), Rosa _hcicularis (2Z2), and

Vaccinium vitis-idaea (<11). Several other shrubs were

common to both phytocoena VII A and VII B: Potentilla

fruticosa (2%), Arctostaphylos rubra (2%2), Salix

myrtillifolia (4%), and Betula glandulosa (1%).

The herb compouent 'contained’ mioor amounts

(<1Z) of Mitella nuda, Galium boreale, Carex vaginata,

Equisetum scirpoides, and Carex scirpdidea.
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Plate 11.

Plate 12.

Lobelia kalail - Scirpus caespitosus -

Campylium stellatum phytocoenon Vil (O

phytocoenocse 37).

Salix pedicellaris - Carex lasiocarpa -

Scorpidium scorpioides - Drepanocladus

revolvens phytocoenon (VIII B: phytocoenose 25)

along the 1inlet to Heart Lake.
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Ih the ©bryoid stratum (68%), the mosses

Tomenthypnum nitens (cover 30%), and Hylocomium 8p1endéns
(7%) were dominant with a sigoificant fruticose 1lichen

component: Cladonia mitis (51), C. arbuscula (3%), cC.

rangiferina (3%), and ‘g;_ alpestris (21)?‘ " Altogether,

mosses totaled 53% and lichehs 15%.

Compared with / phytocoenon VII“ B, which

reflected élightly moister conditions, this phytocoenon
shared many common species. However, there were several

which were distinctly more'prominent here: Picea mariana,

Salix myrtillifolia, Equisetum gcirpoides, Carex vaginata,

Rosa ac%EUIaris, Hylocomium splendens, and Tomenthypnum
nitens.

Several species occurred in both VII A" and VII

B but attained their optimum dewvelopment in VII B: Betula

glandulosa  (cover 6%), Campylium " gtellatum (13%),

Drepanocladus revolvens (9%), ' Carex aquatilis (3%),

Smilacina trifolia (17%), Salix 'érctophz}la (2Z), Larix

‘ia:icina (6%), Carekv- garberi (<11); “and Parnassia

Eaiuétris (<1Z; Table 5).

o

VII B. Picea mariana - Larix laricina —»Carexvcapillaris

- Campylium stellatum phytocoenon, (Nos. 33, 39,
41) .
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This subclass. of very open, wocded-fenc was
found on wetter sites than the previous subcIass; Soils
wvere Terric Humisols. | . |

- Total plant cover (129%) was slightly less than
in subclass VII A (Table 6) and the average cover of most
strata also tended to be lower - tree (9%), low tree (31),
low transgressive (10%2), and bryoid (561), while the tall

shrub cover (2%), was essentially the' same but the

herb-dwarf shrub cover (49%) was nearly twice as much In

,the bryoid stratum lichens (<1%) were nearly absent, while

o

mosses accounted for 55%

While mean basal area, 15 'mz/ha,. was only'

slightly less than VII A, density, 1073 stems/ha, was much
lower (Tables 7 and 8).

Phytocoenose ages ranged from A 142 years

'(phytocoenose 41) to 158 years (33) in ‘the: oldest but only"

27 years in phytocoenose 39 The latter must have burned

over about the same time as II1I B (13)

S

VII C. Lobelia kalmii - Scirpus caespitosus -~ Campylium

stellatum phytocoenon (Nos. 35, 37).

}

This subclass occurred io patterned string fens

(Plate 11) and on islands in marl fens (Plates 15 and 16).

@
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' Plate 13.

Plate 14.

photograph.

Oblique aeriai‘ photoéfaph of ‘aapamire ér net
fen showing.reticqlate patﬁetn of strangs, or
ridges (cf. phytocoenon VI B) and flarks or
hollow (cf. VII A). A raised bog (cf.'VI A)

3ppears in the upper right land corper of the

~

Salix pedicellaris - - Carex aquatilis -

DrepanoéladUS"revolvéqs phytocoenonﬂ (VII A:

‘ phytocoénosé 23) occurring in aapamire flark.
:Divisions on'scalg pole (center) are 10 cm. in

. length.
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Both were of limited occurrence and were found exclusively'
below the escarpment. Soils were RegQ,Gleysols. |

Total plant cover was 132% (Table 6). Dominant,
strata include ‘the herb-dwarf shrub (771) and bryoid (531)
with mosses (492) far more abundant than lichens (47%) .
There was a rather sparse cover of low trees (<11), tall
shrubs (<1Z), and low shrubs (21)

Lobelia kalmii was distinctive but with 1ow

cover (<21) Scirpus caespitosus ’ and'. Campxlium\
- stellatum were dominant (351 and 39%) , respectively Other

characteristic ‘species _included. Andromeda polifolia,

Kobresia- simpliciuscula, MOerkiao hibernica, Pinguicula

vulgaris, Primula mistassinica,‘Selagineila selaginoides,

and Tofieldia glutinosa.

Larix 1aricina and Picea mariana were primarily -

,present as seedlings and dwarf shrubs.

e

VIII. Salix' pedicellaris - Menyanthes 'trifoliata 5.,1

Drepanocladus revolvens phxtocoenon (Nos 23, 24,

25, 26)

Occurring ‘as deCiduouS’ dwarf shrub peatlands,

this phytocoenon was found on very poorly drained sites

like aapamire flarks or in. fens alono streams.



phytocoenoses making up  thisg phytocoenon had ‘an overall
similarity of 73% (Fig. 7), which was relatively high.

' Total plant cover was 1061 (Tahle 6). In the
shrub stratum only low shrubs (22) were present. The
'phytocoenon was dominated by the herb- dwarf shrubs (362)
and bryoids strata (541) No 1ichens were present.

Differential species were Salix pedicellaris

+. (cover 2%), Carex 1imosa (41), and Menyanthes trifoliata

,(SZ). Several other species -reached their  optimuw
: /

vdevelopment in VIII but also _occurred in- VII Mzrf%a

gale, Scorpidium scorpioides, ‘Triglochin .maritima, and

Cinclidium.stygium'(Table 5).

Scorpidium scorpioides (24%) ‘was .usually the

dominant bryoid and agsgsociated with the 1less “abundant

Drepanocladus revolvens (6%2).

This phytocoenon was related to phytocoenon VIIV‘

through the constancy of several characteristic species

Betula g}andulosa,- Campylium .stellatum,‘ADrepanocladus‘

revolvens, Bryum pseudotriquetrum, and Salix candida
" (Table 9). |

Other more wide ranging wetland species with

752' constancy were: i Andromeda polifolia,b Galium.

labradoricum, Potentilla palustris, and Apneura pinguis.

The NSQ was 13. .6 dnd the SR 24. The' four e



VII A. Salix pediéellaris - Carex aquatilis '4,

Drepanocladus revolvens phytocoenon”(Nos; 23, 24,

26) .

" Total plant cover of thése fens (Plates 13 and

14) was 1042 (Table 6). - They were distinguishéd‘ by a

.higher avefage low shrub and dwarf shrub cover (20%), than |

‘subclass VIII B (3%). Average cover of the ‘low shrub

stratum was 6% and the herb-dwarf shrub stratum, 49%. The

bryoid stratqﬁ[was,comﬁosed,entifely'of»mosses~(52%)} The.

organic soils were Hydric Mesisols.

The subclass was also . characterized by the

importanée»of Carex aquatilis (10%) and by two frequent

bryoids:  Cioclidium stygium _and ‘Aneura. pioguis.

Andromeda polifolia was present ih<a11'phytocqenoses but

-usually in very low abundance. Othér'notgworthy species

were: Drgpénocladus fluitané, Muhlenbergia g1omerata, and

Scirpus caespitosus..

Some weak . reproduction of Larix laricina

occurred.

| ViIi B. Salix pedicellaris ' - Carex lasiocaréa -

Scorpidium 'scorpioides‘ - Drepanscladus
‘revolvens phytocoenon (No. 25).

This subclaés» (Plgte“IZ) occurred along the

clear, slow-moving inlet stream to Heart Lake as a quaking
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mat of 1living and dead plant 1ife. It changed with

decreasing moisture into a shrub fgp and ultimately into a
- raised bog. The organic soil was a Hydric Mesisol.

?otal plant cover was 1017 (Table 6). The
minor low shruQ stratum (21) was underlain by a herb-dwarf
shrub stratum which averaged 397 cover. The bryoid
stratum, again cdmprised entirely of- mossés, was well

developed (60%7).

Species with a quadrat freqﬁenqy 80% or greater

?

were: Scorpidium scorpioides (cover 37%), Calliergon

giganteﬁm ‘(121), Drepanocladus revolvens (5%), . Carex

lasiocarpa (121), Carex limosa (6%), Meunyaothes trifoliata

(17%), and Utricularia intermedia (1%).

There was no reproductiop by tree species.

IX. Carex aquatilis -  Galium  labradoricum -

Cala¢agrdstis canadensis phytocoenon (Nos. 27, 28,

29).

Characterized by a low NSQ of 9.6 and SR of 25,
thisg phytocoenon occurred oo 'po&fly drained grganic
sites. - One phytogoenbsé, 29, introduéed considerable
heterogeneity and resul;ed in a rather low overall

similarity for the phytocoenon, 58%. | &
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Because of high heterogeheity, low species

numbers, and the need for more phytocoenose records, the

validity of this phytocoenon as a vegetation unit might be

questioned. However, there were several factors which
pointed toward considering it as - such. First tée

phytocoenon had three constant species: Carex aquatilis,

with a cover of 49%, Calamagrostis canadensis and Galium

labradoricum, 1% each. Secondly, five species occurred in

at least two member phytocoenoses: Rorippa 1islandica, -

Salix planifolia, Carex rostrata, CicutaAmackenziana, and

Scutellaria gallericulata. Thifdly, the class lacked

several épecies common to- phytocoeda VII and VIII:

Drepanoc¢ladus © revolvens, Scorpidium scorpioides,.

Triglochin maritima, and Cinclidium stygium. Three other

- species primarily found in phytocoenon VIiI,-Carex limosa,

Salix pedicellaris, and Menyaothes trifoliata, were'aiso

@

absent. L
The 'phytoqoenon““hight be conside;ed as  a
3-member gradient frbm the wettest, phytocoebose _27,
without bryoids, through ph&tocbenose 28 with mosseé but
without 1lichens, to the wet-mesic phytocoenoge‘ 29 with

mosses -and a few foliose lichens.
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IX A. Salix planifolia - Carex aquatilis‘- Brachythecium

salebrosum phytocoenon (No. 29).

Located at ‘the outlet of Heart Lake, this
deciduous thicket was occasiouoally flooded in the 8pring
The organic soil was classed as Fibric Mesisol

The total plant cover was 107% (Table 10). In

the shrub stratum, Salix planifolia (37Z) occurred with §.4

- bebbiana (8%). Together they formed a pearly continuous

layer of\tell and low shrubs. o \

The herb-dwarf shrub layer was sparse (cover

11%) and dominated by the graminoids Carex aquatilis and

Calamqgrostis canadensis. Reproduction by ‘the tree

species Picea mariana end Larix laricina was weak.

Thev bryoid stratum (SOZ) was .dominated by

mosses (49%) especially ‘Brechytheciun salebrosum (cover

201). Other prominent- mosees- included: Drepanocladus

vernicosus, Tomenthypnum nitens, Aulacomnium leustre, and

Rhizomnium pseudopunctatum Lichens (11) wvere poorly v

represented (3 species) and all belonged to the genus

Peltigera. o

IX B. Carex aquatilis - Carex rostrata - Potentilla

palustris phytocoenon (Nos. 27, 28).
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This subclass occurred as graminoid4dominatad

shore fens. These fens were floating mats several meters

._wide and partially encircled Heart Lake. Typically they

formed anvgcotonelbetwéen‘the open water and raised bogs.
Soils were Hydric Humisols (27) and Hydric Mesisols (28).
Total plant cover was 87. with a very
predominanﬁ'herb dwarf shrub stratum, 82%. The low shrub
(3%) and bryoid strata (21) accounted for only a small

percent of the total (Table 6).

Carex aquatilis and C. rogtrata were absolutely
dominant with COmbinéd covers of 73%. Important

. associates were the forbs, Potentilla ‘leustris (cover

3%), Galium labradoricum (<1Z), and SCUtellariai

gallericulata_(ll), and the shrub, Mxrica gale (2%)

In the ‘bryoid layer, mosses‘ were poorly

represented and were  only found in phytocoenose 28.

Lichens were absent’in both memberé.

There was.no reproduction by tree species.

X. Eleoéharis pauciflora - Eleocharis cdmpressa -

Eriophorum angustifolium phytocoenon (No. 36).
°

This phytocoenon (Plates 15 %nd 16) occurred in

very poorly drained marl fens below the escarpment. It
contained the lowest total number of species, ‘10, and had
the lowest meén NSQ, 4.3, Total cover was also very low,

67%. The 3011 was a Rego Gleysol
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Plate 15.

Plate 16.

Oblique aerial photograph of  Eleocharis

pauciflora - Eieocharis compressa - Eriophorum

angustifolium phytocoenon (X: phytoéoenose 36),

is a marl fen. Larger but similar island
(phytocoenose 35) were sampled in another marl

fen.

Ground view of Plate 15 showingvmarl.fenland
islands. Contact communities were Picea

mariana ~ Betula glandulosa feuns (background)

which ultimately changes to Picea feathermoss

woodlands.
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" Total plant cover was’the.minimum reéorded (62)
;priﬁafily coﬁposed of  herbs (5%) with less than 1% as
‘ mosseé (Tablev6). ’
Dominant graminoids with a frequency greater |

than 60% were:’_ Eleocﬁaris pauciflora (cover <1%), E.

comgréssa (<1%2), and Eriophorum éngustifdliﬁm, (<2%).

Characteristic but 1less frequebtv species were: Drosera

anglica, Equisetum palustre, Potamogeton filiformis,

Scirpus #alidus, Triglochin palustre, . and Utricularia

1ntermedia.

The one. bryoid, Scorpidium scorpioides, was

relatively freqﬁent (60%) but with low cover (<1%).
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Soils

The soils of the investigaﬁed area féll within
the 'Brunisolic;*\Regosolic, Gleysolic, Cryosolié,‘-"d
Organic orders. All were formed on calcareous paiZ:t
mateiiqls that includgd till, -colluvium, éiluvium, and
'glaéiolacustrine, each of ‘whiéh -mighF 'be underlain by

bedrock.

Descriptions

~ Study area Brunisols Belonged to the Eutric great
- group .and were represented by Orthic and_vEluviaﬁed
subgroups and lithic families: | Areally, the  most
fréquently ‘encountered  wére Orthic ‘Eutric Brunisols
‘associated with pine woodlands (phytocoenon I11),
deciduous forests (IV),.aﬁd coniferous and mixed forests
”(V).' Although best developed “on beach deﬁosits, where
they sometimes ;made a 'transition to Eluviated Eutric
Brunisols, they also occurred extensively in the
plateau-like ‘uplands - oﬁ deep. glacial ‘depoéits. Two
fprdfiieé Qére'described."The4first (No. 8) was associated
with an allpbial whiteuapruce forest (VB) whéﬁe gleying
was evident inuthe C horizon. It was described from the

plateau-like uplands at 60°51.6'N, 116°37.3'u:
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Horizon Deptn (cm) Description" " -~

L-H 10-0 Very dark grayish orown (1l0YR

- 3/2 d) litter or living and dead
featner-mosses, well decomposed
toward = the boundary; abundant
micro roots with a few coarse
roots; #4brupt, clear ©boundary;

<

pH o.1.

Bm y 0-~10 - Brownisn yellow (i10YR 6/4 d)
: . : gravelly clay loam; weak, fine
granular; - slightly hard;
~plencitul medium and micro
roots; 20% - angular  gravel;
clear, irregular Dboundary; pH

6.9. : '
II Ck-=~ 10-27 ~ Yellowisihh brown (10YR 5/4 d)
. : ~gravelly sand loam; few medium,
fine - and micro roots;  60%
angular gravel; stroongly

effervescent, clear wavy
boundary; ph 7.7. ,

III Ckn 27 -64 Light yellowish brown (10YR 6/4

. ~ d) gravelly clay loam; few fipe

distionct yellowisn brown (10YR

5/6 d) mottles; stroagly
effervescent; pH 7.8.

. B ) 'S . . ‘ , :

R s bb4+ Lignt gray -~ (lOYR 7/1 4,
’ calcareous sandstqge.

A second Ortiaic Eutric Brunisoi (No. 32) samp led

within a deciduous forest (IVj piaytocoenon witn unimpeded

drainage was described = from the fgllpwing location,

60051.4'N, 116039.0'W and occurred on beach de@ggitsr

P

Horizon Depth (cm) . Description

L-H 7 9-0 - Litter  of matted deciduous
: leaves; well decomposed at tne

-

]



bottom; abundant wicro roots;
abrupt, clear boundary; pH 5.5.

Bm 0-18 - Strong brown (7.5YR 5/4 d)
, gravelly  sandy 1loam; moderate,
medium angular blocky; soft;
plenotiful medium  roots; 40%
gravel; clear, smooth boundary;
pH 6.3. C ‘

Ckl ) 18-58 Brown (10YR 5/3 d) gravelly
: ' sandy loam; weak, fine granular;
loose; . plentiful micro roots;
80% - gravel; stroog
effervescence; clear, smooth

boundary; pH 7.3.

Ck2 " 58-88 Brown (l10YR 5/3 d) gravelly
_ ‘ ’ sand; loogse; very few fine and

micro roots; 30% gravel; strong

‘effervescence; clear, smooth
bouundary; pH 7.5. : S

Ck3  80-100+  Brown (lOYR 5/3 d) gravelly

sapd; loose; very few medium
roots; roots continue beyond 108
cm; 50% . gravel; strong
effervescence; pH 7.5.

Eutric Brunisols (lithic family), formetly termelkp

}

. Lithic Eutric Brunisols, were found éxtensi?é}y[ in the

- plateau-like uplands, and were ‘the second most abundant‘

Brunisol. They = were ‘primarily associated with

Arctostaphylos uva-ursi steppe scrub (II). These profiles

wefe éomposed'oﬁ thin drift over calcareous bedrock. A
répresentative profile (No. 2) found at 60°51.5'N,
116°37.6'W wasg described as follows: | d

Horizon ° Depth (cm) Description
L-H . 1-0 Poorly decomposeﬂ liVing and

dead mosses and lichens, aspen
leaves and twigs; abrupt, smooth
boundary; pH 6.4. :

123



4\/

Bm 0-5 Dark brown (7.5YR 4/4 d) silt

. loam;  weak, fine - granular;
plentiful micro roots; = 5%
angular gravel; abrupt, smooth
boundary; pH 6.8. ' , :

R1 ©5-10 - Light gray (lLOYR 7/1  d)
’ ‘channery, shattered bedrock;
strongly effervescent; pH 7.6.

R2 104 Light gray (10YR 7/1 d)

calcareous sandstone; strongly
effervescent. ‘ o

Eluviated Eutric Brunisols were infrequent within

the study area. They were most common Ohvbeach'deposits

.(No.‘6)'but might also be present in slight depressions

- (15), presumably due to greater perco1ation. Vegetation

subclagses frequently assoclated with these soils were-

"Populus tremuloides - Alpous crispa - Eylocdmiﬁm splendens

(VF A) aﬁ@~,Pinus banksiana - Arctostaphylos uva-ursi -

Vaccinium vitis-idaea - (III C). A particularly well

developed example (6) occurred on a sandy beach deposit at

60°52.1'N, 116°42.9'W:

Horizon Depth  (cm) | Description
L-H 10-0 ~ Poorly decomposed litter of pihe

needles, dead and 1living mosses
and lichens; moderately well

decomposed = at - boundary;
plentiful coarse, medium and
micro . roots;: clear, smooth

] boundary; pH 6.0. :
Ae ‘ 0-13 Light gray (10YR 7/2 d) sand;
Lo - single grain; . + nonsticky,

nonplastic, 1loose; few coarse
roots; clear, wavy boundary; pH
506 )



k]

Bm | 13-60 Yellowish - brown (10YR 5/4 d)
' ' sand; single grain; oonsticky,

nonplastic, loose; very few

coarse,  fine, od wmicro roots;
clear, wavy boundary; pH 5.7.

Ck . 60-110  Light yellowish brown (l1OYR 6/4

d) sand; single grain; strongly
. effervescent; clear, wavy

boundary with root channels (7
- cm diameter) present; pH 7.6.

- II Ck- - 100+ ~ 'Sandy gravel |

Regésols are soils‘having,horizon dévelopment too

4Weak Eo meet the reQuiréments. of any other order. Two
subgroups were described at Héart Lake: Orthic ‘Regésols

. (1ithic phase) and Orthic‘quic Regosols.

Lithic phase Regosols occurred infreQuently on:

the plateau;like' uplands.  These soils had a lithic

contact at a depth greater than 10 cm but less than 50

cm.. They weré uéﬁélly' associated with ~Juniperus
horizontalis dwarf shrublands (II A). " These fapidly

drained soils had developed*bn'thin‘drift‘over bedrock.

The extreme thinness of the surface deposit over rock

almost'placedvit in the nonsoil groUp} A representative

profile (No. 1) at 60°51.1'N, 116°37.5'W was described

~as follows:

Horizoo - Depth (cm) ___Description
L-H ’_ - 0.5-0 Loose litter of dead and living

lichens, mosses, bearberry and

juniper 1leaves; abrupt- smooth

 boundary; pH 6.4.

\ . Y
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Ck 0-10 Very dark grayish brown (1lOYR
: 3.2 d) very gravelly silt loam;

loose; . abundant coarse, - fine,

and micro "roots (mat of roots

formed at lithic contact);

weakly effervescent; 807 angular

gravel (carbonate - coating - on

» underside of stones),  abrupt,
‘ smooth boundary; pH 7.2.

R 10+ Light gray (10YR 7/2 4d)
' o ‘ o lcalcareous sandstone '

'Orthic‘ Humic Regosols were _abundant ~below the

escarpment on well to imperfectly drained colluvium. .

" These soils usually had a thick L-H (10cm) over a Ck_

o
horizon 'composed predominantly of angular gravelly to

-angular cobbly calcareous fragments mixed with some well, .
decomposed litter._' They were associated w1th deciduou3’

forests (IV)vand'the Picea glauca - Betula papyrifera -

' Hylocomium splendens - Pleurozium  schreberi phytocoenon

(111 D). A representative profile (No. 16) from an Orthic
Humic Regosol s described . below at 60 49.0' N,

116°35.4'W:
Horizon »-Depth‘(cm) B e Description
L | 9-7 . Litter - of matted deciduous
- leaves, twigs; roots absent.
“FH. 7-0 Very dark grayish brown (1OYR
. 3/2 d) 1litter from -‘deciduous
trees and shrubs; plentiful
micro roots with very few, very
fione ~roots; . clear, wavy
boundary; pH 6.2. o '
Ahk : - 0-50 Black (1OYR 2.1 d) very gravelly

and cobbly silt loam; single
graio, loose; 75% angular gravel

. : - and aogular cobbles, very weakly .
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effervescent | plentiful ‘coarse
- and medium roots, gradual wavy
boundary; pH 7.1.

ck - 50+ Light brownish gray (10YR 6/2 d)
S ' : very cobbly loam; 'structureless;
85%2 - cobbles; : strongly

-effervescent; very few micro and
fine roots; pH 7.4. .

' Regosolic Static Cryosols occurred in some
escerpment canyons . Thex?were sssociated with the white
sp:uce-feathef moss;phytocoenon‘(V C).

‘ Gleysois nsually ‘developed von‘ pooriy to ‘very
vpdorly. drained soils in the lowlands. Rego Gleysols
commonly oocorred on b‘lacustrinev ~deposits below the
escarpmentv es marl, a nixture of calcium carbonate and
clay. Assoqiated vegetation consisted of patterned string
fen (VII C) and marl fen (X).. In VII C a well humified H

| (1 10 cm) layer was present, while in phytocoenon X it was

absent. The soil described below was from a marl fen (No

30) at 60°52.0" N, 116°37 6'W:

Horizon Depth (om) ' ' - Description

Ckg - 0-50+ Light gray (1OYR 7/1 d) marl;
o slightly sticky, . nonplastic,
© . loose; strongly . effervescent;
' plentiful micro roots (0-30 cm),
pH 7.7.

. 0

Rego Gleysols (peaty phase) covered extensive,

moderately poofly drained 1lowland areas where the

topography was flat to gentiy sloping ' on lacustrine

deposits. - Associated vegetation was coniferous swamp

(VIII A)ﬂ A Rego Gleysol (peaty phase) (No. 19) was
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"described at 60°50.5'N, 116°37.9'W as follows:

Horizon ~ Depth (cm) - Description
oh - 30-0 | Dark brown (1OYR 4/3 d) well |

decomposed peat; amorphous; few
coarse, fine, and micro roots;
smooth, abrupt boundary; pH 6.6.

Ckg o 0-25+ Very pale brown (l10YR 8/4 d).

gravelly sandy = loam; mdny,

medium prominent yellowish brown

(10YR 5/6 d) mottles; amorphous;
very few very fine roots; 60%
angular gravel; stroongly
effervescent; pH 7.7. '

Organic soils were widespread on poorly to very

ooorly drained lacustrine parent material within the Heart

Lake lowlands and were represented in the Organic order as

Mesisols and ﬂHumisols, and ‘in“the Cryosolic order by

Fibric Organic Cryosols, formerly termed Cryic Fibrisols

Fibric Organic Cryosols contained permafrost

within one meter of the, surface ‘and had a dominaotiy '

)

fibric control section below a depth of 40 cm. Landforms
‘agsociated with these soils were raised ombrotrophic peat
.. plateaus. Although the mineral parept -materials were
Highiy calcareous,'Ombrotrophic'conoitions developed as a
~result of ice formation within organic material. " The peat
materials were then raised above the mineral contact and
were ultimately nourished only by. precipitation. ‘Mean
depth to "the frozen layer was 36 + 7‘cmw(df=19) in'iate
June 1972 and 48 + 2 cm in late August 1972 The depth of

the organic buildup below a black spruce raised bog
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(phytocoenose 21) was estimated to be 4.5 m based on peat
borings in a neérbj éollapse scar.. A partial description
fér’ a typical' Fibric Organic Cryosoll (21) at 60049;6'N,
116°38.9fw was as follows: - |

. : |
Horizon Depth (cm) . Description

0f1 | 0-25  Yellowish brown (10YR 5/6 d)
undecomposed sphagoum peat

(dominantly Sphagnum fuscum) ;
loose, few medium roots; clear,
wavy boundary; pH 3.7.

0f2 25-35 Dark brown (10YR 3/3 m) poorly
- ' decomposed " sphagnum  peat
(dominantly Sphagnum fuscum with
traces of Eriophorum); very few
fine "and _ micro roots;
intermittent band of ash and
charcoal 9 cm thick at 35 cm;
clear, wavy boundary; pH 3.8.

0f3 3 35-48+  Brownish yellow (lOYR 6/8 m)
- poorly decomposed cryic sphagoum
peat; very few fipne and micro

roots; pH 3.8. '
Humisols were represented by two subgroups within
the study area: Terric Humisdls and Hydric Humisols. The

former was by far the most abundant.

Terric Humisols had a terric layer ‘beneath the
-surface tier. They were associated with the wet, wooded
fens (VII B) from which two examples were described. Tne
first ' (No. 39) came from a site with 75 cm of peat

,gccumulécion anod supported a deciduous scrub (Betula

glandulosa) with .isolated Picea mariana and Larix

laricina. It was sampled at\NEUGS}TAfN,_;ll6°38.9'W and

was represented as\follows:
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Horizon Depth (cm) ~__Description

Om ‘ 0-15 Dark reddish prown (5YR 2.5/2 m)
‘moderately decomposed sedge and
brown moss peat; somevwhat

layered; very few coarse, few
fine, plentiful  micro roots;
isolated charcoal fragments;
gradual, wavy boundary; pH 6.2. .

Ohl 15-35 Black (5YR 2.5/1 m) well
‘ decomposed sedge fen 7 peat;
somewhat layered; very few fine,
abundant micro roots; gradual,

smooth boundary; pH 6.3.

Oh2 . 35-75 Black  (SYR  2.5/1 d) well
decomposed fen peat; amorphous;
few micro roots; clear, smooth

. boundary; pH 6.5.
Ck o , 75+ - Pale brown F(IOYR‘ 6/3 d) loamy
: : sand; soft, ' roots . absent;
strongly effervescent; pH 7.8.
A second Terric Humisol frém phytbcdenon VII B:

No. 33 was associated with wooded fen vegetation and

occurred on a shallower (55 cm) organic deposit over till.

A soil sampled at 60°51.1'N, 116°39.1'W was described

_as follows:

Horizon Depth (cm) Description
Oh 0-55  Black  (10YR . 2/1 d) well

decomposed fen' peat; loose;
nonsticky, noonplastic; plentiful
medium roots; charcoal traces;
abrupt, clear boundary; pH 6.4.

Ckg 55-90+ Light brownish gray (2.5Y 6.5/2
. d)  clay loam; many, medium

prominent brownish yellow (10YR

6/6  d) ., mottles; friable,

slightly , sticky, slightly



plastic, extremely hard; ver

few fine and wmicro roots; 5

angular gravelly,; strongly
effervescent; pH 7.6.

Hydric Humisols had a hydric layer that exteonds
from a depth of not less than 40 cm to a depth of more
than 160 cm. They were assoclated with floating shore
fens (IX B) which encircled part of Heart Lake. A soil
(No.  27) sampled at 60050.S'N,,‘ 116040.0'Wk was

fepresented as follows:

Horizon Depth (cm) Description
ch ~ 0-50+ Black (2.5Y 2/0 w) highly

decomposed sedge peat; pleontiful
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fine, very few very fine, .

plentiful micro roots; pH 5.8.
Mesisols were organic soils developed primarily
from mesic fen peat materials. Hydric Mesisols consisted

of a subdominant fibric_layer thicker than 25 cm in the

remainder of the middle tier or in the bottom tier. At

Heart Lake they were freq?ently associaﬁed with deciduous
dwarf shrub peatfand (VIII A) and occurred extensively in
aapaﬁire flarks. A soil (No. 26) sampled aé 60049.lfN,
116°39.7'W was frost free at 150 cm in late July 1972

based on 20 random probes. It was describedbasifollows:

Horizon Dépth (cm) Description
of 0-36 Dark brown (7.5YR 3/2 w) poorly
decomposed: mixed = fen peat;

layered; abundant micro roots;
gradual, smooth boundary; pH 6.1.



Om 36+ Very dark brown (7.5YR 3/2 w)
, moderately well decomposed fen
peat; partially - layered;

plentiful micro roots; pH 6.3.
Typic Mesisols had 'a middle tier composed of
organic materials  in én intermediate stage of
decomposition. The exahplé (No. 38) described here was
from a aapamire strang (VI B) sampled at 60°49.2'N,
116039;8{W. Although the top horizon was dominantly
sphagnum peat, fen peat in the second hérizon suggestedva

fen origin,

Horizon Dé}th (cm) : Description

of ' 0-20 Dark brown (10YR 3/2 m)
. undecomposed sphagnum peat
(dominantly Sphagoum fuscum with
some sedge peat); Toose, few
fine roots; clear, wavy
boundary; pH 5.2. - '

Oml 20-47 Black (10YR 2.5/1 m) moderately
. decomposed fen peat; amorphous;
plentiful micro roots; clear,

wavy boundary; pH 5.8.

Om2 47-62 Very dark grayish brown (10YR
. 3/2  m) partially decomposed
" sedge fen peat; seasonal frost;
layered; very few fine and micro
roots; pH 6.0.

Om3 62+ Black (10YR 2.5/1 m) moderately
o decomposed sedge fen peat with
pockets of sphagnum peat, leaves
of Chamaedaphne, - Betula
glandulosa, Picea, and Myrica
gale fruits; Iayered; pH 6.0.
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Hydric Mesisols had a hydric layer below a depth
of 40 to 60 cm that extended to below 130 or 160 cm. They
were assoclated with graminoid dominated shore fens. A
Hydric Mesisol (No. 28) sampled at 60°49.7'N,
116°40.0'W along the southern margin of Heart Lake was
described in part:

!

Horizon Depth (cm) . Description
Om 0-30+ Very dark grayish brown (lOYR

3/2 w) partially decomposed fen
peat; layered; water table at
surface; few fine; plentiful

micro roots; pH 5.9

"Soll-vegetation relationships ) ~w€§f

The relationships ‘of - some edaphic varibles to
.vegetation were determined b} plotting these on the upland
and lowland ordination fields.

The association between phytocoenoses and soil
drainage (quking Group oo Soil Survey Data 1975) is shown
in Fig. 11. Inspection 6f phytocoénose pqsition in
relation to soil drainage on ‘the upland ordination
indicated a xeric-to;mesic gradient from 1left center to

lower right (Fig. 1IA) and a mesic to wet gradient on the

lowland ordination from middle right to lower left (Fig.

11B). Thus, upland aod lowland phytocoena II through IX

generally fol;owéd a gradiént of increasing wetness.

Phytocoenon I and X, Wwhich were not shown on the.

ordination, represented moisture extremes for the study
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Figure 11.

Soil drainage-classes on.  the ~upland and
lowlandrbrdination fields. Class definitions'

follow the Working Group on Soil Survey Datad

(1975) ~ Phytocoenose numbers are represented

in boldface priot.:

A. Upland ordination fields A’éradient of .

increasing wetness was expressed by the
classes: very rapidly drained rapidly
drained, well drained, moderately well

,drained, and imperfectly drained.

i
~I

B. Lowland ordination field. A gradient

of increasing wetness was expressed : by

the subclasses: perhumid, aquic,

. peraquic, and aqueous.

Y e sge_;
b

T
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area with I the most xeric and X the wettest. | ‘
The pattern of upland vegetation and bedrock is
shown in Figure 12. Soil depth increases froﬁ left to
right on thé ordinaﬁion -flield 1iodicating a close
relatiénship between soil depth and vegetation.
The pattern exhibited by ﬁpland and lowland soil

subgrbups~and phases thereof 1is presented‘iq Figs.'13 and

14, Both show a moderately close correspondence to

&

thtocoena, particularly at the éubclass level. From left

to right Oon the wupland ordination £field, there is a

. transition from a Lithic phase Regosol ‘through Eutric

Brunisols (lithic €family) and Orthic Eutric BruniSbls‘to

Eluviated Eutric Brunicols. This trend reflects an

1increase in soil profile development -as implied Dby

“eluviation and B horizon depth. Also, it parallels an

increase in soil depth to-bedrock (Fig. 12).

Séils like Orth;c Humic Regosols and Rego Static
Cryosols .did not coﬁfqtm to the above pattern. They
developed on steep N-facing colluvium éNos; 10, iG)‘and io

an escarpment canyon (31) - where rsoil temperatures were

-’présumably colder, impeding profile develbpment.

On the lowland 7ordipation field. Humisols and

Mesisols predominate 1in the@§3wér léft-hand-portion (Fig.

~A4)..  As - might ‘be expeCtéa; the pattern of hydric

gubgroups is very similar to that of soil drainage classes

dg%g. 11). In the ordination center the soil CYP%Q@

o) Tt . ' L
\geg%rally correspond to the . three . subclasses AE‘
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Figuré 12.

100

Depth to bedrock in cm on the wupland

ordination field. Actudl‘values are shown

in ~italics and phytocoenose numbers are

shown as boldface print.

GREATER THAN 60 cM

o/ 32 (100+) 1
X
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Figure 13.

100—

Soil subgroups on the uplandk‘ardination
field. Phytocoenose numbers a:é shown . in
boldface. priht. Key: RL = Lithic phase
Regosol; 'EBL = | Eutric Brunisoly (lithic

~family); OEB = Orthic Eutric Brunisol; EEB =
Eluviated Eutric Bruniédl; OHR = Orthic Humic

Regosol; and RSC = Rego Static nyosol.

"
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Figure 14.

Soil subgroups oo the lowland . ordination

‘field}’ Phytocbenose‘ oumbers gré represepted
- inm boldféce print. Key: HH -nHydfic Humisol;
HM = Hydric Mesisol; TH = Terric Humisol; RG

= Rego Gleysol; RGP = Rego Gleysol (peaty

‘phase); TM -.Typic Mesisol; and FOC = Fibric

Organic Cryosol.
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"phytocoenon VII (Fig 9). This relationship may be
interpreted in terms of decreasing peat depth to the -C

horizon where VII A occurred on deeper peat 40-80 cm; VII

B was usually found oo peat of intermediate depth, 20-40

cm;’and VII C on shallow peat, <20 cm. To the right of
the ordination field a distinct subgroup of Fibric Organic
. Cryosols is . formed corresponding to- phytocoenon VIf—A,

| while. Typic Mesisols characterize phytocoenon VI B.
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Classifié&tion of phytocoenoses based on dOminant

life-forms of component vascular strata

A classificatioh of the 41 Heart Lake
phytocoenoses'was constructed on the basis of dosinance of
32 wvascular life-forms (Table 9). 'Nine major clusters or
phytocoenggwere'recognized at the 45% dissimilarity level
'(Fig. 15) with.further subelasses at the 30Z level for a
total of 15. S |

~An indication of relative prominence of life-form
subclasses was determined by extracting life- forms

“occurring in Table 9 with a presence greater than SOZ

These subclasses ‘are presented in Table 10. The dominant

life-form' subclass (mean cover 9%) was prostrate dwarf

shrub angiospermous chamsephyte represented by species

-

such as . Arctostaphylos - rubra, A. ~uva-ursi, Linngea

borealis; Oxycoccus  microcarpus, and Vaccinium
vitig-idaea. - Mesophanerophytes . (72), . ™ and

‘.micrephanerophytes (6%) were primarily gymnosperms such as

- Picea and  Pinus, while npanophanerophytes were maionly

angiosperms (7%) ‘typified by species like Chamaedaphne

calyculata, Potentilla "fruticosa, Rosa sciéularis,

Shepherdia1canadensis, and Viburnum edule. Gymnospermous

nanophanerophytes were less abundant (4%) and represented

by Juniperus communis'ahd immature tree species like Picea

glauca. A similar species distribution was found io the

erect - dwarf shrub chamaephyte subclass, cover <17%. The

¥

“d
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Table 10. Average percent cover and ' presence

life-forms with presence 50% or greater in 4l

phytocoenoses. = Code oumbers T followed

‘Emberger and Savage (1968; Appendix II).

without rosettes ' 6.6

Code Life-form Subclass . | Cover (%) Presence (%)
125 Gymnospermous : » :
- mesophanerohytes . 7.1 . 56
135 Gymnospermous , .
microphanerophytes . 7.3 65
145 Gymnospermous B _

' nanophanerophytes 3.5 78
215 Angiospermous . . :
' nanophanerophytes . ‘ 7.2 .95
216  Erect dwarf éhrub | i

- gymnospermous chamaephytes 0.9 78
/227  Prostrate. dwarf shrub . -
. ‘anglospermous chamaephytes 6.0 90
316 »Protohemicryptophytes |
with stolons : 1.4 93
336 Semi-rosétte hemicrypto- - ,
_ phytes with stoloons 0.4 83
346 Basal rosette hemicrypto- - .
: phytes with stolons - 0.5 . 66
428 Rhizdme‘cryptophytes
' . 68
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Figure 15;

Classification hierarchy of 41 1ife-form

- phytocoenoses based on mean percent cover

values and using’ absolute distance (Orloci

- 1967). Vertical scale indicates within-group

mean sduares '(Q/k) expressed as percentages

of sample mean square (Q/n). Nine“ major

4

phytocoena (I-IX) are recognized at the 45%

threshold. Subclasses are recognized at the

‘30% threshold (A-D).



v}

oot

X

Vil

VIt

ve

Vi

v

-




prostrate dwarf' shrub chamaephyte gsubclass was well

represented (6%) and typified by the same species listed -

in the anglospermous nanophanerophyte subclass above.
Protohemicryptophytes' and hemicryptophytes were present
but of 1low average Cover, 1%. Examples included:

protohemicrthophytes (Cornus canadeunsis, Epilobium

angustifolium, and ‘Galium boreale) ; semi-rosette

hemicryptophytes (Achillea lanulosa, Elymus'innovatus, and

.Solidago decumbens); and basal rosette hemicryptophytes
: , A
(Fragaria  virginiana = and Pyrola 8pp.). - All

protohemicrypﬁophytés and hemicryptophytes. included 1in
T;ble 10 #re stoloniferous io contrast to the rather equal
repfesentétion of stoloniferous land non-stoloniferoﬁs
forms based on qualitative criteria (Appeundix 1II).
Although rhizome cryptéphytes accounted for 77 cover this
value was somewhaﬁ iisleading, because they attained peak

abundance only in wetlaunds. Examples are Carex aquatilis

avd C. limosa.

. Examination of thé- classification hierarchy
presented in Figure 15 'ihdiéated ‘that the nuoinpe ;major
Vphyfocoena’could be‘further‘égglomerated at about the 75%
level into four super-clusters. Phytocoena VIi-IX, forming
one super-cluster, were distinguished from all others by a
- higher domiganée of miérophanerophytes, ' céyer >27%

averaging 15%, while in phytocoena I-v microphanerophytes

were absent or nearly so, <2% cover.
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A secoud super-cluster formed from the fusion of
phytocoena II1I-V was distinguished by a chaﬁaephyte cover
1%, averaging 29%, while 1o a third (I)( and fourth (I1)
éuper-éluster chamaephyte cover was approximately 1% or
less. The third cluster (I) was distinguished from the
fourth (II) by extrebemiy low diversity, 1i.e. one
life-form. : , i

Descriptions of the nine 1life-form phytocoena

follow. Mean percent cover of life-forms 1in phytocoena )

are expressed as averages 'of;'qheir member phytocoenoses
(Tables 9 and 11). Examples of some species frequently

found in life-form subclasses are included as a guide.

‘I. Herbaceous chamaephyte (desert) phytocoenon (No.

- 30).

This structurally simple phytoboenon, composed of
one phytocoenose, corresponded to floristic phytocoenon I,

bryoid-dominated talus.

II. Rhizome cryptophyte - emergent and submergent
herbaceous hydrophyte phytocoenon (Nos. 25, 27,
28, 36).
Typical of very poorly drained sites with surface

water present throughout the summer, this phytocoenon was
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dominated by'cryptophytes represented by Carex aquatilis,

C. lasiocarpa, and C. limosa.

ITA. Nanophanerophygfé abgsent (No. 36).

This phytocoenose corresponded to floristic
phytocoenon X, a marl fen. Total meah_vascularVdover was

’very low.
- IIB. ~ Nanophanerophytes present‘(Nos; 25, 27, 28).
- This phytocoenon was found as shorer,fens_’whgre“

the water IeQel_fluctuated~seasonally. Althouéh rhizome

. Lcryptoéhytes, Caregvagpétilis, and,g. lasiocarpa, were’ the

. absolute dominants in this phytqcoenon; danbphanerophytés,

' Betula 'glandulosa, Myrica gale, and Sdlix candida, are.

characte:istié with some eﬁergent hydrophytes, Carex

‘_  rogtrata, Hippuris Vulgaris,’and Potentilla éélustris.

III. - Woody .'chamaephyte - rhizome cryptophyte
| o phytocoenon (Nos. 23, 24, 26,39). |

This phytocoenon occurred in very goorly drained
sites iﬁciudiﬁg’the ~ .amire flarks south of Heart Lake.
‘Water levels were high, but lower than those in

|

phytocoenon iI; Chamaephytes, Andromeda polifolia, Myrica
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gale; and Salix‘candida,'were the dominant 1ife-form with

cryptophytes, Carex aquatilis‘and C. 1imbsa,_subdomihant.

Iv. Caespitose  hemicrypéophyte - woody chéﬁd”l“yte

| -

phytocoenon (No. 37).

= Dominated epntirely ' by caespitose

hemicryptophytes;v Scirpuél ‘taespitosus, ‘this phytocoénon.

was found in poofly drained fens.

V. ° Prostrate woody chamaephyte - 4caespitose,

hemicryptophyﬁe phytoébénon (Nos. 1, 35).

This phytocQénon was found ip open sites on both
shallow, well'dpained, upland soils and on poorly draineq,
islands in marl fensfbelow the escarpment.

~ Prostrate jgymnospermOUS' chamaephytes, Jhnigerus

horiZdntaiis, madef.up the majority  of‘ the chamaephyte

class aﬁH %:giospefmous,chamaephytes, Andromeda polifolia

~and Arctostaphylos uva-ursi, comprised a smaller but

~

significant element.

7 =

VI. Gymnospermous microphanerophyte - %hizomeg
cryptophyte phytocoenon (Nos. 3, 5, 8, 9, 10, 11,
14, 17, 18, 19, 29, 31, 33, 38, 4I).

\ R . g .
: . . e €
/ ) . ‘ : k Lt |



The = four gubclasses of  this phf%ocoenon

consiStently _contained. gymnospe/rmous microphanerophytes

\

and‘rhizome cryptophytes. They occurred in a varlety of

habitats and , followed a moisture gradient from poorly
drained, VIA, to ‘well drained, ‘VID The average&abundance
. of mesophanerophytes increased over the gradient to where
‘they dominated in VIC and VID. ' No single life-form was
predominant .in this phytocoenon and ‘tnere was nigh

equitability. Vascular crthoéamic 4 cryptophytes,

Equisetum spp. were usually present in VIA - VIC but

almost absent " in VIiD.
VI A, Mesophanerophytes absent (No. 29).
This phytocoenon corresponded with floristic

vphytocoenon IX A, a deciduous alluvial thicket ‘and was

. rich in deciduous nanophanerophytes and micropﬁ%nerophytes

but low in ° woody ohanaephytes o @ﬁ@
VI B. MesophanErophytes'sparse (Nos. 11, 19, 38, 41).

Covering large expanses of lowlands, this

' phytocoenon was typical of poor and rich wooded fens.

Structurally, it was a relatively complex multi-layered ’

'phytocoenon wherein no single woody stratum dominated

others Mlcrophanerophytes were Picea and Larix, while>

nanophanerophytes were dominated by Betula glandulosa,

4

i
e
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lLedum groenlandicuﬁ, | Potentilla fruticosa, and Rosa

eciculeris “with some -immature ' spruce - and  larch.

-Chamaephytes were rich in prostrate forms, Arctostaphylos

rubra, Salix myrtillifolia, and Vaccinium vitig- idaea.

Vi C. Gymnespermeus mesephanerophyte8> and” -vascular
crthdgams‘dominant (Nos. 9, 33).

v -This phytocoenon occurred on - moderately well to

poorly drained sites with seepage. Like pnytocoenoanIB,

it was structurally -diverse,_'but in contrast it was

dominated by mesephenerophytes, Picea glauca, and

‘cryptophytes, particularly cryptoéémic’-. forms - -with

rhizomes, Equisetum pratense. There was a relatively even4

distribution of other life form classes.

»vVIJD‘ ‘ Gymnespermous .‘mesophanerophytes - and woody

a ,ehsmaephytesrdominant (Nos. 4, 5, 8, 10, 14, 17,
18, 31). | o | |

v - | ‘

Generally representative of upland sites, this

phytocoenon chiefly occurred on moderately to well drained

soils. 4 Dominant f life forms ~ were gymnospermous

mesophanerophytes and microphanerophytes, Plnus banksiana

.and Plcea g}auca, nanophanerophytes represented by both

'gymnosperms,' Juniperus cammuhis and angiosperms, -Rosa

‘acicularis, Shepherdla canadensis and Viburoum edule; and
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chamaephytes, Arctostaphylos uva-ursi, Linnaea borealis,

énd Vaccinium vitis-idaea. In contrast, hemicryptophytes;

Astér 'spp., Elymus innovatus, and Galium boreale, and

'cryptophytes, ‘Carex richardsonii, and Oryzopsis' pungens, .

were cohsiderably less abundant. Bulbous cryptophytes,

Calypso bulbosa, and Zygadehus elegéns, were constantly

(=N

associated.

VII. Gymnospermous mesbphanerophyté - prostfate woody

chamaephyte phytocoenon (No. 6).

. . _ ] . ’ .

Occurring oo a well-drained beach ridge, this
phythoenon corresponded to flofistic phytocoenoh_.III c
and was Jcharacterized by an abundance of gymnospermous

mesophanerophytes, Pinus banksiana, and Qrostfa;e woody

chamaephytes, Arctostaphylos uva-urs{{

VIII.- Gymoospermous microphaherdpﬁyte' - woody

chamaephyte phytocoenon (Nos.VZ, 3, 12,‘13, 20,

21, 22, 34, 40).

This  phytocoenon was related to life-form

phytocoenon VI with a similar distribution of ébundances

in- gymnospermous microphanerophytes, nanophanergphytes,‘

and hemicryptophytes, but was differentiated from the

former by a 1ower‘mesophanefophyte ana cryptophyte  cover,
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mére abundant chémaephyte cover, and less compiex
strﬁctﬁre..'
» |
VIIIA. Angiospermous microphaneroPhytes present (Nos. 2,
3, 13, 22; 34).

This phytocoenon occurred on well drained soils
and included very open xeric woodlands which could have a

spérse mesophanerophyte cover, Pinus banksiana. The cover

of ‘prostrate woody angiospermous 'chamaephytes,

.Arctostaphylos uva-ursi and Vaccinium = vitig-idaea,

attained i®s highest value in thig type.

VIIIB. Ahgiospefmous.microphanerophytes absent (Nos. 12,
20, 21, 40). ' '

 This phytocoenon usually occufred in  raised

‘bogé. The éxéepﬁioq was phytocoenose 12 which was in an
m  upland and still regénerating from.the effects of a fire
which 0ccurred-QOIYears‘ago; it therefore did not truly

’reflect climatological or ecological conditions.

Gymnospermous, Picea mariéna, ~microphanerophytes
and nanophanefophytes‘yere predominant. Cryptophytes were
almost absent, and there were Do bulbOUS'cryptophytes.

. There was a very strong evergreen element 1in

microphanerophytes, nanophanerophytes, and “woody .
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chamaephytes, Andromeda, Chamaedaphne, Ledum, 0chocéus

microcarpus, and Vaccinium vitis-idaea;

IX. .  Angiospermous mesd&&@nerophyte phytocoenon (Nos.

«

7, 15, 16, 32). o o
A

LM

Occurring on moderately well to well drained
sites, this - phytocoenon w;s 4,d¢minated by deciduous
angiospermous . mesophanerophytes. | AL significadt

repfesentation by gymnospermous fmesophanerophytes,

however, did occur in phytocoenon IX A.

IXA. Gydnospermous mesophanérophytes subdominant (Nos.

7, 15).

This = phytocoenon corresponded to floristic

phytocoenon V A. Dominated primarily by deciduous -

angiospermous mesophdherophytes,.Pdpulus tremuloides,'w%th
an  admixture of gymnoépermous mesophanerophytes, Piced

.glauca and Pinus banksiana,- the phytocoenon was also

characterized by a diétinét 1ayer> of angiospermous

microphanerophytes, Alnus.Crisga,A482.‘

IX B. Gymnospermous mesophanérophyteﬁ: sparse (<2%);

‘ i _
angiosperms dominant in all strata (Nos. 16, 32).

T

%

-
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This phytocoenon: was the same'.as floristic

' phytocoenon 1V, deciduous forest, and was dominated by

angioéperms in all strata.

Phytocoenose age

| All forest phytoéoenoses‘ showed evidence of
wildfires as charcoal waé present im their soilg.': In
- order to better understanq the relationship between stand
age aﬁdfvegetéfion'pattera, é'one-way analysis of variance
was conducted using the five oldest trees in each of 25
phytocoeﬁoses possessing mature trees to test the oull

hypothesis that there was no significant difference

between phytocoenose mean ages:

| Fcalc-Msbetween/Mswithin-14, 927/794 = 19.04
Frabulateq™ 1-80%* (24df, P<Q;01)

It was concluded that there‘ was a significant

difference in observation means. These were examined to
determine. which ‘ones differed. After applying Duncan?s
néy mul&ip}e range‘ﬁest (Duncan 1965,‘Harter>1960),'the
means were grouped into four significantly different

subsets (Table 12). .

Subset 1, composed  of the 15 youngest

 —phytocoenoses, had an average age of 82 years (range 62 to

95), -and consisted almost entirely of wupland stands.
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\

Excegtions were phytocoenoée 38, an aapamife strang, and
phytocoenoée 20, a relatively small raised bog surrounded
by Beéch ridges. | | ’
 Subsets 2 and 3 were composed almost entirely of
wetland phytocerOSes; Four,of the five members of subset
2‘were‘wooded fens (11, 18, 33, and 41) but one occurred
on a north-facing escarpment slope (10); their average age
was 140 years. (range 139 to'lSB).v Subset 3 had an average

of 210" years (range 200 to 226) and was composed of three

members: alluvial white spruce. (phytocoenose 9), wooded

fen (19), and raised bog (21).

| | Subsét ’4; a single-member group, contginéd the
oldest ‘pbytocoénose (31) which occurred in a - deep
escafpment.canyon; its mean~age was 264 years. .

PhytocoénoSe 40, a lichen muskeg with a mean age

of 113»years; potentially fell within either subset -1 or

2. This phytoéoenose was placed in.subset'Z.

Thus, the‘Heért Lake study area consiéted of at
least four subsets of phytocoenoses of diétinctly
- different age. The oldest trees in the tﬁo younger and
larger subsets almost certainly became established soon
_after wildfires. The old white spruce trees 1in ’the
escarpment canyon, however; could be close to their
ma#imdm 1ifespa6; indeed it was likely that tpis pgotected
sité‘had not‘experieﬁced fire for a much longer interval.

Most of the relatively dry upland vegetation burped within

the iast 100 years. 1In cootrast, fire occurrence in the
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wetter lowland vegetation was less frequent and approached
or exceeded 200 years, suggesting a lower fire frequency

where moister conditions retard buroning.

Dynamics of Tree Populatioons

Analyses of tree diameter-classes demonstrated
replacement of overstory species. Two major regemeration

patterns were found to occur when the Heart Lake uplands

were éomparéd tb the lowlands. 1In general, Picea glauca
displayed clear replécement potential on upland habitats,
. /

eXcept on some pine- and aspen-dominated sites, while

Picea mariana was the most successfully reproducing

1ow1and7tree SPecies (Table 13). At the extremes of the
moisture gradieht'- very dry (phytocoenon I, II A) or very
wet (VIII, IX,v X) - tree reproduction was limited or

absent.(Appendix VII).

-

For the majority of dry wupland sites, Picea

glauca regeneration was either very sparse or missing in
shéllow, rapidly drained, sﬁeppe scrub (phytocoenon II B)
and pine woodlandk (II1 A and Q). Where white spruce
regenergtion was absent (phjtocoenoseé 6, 13 and 14),
there was little\evidence as to potential climaxh(Appendix
VII). On mesic uplands andf.sites' where white spruce
predominated in the overstory, white:spruce reproductive

success increased (III D, V B, and V C).
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Aspen saplings and trees in phytocoenon III A
typically developed sunscald scars on their south-facing
trunks which wultimately resulted in trunk decay and
windthrow. This appeared .to .result in a ~cyclical
regeneration as young aspen suckers were initiated, grew

to sapling size, and succumbed to sunscald. ~

Mortality of white spruce on both the dry and

moist upland sites was relatively low. 1In coutrast, pine
displayed high mor;ality'especially from thionping in the
small size classes. A | |
Aspen-dominated forests (IV and V A) showed
little white spruce regeneration despite phytocoenose ages
" of about 80 years. ‘Aspen‘mortality,_liké that of piﬂe,

was concentrated in the small diameter classes but white

spruce mortality was not recorded.

Picea mariana rarely occurred in the uplands but

some ‘small trees were found o0 north-facing slopes

(Phytocoenoses 7 and 10) aund an escarpment canyoun (31).

Picea mariana reproduction was also found in an alluvial
white spruce site (9). All these sites were contiguous to
lowland communities where black spruce predominated.

Regeneration of Betula papjrifera and Populus

balsamifera was scattered and seldom abundant in either

the uplands or lowlands. Their successional role was
minor'throughout_the study area.

In the lowlands, the abundance of Picea mariana

in npearly ‘evéry size clags indicated its potential for

-«

g 3-("\5 t
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s,

e ’dﬁsﬁaihed dominance. Once eatablished,fciimax status was
! e . 4 ' »‘J’ : ) R
SIS ‘ ma{n%ained“because of the ability of. black spi¥ce to

layér.7@$ﬁaised-bog black spruce populations (VI A)

exhibited classic J-shaped curvegy with no-reproduction by
.other trees. In contrast, tree reproduction 1ip wooded
fens (VII) included both black and white spruce, but black

spruce reproduction was usually more vigorous than white.

Larix laricina was often a écathred component of wooded
fens but seldom vreproduced s;ccesSfully in established
stands. Toformation from one phytocoenose (No. 38)
suggested that poor fens (%1 B) were dominated by b1acg
spruce regeneration, limited larch regeneraﬁion, and an
absence of white spruce. " .

Both black and wh}té spruce mortality was higher
in the lowlands‘ﬁhan”iéutﬁe uplands, but a higher density
of living spruces pccuréed in each diamete: class in the
lowlands than in thebbofpesponding class i;(the uplands.
Since lo&land‘ phytocogna i$ere usually much . older thao
upland types, higher ;mor;élity in the, lowlands 'poﬁld

" reflect greater phytééoenoh age. Lééch' mortality was
relatively high gxcep£ for phytqcoenose 41 where, however,
larch was not reprodgcing Succeszuliy. Pine ‘1ionvasion
occurred occasionallf -in both raiged-bog communi;ies and
wooded feons (phytocoenoses éO and 11, respéctively), but

"pine did pot exhibit replacemént potential.



/ , Vegetation map

- A direct comparison. of :tne life‘fotm and
floristi‘ classifications based on the Orloci (1975) test
for independence indicated correspondence‘yat the class
level: 2 I =99.7, *%x%= 96.6 (p=0.1, -df=80) wh«icn was
relatively close,ﬁ' =0.82 (Tdblel 14). This- demonstrated

‘that the quantitative distribution of life form classes at

Heart Lake was. not haphazzard but largely consistent wich

floristically defined phytocoena~ This close relationship

'permitted and facilitated the synthesis of 1ife form and

floristic classifications. Since the structural approach.

does not demand an -extensi\‘re.kno'wled.ge of the flora, it

‘'may be employed as 4an efficient means of vegetation

description and classification by relatiyelyf‘untrained

- field staff. UsersvunfamifiaryWith the flora canp quickly
learn.the classifiCatiOL. Thetefore, structure became the
primary' vegetation‘ descriptor .for the final vegetation
A map,-supplemented by the names of dominant species.

Fusion of classifications was accomplished based
on the woody components of the understory ‘since woody
"1ife forms play a vital structural role in the vegetation

- of the Heart- Laké study a4drea (Table 10 and 11).

ExceptionS"occurred in the - lowlands in . very wetj sites-

¥

, where the absence of" *woody forms was diagnostic Other"

reasons’ for focu31ng on- woody life- forms were that they

Y-’,‘ 4
! -~

162



LIFE-FORM PHYTOCOENA

/
/

Table 14.. A comparison of the lifé;fdrmr and floristic

classificatibng.

‘Entries

in body

of

table

are

phytocoqnoqe'numbers which corfespbnd'to Tables 9 and 11.

Il

" FLORISTIC PHYTOCOENA |

I ! III v V. o] VI VII IX | X
‘Bla B c D| |A B C|A Bla B c|A B
I |30
: S 2 22
VIIIA 3 34
A 13
v 12 20
VIII B 21 .
: 40
s
VII -8
16
IXB 32 L
7
IXA 15
a|s o | . 831 |18
vip . | 14 | o N v
vic 9 *1 33
38(11 41
_VIB 19
VIaA “ - |29
v 35
IV 37|
. 39 |23
III 24
26
v‘ 27
IIB 28
1A 36
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2y -

e
A

had f high discriminatory value f ande;-wered readily

determinable at any season of the year.

o
A

dimensions and Trecurrent patterns of the vegetation

'throughout ~the Heart Leke study area. as 9 formation

'classes.containing 17 formations and 40 phytocoena (Fig.

n

ld, in pocket) A key to map phytocoena is presented in
Table 15 - - : S ' ‘ a//

/
" The areas occupied by formation classes are given

in Table "The most abundant classes in order of

decreasing. areal'extent werewwOOdland forest and dwarf

pos

- scrub. Woodland. generally occurred on either well- drained

shallow soils or poorly drained soils, while forest

occupied deeper, mesic soils (cf. Figs. 2, 3, and 4).
Dwarf’ scrub olasses were primarily vcomposed of raised

ombrotrophic pdg

patterned fensﬁbK37). Both these dwarf scrub ' types
predominated on poorly drained sites encompéssing the
southwestern portion'of;tne'Heart Lake basin (Figs. 2, 4,
and 6). o | | o

The accuracy of acreage summaries from the

- vegetation map was determined using a dot grid with 25

dots per 6.5 chz

area estimates (Bonner“1975) was ‘less than 5% for lmap

types that cover more than 1-2%1 of the mapped.area, For

areas of O.SZ and O.lSZ,-tﬁe;error was oalculated‘to be

127 and 24%, respectively.

The vegetation map documents the spatial

eau bogs (Map unit 36) and reticulate

(or 1 in.2 exactly). The error of
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Taple 15- Key tO the vegetation map units of the Heart

Lake 8tudy area.

I. FOREST.  rrees at 1east 5 m tall with their crowns
. . interlocking: OT Dearly so.

A, Mainly evergreen forest. ‘Majority of canopy
v is never yjthout foliage.

1. Reginous eVergreen~narrow sc1efophy11‘fofest.

. '>Biggg_glauca dominantﬂ_
(1) ZPicea glauca. - (Picea mariana) moss
; Oorest WwIith deciduous dwarf  shrubs
- (Arctostaphylos, rubra, Salix

m rt“ (e} a). .
. biap unit .l,’b 1

(2) Picea glauca = Pinus bapksiana -

TE%%gl%g tremulpyfides) moss  forest with
tall™ eci-uousgé fubs  (Alndsg crispa,
L p _szB_

Populys alsamlfera,
_sgg_gqgggyr, /Cornus stolonifera).

AMa? upit <.. 2

" (3) Picea lauca -//Pinus banksiapa moss -
i _ IlcEéh forest WAth low declduous shrubs
: Rosa: - acfcularis, Shepherdia

cmen giS

-'st nct to nearly absent.

b.. Piloug banKSia a dominant

(1) Pioug 'bahk‘iaha "= Picea lauca ‘?
o ulus tr mu oides) moss - llchen
.forest deCiduous ) ShrUbS

(Alnus l'iSEa)
Map unit ... &

(2) Pinus" banksiana - Picea glauca -
Populus tremuloides) moss -Tichen

foregt with Tow deciduous shrubs (Rosa

, 2512212215’ Shepherdia canadensis)
N | , ~Map upit ..- 5

(3) Pinug banksiana - Picea glauca -

(3922&25 tremuloides) lichen - moss
{_H“"‘I_—‘—

foregt  wit ow evergreepn shrubs

(Juniperus communis). | .
. Map unit.;.. 6

‘Map. unit f.} 3
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Table 15 (Continued).

Ay

. 166

il

A

A ¢c. Picea mariana dominant

’(1), Picea mariana moss-lichen forest with
| low declduous shrubs (Rosa acicularis).
) , 'Map'unit oo 7

2. Resinous evergreen narrow sclerophyll swamp
forest ;

a. Picea glauca dqminant

(1)‘ Picea glauca - Larix laficina moss
' swamp forest. \ . .
: : . - . Map un%&gu.. 8

b. Picea mariena dominant

cea® mariana - (Larix laricioa) moss
# gwamp  rorest . with deciduous  dwarf
shrubs (Arctoskaphylos rubra, Salix
myrtillifolia) v

,75 . Map unit u.} 9

(2) Picea mariana moSsS swamp forest with
Tow evergreen’ ‘shrubs LLedum
grqenlandicum) o #

Map uoit ... 10 o

(3) Picea mariana moss swamp forest with
tall deciduous shrubs (Betula
glandulosa). ER—

ﬁap unit ... 11

B. Meinly deciduous forest. Majority of canopy
trees ghed their foliage. - _ )

1. Winter deciduous orthophyll forest with
evergreen trees admixed.

o

" a. Populus tremuloides dominant

(1) Populus tremuloides - (P. balsamifera,
Betula papyrifera) - Plcea glauca -
(PIous EanEsIana)- forest  with low
deciduous shrubs (Rosa acicularis,

Shepaerdia canadensis, Viburoum edule,
Cornus stolon{gera).

Map unit “es 12‘



Table 15 (Continued). ‘ - - '
" (2) Populus tremuloides - (Picea glauca,
. Pinus 1

II. WOODLAND. Open

banksiana)  forest with tall
eclduous shrubs (Alous crigpa).
' . Map unit ... 13

stands of trees with their. Crowns

mostly not touching but covering at least
10% of the surface.

PN

YA Mainly evergreen woodland i.e. as defined in IA.

1.

a

(1)

b.
(1)

(2)

(3)

. Picea glauca dominant

" Resinous evergreen parrow sclerophy 1.
.woodland_ :

Picea - 1a¢ca - Pinus bahksian;%V‘j;§
(Pogulus “tremulo} - moss-

rzoo an wich ) fduous shrubs
Rosa ' 4 % Shepherdia
canadensis, AR, ZRUWticosa) .

R ‘. ) R .“ L ap un t LN 14
Picea lauca - 'bankéiana -

Zfogulus tremuloides) Tichen-moss
woodlan with low evergreen shrubs
(Juniperus communis)-. '

Map unit ... 15
Pinus baoksiana dominant "€§$ﬁ )

Pinus banksiana - (Populus tremuloides

- Picea Tauca) woodland with tall
deciduous sFruSs (Alnus 92&&22)
. Map unit ... 16

;P10U$&:anksiana - (Populus tremuloides)
mo88-1ichen woodland with low deciduous
shrubs (Rosa acicularis, Shepherdia
canadensig’, Potentilla fruticosa,

Populus balsamifera) -

Map unit ... 17

N

Pinus banksiana - Picea lauca
3 .+ tremuloideg) (%etuIa

ogu
papyr i? lichen®moss ~wood1and with
4

us
low eve

reen shrubs . Juni erus
communisg). ap unit 13
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Table 15 (Continued).

s

»

Resinous evergreen narrow sclerophyll swamp
woodland

4

a. Picea mariana dominant

(1) Picea mariana - (Larix - 1aricina) -
(Betula  glandulosa)” (3phagoum) = moss
swamp woodland - with ~low evergreen
shrubs (Ledum groenlandicum) .

~a @Map unit .o 19

(2) Picea mariana - (Larix laricina) -

(Ledum =~ groenlandicum) moss swamp, .
- woodiand with deciduous dwarf shrubs

(Arctostaphylos " rubra, Salix

myrtillifolia). ‘ Map unit ... 20

b. Picea glauca dominant o

(1) Picea glauca - (Larix laricing) moss
swamp woodland with déclduous dwarf
shrubs (Arctostahylos rubra, Salix
myrtillifolia).

, Maﬁ uonit ... 21

B. Mainly deciduous‘woo&@and, i.e. as defined in IB.

1.

2.

Winter“deciduous orthophyllods woodland

~a. Populus tremuloides dominant

(1) Populus tremuloides - Pinus banksiana
woodland with tall deciduous shrubs
(Alnus crispa).

Map unit ... 22

(2) Populus tremuloides - Pipus banksiana

lichen woodland with ~lTow deciduous
shrubs (Rosa acicularis, Amelanchier
alnifolia, Shepherdia canadensis).

Map uonit ... 23

(3) Populus tremuloides - Pinus banksiana
ZFgcea glauca) lichen woodland with Tow
evergreen shrubs (Juniperus communis).

Map unit ... 24

Needleleaf winter deciduous swamp woodland
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Table 15

III.

.
My
LA

R
58

N4

»

&

T A.

B.

mk fisf

- SAVANNA.

v -

T : , 3

(Continued).

a. Larix laricina dominant

(1) Larix lariciné - Picea mariana poss
‘swamp woodland with tall aeuiduous
shrubs (Betula glandulosa). ‘ ;

Map unit ., 25

Scattered trees covering not more thap 10%.

Mainly evergreen savanna, i;e. gs defined in 14,

1.

‘Resinous evergreen DArrow sclerophyll sayanna.

a. Pinus banksiana dominant
ES ™

(1) Pinus banksiana - Picea glauca lichen
savanna with low evergreen shrubs

(Juniperus communis).  Map unit .., 26

b. Picea glauca dominant.

(1) Picea glauca - Pindg banksiang -

(Populus trémuloides) ILCEen Savanna
wit ow evergreen shrubs (JuniEerUs
communis) .

/- . Map unit .., 27

Mainly deciduous savanna; i.e. as defined in IB.

1.

Winter Deciduous’ orthophyll savanna 'with
evergreen trees admixed )

a. Populus tremuloides dominar-

(1) Populus tremuloides - Pious banksiapa -
‘ (Picea glauca) Tichen savanna with low

evergreen shrubs (Juni erus communis)
7 Map unIt 28

Needleleaf winter decxduous swamp SaV&nna

a. Larix laricina dominant

(1) Larix laricina - (Picea mariaha)f mos s

‘swamp savanna with ta (Betula

glandulosa) and 1low (Myrica gaie5
deciduous shrubs.

Map unit ..., 29
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Table 15 (Continued).

IV. SCRUB. Closed (thicket) or open (shrubland) woody

vegetation 0.3 - 5 m tall
A. Mainly evergreen scrub, i.e. as defined in IA.
1. Resinous evergreen narrow sclerophyll scrub

.

a. Pinus banksiana dominant

(1) Pious banksiana - (Populus tremuloides)
| thicket (fire regeneration).
, Map uoit ... 30

B. Mainly deciduous scrub, i.e. as defined in IA.

1. Deciduoué'ortﬁophyll scrub’

e

| a. ASalix planifolia alluvial‘thicket
, Map unit .. 31

2. Deciduous orthbphyll swamp scrub

a. Betula glandulosa - Myrica gale moss
swamp Scrub. ’

Map unit ... 32

V. GRAMINOID. Primarily closed sedge or  grass
vegetation less than 1 m tall.

A. Seasonal low graminoid ma%sh

o
l. Carex a ;guatilis - Carex rostrata shore fen.

Map unit ... 33

2. Scirpus caespit03u3>fén (marl) .

Map unit c.. 34

VI. DWARF'SCRUB AND RELATED PHYTOCOENA. Rarely exceeding
, ‘ o 0.3 m in height.

A. Mainly evergreen dwarf scrub. Most dwarf shrubs
evergreen.

T

1. Evergreen creeping dwarf scrub

a. Arctostaphylos uva—ursi - Juniperus
horizontalls dwarf scrub.

Map unit ...-35

B. Moss bog formations with dwarf scrub.
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Table 15 (Continued).

1. Raised bog . Raised above the general
ground-water table by growth of S%hagnum
species and having a ground-water table o
its own.

£ a. Raised ombrotrophic plateau bog (mosaic
o complex of open bogs and Picea mariana
4, savanona of low productivity).
B - Map unit ... 36

2. Noo-raised bog. ' Not very distioctly raised
‘ above the . mineral-water table. Generally
wetter thanm VI.B.la. '

a. String fen (Fioonish 'aapa' bog). The
main part of the fen 1is similar to

V.A.l and rich® 1ib sedges. . The

Ve so-called strings are narrow eloogated

o hummocks rich in Sphagonum and dwarf
shrubs. -

(1) Reticulate patfefned fen (aapamire).

Strings net-like. Map unit ... 37

b. Evergreen shrub bog

(1) Low evergreen (Ledum groenlandicum) bog.
- | Mapfunit ... 38

VII. STEPPE SCRUB. Shrub layer and lower layers open,

lower 1layers sparse. May often
merge with- "Shrub Savanna'
(Fqsberg 1967) .

A. Mainly evergreen steppe scrub.
1. Evergreen narrow sclerophyll steppe scrub.
" a. - Pinus banksiana - Populus tremuloides

lichen steppe scrub with low evergreen
shrubs (Juniperus communis). )

.,

B. Mainly decidﬁous steppe.scrub.
1. Deciduous orthophyll steppe scrub.

a. Populus tremuloides - Pilous banksiana
lichen steppe scrub with low evergreen
shrubs (Juniperus communis).

_ Map uonit ... 40

Map unit ... 39

17
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Table 16. Relative abundance of formationm classes within
the Heart Lake study area.

Surface Area

Formation Class A Hectares Percentage
Forest 436.3 19.8
Woodland | 778.7 35.2
Savanna ' | : 88.8 4.0
Scrub | . 101.5 4.6
Graminoid | o 10.4 0.5
Dwarf scrub and related o | ' 3?’.3’ 17.3
"~ phytocoena
Steppe scgub : ; . 174 ‘ 3.5
Other ‘ ' |
Water T 313.5 14.2 ‘
Roads/gfgvel | A 20.4 J? 0.9

Total . - 2209.3 100.0




Coniferous trees, particularly evergreen species,

predominated within the study area (Fig. 6). Picea glauca

and Pinus banksiana were most important in the uplands and

Picea mariana and Larix laricina in the lowlands. Of the

broadleaf deciduous species Populus tremuloides was often

an ihportaht subdominant in the uplands, whereas Populus

balsamifera and  Betula papyrifera seldom made a

significant contribution to the wupland overstory. On
sites transitional between uplands and 1lowlands Picea

mariana - Pinus banksiana and Picea glauca X Picea

mariapa combinations were céncentrated.

‘After‘arradging the actual ' vegetation map units
into an an overstory-dominated hierarchical system QTable
15) similar to those of Fosberg (1967) and Ellenberg and
“Mueller-Dompois (1967a), it was possible to arrangé the
majority of phytocoena into upland and 1ow1#nd‘$tructural
series based on4their\woody understory componeunts (Table
17 and 18). This latter approach was a useful means of
grouping phytocoena into - ecologically  expressive
structural types. A description of the Vegetational
characteristics of the upland and lowland structural
series follows. Perceﬁt cover values were from the data

¥
gathered in the 571 phytocoenoses o

%J"
»
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Upland Tall Deciduous. Shrub Series : h S

The first upland series (Table 17) was dominated

id

by Alnus crispa - whose .average understory cover percent

N

lkin forests (Nos. 2, 4, 13) and” woodlands (16 22) was’ 327

and 497, respectively @Evergreen overstory trees were

~ Picea glauca‘ and Pinus banksianq, . while Populus

tremuloides was the main deciduous species.”‘Low deciduous

shruhs had' lower ~cover 1in this series _and- consrsted

primarily of Rosa acicularis, while the'reptant evergreen

dwarf shrubs Vaccinium this idaea, ‘Linnaea borealis and

Arctostaphylos uva-ursi formed an important‘ understory

cover component averaging 21% in forests and 26% in

woodlands.' Graminoids 1like Elymus innovatus and sedges

were more abundant in woodlands, 15%, than forests, 8%.

Herb cover, e.g. Cornus canadensis, Geocaulon 1ividum,

dGalium boreale, was low in both formatioo classes, 4%. ‘In

the bryoid stratum, mosses\predominated in forests (65%)

which had a sparse lichen cover (llllAnhrle'in woodlands
mosses averaged‘24Z and-lichens 8%. Phytocoenafof this
series were mainly located east of the Mackentie Highway
on the platean-like uplands (Fig. 10). Elerationally,
they predominated between 260-270 m (Table 19).'

\/\‘.

/““ //J '
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Ubland Low Deciduous Shrub Series

i -

' This'jseries '(Table 17) also: included (forebts'

understory was characteristically dominated : by low

177

. (Nos. 3, 5, 7,. 12) and woodlands (14 17 23). Its woody,

deciduous shrubs ‘such as Rosa aoicularis, Shepherdia

cgnadensis, and Viburnum edule, which averaged 207 cover,

X
inging from 14- 33%. Dominant trees were Picea glauca,‘

Pinus banksiana, and' ‘Populus tremuloides.’ Reptant

evergreen dwarf shrubs were also a significant cover

component, averaging 20Z 1ino forests and 281 in woodlands,

with Arctostaphylos uva-ursi - Linonaea borealis,. and

| Vaccinium vitis—idaea dominant. ‘Graminoid snecies like

Elymus innovatus «and sedges averaged 8% ingboth formation

classes. ' The relativeiy'sparse herb cover in forests (6%)
: \

and ‘woodlands. (3%2) was exempiified by Galium boreale,

Geocaulon lividum, Fragaria virginiana, and  Cornus

'canadensist~ The bryoid stratum in both evergreen forest

and woodland formation classes, was dominated oy mosses,
60%, whereas ‘lichens averaged ZOZzngn deciduous forests

and woodlands. moss cover was 247  and 1iohen 16%.

’ Phytocoena comprising this series were located in ciose

proximity to the Mackenzie Highway (Fig.AIO) and reached
their optimum at elevatonsaof 255-265 m (Table 19)}

.; Y/\)'
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Upland Low Evergreen'Shrub Series

Nine phytocoena had%a significant low evergreen

" comhunis (Table 17). This structural series ranges from

forest (No. 6) through woodland (15, 18, 24) and savanna

(26, '7,,28) to steppe scrub (39,.40).' No other shrub

- species  at Heart Lake was as predominant as Juniperus

communis across such a wide spectrum of upland formation

classes. Primary overstory species were Picea glauca,.

Pinus banksiana, and ~Popu1us tremuloides. The average
cover of IOW‘everéreen shrubs was relatively low (7%)in
the forest formation class (No. 6), rose tg 312 io
woodlands and 35% in savannas, but dropped back to 15%2 in
'steppe scrub. In the latter, patches of bedrock (20-40%

'coVer) alternated with the vegetation.v Reptant broadleaf

evergreen dwarf shrubs, particularly.Liﬁnaea borealis but. .

also Arctostaphylos uvaFUrsi, were habundant in forests,

57% cover, decreased to 411 in woodlands to 34% in
savannas and 327 in steppe scrub. Average herb couer was
47, range 3;82,"and graminoida 18%, range 13-19%Z, and
varied only siightly amopg' the four formation classes.

Frequently - encountered species were Elymus inoovatus,

- Carex richardsonii, Geocaulon lividum,‘Cornus canadeﬂsis,

and Galium boreale; Io the bry01d stratum mosses averaged

' 437 and lichens 271 in forest Contrarily, in woodlands,

savannas, and steppe scrub lichen cover 1increased to

~

\

sﬂizb\‘componeot usually composed,'mainlylﬂof Juniperus
o)
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43-57% while mol@ cover declined, 5-20%. Phytocoeh of

\

!

this series were most abyndant east of the Mackehzie

Highway (Fig. 10) and reached .their peak development at

elevations between 260 and 270 m, particularly between 265

-and 270 m (Table 19).

Upland Deciduous Dwarf Shrub 'Series'

M * !

_ A s;nglelphytOCOenon (Table 17) was dominatedbby
deciduous - dwarf = shrubs, Salix myrtillifolia,

Arctostaphylos rubra. This 'series' was included to
complete the structural sﬁectrum; although as3ociated with
the forest formation class it was not a true series. It

occurred oh wet-mesic, almost swampy sites. Low deciduous

- shrubs, mainly Rosa ‘acicularis, were often prominent,

while tall shrubs such as Salix bebbiana were poorly

represented. Graminoids and herbs accounted for only 1-2%

cover with. sedges, Calaﬁagrostis, Geocahlbn 1ividum, and

Mitella ouda being the mods t prominent. In contrast to the
series described above, the prostrate evergreen dwarf
shrub'component was almost absent, 1% cover, but again

/characterized by Vaccinium' vitié-idaeé and Lihnaea

o

borealis. Mosses formed a wuearly cootinuous carpet;
cover 757, and ,licﬁens 1%2. This 'series' was located
about 1 km NE of Heart Lake (Fig. 6) .and reéched - peak

@

abundance betweeﬁAZSi-26O m»(Table‘19).



Lowland Tall Deciduous Shrub Series

The first 1owland series (Table 18) ranged from
forest (No. 11) through woodland (\gi'and savanna (29) to

scrub  (32). It was chaydc pri@dd by “tall deciduous
shruba, Betula g}andulosa, wf%h covﬁ& averaging 14-20%,

low deciduous shrubs, Myrica gale and Potentilia

fruticosa, 204371, and deciduous dwarf shrubs, Salix
myrtillifolia and ' Arctostaphylos' rubra, 18-35%. In

woOdiends the AdOminent tree species was usually Larix

~laricina with Picea mariana subdominant, but in forests

Picea mariana formed pure - stands. Broadleaf evergreen

species, e-8-, bAndromeda polifolia and Vaccinium
vitis idaea, were almost absent, "11 as were herbs such

as Petasites palmatus, Rubus acaulis, Smilacina trifolia,‘

and Pyrola secunda. Graminoids (sedges, Calamagrostis)

were eparse,v4-81."Moss cover ayereged 50%, while lichens
. . ./ [N
were nearly ebsent, '_1%. This @ series occurred

sporadiCally throughout the lowlands (Fig. 10).

Elevationally, they predominated between 245-255 m (Table'

19).

Lowlend Low Evergreen Shrub Series

i

This series was characterized by low broadleaf

evergreen ' shrubs, - Ledum groenlandicum, as: well as

prostrate evergreen dwarf shrubs, Empetrum nigrum, and
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1

Vaccinium vitis-idaea; each of these two strata averaged

8% cover. Picea mariana again formed pure stands in

forests (No. 10), while in woodlands (19) Larix laricina

was usually admixed. Deciduous dwarf shrubs, particulafly

Salix myftillifélia, comprised 1272 cover, while shrubs

like Betula»glandulosa were‘psually rare, 3%. Herbs (2%)

and graminoids (3%) were sparse and included Geocaulon

lividum, Pedicularis labradorica, Rubus c

acaulis, Calamagrostis’, and sedges. 1In the brydﬁ?ﬂ

‘mosses were predominant (60%) with Sphagoum comprising

about 207 cover. Lichens averaged 357% cover. \This series
occurred primarily in the lowlands due north of Heart Lake
(Fig. 10) and predominated between_2407255 m (Table 19).

¥

Lowland Deciduous Dwarf Shrub Series

In this series (Table. 18) the woody wunderstory -

wés dominated by deciduous dwarf shrubs whose  cover

‘averaged 17% in forests (No. 9) and 312 in woodlands (20,

21). Characteristic dwarf' shrub species were-

Arctostaphylos rubra and 'Salix myrtillifolia. The main

evergreen overstory species was Picea mafiana (Nos.f9, 20)

4

but P. glauca also dominated (21). Larix laricina was

rare 1in forests (1%) .and- sgparse 1in woodlands, 87%.

Prostrate evefgreenvdwarf'shrubs, Vaccinium vitis-idaea,

and low deciduous shfubs, Potentilla fruticosa, were

frequent but each averaged only 47 cover. Tall deciduous
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shrubs were very rare (12). Herb cover was also low tZl),
while graminoids (sedges) averaged 4-8% cover. 1In ﬁhe
bryoid stratum mosses predominated av%raging 13-23%. This
series occurred throughout the lowlands (Fig. -10).

Elevationally,‘iﬁ ranged between 240-260 m (Table 19).

Lowland Moss Carpet 'Series'

The last lowland phytocoenon (No.8) was dominated

by a coontinuous moss carpet and a Picea glauca overstory

The woody understory was extremely gsparse ’and the herb
‘stratum, Equisetum and Geocaulon, was also depauperate.
4Like.the upland decidueus dwarf shrub phytocoenon Nq.:l;
it is pot a true series but is included to complete the
spectrum. It occurred 1.5 km N ‘of Heart Lake between
£ 240-250 m (Table 19).

Other mapped ‘phytocoene - scrub (Nos. 30, 31),
graminoid (33, 34) and dwe:f scrub (35, 36, 37, 38) were
-not described here but fully treated in pfeceding sections
with the exception of 38 which was not sampled due to time
restrictions. "

As» a final step in the map interpretacion
process, the relationship between vegetation map units and
elevation was assessed. Elevation classes were selected
for " the test because withinthhe study area they were

roughly equivalent to a ‘moisture gradient, i.e. the

highest elevations were dry and the lowest. were wet (Table



19). Hence, the table is an indirect gradieont analysis
and represents a coenocline from the standpoint of
communities. Chi-square was calculated to test the oull
hypothesis, i.e. independence of elevation and vegetation
map units. In iﬁssances where expected frequencies were
less thab ove, class;s were combined (Snedecor and Cochran
1967). Accordingly, elevation classes 1, 2, and 3 were
united to form ove compound class. -Similafly elevation
classes 9 and 10; phytocoena 10 and 11; 31 aﬁd 32; and 33
~and 34 were combined into compound classes. The resulting
chi-square was 115.4 (df=216) at P < 0.01. The oull
hypothesis was therefore rejected; there is a very close
relationbhipl between elevation and phytocoena. It 1is
cbncluded that map phytocoena have distinect ° but
overlapﬁing ecological ranges in the study area, and that
these ranges Qary~gfeat1y io w{dth. Thus, the phytocoena
have diffefent ecological amplitudes with reference to the

‘complex moisture gradient asgociated with elevation.

y
\

\

185



DISCUSSIQy
Flora

The vascular flora of the continental Northwest
Territories numbers about 1135 taxa (Cody 1971). Of these
about 573 taxa occur in Porsild and Cody's (1968) sixth
phytogeograhic province which encompasses Heart Lake. One
hundred sixty species were found in the relatively small
Heart Lake study area 1i.e. 28%L of the flora of the
Continental Northwest Territories and 561 of the sixth
province's flora. To a large degree the comparatively.
- rich Heart Lake flora 1is accounted for by landscape
- diversity which provided numerous habitéts io a relatively
small area. Examples include escarpment canyons, talus,
beach ridges, plateaﬁ-like uplands, raised bogs, string
fens, lakes, streams, marl depdsits, and both wooded and
non-wooded fens. According to Porsild and Cody (1968),
one of the ﬁn;que features of the flora of the sixth
phytogedéraphic province is that. it contains the 1afgest
concentration of grassland and southern~wood1and species
in the Territories. Several Heart Lake épecies aré
 t§pica1 of grasélands but these represented a very minor

portion of the study area flora: Antennaria campestris,

Carex filifolia, Geum triflorum, Koeleria ~cristata,

Potentilla arguta, and Linum lewisii. Similarly; Heart

Lake speciés characteristic of - southern

186



woodlands were also present but not abundant. Examples

include: Actaea rubra, Carex eburnea, Lathyrus

ochroleucus, and Thalictrum venulosum. ‘.

The flora of the study area was not particularly
uniﬁue and coontained wide-ranging species. A comparison
of Heart Lake floristic elements with adjacent areas to
the .east (Scotter 1966) and west (Annas 1973) and for the
entire continental Northwest Territories (Cody 1971)
showed that all were primarily composed of circumpolar and

North American species:

Region
)
- P~ a & O
—~ ~ a ™ - 1] o,
@™ e e~ ) 'E > o~
jv) ~ 0 [« ~ o
[ o] @) m ot 3 ol | ¥
8-'—' Fq-; ] . . Em's
o B>y Z 9 U O U D
553 Lof 55 5%k 3
8z Ral & d5=L
Floristic Element
Circumpolar ﬂ ~ 31 42.4 42.4 50.4
North American 38.8 39.6 44 .0 36.9
Amphi-Beringian ~ 15 10.4 7.3 8.6
Cosmopolitan 6.8 5.0 4.4 1.8
Cordilleran 6.2 2.2 1.3 0.9
Amphi-Atlantic 2.2 0.4 0.6 1.4

Total (%) 100.0 - 100.0 100.0 100.0
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From west to east the percentage of cordilleran

]l? specles decreases with distance from the mountains; the

percentage of amphi-Beringian species is lowest in the two
eastern areas which were farthest from Beringia; and there
1s a very slight increase 1in the percentage of
amphi-Atlantic specles. The decrease 1{n cosmopolitan
spécies from west to east 1is probably related to the
increase of human influeonce. Régiona to the south, e.g.,
Manitoba (Scoggan 1957) and northern Ountario and Quebec
(Baldwin 1958), report a far greater importance of the
North American endemic element, 63-66%, than circumpolar,
17-19%.

Bird et al. (1977) report 94.7% of the 262
bryophytes including cosmopolitan species known from the
Mackenzje River valley are circumpolar. A comparable
value for Heart Lake equals 96.3%. Io addition, they
record a - North American, 1.1%, and an amphi-Beringian,
4.2%, element. These latter two values did oot quite
correspond with Heart lake and the last value probably
reflects a closer proximity to Beringia. AlthOQgh the
bryoid flora consists of a larger circumpolar element than
does the vascular flora, the circumpolar vascular flora at
Heart Lake is still larger than for regions to the south
and represents a significant component of the flora. As
new studies of the middle boreal flora are conducted, it
is likely that the middle boreal will coontinue to reflect

a higher circumpolar component than the southern boreal.
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Four Heart Lake species ‘were new to the District
k ' ]

of * Mackenzie: (1) [Eleocharis - compressa, a considerable

\ ektension from its known range. in Jasper, Alberta; (2)

Pedicularis parviflora, the only other collection from the

continental Northwest Territories 1is from the eastern

Keewatin District; (3) Sarracenia purpurea (Cody\‘and

Talbot 1973); and (4) thynchoépora' alba, a lAOO km

U

‘extension of its‘known‘range on the south shorekdf Lake

Athabasca. ~ Other range extensions were: ‘Botrychium

virginiaoum ssp. eurogaedm,:previou$1y'kﬁown 6n1y from the -

foothills and slopes of the Mackenzie Mountains (Raup

1947,  Cody 1963, and Scotter and Cody 1974); Carex

filifblia, a very rare plant in the Mackenzie District

with earlier collections from Nahanni Butte (Scotter and

Co@y; 1974)A énd Wrigley (Porsild 1951); Carex livida,

previously known in the Mackenzie District from the ﬁskimo

Lake Basin (Porsild 1943); Carex richardsonii, - first

reported by lRaup (1936, 1947) at Ft. Smith, N.W.T.;

Cypripedium guttatum, the most southeasterly collection in

‘the District (Porsild and Cody 1968); Draba oligosperma,

previously known only from the " southern Mackenzie

Moudtains‘ (Mulligan 1972); Gentiana affiols, "~ first

reported by Porsild and Cody (1968) from Keele River in

the Mackenzie Mountains and near, Fort Good Hope;

Lesquerella arctica, the nearest koown sites are in the

southern Mackenzie Mountains (Raup 1947, Scotter and Cody

1974); Oxycoccus quadripetalus, rare in the District with

~
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\were associated with the calcareous escarpments whose cold
| . .

other collections from Norman Wells (Cody 1960, under

Vaccinium ochdccus) and aloong the Liard ‘River - (Jeffrey

1961); Cystopteris montana, this collection and that of

- Thieret (1961) from along the Kakisa River were the two

most easterly records in the Mackenzie District ‘being

otherwise known between Nahanni Butte and Fort Simpson

(Raup 1947), and Potamogeton natans, the second record of

this species 1io the Mackenzie District where it was
renorted at Rabbitkettle Lake near tne South Nahanni River
(Seotter and Cody 1974). ' |

The occurrence of severaliarctic-alpine messes ip

the bryoflora is of interest; Fissidens arcticus, Hypoum

brideliaoum, H. procerrimum, and Timmia norvegica. All

Canyone provide an arctic habitat in ao otherwise boreal'

region. The closest record of Fissidens arcticus occurs

near Great Bear Lake (Steere and Brassard 1974).v This was -

the  most southerly record.  The presence of . Hypoum

procerrimum 1is intriguing as Packer and Vitt (1974)

hypothesized that the species 1s indicative of glacial

refugia "The occurrence of Fgotinalis dalecarlica, new to
the Mackenzie Digtrict, represents a = considerable

extension of its known range at Lake Athabasca (Welch

1960) . Thus, knnwledgerof plant species distributions in

the Nerthwest Territories 1is still meagre and, " hence,
interpretation of the distribution of some northern

species should still be regarded as tentative.
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It is concluded that the Qide array of species

‘and habitats of the Heart Lake study area prorides good

sample of the middle boreal flora and is a demonstrably

good 1ocation to carry oo botanical research.

Life-forms

The:qualitative biological spectrum serves as an
indicator of climate which is characterized by tthe
departure of life-form classes from the "normal spectrumﬁ
(Raunkiaer 1934). The spectrum at Heart Lake places it

within the boreal zome of Raunkiaer which lies between the

10% and 20% chamaephyte boundary.? At Heart Lake there was’

a stroong tendency toward higher species%wichness in the
lower strata (Table 4) where 1life- forms would be least
exposed (i e. snow- covered). In  contrast, 'a more even
distribution of‘ species richness in phenerophytic

subdivisions ’ and/or\ higher concentration of

mesophanerophytes' has ‘been ‘demonstrated within milder’

climatic regions, e.g., southern Quebec ‘(LeBlanc 1963),

eastern United States -(Ennis 1928), and Minnesota (Buell -

and Cantlon 1951)

- Scoggan (1978) constructed life- form spectra for
six subzones based on the flora of Canada. 1In- Appendix VI
the life-form spectrum at Heart Lake is compared with the
subzone spectra of Scoggan (1978) using cni-square tests

for goodness of fit. The comparison demonstrates that
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Heart Lake is sigoificantly different fQRm all subzones

except the "low subarctic : The latter generally

_coincides with. the middle boreal subzone of Hémet-Ahti et

al. (1974). It is concluded that the Heart Lake spectrum
corresponds both statistically and geographically “to the
middle boreal subzone

- 0f the many ~systems developed to classify
life—forms, Raunkaier's 1s perhaps the most satisfactory
because it ‘is simple, clear,‘ and aims at an eco ogical
explanation (Emberger and ~ Sauvage - 1968). Although
Raunkiaer's - use of bud placement as  the essential
criterion has been criticized, Emberger (1966) criticizes
both the definition and»-interpretation of the spectrum.
He stresses that the Raunkiaer's spectrum is primarily a

.display’ of‘ floristic diversity whose only ecological

interest is indicative, by the presence and absence of -

biological ‘types, 1i.e. qualitative composition. However
the spectrum can have more ecological value if community

. structure (stratification)_ is shown, e.g., by indicat}ﬁg

the percentages of dominance of the biological types/ in-

the different strata (cf. Bliss 1956:322) on the basis of
natural units of vegetation (Emberger '1966:156);ﬁ The
close agreement between ‘the phytocoenose classifications
‘based‘on floristic composition and quantitative'life-form
criteria VWithin“ the Heart Lake . study _area is highly

complementary from a statistical as well as an ecological
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perspective, and reinforces the life-form appfoach to
vegetation ecology o

| One of the .more significant5 findings of this
' study, I believe, is how useful quantitative 1ife-form

_spectra can be for comparative studies of widely separated

areas. However, published reports dealing with community

i

spectra in ©boreal regions are scarce. For -Finland

Cajander (1926) cited data demonstrating that .'forest type
'groups differ,in their life-form spectra, particularly in
respect to the number ofvchamaephytes. In a compatison;of
New Jersey ‘and Minnesota pine forests, Stern and Buell
(1951) concluded that the .northern stands haVe a far
‘higher proportion of more protected life-forms, based on
cover._ For example, chamaephyte cover 1o New Jersey pine
hﬁforests was absent, while ip Minnesota it was 2.5%. .1In

comparison, chamaephyte cover wasf ~\far higher,
‘approximately 20% within the pine woodlands of the study
area. Together these studies ‘demonstrate a trend of

inCreasing chamaephyte covet with latitude - This ties in

with the possibility of comparing circumboreal communities

using quantitative life-form criteria sioce not  all
vascular,species are‘circumboreal. The‘description from
the middle 'boreal subzone at thev Heart Lake study area
provides a ddatum for chafacterizing a portion of the

/

subzone for future compafative’studies'

A potential value of the life-form approach in

conJunction with a floristic classification <can be .
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'demonstrated using phytocoenose 6 as an example. 'ln the
floristic classification No. 6 had 80% similarity to two
'other phytocoenoses,bNos._ZZ and 34, all of which formed
phytocoenon' CITI C (Fig. 10). In the tife-form

classification, however, No. 6 comprised a single-member_

phytocoenon, VII (Fig "11), which was quite” distinct from
the others. _ This distinction appeared .ecologically

justifiable since No. 6 occurred in a more extreme habitat

than Nos. 22 and 34, i.e. sandier, drier, and lower pH

implying poorer nutrient status. ~Thus, the designation of'

No. 6 as a separate class in the life- form classif{cation

may reflect an environmental difference.QhAs expressed by

RN

_Braun-Blanquet (1932:300) "The more extreme the habitat

conditions .the~‘stronger the selection and the more

pronounced,rare the ecological characteristics of the

life-forms". . Therefore, a classificationl based on

life-forms used. 1in conjunction with a  floristic

classification reveals charagteristics of the vegetstion
and gi?es expression_to an ecologicel phenomenon which was
not readily evident ip the latter (Mueller-Dombois and
Ellenoerg 1974‘142).'. S : ’ . )

These initial’ results® are encouraging- Fuﬁnre
studies might focus on4one vegetation’type such as  pine
woodlands, “end - examine the  relationship  between
‘environmental factors and phytocoena " The 1life-form

{system of Ellenberg and Mueller -Dombois (1967b) is similar

to that of.Emberger and Sauvage (1968) but incorporates

-
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eveféreenness in all life-fbgm classes. . Potentially, it
shgﬁld also yield meaningful result }f used in the maoner
presented here and would be more compatible with Kﬁchlerfs
(1967) structural types used in the m\pping effort.

An © increase in the rélativé number of
vegetatively propagating species at erqgressively highef

latitudes in the oporthern hemisphere was observed by

Steeves et al. (1969). Within the study area the

cover¥3pupdance of' species with rhizomes or stolops far
ogtnum%ered those without. Steeves et a15 (1969:132) note
the ”continped. dependence of a new potential individual
upon an already established plant 1is probabiy_'bf great
isignificance in e#plaining the success of rhizoﬁatdus and
root -bud species in : invadipg 'areas of 'deﬁSe and
eétabliéhed_ vegetatidn in which seedlings are uhable‘ to

"survive competition'.

Aside from the adaptation to cold winters by leaf

shedding and the greater resistance .of xeromorphic peedles

(Walter 1973), only tentative iﬁterpretatidns' cén‘ be

-suggésted regarding the ‘high .concentration of both .

llow-growing }(éhamaephyte and nanophanerophyte) . and
evergreen specles. The main ;advantage' of the evergreen

habit is that it disposes of the becessity "to spend food

resources on a wholly upew photosynthetic apparatus  each.

year" (Billings and Mooney 1968:492). Grime (1977) stated

that evergreen leaves are a common feature of plants in

”nutrientA deficient éoiis;‘iin the Heart Lake, area low
. . LY s . .
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amounts of nitrogen and phosphorus are typical (Day
1968) . Io addition, ohamaephytes | and low=-growing
nanophanerophy%gg tend to be insulated from desiccation by
a- relatively stable snow cover during the winter months.

Rowe et al. (1975:57) suggested that growth form may be
decisive ''so far as burning or surviving surface fires is
concerned". They maintain that upright shrubs are more
likely-to buro than prostrate ones. Thus, as expressed by
Mueller-Dombois end Ellenberg . (1974); life- form
composition may indeed give information oo the response of
vegetation to environmental fsctors end on probable
competitive relations.‘ However, 'Cain (1950) Cautioned
against presupposing causality‘ between_- life-forms
andenvironmentel,'features without detailed studies. The
'groundwork for future studies 1is established and more

intense investigations can now be undertaken.

Soils

There was close agreement betwéen the soil
idescriptions from the study area and the reconnaissance
survey of Day (1968) | Specifically, Heart Take_ Brunisolic
soils correspond ‘directly to those of the Escarpment and

Twin Falls complexes and Enterprise series of Day (1968).

Luvisols, a minor component of the Twin Falls complex,

were not observed ‘at Heart Lake. Rego Gleysols, Terric.

Humisols, and Fibric chanic Cryosols from the stndy area
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fell within the Dory, Desmarais, and Grainger geries (Day

1968), respéctively.

No account was provided by Day of the solls

within his land types. Thus, the pfofile descriptions

glven within the study area for the escarpment land type

(Orthic Humic Regosols) and the slough and marsh land type
(Hydric and - Typic Mesisols,’ Hydric Humiepls) extended
~ Day's ”study and added to our knowledge of this area.
Soils comparable with the Rego Gleysols associated with
marl fens (phytocoenon X) were not dentioned by Day.
However, .they' often form ao important component of the
landscape in the upper Mackenzie River area. Not only
werevthey common below the escarpmenot, but based on ny
aerial oBseryations, they covered vast expanses of tne
terrein approximately 150 km west of the city of
Yellowknife.

Other  investigators (e.g.;,  Achuff 1974,
Daubenmire and - Daubenmire 1968) found little
correspondence between community- types and solils at the
subgroup level. Achuff (1974) suggested that because the
soil ‘subgroup is a .lrather broadly defined unit,
classification to a lower level might reveal nelationships
more clearlydv It is concluded that the data from the
" Heart Lake study area show general correspondence between
soil ﬁypes and phytocoenon and subclasses. Also, phases

of subgroups which incorporated such factors as depth to a
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lithic coontact and peat depth were decigsive in explaining
vegetational variation. | | |
The observations of Rowe (1972b) regarding the
relationship of soil moisture and pe%ﬁ development 1in the
Fort Simpson area applied equally well for Heart Lake.
" Thus, soil materials that were well drained, moderately
well drained, and imperfectly drained have insufficient
moisture to promote peat accumulation. ‘Typical examples
at Heart Lake were Orthic Eutric Bruonisols and Eluviated
Eutric Brunisols. However moderately poorly drained
surface materials’ might have a thin peat capping, e.g.
Rego Gleysol (peaty phase), whereas poorly drained to very
poorly drained materials usually had a thick peat

capping. Typically, these were Mesisols or Fibrisols.

Fire and succession

The Heart Lake study' area has a complex fire
history which consists mostly of subclimax communities io
the uplands and climax communities in the lowlands. The
relatively complex vegetation pattern is related to fire
4frequency as well as the vvarying rates of succession on

differently'drained sites. More frequent fire occurrence

'in the uplands than the lowlands was copnsistent w1th the

statement of Rowe and Scotter (1973) that landforms and
soils possessing dry surfaces, whether due to topographic

'position or relief, were more susceptible to fire.
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Most of the upland phytocoenoses- surveyed showed

evidence of succession to climax communities of Picea

glauca, while in the lowlands Picea mariana demonstrated

thebstrongest regeneration potential. 1In this respect the
Heart Lakg study agrees with the field observations of
Rowe (1972) from the middle boreal Fbrt Simpson area where
succession was related to drainage classes.

Poor reproduction ‘in some wupland phytocoénoses
suggested that a more opén canopy might develop without
fire disturbance. Similar conjecture has been made for
northwestern Aiberta'(Rowe 1961) and cebtral Saskatchewan
(Dix'and Swan'l971). Field observation within Ehe'Heart

Lake uplands indicated that Pious, badksiana is subject to

windthrow, exposing nineral soil which provides for the

invasion of Picea glauca, especially on mesic sites.

White spruce did not readily invade drier windthrow sites,
suggesting the canopy might become even more open or

treeless with. age. Studleé in mature. (200-300 years)

northern boreal woodlands of the lower Mackenzie River '

Valley (Strang 1973) indicate that, without periodié
fires, trees would be eliminated and the climaxvvggetation

would be a '"moss-lichen association". Within the Heart

Lake uplands this trend did not occur except ob the most.

xeric sites. Nor did it occur in the lowlands where
~ vegetative layering from black spruce provided for

- continual replacement.
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Johnson (1981) studied vegetation dynamics on

non-calcareous substrates 1in the unorthern boreal subzone .

east of Great Slave Lake, and described upland sites
dominated by closed or open forests of black spruce and
jack pine. This pattern was in marked contrast to the
Heart Lake study area where black spruce seldom was

important in the uplands.

Vegetation classification and mapping

The vegetation map was prepared by agglomerating
571 phytocéenoses' ipto 40 map - units. The mapping
procedure was developed in a stepwise manner as summarized
in the flow diagram (Figure 16). Tﬁis approach elaborates
on the Kichler (1967) compréhensive method and presents a
more ‘definitive basis for mapping vegetation. Not all
steps 1in the apbroacg are required and future studies
- should cousider this in relation to the time and finances
available. | |
| In contrast to the Kichler (1967) comprehensive
mapping method, I developed an approach which described
the structural composition of all stands, strétifieé them
into forﬁation classesl and selected examples from the
formation classes for detailed quantitative study. Like
Kiichler (1967) I think thaf every phytocoenose‘delineated
on the map should be visited in the field to understand
~its cootent because aerial photographs can give only the

phytocoenose boundaries. However, recording the floristic
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Figure 16. [Flow chart showing the vegetation sapping procedure.
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composition of all stands in the field (s time consuming
and costly. In the alternative proposed here, the general
level provided for: 1) on-site examination of the totality
of the vegetational variation within the study area, 2)
documentation of the general nature of the vegetation, 3)
establishment of a data base for the refinement of
formation classes Linto subtypes, and 4) efficieot time

expenditure throughout the more detailed quancitative

study. The detaliled level recorded t he floristic
composition, life~form structure, age structure,
successional trends and major edaphic/site factors. These

detailed features could then be related directly to the
mapping process as guides in establishing the map
classification. They also could serve as {individual
classifications describing different aspects of the
vegetation {p an explanator; text to supplement and extend
the wmap content. Ordination data (e.g., soil depth)
related to the floristic classification could also be used
to amplify the vegetation map. A very desirable feature
of the process 1is that. the life-form and floristic
classifications are related, which facilitates synthesis
of the final map units. ‘

As a test of the alternmative procedure it was
statistically determined that the map units had'ecological
meaning because they were related to a complex moisture

(topographic) gradient.
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;p significant finding of this study was the high
correlation between differentr floristic classification
approaches.' g Whether bséed oo - qualitative
o(presence/absence): or quantitative floristic —data, the
classificationsﬁgave very similar results. This. suggests
that the»criterion of ebundance.waslnot critical to the
end result. Therefore, classifications based on different
critéria‘ are comparable. La Roi and Hnetiuk '(1980)
reached a similar conclusion initneir syntaxonomicel study

of Pinus contorta forests.

R-type analysis using . the Q Orloci (1967)

egglomerative clustering method was applied to Dboth

qualitative and quantitative data in an attempt to form
species groups, but the results were not as clear 'as those

obtained with the Ceska and Roemer (1971) program. In

addition, the latter established spec1es groups which were

highly complementary to' the agglomerative clusters of
phytocoenoses. Thus, use of differential species groups
was ‘both consgistent with the classification and

complemented it by typifying phytocoenon clusters.

The final vegetation map of the Heart Lake study

area 1s a pioneering effort since there were no published

1arge scale vegetation maps of the continental Northwest

Territories. This was the first rigorous attempt to. map

the vegetation of the Territories in a rumntitative and

systematic manper. A potential use of the.approacthOuldf

be the maoping of ecological reserves. °

203



The purpose of the.vegetation map was to prdvide

a basic inventory of the plant cover representative of a

portion of the middle boreal zbne. Since the development

and refinement of vegetation zonmation 1is 1inseparably

linked to vegétation mapping (Gribova and Isachenko 1972),
. . ]

this map should be viewed as an attempt to characterize a |

part of middle'boreal zoné'which could later serve as a
referencg.for:comparative zonation étudies.' It could also
function as~ ground truéh for studies involving remote
sensing imagery where smaller/scale maps are desired. The
map has considerable flexibility 1o serving as Vground

truth at various  scales, because ' the map classes were

hierarchical with subclasses unified according to a

coordinational schemek of patterns. Thus the map could

easily be interpreféd at a oumber of cluster levels -

general through detailed. ‘Finally,_the map could assist
in future ecological studies correlating plant communities

and wildlife io the middle Boreal'zone.
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Comparison of the vegetation with areas outside the

Heart Lake area

A synthesis of North American boreal vegetation
was presented .by Kpapp (1965:72-89). As an overview it
establishes, a framework of hlgher vegetation units
utilizing\ physiogonomy, £flora, and 'edaphic factors, and

offers a suitable basis for vegetation comparisons with

types outside the study area.® Knapp (1965) identifies

five maJor boreal regions which he further subdlvides - In

relation to his zonation scheme, Heart Lake lies in the
vorthernmost portion of_the ”centrai main Boreal region'
This ié equivolent to >the ”“southern .spruce region"
(Hustich 1949), 'main boreol" (8j6rs 1961), and 'closed
»coniférous forest' (Ritchie 1960a). Oo éhe northeastern
shore oszroat Slave Lake, the main boreal'érea becomes
the '"subarctic" (Koapp 1965; tSjors 1961), also termed
"open coniferous forest" KRitchié i960g) ‘and "taiga"
(Histich 1949). |

The unevenoéss and scarcity of suitable boreal
“vegetation studies generaliy\\\goecluded | quanoitativé

comparison of plant community types. Howevery, a

-subjective assessment may be made on the basis of

floristic composition and dominance (sensu Achuff and La
"Roi  1977)  with communities described by other

investigators.
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Spruce-fir forests

Spruce-fir forests ("Abieto-piceetea albée";

Knapp 1957) form a umjof“fomponent of boreal vegetétioﬁ
' whése main areal distributzgnf iies in vorthern Canada
obextending,from‘NewaUnd}apg;tg“the Mackenzie River region
in Canadé and thé Yukon Rifer regiohfin Alaska. Of the. 42
species frequently enc&untered in  spruce-fir forests

(Knapp 1965), 16 species (38%) occurred in comparable

- Heart Lake forests: g@cea‘ glauca, P. mariana, Larix

laricina, Betula _papyrifera, PopﬁIus fremuloides,

Geocaulon 1lividum, Linnaea borealis, Cornus canadensis,

Lycopodium anootipum, Pyrola asarifolia, P. §EEE£§§{;_////(

Moneses ‘upniflora, Hylocomium splendens, Pleurozium

schreberi, ' Ptilium crista-castrensis, and - Peltigeré
aphthosa. Exa@pleé of species'not present in the study

area but present 1p Knapp's list included Abies balsamea,

Sorbus americada, Acer spicatum, Vaccinium gyrtilloides,

Clintonia borealis, Maianthemum canadense, Trientalis

borealis, Epigaea repens, Coptié'trifolia, and Dryopteris
"austriaca. |

. Knapp '(1965) furtﬁer distingéishes six sﬁbclaésésr
of boreal spruce-fir;forests: (1) lichen spruce woodlands;
(2) blueberry—feéthermqss spruce-fir forests; ka).
herb-rich spruce-fir forests; (4) rich coniferous sﬁamp
forests; (5) opén tamaraéa‘swamps, ahd,(é) black spruce

muskeg woodland. Sprﬁce vegetation at Heart Lake .was



!
N

closely related to Knapp's last three subclasses k4,v5,
6), wﬁich ‘are treated in separate sections,/beiow, less
related - to subclasses"l and 2;’ and 1east‘ related-'to
subclass 3. _ | |

 With respect to éeneral comparisons between the

study area and subclasses 1 and 2 above, it is important

bto stress that at Heart Lake monotypic white spruce stands

were rare.- Despite the potential importance of white

spruce across much of the Mackenzie Basin (Raup 1936),v1t.

was usually less predominant than black sprnﬁp or jack

pine in the Heart Lake area. Furthermore, subclasses 1
and 2 are best represented in different cllmatic regimes
and, therefore, d0" not often occur together. "Lichen

spruce woodlands are chiefly subarctic with a

-predominance of lichen species (Cladonia alpestris, C.

rangiferina, C. mitis, C. arbuscula,. and Stereocaulon,

Knapp 1965). ;They resemble the more open, edaphically
controlled types‘on sballow or rapidly drained sites'at
Heart Lake. Lichens, although subdominant on moiéter
sites at Heart: Lake, represented‘ a -significant ; component

of the vegetation. Io ucontrast, "blueberry feathermoss

bsprucetfir forests'" are more characteristic of the
southern boreal (Knapp 1965;80);‘ possessing a - "dense

dwarf-shrub cover where Vac¢cinium species are especially_

, predominant with , abundant feather-mosses (gylocomium

splendens, Pleuroziumgschreberi, Ptilium crista-castrensis

4andvothers)". At Heart Lake Abies balsamea and blueberry,
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Vaccinium myrtilloides, were absent but  Vaccinium - °

vitls -idaea was frequent and feathermossea abundant. The

,exception Ptilium, was rare within the study area. Thus,

‘rather than fitting comfortably into 'either of Knapp's
subclasses,lHeart Lake white spruce vegetation appears to
be transitional between theﬁ subarctic ,andn main boreal,
reflecting gradual latitudinal climatickchange.

In addition 'to Knapnjs (1965) overview of North

- American boreal ' vegetation, there are ‘two other major

syntheses<~applicab1ei to the Heart Lake area: Larsen .

’(l972) and La Roi (1967). Larsen '(1972) regionalized a
~vast expanse of central Capada from the Great Lakes to the
Mackenzie River delta into nine zoves. These divisions

are based on a principai components7’ana1ysis of 12

environmental parameters from 44 sites (Larsen41972:1) in

_the ”hope..'that differences 1in 'forest understory

vegetation from place to place would demonstrate a high

degree of correlatlon with climatic differences In_ a
substudy of four zones, LarSen (1972) then related the

environmentally established zones to. vegetation, arranging

dominant species ip ' white‘ spruce (forest) understory

~communities'" by study-area apd region. Using the- average
species-frequency values provided by Larsen (1972:72,

- Table 7) ~and equivalent values from the Picea- glauca -

'Hylocomium splendens phytocoenon (V) at Heart Lake ‘which

lles outside Larsen's area, it, was possible to compare the.

vegetation at each site,
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. Qﬁantitative bomparisoﬁs based on the Spearﬁén
;;nk-correlation-coefficient (Table 20);%ordination (Bray
and Curtis 1957; Figure 17), and agglémeré;ive clustering
(Orlbgi 1967: Figure 18)  confirm -thatJ phytocdenon v
(répresehted as pumbef 13. in the 'éomﬁarisons above)
Bélopged to the‘”northérb boreal zone' of Larsen (1972).
These compariséns :éiso' demonstrate the éodd
'cdfrespondenéé ‘between the ‘ciaSSification based on
envifopﬁental parameters and thdse based on vegetation
,characéeristics, with two exceptions: Clear Lake lies aFJ
‘the Qspugbérn edge of ﬁhé’ southern boreal zone" in tge

environmentally defined classificatioh (Larsenm 1972), but

was classified as 'southern borealﬁ based on both -

ordination (Fig. 17) and clustering (Fig. 18); and

Waskesiu, although \énvironmenCally: defined as ''southern

‘boreal' (Larsen 1972) was classed as northern boreal in

the brdinationv(Fig. 17) and clustering dénﬁrograﬁ‘(Fig.
18). - - |

Ap examination of Larsen's (1972:72, Table 7)
white sprucev ﬁnderstory ‘data revealé a | number rof

- species-zone relatioﬁships, e.g., the soﬁthern .boreal is

characterized by Aralia»nudicaulis, Maianthemum canadense,

Mertensia paniculata,)‘Petasites palmatus, Abies balsamea

(éeedlings), 'iClintonia borealis, " Mitella puda, and

Arctostaphylos uva-ursi. Of these only the last two occur
in Heart Lake spruce understory communities with:average

frequencies of 227 and 2%, respectively. Species listed

-
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Table: 20. A comparison or tne species structure im .
' wnite spruce understory communities at Heart
Lake (13) witn those of Larsen (1974:72,
based on Spearman's rank-correlation
coefficient using species' average frequency
values in stands.

Raonk

Correlation ~ - Lone ‘-
Coefficient? Site (Larsen 1972)
+1.000 '~ Heart Lake, N.W.T - Northern ooreal

- +0.813%* - Fort frovidénce, - Nortiherun boreal
- N.W.T. (8) :
fO;USl** Biack Lake, Sask. (0) | Northerun boreal
+0.660%% Yellowknife, N.W.1. (7) Nortnefn boreal
+0.443% . Waskesiu, SaSK.>(4) , Soutnern boreal
+0.302 " Fort Reliance, Forest-tuadra

S N.W.T. (10), - transicion
+0.273 " Ennadai, N.W.T. (9) Forest-tuandra
: o : transition
+0.190 ,Inﬁvik, Now. 1. (12) Forest~tundra
. . transition
. +0.141 : Clear‘LaKe, Mao. (1) ’ Soutnerh edge of
‘ .southern boreal
'+0.126 Otter Lake, Sask. (5) Soutnern boreal.
+0.109 Artillery Lake, : Forest-tundra
' transition
-0.174 - Klotz Lake, Ont. (3) ‘Southern boreal
- =0.297 - Remi iake, Ont. (Z) Southern boreal

ZConfidence limit is .38l for 54 level and .48
~for 1% level, df = 25, ** = sigoificaont at 1%, *

= gignificant at 5%.



Figure 17. Bray-Curtis ordinatibn ot wnité spruce (forest)
undefstéry communities based on data from Heart
Lake (15) and Larsen (19Y72:72). Zonation
terminology Iollows Lacsen ‘\19721; | Site
numbers correspond to tne sites and numbers in

Table'ZO. : v ' ‘ ‘ !

¢

Figure 18. Agglomerative niera:chical classification of
| Vnite' spruce (forest) ~understory commﬁnities

based on data from Heart Lake '(13) and Llarsen
.(1972:72). Zonation terminology foilows‘LarSen

(1972): Explanation in text. :
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by Larsen as occurring in both the southern and northern

boreal inélude Viburnum edule, Rubus pubescens, and Cornus

canadensis, occurring in  the study area with average
frequehcies of 46%, 2%, and 38%, respeétively. -Ahother
species group ié confined lérgely to the northern and
forest-tundra transition ‘(avefage frquebcies" in

phytocoenon V are shown 1in parentheses): 'Shepherdia

canadensis (447%), Picea mariana seedlings (40%), Vaccinium

vitis-idaea (52%), Geocaulon lividum (28%), Rubus acaulis

(4%), Empetrum' vigrum (2%), Betula glandulosa (absent),

Arctostaphylos alpina (absent). Vaccinium uliginosum and

Dryas integrifolia mainly occurred in the forest-tundra

transition and correspondingly did pot occur io Heart Lake

underétofy white spruce éommunitiestHZOther species like

Rosa acicularis (90%), Linnaea,bbrealis (70%), Epilobium
angustifolium (IOZD, and Pyrola secunda (32%) are

relatively ubiquitous but are near their boreal optimum io

the northern boreal zone.

Based on visual comparison a close correspondence

exists between the zonal boundaries recognized in fhe maps
of Larsen (1972:55) and Hémet-Ahti (1976:58). Therefore,
I "considered the following ‘terms to be approximately

_equivalentf
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Larsen (1972) Himet -Ahti (1976)

-

Souﬁhern'edge of the Hemiboreal

southern boreal forest

Southern boreal ' Southern boreal
Northern boreal . Middle boreal
Forest~tundra transition Northern boreal

Because of the potentially wider applicability of the

“Hémet-Ahti (1976) biotemperature approach, I have followed
her terminology in all subsequent compérisons. The
similarity between the two.classifications was helpful in
extrapbléting Larsen's species-zone relationships 1into
regions 6utside his study area pgfmitting compariSon of .
plant communities from widely separagéd areas.

Like ,Larsenis (1972) regionaliiatioh, La Roil's

- (1967) classification of spruce-fir stands was based on an
extensive investigation. Io contrast to_the'formé; which
generally‘samples porth-south across~vegetation'zones, Lay
Roi’ sampled mainly NW—SE»within the middle and southern
boreal subzones of Hémet-Ahti (1976) from central'Alaska
to Newfoundland. Based on vaécular flongtic criteria, La
Roi. recégnized six classes. Tﬁé .HFaft, Lake sﬁands
correspond both floristically: and geoéraphicallyr‘to his

"Lonicera/Rubus-Lathyrus" class of the "Populus/Salix/‘

Shepherdia stand group." Species from this class with

high regional presence values (La Rpi 1967:244, Fig. 2) in

common with phytocoenon V were: Populus tremuloides, P.
. : E /



balsamifera, Betula papyrifera, Salix spp., Shepherdia

canadensis, Rosa acicularis, Lonicera dioica, Amelanchier

alonifolia, Rubusg pubescens, Lathyrus ochroleucus, Fragaria

virginiana, Vaccinium vitis-idaea, Geocaulon lividum,

Elymus innovatusﬂ Pyrola asarifolia, and Equisetum

scirpoides.

In a subsquent report La Roi and Stringer (1976)
describedv theu bryophyte components of the same stands
sampled ip La Roi's (1967) study. For North American
white spruce-fir stands, they recognized a single order,

"Hylocomium splendens - Pleurozium schreberi" composed of

two  alliances, "Ceratodon  purpureus - Pylaisiella

polyantha" ipn the west and "Rhynchostegium serrulatum -

Tetraphis pellucida' 1in the east. In relation to the

western alliance, which comprises three associations,
white spruce stands of the study area appeared

transitional between the '"Aulacomnium palustre - Lophozia

spp-" and '"Mpium cuspidatum - Oncophorus wahlenbergii'

‘association which straddled Heart Lake géographically.

A éubjective assessment of floristic similarity
of white sprucé communities by subzone in west central
Canada is given in Table 21. This compairson shows that
the white spruce‘forests‘at the Heart Lake study‘area most
closely resemble those within the middle bpreai subzone.
They also support some of species-zone relationships
reported by Larsen (1972) . Io general, they show that

several species, usually forbs, are typically found in the
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lable 21, Uccucience vy subzone of simildc Jalle apruce
rorests fa west central Cavnada. Stroug

similarity = xx, moderuate similarity = x.

Subzone

Reterence Panycocoenon V A & V B

Northern Boreal?
Lloglis 1975 '"white spruce-tall surub-moss type'"
Joanson 1981 wnite spruce communities
Raup 1925, 1946 '"park like white spruce forests"
daini 1906 "Picea glauca parxland"

XXX

‘iddle Boreald
Thieret 1964 ''white spruce forest" XX
Looman 1969 ''climax wnite spruce woods, type 13" XX
Moss 1953a 'wnite spruce association' (Alta-NWT
boundary ) £X
La Rol 1967 "Populus/Salix/Shepherdia" :
(Ft. Providence site) XX
Rowe 197Zb white spruce communities XX

Southern Boreald
Stringer 1970 "upland wihite spruce-aspen'
~Acnuff & La Roi 1977 "Viburoum edule/Hylocomium
splendens"
Van Grounewoud 1965 upland waite spruce communities
Lesko & Lindsay 1973 white spruce communities
Swan & Dix 1966 "Picea glauca dominant"
Moss 1953a 'wnite spruce association" (excludiong -

”

LT S

Alta-NWT Boundary) X
La Roi 1967 "Populus/Salix/Saepherdia' (excluding
Ft. Providence) X

X 3@ sensu Himet-Ahti (1976).

' \
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(southern' boreai forest: Aralia uudicaulis, Maianthemun

canadense, Mertensia paniculata, Petasites palmatus, Abies

balsamea (seedlings), and Galium . triflorum, while 'the

northern boreal was characterized by shrubs: - Betula

glandulosa, Ledum = decumbens, Empetrum ' nigrum, and

Vaccinium uliginosum. In <contrast, the middle boreal

Sszpne has .no speéies which“areArestrictéd to it.

" The ''upland mesophytic white spfuce forests”
.(Raup.1946)'bear a strong floristic resémblance to those
of the 'sﬁudy’ area; 72% of ,the vspécieé listed byb Raup
occurred io phytocoenoh V. As noted 7by Rowe (1956),
howéver, Raup's . group is too broad to' convey much
.information on‘t the characterisfics 6f par;icuiar

communities. Raup (1946) characterized his'type'with four

"primary species'': Picea glauéa, Salix bebbiana, Ptilium

crista-castrensis, and Pleurozium schreberi. ~ One major

difference with the study area was the apparent importance

of Ptilium in Raup's type rather than Hylocomium

splendens. The only site in .the Heart Lake area where
Ptilium becomes prominent Qas the mesic éscarpmént
canyon. Achuff and La Roi (1977) also note an affinity of
| Ptilium for‘mesié‘sites.' A pumber of ”secoﬁdary species"
(Raup 1946) are common to both areas such as: Salix

bebbiana, Rosa acicularis, Shepherdia canadensis, Linnaes

borealis, Pyrola asarifolia, Mitella nuda, Geocaulon -

1

lividum, Cornus canadensis, Pleurozium schreberi, .and .

Peltigera gphthosa.‘ Three of Raup's secondary species
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were not observed in Heart Lake “white spruce forests:

' Equisetum sylvaticum, Lycopodium anootinum, and

' Maianthemum canadense.

For northwestern ' Alberta, Moss (1953a, | 5)
tAon

recognized a singlerCIemgntsian "white spruce associa
which comprises séVeral féciations.‘ of all faciations,
the ''grass shrub faciation'" most closely resembles the

upland white spruce vegetation' at Heart Lake.  Moss

(1953a) characterized this faciaﬁion by Elymus innovatus,

Shepherdia canadensis, and Alonus crispa, regarding it as

an edaphic climax of dry apd poof sites. Aster conspicuus

~was ‘alseo consideréd. éharacteristic by Moss but not
recorded within the study area.  Io contrast, the
'"feathermoss faciation' considered by Moss (1953&)'t6 be
 comparable to the ”ﬁpladd mesophytic  forest' of ARaup

(1946) is less .abundant at Heart Lake.

The "flood plain white spruce. forests'" studied by

Raup (1934, 1946, 1947) for the Peace and Liard River .

‘regions, Athabasca-Great Slave region, and Fort Simpson
area, respectively, were all closely related to the
alluvial white spruce forests at Heart Lake (VB: No. 9).

Characteristic species common to all include Picea glauca,

Pooulus balsamifera,  Salix bebbiana, Viburoum edule,

Cornus stolovnifera, -Alnus incana, Equisetum pratense,

Mitella nuda, Rubus acaulis. Species notably absent from

the alluvial forest ip the study area included Actaea

rubra, Maianthemum canadense, and Mertensia paniculata.
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Although Alnug 4incana and Bihgg Spp. were absent: from-
phytoéoenose 9,: they were nevertheless common in other
alluvial Heart Lake fofesté. |

Flofistically similar spruce;types on floodplains
in western Canadé haée been described by a number of other
investigators: 'white spruce-balsam poplar forests', lower
Liérd River, Northwest Territories (Jeffrey 1964:73);.
"white spruce forest", lower Peace River, Alberta (Jeffrey
1961:6); and ”alluvial 1owlandé Spruce forest", lower
Peace.River, Alberta and NbrthWest Territorie; (Lacateuét
al. 1965:19). Other studies within the District of
Mackenzie briefly mentioned'pbssiblylcoﬁpérable types,. but
aBsence of detailed species 1lists ‘preclﬁded a wvalid

assessment: Mackenzie River Valley ("white

spruce/Hylocomium unit" in part, Reid 1974; 'Picea

giauca/Rosa/Hylocomium unit', Reid and Janz 1974); Liard

kN

River valley (""white spruce forests  in recent
2

floodplains', Day 1966); Fort Simpson area (Rowe 1972b);

and the . Peace-Athabasca region (”shrubfhorsetéil-moss»
community', Duffy 1965).

To the southeast, Jeglum (1973a) ded®ribed a

similar type in central Saskatchdmen, the "Picea gléuca -

by

Equisetum pratense, Mitella puda - Hylocomium splendens -

moist forest'" where Alous incapa is reblaced by a related ¢

species, Alnus' rugosa. Nearby on the Saskatchewan River

delta,” Dirschl and Coupland (1972) reported a related

type, "alluvial mixed Populus balsamifera - Picea glauca"
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with an understory similar to that described By Jeglum

(1973a). PreViously Rowe' (1956) ‘noted :the‘ resemblance

between Raup's~ alluvial types and his own white spruce

stands observed oo very moist alluvium in ‘the '"southern
boreal forest'". Moss (1953b) regarded his 'shrub-herb
faciation” of central and northwestern Alberta as somewhat

akin Ua‘Raup's floodplain forests: Similar observations

may . be made for comparable 'types in the '"Mixedwood .

Section" of central Alberta (Duffy 1965). 1In making these

compafisons, it should be remembered that neariy all the.

studies mentioned were from the southern boreal and

possessed a greater dqmibance and diversity of forb
species than Heart Lake.

Bottomland ©balsam poplar forests are often

regarded as. an intermediate' successional 9 hge “usually

culminating in a white spruce forest (Jeffrey‘1964).- In ,b

phytocoenose 9 this sequence was suggested by the
I3
occurrence of decaying poplar trees. Thus, alluvial white

spruce types are allied to Kpapp's - (1957, 1965)

"Populetalia balsamiferae' characterized by such species

as Populus balsamifersa, Cornus stolonifera, ~Rosa

acicularis, Viburnum édule, ‘Calamagrostis canadense; éqd

Equisetum pratense. Similarly, Krajina (1969) déscribed

an '"Equiseto (arvensis) - Mertensis

(aniculatae) -

Viburno (edulis) - Corno (stoloniferae) - Larico

(Iaricina) - Piceo (glaucae) - Populetum (bdalsamiferae) on
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floodplain gleyed Regosols for his boreal white‘and blaqk"
spruce zone in British Columbia. |

In sunmary, the white.spruce forests of the Hear
Lake <area arei transitional between the main borea&' and
subarctic (Knapp 1965; and corresponding zones of other
‘authors). This ‘transition is interpreted as a oiddle
boreal subzone (Hémet-Ahti 1?76)vwhose,phytocoena'afe most
‘closely related to other’ types within the subzone.
,‘Renorts cited in the 1iterature and the data from the
study area support the species/zone relationships
. established by Larsen (1972) and extended his observations

into areas outside his original study area.

Jack pine woodlands

A Boreal pine forests on sandy. sitesr (""Boreale
Sand-Kiefernwalder" Knapp. 1965:83) or jack pine ‘barrens
are recogniZed as a significant component of North
American boreal vegetation ’and were distinguished as an

\

order Pinetalia bankgiandge (Knapp 1957) in an earlier

review. Knapp (1965) lists ten characteristic taxa and of

these four. are present. (*) at Heart Lake: Piopus

banksiana*, Arctostaphylos uva-ursi*, Epigaea repens,

Maianthemum canadense, Chimaphila umbellata, Gaylussacia

baccata,b Vaccinium angustifolium, Y: myrtilloides, V.

vitis-idaea*, Cladonia spp.¥*.




Sdbjective comparison was made between Jack pine_
types recognized here and those of other workers - The
- strongest ,similarity occurred between the jack pine
~ woodlands of the study area and those in the middle boreal
‘'subzone (Table 22). Characteristic species usually common

'to- these,_types include: Shepherdia canadensis, Rosa

acicularis, Joniperus communis, . Arctostaphylos *uva-ursi,

Linnaea -borealis,‘ Vacciniumi_‘vitis-idaea, .sZygadenus

~elegans, Galium boreale,b Elymus innovatus, and Cladonia

spp.‘ Northern boreal pine woodlands (Johnson 1981) differ
from those of the study area primarily because of the

"importance io themv of species 1like Empetrum nigrum,

Vaccinium uliginosum, Ledunm groenlandicum, and

Stereocaulon’ paschale There was moderate vsimilarity

between the Heart Lake jack pine communities and those of
the southern boreal. The latter usually differed due to

- the presence of ’Vaccinium ‘myrtilloides, richer herb

component, . e. g , Mainthemum canadense, Aralia oudicaulis,

Solidago spp., and lower lichen cover.



223

- Table 22. Oqcﬁrrence by subzone of similar jack'piné_woodlands

in west central Canada. Strong similarity = - xx,

moderate similarity = x..

Subzone

~ Reference Phytocoenon III

Nortanern Boreal?
Jounson 1981 ''open jack pine-lichen'

Middle Boreal® ‘
Theiret 1964 "jack pine forest' @
Lindsey l952»”wnite‘spruce-jacx-pine-aspen”
- Rowe 1972b jack pine communities
Raup 1947 "upland' jack pine forests' ,
Looman 1969 ‘''climax jack pine woods, type 20"

Southern Boreal?
Moss 19533' "pine heath", 'pine feathermoss"
. Dowding 1929 'pine neatn', 'pine moss'
Stringer 1976 'upland jack Riné,fbrests“
Duffy 1965 “Pfoductivity class III"
Swan and Dix 1966 “Pinus banksiana

leading dominantc"

T XX
XX

XX

XOX 5 M

% sensu Himet-Anti (1976).
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The jack pine forests of the Athabasca - Great
Slave Lake region were described by Raup (1946) as
occurring in two phases: (1) éandy plains or ridges, and

(2) rocky hills of granite or‘ very. hard metamorphic

‘focks. Primary species (Raup T946) common to these phases

‘ate' Pinus banksiana, ' Betula papyfifera, Arctostaphylos

uva-ursi, Cladonia rangiferina, and Cetraria nivalis;

while rocky woods contain Picea glauca, - Amelanchier

alnifolia, Saﬁifrag@itricuspidata, and Artemisia frigida;

- and sandy woods have Picea mariana, Alpus crispa,

‘Vaccinium myrtiiloides,' and V. vitis-idaea. Based on a

floristic comparison between Raup's ‘detailed floristic

lists and th;Jstudy area, 76% of'the flora from the Heart

Lake jack pine woodlands was in common with )the "'sandy

woods phase', but only 41% was io common with,fhe "rocky

woods phase'. Thus, the study area showed the greatest

resemblance to Raupis "'sandy woods phase'. In comparing

the two areas 1t should also be noted that Betula

papyrifera and Picea mariana, although present ‘at Heart

Lake, did not wusually attain the status of ''primary

speciés' as they did in Raup's work. Examples of species

notably absent at Heart Lake were Vaccipnium myrtilloides,

G

Maianthemum canadense, Hudsonia tomentosa, Pulsatilla

ludoviciana, and Aralia npudicaulis. Moss (1955:536)

‘stated that Raup's ”sandy‘woodé“ phase was somewhat 1like.

"jack pine forests farther south but differs in several

important respects, principally in its primary species:

224



Picea mariana, Ciadonia rangiferina, and Cetraria nivalis.

Spanning the middle and onorthern bofeal subzones
between = latitudes _ 60°-65°N along the proposed
Mackenzie Valley pipeline route, Reid  and Janz (1974)

described a '"'Pinus (contorta banksiana)/Shepherdia/Linnaea

unit". However, Reid (1974) did oot report the type north
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of 65°. All 16 species mentioned ’by Reid- and Janz -

(1974) occurred in the jack pine barrens'at Heart Lake.
In summary,‘jack-pise woodlands of the Heart Lake

study area are most clearly related to jack pine types

located within the middle boreal subzobe which is.

" characterized by higher 1lichen cover and lower herb

—

diversity than the southern boreal.

Aspen-poplar forestsband related types .

The most compreHFnsive treatment of aspen forests:

occurring io central andﬁnorthern Alberta is that of Moss

(1932, 1953a, 1955) who regardéd the poolar vegététion of
Alberta as a Clementsian association withio which balsam
poplar and aspen consociations are\recognized. Of these
two consociations, the latter is most nearly related to

the Populus tremuloides - Viburnum edule phytocoenon (IV)

at Heart Lake.
The aspen consociation was characterlzed by Moss
(1955) as consisting of five strata: (1) nearly continuous

tall tree; (2) poorly developed, intermittent small tree



and tall shrub; (3) rich or ‘sparse lower shrub; (4)

prominent ‘tall herb; and (5) low herb, including mosses

and lichens. A close structural cobfdrmity exists between
the first three strata and those of the study area. At

Heart.Lake the tall herb stratum never achieved the degree

of dominance‘suggested by Mbsa,whoée tall herb stratum may .

obscure the low shrub stratum in summer. .The low herb‘

stratum of the study_area'was poorly developed. Although
the three lowest wvascular sﬁrata were dominated by 1low

shrubs at Heart Lake, tall forbs attained’ their maximum

development in the Populus tremuloides - Viburnum edule
Iphytocéenon. |

Typical species of the aspen consociation (Moss
1953a, 1955) which also occur in phytocoenon IV include:

Salix bebbiana, Amelanchier alnifolia, Cornus Stolonifera3

Rosa acicularis, Viburnum e&ule, Shepherdié canadensis,

Ribes oxyacanthoides, Cornus canadensis, Vicia americana,

Lathyfus ochroleucus, Epilobium angustifolium,  Rubus

<

pubescens, and Elymus inpovatus.. Also characteristic of

both are the "stockings' of Pylaisiella polyantha on tree

trunk bases. - Several other = species regarded as

characteristic or prominent by Moss were not recorded,

notably. Sympho:icarpos albus, Rubﬁs strigosus, and"

Maianthemum canadense. These three species, however, are

also either absent or infrequent in Moss's northernmost
stands, suggesting their lesser role to the porth. Moss

(1955) also mentions the rarity in porthern aspen forests
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of species such as Corylus cornuta, Prunus spp., Aralia

pudicaulis, and Disporum trachycarpum which are leading

dominants in central Alberta. Investigations of aspen

T

forests in the study-area@confirmed his observations.

Descriptions of aspen stands (Thieret 1964; Rowe

1972b) from the middle boreal subzone of the southern

Mackenzie Dis;rict, as far as-c;b be determined frém the
brief species lists, resembled those of the study area.

. Aspen communities of the southern and hemiboreal
“matufe aspen ‘forest“ (Bird 1930), '"aspen consociation

(variant)” (Moss 1952), and 'aspen woodlands" (Breitung

1954) are\only weakly related floristically to the Heart

Lake aspen types. Othef investigators described types
froﬁ the middle and sdutgern boreal subzones, but fﬁrther
north latitudingllyﬂ than the above, resembling Moss's
consociation: "aspen - black poplar pioneer woods'" (Day
1972, Looman 1969), 'closed aspen forest" (Jeffrey 1961),
and "aspen woods" (Raup 1934:93, "1935:27, and 1946:48).

Although tbey closely corfespond with thefﬁeart Lake study
area, their species composition différed by the presence
of several species which are often associated with

northern prairies, e.g., Agropyron trachycaulon,

Botrychium lunaria, "Delphinium glaﬁcum, Smilacina

stellata, and Symphoricarpos occidentalis.

Species composition of "Populus tremuloides

dominated tree stands' (Dix and Swan 1971) iop the southern

boreal subzone of central Saskatchewan were related to
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those of aspen stands in the study area but there were

considerable differences, e.g., the central Saskatchewan

aspen stands contain more southern species 1like Aralia

nudicaulis, Rubus strigosus, Viola rugulosa, Maianthemum

canadense, and Trientalis borealis. With the exception of

three species, 1i.e., Amelanchier alnifolia, Ribes, and

Shepherdia canadensis, they possess species

h 1

characteristic of Moss's (1955) aspen consociation. The
firét‘~tw6 species are vefy comﬁon in the Saskatchewan
boreal forest but were not mentioned by Dix and Swan
(1971) .

Looman (1977) observed that although aspen grows

in pearly pure stands throughout the Prairie Provinces,"

Populus balsamifera or Betula papyrifera may form |

important admixtures . with it in most nofthern parkland
areas. - Aécordingly, the aspen foresﬁs ét Heart Lake
,conéain a pfominent‘balsam poplar and a minor white birch
compounent.

Aspen foYests in thé Rocky Mountains of western
' Alberta (Lulman . 1976) are related to those of the study

area but differed both in structure and. floristic

composition. . Comtrary to the study area, his shrub

- stratum was depauperate, while the herb stratum was the
predominant understory layef. ' Flor?stically, Lulman's

three community types, Elymus inbovatus, Shepherdia/Aster

conspicuus, and Vicia americaha, share 35%, 31% and 24%,

respectively of their vascular flora with phytocoenon IV.
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Aspen was also a significant component of the

Populus tremuloides (Picea) - Alnus crispa - Hylocomium

splendens phytocoenon (V A), as well as phytocoenon 1IV.
in fact, the two were agglomerated in both the life-form
. and floristic dendrograms at the 40% and 601 1eve1s;
respectively. Unlike phytocoenon IV, however, phytocoenon
VA was a mixedwood type whose understory was characterized

by Alous crispa and feathermosses.

It follows, accordingly, that mixedwood forests

described ‘for the Mackenzie District by Jeffrey (1964:27)
"B4, Mixedwood forest, Mackenzie Lowland', Rowe et al.
(1974:77) "mature open mixed forest', Reid and Janz (1974)

"Populus/Rosa unit' are more novearly relatable to

phytocoenon VA. Examples of commouo understory species

are: Alous crispa, Rosa acicularis, Viburnum edule,

Linnéea borealis, Cornus canadensis, Geocaulon Ilividum,
Epilobium angustifolium, and Hylocomium splendens.

There is some evidence which suggests an increase

in the prominence of Alpnus crispa 1in thé‘ middle and

northern boreal deciduous forests (Rowe 1956), while to

the sthh investigators like Moss (1955) and Raup (1946)

did pnot report it as being prominent. Such an increase

ties ip very well with the elevational seguence .in Jasper

and danff‘ National Parks, Alberta, where Shepherdia

canadebsiS5. Alnus crispa, and Menziesia glabella

sequedtially' peak 1in cover with increasing altitude (La

Roi and Hnatiuk 1980).
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Distinctly different aspen types resembling the

xeric Populus tremuloides - Juniperus communis - Ditrichum

flexicaule phytocoenon (IIB) were described in two studies

from western Alberta. On steep south-facing colluvial
slopes in the mountains Corns and Kojima (1977) delineated
an ''open type' whose characteristic species are shared

with the study area: Populus tremuloides, Rosa acicularis,

Juniperus communis, Achillea millefolium, Arctostaphylos

uva-ursi, Elymus innovatus, Fragaria virgioiana, apd--!

Epilobium angustifolium.

¢ There are no publiﬁ!@d déscriptions of types
. T

comparable to ‘the Lspen conagi’;ﬁation (Moss 1955) in the

* %

northern boreal subzone. It{J@Jtherefore suggested that

the aspen consociation reaches its northern limits ip the

- middle boreal subzovne. Supporting evidence came from

several investigations. 1In the Norman Wells area of the

Mackenzie Valléy, Porsild (1943) ootes that aspen and

balsam poplar are either not very abundant or have dropped .

out and that Picea glauca and Betula papyrifera are the

principal upland forest trees. This coincided with a
study by Reid (1974) in the middle Mackenzie Valley for
which no descriptiofs of aspen types were made. Instéad,
he described deciduous and mixedwood forest types- such as
the "white birch/Recsa, Salix unit" and the ''white spruce;

white birch/Alnus crispa unit". Further north, Hettinger

et al. (1973) described a .'winter deciduous orthophyll

~forest and shrub formation'" with Betula papyifera, Alnus
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crispa, Vaccinium vitis-idaea, and Linnaea borealis oo the

Peel Plateau, but did not mention aspen.

In summary, the aspen-poplaf forests (IV) of the

study area are most similar to aspen types described from
the middle boreal subzone and represent a northern variant
of Moss's (1955) "aspen consociation" whose northern limit
appears - to lie withio this subzone. In contrast,

mixedwood types’ (VA) possessing a prominent Alnus crispa

understory are best developed in the middle and ncrt-erp

boreal subzone.

Woodland muskeg

At the highest Braun- Blanquet syntaxonomic level,

the black spruce bogs of the study area (VI A) belong to

the circumboreal class of raised bog communities, 0x2cocco

- Spbagnetea. Within this «class Tiixen et al. (1972)

distinguished the North :American order Spbagnetalia fusci

with the character species Sphagoum  fuscum, Rubus

chamaemorus, .Chamaedaphne calyculata, Mylia anomala,
) . Y

Polytrichun - strictum, Dicranum 'undnlatum, and Sghagnum%

imbricatum ,and differential species Empetrum pigrum,

Cladonia rangiferina,> and Cladonia arbuscula. All - were

recorded ~withip phytocoenon VI A except Rhﬁgnum -

. \’{,f
imbricatum (Tixen et al. 1972). , . B

Within Sphagnetalia fbsci, Tlixen et al. (1972)

recognized two North American alliances: (1) Ledum
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decumbentis - Sphagnion fusci from the northwest,

characterized by Ledum decumbens, Pedicularis labradorica,

and Betula 'nana; and (2) Kalmia - Sphagnidﬁ fuscil from

central and eastern ngions, characterized by Ledum

groenlandicum, Kalmia ~polifolia, and 5. angustifolia.
Raﬁher than fitting decisively into either of these
alliances, the treed  bog vegetation at Heart - Lake
exhibited intermediate chéracteristicé as might be

expected from an examination of the vegetatioh map (Fig.

11). Phytocoenon VI A contained both Ledum groenlandicum

and L. decumbens  but 1acked a11Lother character species

found 1io either alliance. In addition, species often
?

characteristic of eastern Kalmia - Sphagnion fusci such as

. Sarracenia purpurea, Andromeda 'glaucophylla, Vaccinium

angustifolium, and others were absent in VI.

According to Knapp v(1965;87) 4 the floristic
compbsitionof "woodland muskeg' or "Acidiphile Waldmoore'
does not change markéd1y across North America; Using the
appargﬁtly synonymous term "black épruce bog association',
Katz (1971:157) states 'thét the association 1is mainly
tbgee-iayered throdghodt ité range, i.e. ''spruce-low shrub
‘:‘Sghagnum‘bdgs”. | | |

Althodgh woodland muskegs are frequently
menqioned iﬁ westeén North émerican literature,
Comﬁarisons are difficult because complete species lists
were¢ seldom presenfed. When lists were published, f@x}

often incorporated slightly richer types  or ''transition
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bogs" (Lavkulich 1972; Raup 1934, 1946) which are oot

homologous with the ombrotrophic conditions implied by the

vegetation of the Heart Lake peat plateaus. Black spruce

bogs in west central Canada (Table 23) share a number of

species with the study ares. The tree stratum was

dominated by Picea mériana; while the low shrub and dwarf

shrub  ‘strata - were usually dominated by Ledum
groenlandicum, Chamaedaphne calyculata, Andromeda

polifolia, Oxycoccus microcarpus, O. -palustris, Kalmia
S

Eolifolia; ~and 'occasionally Ledum decumbens and Bétula

glandulosa. Frequent . herbaceous species were Rubus

chamaemorus, Drosera rotundifolia, and Smilacina trifolia

with the bryoid layer usually composed of Sphagoum fuscum,

Dicranum undulatum, Polytrichuﬁ spp-, and Cladonia spp.

Commuﬁities showing the strongest floristic
similarity occurred in the middle and "northern boreal
subzones, "particularly those descfibed as pe%t plateaus
(Table 23); Southern boreal types were noﬁ as closely
related to the study area. For example, althoﬁgh the
”biack ' spruce-peat qué - association" (Moss  1953b)
described from the soutﬁern boreal subzone of northwestern

Alberta exhibit .-some similarities to phytocoenon VI A,

d

such as tﬁ%}f presence of Picea mariana, Ledum

groetilandicum, Rubus chamaemorus; Sphagnum fuscum, -

B
Polytrichum strictum, and Icmadophila ericetorum, there

were marked différences, e.g., absencééygf,'Aﬁdromeda

N

polifolia, Chémaedaphne Vcalyculata, Ledum decumbens,
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Table 23. Occurrence by subzone of similar black spruce

bogs in west central Canada. Scrong similarity

¢ = XX, moderate'similarity'-ﬂx.
Subzone
Reference Phytocoenon VIA

Northeru to Middle Boreala

Reid 1974 ”scattered black spruce/uladonla , XX
Spnagoum unit' ‘

Reid and Janz 1974 ”“parse Picea marlana/Rubus _ XX
Cladonia unit' _

Rowe et al. 1974 ''peat plateau' ' X

dlddle Boreald
; Day 1972 "black spruce woods, type lo"
in part

Larsen 1972 "open nuskeg' in part X
Lavxullcn 1972 'black spruce - Spaagnum-Ledum' XX

"black spruce - Cladonia-Ledum' XX
Rowe L97ZD vegetatlon of pooLly dfalned : XX

organic soil, bogs
Rowe et al. 1975 "treed. ombrotropaic Peat plateaus' XX
Thieret 1964 ''wet phase of bog forest : X

i{iddle to Southern Boreal? . . :
Raup 1934 '"muskeg forest' ip part , ' X

Raup 1946 ''wet phase of bog forest' : X
Southern Boreal? : '

Hansen 1950, 1952 muskeg X

Jeglum l973b ;Plcea mariana - Ledum broenlandlcum X

Sphagnum type'" .
Lewis et al. 1928 '"young bog forest' X
Moss 1953b ”Dlacx Spruce-pedt moss association" X

d sensu Hamet-Ahti (1976, .



- Cladonia alpestris, C. _arbuscula* and C. rangiferina.

Also,',nany species like Habenaria hyperbOrea, Rubus»

acaulis, and Tomenthypoum nitens- mentioned by Moss were

characteristic of richer habitats, |and were more similar

to phytocoenon VI B, a poor fen. other southern boreal

"example; the ''Picea mariana - L dum groenlandlcum -

Sphagonum fuscum vegetation type" (Je&lum 1973a) described

from central Saskatchewan, when relat d to the Heart Lake
study area, shared a number of speci s but lacked others.

like Apndromeda pollfolia, Chamaedaph e calyculata, and

Ledum decumbens. Also, the flora was relatively rich with

3
e

species such as Rhamnus alnifolia, Ribes hudsonianum,

Lonicera villosa, Salix planifolia, Aster Junciformis and

many others.

It is npoteworthy that ombrotrophic vegetation

described from the Hudson Bay - Lowlands of ~Ontario (SJors

g

1963) 1is similar to phytocoénon VI A, with many shared;

. A
vascular speckes. - Collectively, species from the s udy

area>grow1ng under omhrotrophiC¢COnditions accounted
50% of the ombrotrophic flora of the Hudsoo Bay}Lowlands.

Although peatlands may be classified ccording to
floristlc comp081tion, they may also be d scribed as
organic landforms. | Descriptions of peat. lateausv by
Lavkulich 1972, Rowe et al. 1975, Tarnocai;) 1970, and
Zoltail 1972 applied equally well to the stud ~area. For
example, Lavkulich (1972515) described raised]ombrotroohic

peat plateaus in the Fort Simpson area as onsisting of
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"frozen sphagnum derived peatv deposits with hummocky

surfaces raised 1-2 m above the surrounding . fen

deposits...lew' fertility and low pH of the peat are

characteristic''. When seen from the air,

peat plateaus

often have a pock-marked appearaﬁce, termed ""eollapse

scars' (Lavkulich 1972) as in the study area.

to the treed portions of the peat plateau,.

In contrast

the collapse

scars were dominated by dwarf shrubs or graminoids.

- A classgsification gf‘the wetland regions of Canada

by’Zoltai et al. (1975:508-509) appropriately includes the

study area in the region of '"subarctic

~bogs, .pead

plateaus, and string fens...characterized"bye'bogs.'(eften

 somewhat elevated by permafrost) and string fens'. To the

‘south, at about 57°N latitude in Alberta,
changes to one of 'continental boreal bog
while nofth_'of a line roughly passing

Providence and Fort Smith, the regioo of s

this region
s and fens',

through Fort

ubarctic bogs

~passes 1into omne of ”subarctic peat plateaus and fens"

characterized by the presence of paléa bogs. No palsas

 were observed within the study area.

In a study of peat.plateaus in central Manitoba

and, Saskatchewan, Zoltai '(1972) recognized four

developmental stages of peat plateaus: inci

pient,. young,

mature and overmature Peat plateaus in the study area

appeared to be in the late mature stage.

Zoltal (1972)

described the mature stage as supportlng oped stands of

cum and some

'-stunted black  spruce with Ledum groenlandi
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Chamaedaphne calyculata usually with a nearby continuous
Cladonia mat on. the surface, as in -the study area. The
overmature stage 1is characterized by thermokarst features
‘(water\filled denressions) and collansing edges with dense
'stands \of tall black spruce and .a ground cover of
: feathernosses; Althonghr some peat plateaus withinp ‘the
study areab exhibited thermokarst features, 'feathermosses
_were rare; | | |

""Treeless lichen peat plateaus' (Rowe et al.

1975) ,did not occur within the study area, supporting

Rowe's observation that such assemblages occur at higher -

latitudes (Norman Wells) and higher elevations (Horn
Plateau) than the study area. Rowe believes they are

related to past fires that destroyed the living Sghagnnm

Fires might kill Sphagnum on the higher portions of peat

plateaus at Heart Lake but the - black sprucer either
withstood the fires (VI A: No 40) or regenetrated. -
Patterned fens or string fens (”Strangmoore”,
Kpapp 1965) a(e' often associated with peat plateaus.
Thelr occurrence as a terrain feature is well documented

in North Americarv District of Maékenzie (Crampton 1972,

Lavkulich 1972, Reid 1974, Reid and Janz 1974, Zoltai and..

Pettapiece 1973); Alberta (Lewis et al. 1928, Moss 1953b);

and Saskatchewan (Jeglum 1973a). ever, few previous

studies have cioSely examined their i  ristic composition.

An aapamire study in central Capnada (Knollenberg

1964) correthed string fen development with maximum'

|
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ffe?ze-thaw depths. It further indicated that string fens
are mainlf a boreal phenomenon with northern limits
approkimately parallelibg the boundary of the main.boreal
- zoone. Katz (1971) reported they are a éircumboreal
' phenomenon. Tarnmocai (1970) distinguishes two types of

patterned fens: ''string  fens", where the ridges or

"'strangs' are more or less parallel; and "met-like

patterned fens" where the ridges are interlocked forming a
reticuiate pattern as in the Heart Lake area. Tarnocai
(1977, personal commupication) observeg that the net-like
strang pgtterd predominates in the middle -boreal subzone
of Manitoba and thé‘parallel pattern pre@ominates in the
southerﬁ boreal. Zoltai (1977, personai communication),

however, suggests the two patterns may be related to slope

. rather than latitude‘with net-like patterns developing on

very slight slopes ahd_parallel patterns where slopes are

steeper.

| The vegetation of jNorth " American strang
communities is not well known. Because most studies of
pétternéd ’fens are terrain oriented, the investigators
péuallyﬁ}éive a brief vegetation description and mention
oniy' a few':sbecies. Also, strang vegetation frequently

intergrades and forms complexes due in part to the edge

.;; ::\ ’
Ly §

effect of the minerotrophic flarks. :
Two geoneral .descriptions resembling\ the study
area are given by Rowe (1972b) for.the.Fort Simpson area,

Northwest - Territories, and by Tarnocai (1970) for
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'Manitoba. When combined, these descriptions include most
of the strang variation observed within the study area.

Rowe (1972b:123) stated: ''The ridges are usually darker

green from such shrubbery as Salix candida, Myrica gale,

and Betula gléndulosa, élthough open forest stands of

tamarack, thte spruce, white birch, and black spruce are
occasionally seen'. White birch was not encountered on

comparable strangs within the study area, however.

Tarnocai (1970318) deséribed_strang communities as ''Larix

- feathermoss' or "Larix - black spruce - Sphagoum"
types. Both have Betula glanduiosa, Salix spp., some

' erlcaceous species, and various sedges and bryophytes.
Comparisons with flark vegetation are given in
the ”Boreal sedge-brown moss. fens'" subsection.

Thus, the woodland muskegs within the study area

are most relatable to raised Ombrotrophic peat plateaus of

the »middle boreal subzong« and belong to the order

Sphagnetalia fusci of the circumboreal class Ochocéo -

Sphagnetea. Thé circumpolar ridge vegétafion of pet-like

patterned fens 'is not well documented in the literatute'

but appears most nearly related to those of the middle‘

boreal in North America.

Coniferous swamps

.Knapp (1965:81) subdivides -boteal coniferous

swamps into ''rich cooniferous  swamp forests' and ''open

239



tamarack swamps''. ~These are roughly equivalent to the

Picea mariana -~ Tomenthfpnum nitens phytocoenon (VII A)

and the Picea mariana - Larix laricina - Campylium
steliatum phytocoenon (VII B). Tamarack .rarely occurred
in pure stands at Heart Lake and was admixed with black
and white spruce. Most stands seemed intermediate between
Knapp's th swamp types.

As éharﬁcterized by Knapp (1965) rich coniferous
swamp forests consist of a mixture of diverse coniferous

species. In the southeast Thuja occidentalis 1is often

dominant but it is replaced by Picea glauca ino the north.

The group is differentiated by brown mosses, minerotrophic
. Sphagna, and by many of the same species’ which distipnguish
the '"spruce-fir forests rich‘in'herbs” (Knapp 1965). At

Heart Lake these include Viburoum edule, Rosa écicularis,

-Equisetum Q;atenée, and Mitella nuda. Within the study

area, however, one cannot expect to find examples closely
equivalent to Knapp s descriptions which are mainly
- extracted ffom more southerly types. Accordingly,  many of
the species Knapp mentiouns are southern in distribution

and absent from Heart Lake swamps, e.g., Actaea rdbra,

Aralia 'nudicaulis, Gymnocarpium dryopteris, Oxalis

- montana, and Viola pallens.
"Open tamarack swamps' are not clearly defined by

Knapp (1965:18) but the importance ofvsedgeé dnd '"species
' : . N
characteristic of boreal coniferous forests, constituting

the shrub, herbaceous, and moss layers' is stressed.

. -
} ¥
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After Kpnapp (1965) published his review; a number

'iof studies appeared which, combined with earlier reports,

make it possible to obtain an overview of coniferous swamp

composition in northern and western Canada. From an
examination of the 1literature rfof this region, I
established a broad framework of typical coniferous swamp

understory species: '"Picea mariana, Salix myrtillifolia,

Arctostaphylos rubra, Aulacomnium paluétre association"

(Abnas 1971); '"Picea mariana - Ledum  groenlandicum -

Tomenthypuum nitens vegetation type''(Corns and Kojima

1977); ”black spruce -woods, type 15'" (Day 1972); ""'shallow
bog'', deep bog', and bog border" (Horton and Lees 1961);

"B3, black spruce flats'", "D7, black spruce bog forest,

ancient and iotermediate floodplain”, and ''Cll, black’

spruce bog forest, terrace'; Jeglum 1973a "tamarack swamp"

(Jeffrey 1964); 'black spruce vegetation - Toménthypnuh,

group"; "Hylocomium group", 'Mixed character group", and

"Potentilla group" (Laidlaw 1971); 'vegetation of poorly

drained‘minerai soils" (Lavkulich 1973); . "black spruce -

tamarack in the Mackenzie lowlands'" (Lindsey .1953);

''tamarack swamp' (Moss 1953b); 'birch bog'" and '"muskeg'" in

part (Raup 1935); ''tamarack - black spruce - Vaccinium

uliginosum - moss unit" (Reid 1974); 'vegetation of poorly
drained mineral soil" (Rowe 1972b); and 'black spruce tiog

forest, dry phase" in part (Thieret 1964). The

- characteristic species are Betula glandulosa, Ledum

groenlandicum, Potentilla fruticosa, Salix myrtillifolia,
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Arctostaphylos rubra, Vaccinium vitis-idaea, Equisetum

scirpoides, Geocaulon lividum, Tomenthypoum nitens,

Hylocomium splendens,  and Aulacomnium palustre. Other

less constant species 1include: Salix glauca, Vaccinium

‘uliginosum, Empetrum nigrum, Linnaea borealis, Mitella

buda, Carex aquatilis, C. capillarié, Rubus acaulis, and

Smilaéina trifolia.

The coniferous swamps at Heart Lake fitted
without diﬁficulty into the general framework outlined
above and were generally éomparable“ to the references
cited. - - Detailed comparisons Qefe' often hindered by
méthodological differences and lack of information on
kspeciés composition. Séme sites ‘geographﬂ .y far
removed from Héart Lake were quite similar. For example,
black spruce Qegetation, described by Laidlaw (1971) in
Banff and Jasper National Parks, Alberta, exhibited very
close parallels with the study areé, both by the
calcafeous nature of the parent_matefial and by speciés
composition.. Of 65 vascular species recorded by Laidlaw
(1971, Table‘7), 607 were presént in phytocoenon VII A and
VII B, nany being well represented. A similar
relétionship existed within the bryoflora, 60% 'of ‘which
were present in phftécoenon VII A and VII B.

From. the Alberta Féothills, Horton apd ‘Lees
(1961) described black spruce swamps, termed ”shaiiow'bog”

and '"'deep bog'. Ninety-five percent of the shallow bog
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species were found within phytocoemon VII A and 97% of
deep bog species occurred in phytocoenon VII B.

Descriptioons from the Hudson Bay Lowlands (Sibrs
1959, 1961, 1963) also bear a close floristic and edaphic
reletionship to the study area. For Heart Lake the
similarity to the Lowlands extended to ombrotrophic

‘vegetation as we11 as swamps. Of the 55 vascular species

listed by Sjérs (1961 8-10) for rich, mature, black spruce

forests 69% were present withino Heart Lake: coniferous

swamps . The similarity' was greatest between phytocoenon
VII A and Hawley Lake, both of which have a shallow peat
layer.
Y

In summary, the coniferous swamps occurring on
calcareous parent material in the study area afe closely
related to a number of previously reported swamp ‘types

from similar calcareous substrates in west centrél

Canada. The characteristic species of the regional

coniferous swamps are identified and liSted, extending the‘

account of Konapp  (1965). The Heart = Lake cypea

demonstrated - a "strong floristic similarity with efﬁef‘

. coniferous swamps of western Alberta and the HﬁdsonfBay

A A
Lowlands. A

5

.Boreal sedge - brown moss, fens

Under this class Knapp (1965) include H?
basophilousi to neutrophilous sedge -

B
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associations. Corresponding vegetation from Heart Lake

included the Lobelia kalmii -, Scirpus caespltosus -

Campylium stellatum phytocoenon (VI ¢C) and Salix

pedicellaris - Menyanthes trifoliata - Drepanocladus

revolvens phytocoenon (VIII).

Thirty-three characteristic specles are listed by
Knapp (1965:86) of which 76% occurred at Heart Lake. The
class 1is primarily composed of small sedge species as well

as brown mosses. Species common to Knapp's list and the

~study area iocluded: Carex aquatilis, C. gynocrates, C.

lasiocarpa, C. leptales, C. livida, = Eriophorum

viridicarinatum, Equisetum palustre, Habenaria hyperborea,

/E. obtusata, Lobelia kalmi{i, Parnassia parviflora,

Pinguicula wvulgaris, ~ Primula mistassinica, Triglochin

palustris, Tofieldia glutinosa, and the brown mosses,

Campylium stellatum, Drepanocladus revolvens, Scorpidium
: c B

scorpioides, and Tomenthypoum nitens?é Examples of species

< not recorded from Heart Lake were: Carex angustior, Juncus

'rstygius, Arethusa "bulbosa, ‘»Bartsia alpina, Drosera

lipearis, -and Paludella squarrosa. Some of the latter

épecies are more common to the south, while others showed
a disjunct distribution; According to Knapp (1965) sedge
- brown vmoss<vféns réach their optimum development 1in
regions underlain by calcareous bedrock, aé in the study
area.

The Salix pedicellaris dwarf shrub peatland

(VIII) compared closely with a pumber of related types:



"Carex-Hyprum association" (iewis et al. 1928), ‘'Carex

Drepanociadus - Salix association (Moss 1949,; ''sedge -
P - oLallx ‘ eds

wet moss"community (Carex - Drepanocladus)" (Horton and

Lees 1901;; ''Strang moor nollows" (Drury 1956); "Carex -
8 y "lare

Drepanodiﬁdus type' and '"Carex - Drepanocladus - Betula

type”'(Tarndcai £973); "marl fens' (Seaborn 1966) ; "string
fen hollows" (Reid" l974); “dw;rf 'Bifch - sedge ‘fen”'
(Ritchie 1960b); and "eutropnic open“muskeg” (Stanek
1975). “The ‘“1ow shrub fen'" and 'sedge fen””’(Jéglum

1972a:5) should leo be included nere. Jeglum (1972a)

'stated there is ''continuum of variation from low 'sarub feq

into ‘sedge fen" and utilizes 25-20% sarub cover as tue

level of separation. These distinctions were applicable

- to phytocoewnon VIII A and VIII B, respeqt;vely.

Homologous types were reported from Ontario, -

"eutropnic sedge rens'" (Aati and Hepburn 1907) and flarks

(sjafé 1961:15-17); Finland, VRimpibraunmooreP \Ruunijafvi

1960), and Sweden, li'Scorvpidium association' (Sonneson
197O)f _ S |

‘ p Comparison. of tne Lobelia kalmii‘ - Scirpus
czespitosus: - Campylium stellatum thtocoenbn (VIII ()

/ith tnose described by other workers shows that " several

/ o ' .
dre closely related: Alberta "calcareous bogs'' (#oss and
/ e :

h

iurn 961), '"marly flats" (Turner i949/,,’hinerOCropnic
vegetation" (Pakarinen and Taloot 1976:74, " Fig. 9);.

3ritish Columbia - ‘wet Larix @®éns'" (Porsiid and <Crum

1961:139-140,; and Owtario - 'rica rfens"  (Sjsrs

¢
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{

e

A

‘and alder thickets'

j
o

1961:14-18),_ﬁriparian ricn feons''- (Sjdrs 1963).' it is of

interest that the Heart Lake phytocoenon (VIII C) snared
. , . . e
g

8l% of its rich fen vascular Ilorg the Hudson Bay

( ] &

' - - ¥ -.. '3 .
Lowlands (3j6rs 19v3). Examples of t Lake species in

common with  the types mentioned above are: Anteonaria

pulcnerrima, Carex capillaris, Dodecatheon pauciflorum,

Lobelia kalmii, Pinguicula vulgaris, Scirpus caespitosus, -

Selaginélla selagiboides, Torieldia glutinosa, T. pusilla,

Triglochin maritima, and the mosses, Campylium_stellatum,

Catoscopium nigritum, .and Scorpidium scorpioides.

Vegetation homologous‘ to paytocoenon VIII < has

been described »fro@ Newfoﬁndlénd, "srown - moss fen"

(Heikurainen 1968:48, and Finland, 'Campylium stellatum -

Braunmoore'' (Ruunij?rvi 1960, .

very similar to corresponding sedge - brown moss fens

described from boreal' calcareous sites across Nortn

America and pnorthern Europe.

Willow tnicket

in Kuapp's {(1965:84, treatment of ''boreal willow-

' a opumber of species were. listed,

including Salix planifolia ‘and $. bebbiana, wnici are

‘

components of the Salix planifolia - Carex aquatiiis -

Brachythecium salebrosum phytocoenoﬁ QIXA). Boreal willpr

.

-tnickets 'generally occur along. tiue baoxks of lakes and

In summary, phytocoenon VIII is floristically

T



rivers (Knapp 1965) as in the study érea. Homologons>

vegetation, ''taicket dwamps'' & (Jeglum g& al. 1974:28) and

"tall snrub fens'" (Jeglum 1973a:6), are described for

Ontario and central Saskatchewan, respectively. They also

include the willows Salix planifolia aod S. bebbiana.

Particularly revealing is Jeglum's . (1973a:6/
characterization of 'tall snrub- fens' , which strongly
resemble those of Heart Laxke: ''only one tall sarub is

important' iq a stand, and. low shrubs of fens are
unimportant. One to two species of graminoids, including
most 6f therleading dominants'of broad-ieaved sedge fen{
attain importanéevin eacn stahd.“ |

Few phytoSociological descriptions closely

resemble the Heart Lake phytocoenon. Tnis might be due to

the wide ecological amplitude attributed to species in

"shore habitats' (Raup 1975) and the tne absence of a
| by e enes

general phytosociological treatment of shrub vegetation io
| e , L . st - .
boreal Nortn America.  Nevertneless, €f€re are & number ot
general refeérences whose dominanot species were relatable
to the study area. ‘
. Y

From the soutinern District of Mackenzie Lindsey

- (1953) déscribed a zonal sequence of Carex aquatilis -

Salix E}énifolia - Salix bebbiana. [f foreshortened, it

would reéemble tne phytocoewmon at Heart vake. Raup (1940

also'meﬁtioned an apparent variation of Liondsey's (1953,
i . » . .

| :
sequence as foilows: Salix planifolia - Salix petiolaris -

/

. S5alix bebbiana. Raup further notes tnag Salix bebbiana

1
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persists into the forest and becomes a primary species of

i

"flood plaio timber". Similarly at Heart Lake, the

- abundance of Salix bebbiana peaks in pnytocoenon IXA and

tne Picea glauca - Hylocomium splendens pnftdcoenon (V).

Dirscnl et al. (1974) mentioned that for the

¢

Peace - Athabasca Delta Salix planifolia and 5. bebbiana

are dominapt on perched'basins and levee backslopes. They
3

arfirm that Salix planifolia is replaced by §S. bebbiava as
drainage conditions improve. | |

In tne Slave River Lowlands,. Day-.{1972:24)
described a '"willow brusa' type taat included, among other

shrubs, Salix planifolia.' Tnieret (1964} also referred to

a related tnicket type occurring as a shrub zove on river '

isiands.

Few  iovestigators described‘ ‘tne ' floristic
composition of snrub understbries. A comparison bvased on
available information indicates tnat each is rather unique
floristically but graminoids and mosses usually play a

3

prominent role.

Tall?sedge meadows -

"Boreal ﬁall-sedge megdoﬁg“ (Knapp 1$05:84) are.

found along lake sinores aod slow-rflowing water bodies.

They closely resemble the Carex aquatilis - Carex rostrata

Poteuntilla palustris phytocoenon (IXB) wiiich contains 7

of tne 14 characteristic species listed by Knapp:‘ Carex
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aquatilis, C. rostrata, . Calamagrostis ivexpansa, Q.

canadensis, Lysimachia toyrsiflora,  ° Scutellaria

galericulata, and Sium suave. One important species

mentioned by Knap;>\Carex atherodes, was apparently absent

at-Heart Lake. (

‘Communities pﬁys;ognomically similar to tnose of
the‘stUdy area,consistidg Bf tall graminoid emergents -
uéually with only 2-3 \domingnt emergents ‘and a poorly
developed bryoid stratum (Jeglum l973a) - are described

‘from a number of boreal Nortn American sites in addition

to those cited by Koapp:  Alberta, 'Carex aquatilis -

Carex rostrata vegetation type" (Corpms and Kojima 19Y77);

"wet sedge meadow' (Day 1972); ''Carex - Potentilla typeii

Al
!

(Dirschl et al. 1974); District /of Mackenzie, "pond fen"
in part {(Lavkulich 1972); '"Car X'ﬁen” in part'(Reid and
N { R

Janz 1974); "shore fen'' (Kowe l97ib);ﬂ”rhizomaceous sedge

mat around muck bottom lakes

(Zoltai et al. 1975); and /Saskatchewan, V”emergenck fen"

/

/

(Jeglum’1973b).

| Fully '752‘ of the vascular species K occurring io
Heart Lake.shore communities (IXB) are circumpoiar.{ Thus
it is opot surprising thét a parallel exiéts with the
”magnocériceta" of Sonneipn (1970) 1ip noorthern Sweden.
The -magnodéficéta also occur along lake siaores and are

characterized by a poorly developed bryoid stratum and

dominant emergents like Carex aquatilis aod C. rostrata.

(Thieret 1964,; ''shore fen'"
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Floristic compafisoné with Heart Lake ére
relatively - upcertain due partially to  tne lack of
floristic information, speﬁies povetﬁy,f and tne open
nature of tné meadoys (Raup 1957). Raup (1957:161,, in ano
unsuccessful attempt tqﬁ classify communities in snore
hébitats from tne Athabasca - Great. Slave Lake region,
éoncluded that shore species did not behave as members of
céﬁmunities-but ''as ‘populations of individual species that
have found, perhaps in part by chance, sites ,tnat are
satisfaétory to tnem'. Forﬁshqré,vegetétion he suggests

the term ''community' be replaced by "assemblage'.

Talus communities

No comparable publisned accounts from the boreal

zone were found for tne '"Hyponum cupressiforme - Grimmia.

apocarpa phytocoenon' (1), but similar rock debris |

communities probably occur oo calcareous substrates 1ip

other nqrthérnARocky Mountains.
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Checklist of the vascular plants, bryopsida,

APPENDIX I.
©  hnepaticopsida, and lichens of the Heart Lake
area. Key to geographic category: c,
Circumpolar; NA, North American; AB,
Amphi-Beringian; AA, Amphi-Atlantic; Cos,
o, Cosmopolitan; and Cord, Cordilleran. A
I8 . subclass of circumpolar and cosmopolitanp,
widespread, W, indicated extremely
wide-ranging species. The geograpnic
classification of a taxon of lower rank was
given after the species’ geographic category
. 1f their distributions differ.
T
Vascular Plants
Geograpnic
Category
OPHL OGLOSSACEAE
C Botrychium‘virginianum (L.) Sw. var.
europaeum Angstr
POLYDODIACEAL
Cos Cystopteris fragilis (L. ) Bernh.
C C. montana (Lam.,; Bernn.
C Polypodium vulgare L. ssp. virginianum -
. (L.) Hulten ,
C Woodsia glabella R. Br.
EQUISETACEAE
Cos Equisetum arvense L.
C - E. fluviatile L. _
C E. palustre L. : »
C E. pratense Erhr. :
C E. scirpoides ificix.
C E.

variegatum Scnleich.
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LYCCPODIACEAE

Lycopodium apnotioum L. s. lat.
L. complanatum L. s. lat.

- SELAGINELLACEAE
Selaginella selagivoides (L.) Link
PINACEAE

Juniperus communis L. s. lat.
J. horizontalis roencn
Larix laricipna (Du Roi) Koch
Picea glauca \(rfoench) Voss s. lat.
P. mariana (Miil.) B.S.P.
Pinus banksiana Lamb.
¥,
TYPHACEAE

Typna latifolia L.

SPARGANIACEAE

Sparganium angustifolium Mi'

S. mipimum (Hartm.) Fries
S. multipedunculatim {Morong) Rydb.

POTAMOGETONACEAE

Potamogeton filiformis Pers. var.
borealis (Raf.) St. Jonn
gramineus L.

natans L.

. praeloongus Wulfen

pusillus L.

richardsonii (Benn.) Rydb.

. vaginatus Turcz.

g " rg U MO U

- JUNCAGINACEAE

Scheuchzeria palustris L. var.
americana Fero.

Triglochin maritima L.

T. palustre L.

SRAMIGZAE

Agropyron tracnycaulum: (Liok) dalte s.
iat. o

A. violaceum (Hormem., Lgd.

Agrostis scabra Wilid. :

Arctagrostis arupainacea (Trin.) Beal

g o



E
T

270

C Beckmannia syzigacane (Steud.) 'Fern.

C Calamagrostis canadensis (ichx.)
Beauv.

NA C. inexpansa A. Gray A

C, NA C. lapponica (Wahleob.) Hartm. var.
nearctica Porsild -

C C. purpurascens R. Br.

C - Deschampsia caespitosa (u.) Beauv.

NA : Elymus innovatus Beal

NA Festuca saximontana Rybd. .

NA Glyceria striata (Lam.) Hitchc. var.

; stricta (Scribn.) Fern. .
C Hierochloe odorata (L.) Waiilenb. —
C Hordeum jubatum L. ' ;
C Koerleria cristata (L.) Pers. , i
NA Muhlenbergia glomerata (Willd.) Trin.

‘ var. cinnoides "(Link; Hermanon
NA Oryozopsis asperifolia ricnx.

NA ' O. pungens (Torr.) Hitchc.
Cos - Pnleum pratense L.
C . Poa alpina L. _
C P. glauca Vahl. s. lat.
Cos , P. pratensis L. \
CYPERACEAE ‘\
NA Carex aeunea Fern.
c C. aquatilis Wailenb.
NA 'C. atratiformis Britt. ssp. raymondii
(Calder,) Porsild ,
NA C. aurea Nutt. S .
C ‘C. canescens L.
C C. capillaris L. .
C C. capitata L. w
C C. cnordorrihiza thrn.
NA C. concinna R. Br.
C C. diandra Scarank
C C. disperma Dewey
NA C. eburnea Boott
NA® C. filifolia Nutt.
NA C. foenea Willd.
NA c. garbiri Fern. .
C C. gynocrates Wormskj -
NA C. interior Bailey :
C, NA C. lasiocarpa Enrh. var. americana
. Fern. .
NA C. leptalea Wanlenb. Ky
C C. limosa L. 4 o ‘ ;
C, NA C. livida Willd. var. grayana (Dewey)
Fern. . o - :
C C. media R. Br. /
c C. paupercula Micnx. .
~C C. pnysocarpa Presi.

‘ -

/

{
i
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- NA

NA

NA

(E. Asia)

NA

richardsonii R. Br.
rossii Boott
rostrata stokes
scirpoldea licax.
tenuiflora wWanlenb.
vaginata Tausci
viridula Michx.

Eleocnaris compressa Sulliv.
. pdalustris (L.) R. & S.

.

NeNoNoleRdNoN !

E. paucifliora (wigatf.) wink var.

fernaidii Svensoan
Eriopaorum angustifolium Honck.
L. brachyantanerum Lrautv.
k. vdgiuvatuw .. I
E. v1r1d1car1natum \nngelm ) Fern.
Kooresla glmp;lLLUbLUla (Waulenb.)
. lack.
Rynguospora alba (i.) Vanl
Scirpus caespitosus L. ssp. austriacus
(Pall.) Asca. & Graebn. ‘
S. vaiidus Vahl

LEMNACEAE
Lemna minor L
JUNCACEAE
Juncus albescens \Lungé)‘Fern.

J. alpinus Vill. ssp. wvodulosus
{Wahieno.) wuiodm.

J. balticus Wiild. var. littoralis

Engeln.

LILIACEAE

Allium scnoenoprasum L. var. sibIwicum
\w+) Harcmo.

Smilaciona trifolia (i.) Dest.
Torieidia giutinosa (Micax.) Pars.
L. pusillg {(Michx.) Pers.
wygadenus elegans Purcn

ORCH{ DACKAE

Caiypso.buiooéa'(h.) Jakes

Corailorniza trifida coaat.

Cypripeuium calceolus un. var.
parviflorum (Salisb.) Fern.

C. guttatum ,Sw. s

C. passerinum Richtiards

Goodyera repens {w.) R. Br.

liabenaria ayperborea (L.) R. Br.




. NA

i

C (?)  h. obtusata (Pursgh) Ricaards.

NA  Listera oorealis ilprong
NA Urchis rotundifolia Banks
NA Spirantines romapzoriliiaoa Cnam. &

Schleciit.

SALICACEAE
NA Popuius ovalsamifera L.
NA P. tremuloides ticnx.
NA (7C) Salix arbusculoides Anders.
NA ,S. arctopnila Cock. ex deller
NA .S. atmabascensis Raup )
C S. bebbiana Sarg.
HA S. candida Fleugye
NA S. discolor Munl.
C, NA 5. gitauca L. var. viliosa (Hook. )
Anders.
NA S. mccalliana Rowiee ,
NA S. myrtillifolia Anders.-.
NA S. uvova-angliae Anders.
S. padopnylla Rydb.
NA S. pedicellaris Pursn
NA S. planitfolia Pursin
C S. reticulata . .
A 5. seqissima {(Bailey) Fern.
FIYR [CACEAE
C v dyvica gale ..
/ BLTULACEAE
NA (E. asia) Alvus crispa Ait.
NA A. incana (L., iloeunca.

NA Betula glandulosa bkilichx. ; _
NA ' 8. papyrifera Marsh. o
URTICACEAL

NA | - Urtica graciliis Ajic.
SANTALACEAE
NA - g o Geocaulon lividuéﬁ(nicudrds.) Fern.
9. A )
POLYGONACEAE
Cos - Polygounum aciculare L. s. lat.
C P. viviparum L.

NA . , Kumex- occideataiis wWats.
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NA

NA
NA

NA
NA

Cos

*Cos

Cord

CHENOPbDIACEAE' L
+
Cnenopodlum aloum Le 3. tat. -
C. capltatum \L ) Ascn.

bARYOPHYuLAChAL

A;enarla d&WbODeDSlS Btht.‘

A. numifusa Wanleou. (= A
Longlpendunqulata dult )

A. laterirflora L. : ,

A. rubella (Wanlenb.) bmltn :

Cerastium drvense ..

iMelandrium ostenfeldii Porblld

Silene menziesii Hook

Stellaria caiycantha {Ledeb.) Bong

~ S. crassifolia Enrn.

S. longifolia duni. s. lat.
S. Longlpes Goldie s. str.

- NYMPHA;AU&A&
Nupgarivarieg&tum Engei.
RANUNCULACEAE

Actaea ruoraf(Ait.).W1113.
Anemone multifida Poir g. lat.
Anemone parviflora icux.
Aquilegia previstyla Hoox.
Raounculus aboccivus L.

R. lapponicus w.

R. macouwpii Britt.

R. pursinii Richards.
R. sceleratus L. var. multifidus Nutt

‘lnalxctrum venulosum irel.

& <
FUMARIACEAE

Corydalis aurea Wilid.

. sempecrvirens (L.) Pers.

CRUCIFERAE

Arabis divaricarpa A. Neis.
A‘\uirsucav\L.)vSCOp.

o

- A. holboellii Hormem. var. retrofracta

(Grau.) Rydb.
Capsella pursa-pastoris (L.; Medic
Descuriauia sopinia (L.) Webb
Draba glabella Pursn
D. lanceolata Royie (= V. cana Kydo.)
D. oligosperma Hoox.
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'NA {(E. Asid)
o
NA
NA

NA
NA (E. Asia)
NA

NA

NA (E.‘Asia)

Erysimum cheiraoncnoides -L.
E. incoonspicuum (S. wats.) MdCMll}
Lepidium. densiflorum Scarad. ~

Lesquerellia arctica (Wormskj.) 'S. &&ts.ﬁ/ -

Rorippa lalandxca \Oeder) Borpas

. SARRACENIACEAE = SRR

¢

Sarracenia furpurea L.
DROSERACEALE ’

Drosera angl{ca Huds. v
U. rotundifolia L.

. SAXIFRAGACEAE -~ -

Mitella ouda .. _
Parnassia ‘palustris”L. var. neogaea
Fern. "
«*Rives glandulosum hrauer
R. nudsouianum nicnards. ;
R. lacustre (Pers.). Poir. o
R. oxyacantioides L. o,
R. tristte Pall. - '
ngiiraga‘tricuspiaata Rocta.
ROSACEAE

B
\ .

' Amelanchier aluifolia. Nutt.

Dryas drummoudii Ricaards.

Fragaria virginiana Ducnesne SSPp.-
glauca (S. Wats., Staudt

"Geum' trirlorum Pursa

Potentilla arguta Pursh s. lat.

'P. fruticosa wu. ~

P. multifida L. :

P. nivea L. ssp. nookerjana (Lehuw.)
fdiit. ‘ . :

P. norvevlca L.

P. palpstrls {L.) 3cop.

Pruonus pennsylvanica .. .

Rosa acicularis Lindl. s. lat.

Rubus acaulis ticnx.

. R. ciiamaemorus L.

R. pubescens Har.
R. stcigosus eficux.

o

e

LLGUHINOSAL ' ¢

AatragaIUa amexlcanus (Hook., K.
Jones ‘ ! /*T>
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Asia)

' -Viola aduoca J.E. Smitn

R}

A. yUKOnlb ol ES Jones (= A. godinii

Sneldon)

Hedysarum alpioum .. var. americanum

Hichx.
H. mackensii Ricnards. <
Latnyrus ocnroleucus Hbo&.t

'.Aelllbtus alba u.

if. OISlClQﬂLiS {&.) Lam.
Oxytropis variagos (Rydb ) Hulicen
Tecifolium nybrldum L.

‘Vicia americana rual.

a

GERANIACEAE '

Geranium bicknellii Britt.

-LINACEAE

‘Linum lewisii Pursua

~"'*IPETRACEAE

Empetrum nibrum L.. var. nermapnroditum

(Lge. ) Sor.

'VIOLACEAE

V. -neparopnylla Greene o

V. renifolia Gray

ILLAEAGNALEAL

Shephérdia'canadepsis_(“.) Nutct.

q.

ONAGRACEAE

Epilobium angustifolium L. s. lat.

E. glandulosum rLehm. var. adevocaulon
(Haussk.) Fern.
E. palustre L.

HALORAGACEAE

.Hippurls vulgarls L

riyriophyllum verticillatum w. var..
pectinatum Walilr.

UMBELLIFERAE
Licuta'bulﬁiféca L.,

C. mackenzieana Raup
Sium suave Walt.
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e - CORNACEAE = \ \
s . o ‘,\\,:w"‘:_, .
NA (E. Asia) Coronus cauvadeusis i. . IR
“NA " C. stolooifera Micnx. s
PYROLACEAE - S
\ . rioneses unirflora (L.) Gray
& (&. Asia) , Pyrola asarifolia dicax. .
P. grandiflora Radius s. lac.
P . minor du o ‘
- P. secunda L. '
o P. virens Scaweigg.
ERICACEAE"
c | a | Andromeda polirclia L. -
- CY Cuamaedapiine calyculata (L. ) Moencn
NA . " Kalwmia poliroiia wang.
NA {E. Asia)% Ledum decumbens (Ait.); Lodd.
NA" - L, groeolandicum Oed.
VACCINIACEAE
NA (&. Asia) AfCCOoCdpuleS rubra (Renb & Wiisﬁj
o L Fern. '
C. A. uva-ursi (L.) Sprenyg. s. lat.
Cc Oxycoccus microcarpus Turcz. S
C - 0. .quadripetalus Gil. '
. C Vaccinium ullglnosum L. s. lact.
- C V. vitis-idaea L.
‘ PRIMULACEAE
. Androsace septencrionmalis n. V-
NA ‘Dodecathneon’ paucxilorum \Durtand)
. Greene
C. ' Lysimaciia tnycSLIloca e
. NA - o : Prlmula mistassiuvica Micux.
GENTIANACEAL |

NA (E. Asia) Geotiana acuta ificax.
NA G. affinis Griseb.

MENYANTHACEAE

c [ " Menyanthes trifoliata L.
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APOCYNACEAE

Apocyoum androsgemifoiipm L.
HYDROPHYLLACEAE \‘

Pnacelia franx;ini; (d.‘Br}) Gray
BORAGINACEAE

Lappula ecainata Giiib.
Mertensia paniculata (Ait). G. Don :

LABIATAE

>

‘Dracocephalum parviflorum Wutt.

Mentha arvensis L. var. villosa
(Beotn.) Stewart ,

Scutellaria galericulata L. var.
pubescens Bentn. s

’ _SCROPHULARIALEAL

Castilleja raupii Peonnell s. lat. -,
Pedicularis labradorica W1r31ng
P. parviflora Samith

Khinanthus borealis (Sterneck) Chab.

¢

LENTIBULARIACEAE

Pinguicula villosa L.
P. vulgaris L.

- Utricularia intermedia Hajne

u. vulgaris L.
PLANTAGINACEAE

Plantago maJor_u..s: lat. '
P. septata ﬂorris (= P. cdnescens AdamS)

RUBIACEAE

Galium boreale L.
G. labradoricum L.

CAPRIFOLIACEAE

Llnnaea borealis L. var. americana
{Forbes) Rend. _
Looicera dioica L. var. glaucescens
(Rydb.) Butters -~ '
Viburnum edule (Micux., Raf.



| _&;AL(PANULACEAE

C . 'Campanula rotundifoiia L. s. lat.
LOBELIALEAL . *
“NA . L Looella kalmii L.
COMPOSITAE :
NA . Aenillea laoulosa Nutt.-
NA " Antennaria campestris Rydb.
NA A. nitida Greene -
-NA : A. pulcherrima (Hook.) Greene
- NA . A. rosea (Eat.) Greene
C, WA . Arnica alpina (L.) Olin spp.
o ) angu;tlrolia (J. Vahl) Maguire
C, NA . A. alpipna (L.) Olin ssp. tomentosa
_ - {(J.M. Macoun) Maguire
Cos - Artemisia biennis Wiild.
NA A. canadensis Michx. Lo ’ _
C, NA ' Aster alpinus L. ssp. viernapperi Onno
NA - A. ciliolatus Lindl. v ;
VA A. junciformis Rydb.
= ‘ “A. sibiricus L.
) Cos . Crepis teccorum L.
- - Erigeron angulosus Gaud. var.
'~ kamtscnaticus (DC.; Hara
NA ' E. elatus (Hook.) Greene
NA. Erigeron glavellus Mutt.
NA . . E. nyssopirolius Micax.
- NA ~ Hieracium scabriusculum Scawein
*Cos Matricaria matricarioides (lLess.)
Porter
" NA \E Asia)’ Petasites palmatus (A1t ) Gray
NA _ P. sag1ttatq§ (Pursn) Gray
NA P. vitifolius--Greene ,
c : Senecio congestus (R. Br.) DC.
" Cord S+—cymbalarioides Nutt. var. borealis

(T. & G.) Greenm. (= S. streptan-
thhifolius Greene) '

NA S. indecorus Greene h

NA S. lugens Ricnards.

NA - ©S. pauperculus ichx. - -~
NA o Solidago decumbens Greene var.

oreophila (Rydb.) Term. (= 5.
, streptanchifoiius Greene)
Cos ' - Taraxacum oificinale weper

L3
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Bryopsida
SPHAGNACEAE

el

Spnagnum angustizollum \Russ ) C. Jeus.

. fuscum (Schimp.) Kt

. jensenii Lindb. .
lindbergii bcnth ,

. magellanicupm ﬁ‘rw‘& '

nemoreum Scha,L»%‘~

riparium Angstr"

russowii Warnst.

squarrosum Crome .

. warnstorfii Russ.

UL E LU

ANDREACEAE
Andreaea rupestris Hggw{

FISSIDENTACEAE | - .

‘Fissidens adiantoides Hedw.

F. arcticus Brynn
DITRICACEAE

Ditrlchum tlex1caule (Scuwaegr ) Hampe
Ceratodon purpureus (Hedw.) Brid.

- Distichium capillaceum (Hedw.) B.S.G.

SELIGERIACEAE
Seligefia tpisticnoides Kindb.
DICRANACEAE
Cynodontlum polycarpum (Hedw.) Scaimp.
C.i strumiferum (Hedw.) Lindb.

Uncophorous virens (Hedw.) Brid.
0. wanlenbergii Brid.

* Dicranum acutifolium (Liondb. & Arnell) C.

Jens. ex Weinm.
angustum Liodb.
elongatum Schliech. ex Scnwaegr
flagellare Hedw..
fragilifolium iindo.
Luscescens {urn.

. groenlandicum Brid.

- muenlenbeckii B.S.G.
polysetum Sw.

.- Scoparium Hedw.
undulatum Brid.
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C (w)

Cos {w)

Cos

\ ENCALYPTACEAE

Sncalypta procera Bruéh
E. rhaptocarpa Scnwaegr.
E. vulgaris iedw.

POLTIAbEAL

Gymnostomum aeruginosum Sm.

C. recurvirostrum Hedw.

Tortella fragilis (Drumm ) Limpr.
T. tortuosa (Hedw.) Limpr.

" Didymodon rigidulus Hedw.

Bryoerythropnyllum recurvirostrum
¢(Hedw.) Chen

Barbula convoluta Hedw. i

B. icmadopnila Scuimp. ex C. Muexl;«*yiﬂ

Tortula pmorvegica (Web.) wWanlenb ex {%
Lindb. ;

T. ruralis (Hedw.) uaertn » Meyer &
.Scuerb.

-GRIMMIACEAE

/,Grimmia alpicola Hedw.

G. apocarpa Hedw. (= Schistidium
apocarpum (Hedw.) B.5.G.

-G. apocarpa Hedw. var stricta (Turn.)

Hook. & Tayl.
G. ovalis (Hedw.) Lindb. (= Schistidium
gracile (Schliech) Limpr.)
G. tenera dlett. \ﬁ‘SanSCLdlum tenerum
{Zett.) Nyholm) :
FUNARIACEAE -

Funaria hygrometrica Hedw.

SPLACHNACEAE -

Te traplodon anvustatus (dedw.) B.S.G.
i. ' .

mpnioides (dedw ) B.S.G.

BRYACEAE | o

" Pohlia cruda (Hedw., Lindo.
" P. nutans (Hedw.). vnindb.

P. sphagnicola (8.5.G.) Lindo. & Arnell
P. wanlempergii (Web. & ionr.) Andr.
Leptooryum pyriforme (Hedw.) wWils.

Bryum angustirete Kiondb. ex iacoun

B.‘argenteumgﬂedw.

- \L
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B. caespiticium Hedw.

B. creberrimum Tayl.

B. pseudotriquetrum {Hedw.) Gaertu.
Meyer & Scherbd

JB. wveigelii Spreng

- MNIACEAE : \

Mojum ambiguum H. Muel.

- M. blyttii B.S.G.
![. orthorraynchum Brid. (= i1.. thomsoonii

Scnimp.)

M. marginatum (Witn ) Brid.

M. riparium Micet.

Cyrtomnium hymenopnylloides (Hueb. )
Koponen ’ ‘ .

P. cugpidatum {(Redw.) Koponen

P. ellipticum (Brid.) Koponen

P. medium (B.S.G. )'Koponen

P. rostratum (3cnrad.) Koponen

Raizomnium gracile Kopooen

.R. pseudopunctatum (Brucn & DChlmp )
Koponen

‘Cinclidium stygium Sw.

AULACOMNIACEAE
Aulacompium palustre (ledw.) Schwaegr.
MEESIACEAE

ileesia triduébta (Richt.) Angstr.
M. uliginosa Hedw.

CATOSCOP1ACEAE
Catoscopium nigritum“(ﬂedw,) Brid.
BARTRAMIACEAL~ |
Plagiopué oederiana (Sw.) Limpr.

TIMMIACEAE

.~ Timmia austriaca Hedw.

T. megapolitana Hedw. var. barvarica
(Hessl.) Brid.

I'. norvegica Zett.
ORTHOTRICHACEAE

Ortnotricnum anomalum Hedw.
P. jamesiapnum Sull. ex James
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C 0. ootusifolium Brid.
c 0. speciosum Nees ex Sturm var. elegans

(Scnwaegr. ex Hook. & Grev.) Warnst.

e

FONTINALACEAE
TNA - - Foontinalis dalecarlica 8.5.G.
F. duralea Scaimp.
HEDWIGIACEAE
C , Hedwigia ciliata (lledw.) P. -Beauv.
 NECKERACEAE
Neckera penﬁata Hedw. var. tenera C.
Muell. '
THELIACEAE
C © Myurella julaéea (Scnwaegr.) B.S.G.
C M. sibirica (C. Muell.) Reim.
= LESKEACEAE
C Leskeella nervosa (Bfid.)‘Loeske‘
C Pseudoleskeella tectorum (Funck ex

Brid.) Kindb. ex Brotn.

THUIDIACEAE
C Thuidium abiecinum (Hedw.) B:S.G.
C ' I. recognitum (Hedw.) wuiodb.
AMMBLYSTEGIACEAE .
Cos (w) . Cratooneuron filicinum (Hedw.) bpruce
C Campylium c rysopnyllum (Brld)
' . Lange 4
Cc C. hispidulum (Brid.) Mltt. )
C C. stellatum (Hedw.) C. Jens. '
C " weptodictyum rlparium (Hedw.)
Warnst.
- Cos (w) ' Amylystegium serpens (Hedw.) B.S.G.
c Platydictya Jungermannloides (8rid.)
: Crum.

C (w) Drepanocladus aduncus (dedw) . warnst.
C D. exannulatus (B.3.G.) Warnst
Cos (W) D. Eluitans (Hedw.) Warost.
C D. revolvens (Sw.) Wanrst.
C -~ D. sendtneri (Scnimp.) Warnst.

D. uncinatus (Hedw.) Warnst.

Cos (w)



D. vernicosus (Liodb. ex C. Hartm.)
' warnst.

Hygronypoum alpestre {Hedw.) Loeske

H. luridum (Hedw.) Jenn.

Calliergon gigaoteum (Schimp.) Kindb.

C. richardsooniti (Mitt ) Kindb. ex
waronst. |

C. stramineum (Brid.) Kindb.

C. trifarium (W. & i1.) Kiondb.

Scorpidium scorpioides (Hedw.) Limpr.

S. turgescens (1. Jens.) LOFSke

(‘J

OO oNoNoNe]

BRACHYTHECIACEAE

Tomenthypoum nitens Hedw.) Loeske

Bracnytnecium albicans (Hedw.) B.S.G.
'~ B. rivulare B.S.G.

B. salebrosum (Web. & donr) B.S.G

B. turgidum (Hartm.) Kindb.

B. velutinum (Hedw.) B.S.G.

Eurnyochium pulcaneilum (Hedw.) Jenn.

aOOGcoOoOoao

ENTODONTACEAE

- C . Ortnotnecium caryseum (bchwaegr ex
Schultes) B.S.G.

O. intricatum (Hartm.) B.S.b.

Pleurozium scnreberi (Brid.) Bitt.

NeNe!

HYPNACEAE

Pylalblella polyantna (Hedw ) Grout

tlypoum' bambergeri Schimp.

H. brideiianum Crum, Steere & Anderson
(= H. recurvatum Brid).

H. cuptessiforme Hedw.

i. liodbergii ditc.

H. pallescens (Hedw.) P. -Beauv.

H. pratense Kocn ex Brid.

H

H

H

O Oco

os (w)

procerrimum Mol.
subimponens Lesq.
. vaucaeri

e} ngnnon

;sopterlglum pulchellum (Hedw.) Jaeg. &
Sauerb.

Herzoglella curfacea (Lindb.) Iwats.

Ptlllum'crista-castrensis (Hedw.) De
Not.

aa

RHYTIDIACEAE

Raytidium rugbsum (Hedw.) Kindb.

A



HYLOCOMIACEAE

C (w) Hylocomium spltﬁdons (Hedw.) 8.5.G.
TETRAPHIDACEAE |

c Tetrnphil pellucida Hndw
POLYTRICACEAE

Cos (w) " Polytrichum Juniperinum Hedw.

Cos (w) P. piliferum Hedw.

C P. strictum Brid.

Hepaticopsida

BLEPHAROSTOMACEAE

C Blepharoﬂtdma%Crichophyllum (iL.) -Dum.
PTILIDIACEAE

C» Ptilidium ciliare (L.) Hampe

C P. pulcherrimum (Web.) Hampe
LEPIDOLIACEAE

C Lepidozia reptans (L.) Dum.
CALOPGEIACEAE

C Calopogeia neesiana kMaas. & Carest.)

K. Mull. :

LOPHOCOLFACEAE

c ’ Lophocolea mibor Nees

LOPHOZIACEAE ~

C Anastrophyllym mioutum (Schreb. ex
Cranz) Schust.

C Lophozia barbata (Schmid.) Dunm.

L. iocisa (Shrad.) Dunm.

C L. rutheana (Limpr.) H.A. Howe

C Tritomaria exsectiformis (Breidl.)
Scniffn.

C T. quinquedentata (Huds.) Buch

JUNGERMANNIACEAE

C Mylia anomala {(liook.) S. Gray
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Scapania gywnostomopuila Kaalaus
PLAGIOCHL LACEAE |

Plagiochila asplencides (y.)\Dun.
SOUTHBYACEAL

Arnellia fennica (Gott.) Lindb.
RADULACEAE

Radula complanata (i.) Dum.
DILAENACEAE ‘

Moerckia hibernica (Hook., Goot.
Pellia endiviifolia (Dicks.) Dum.

ANEURACEAE

Aneura pinguis (L.) Dum.
CONOCEPHALACEAE

Conocephalum cooicum (L.) Dum
CLEVEACEAE .

Clevea hyalina (Samm.) .iondb.
MARCHANTIACEAE

Marchantia polymorpha L.
Preissia quadrata (Scop.) Nees.

wuichens

Alectoria glabra Mot. ,
Anaptychia kaspica Gyeln.

Buellia papillata (Somm.) Tuck.
Caloplaca murorum (Hoffm., Th. Fr.
C. cerina (Ehran.) Tn. Fr. ~
Cetraria cucullata (Bell.) Ach.

C. ericetorum Opiz.

¢. nepatizon (Ach.) Vaiuv.
C. halei Culb.

C. nivalis (L.) Ach.

C. pinastri (Scop) 5. Gray
C. tilesii Ach.

C. sepincola (Earan.) Acn.
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Cladonia alpestrra (L.) Rabenn. (=
Cladopia : '
stellaris (Opiz.) Pouz. &

Vezda.; Cladipa alpestris (L. ) Harm. )

C. amaurocraea (Fik.) Schaer.

C. arbuscula (Walli.) Rabenn. (= Cladina

arbuscula (Walir.) Hale & W.

Culb.)

. bacillaris (Acii.; Nyl. :
capitata (iHichx.) Sprenbg.
cariosa (Acn.) Spreng.
cnloropnaea (Florke) Spreng.
coniocraea (Florke) Spreng. em

Sanst
coccifera (L.) wWilld.

. conista:(Acn.) Robo.

cornuta (L.) Hoffm.

. crlspata (Acn’. ) Flot.

cyanopes (Somm.) Nyl.

. deformis (L.) HoIifm.

fimbriata (w.) Fri.

furcata (Huds.) Schrad.

. gonecha (Acn.) Asan.

. 5racills (L.) Willd.
mitis Sandst. (= Cladina mitis

(Sandst ) Hale & W. Culb.y

. multiformis Herr.

nemoxyna (Acn.) Arnold

. norrlioii Vain.

. phyilopnora Hoffm.

pleurota (Fik.) Schaer.

pyxidata (u.) Hofim.

. uncialis (L.) Wigg. _
rangiferina (L.) Wiggz. (= Cladina

‘rangiferina (L.) Harm.) :

C. squamosa (Scop.) Hoffm.

C. subulata (L.) Wigg.

-verticillata (Hoffm.) Scaaer.

Collema tunaeforme (Acn.) Acn.

Cornicularia aculeata (ochreb ) Ach.

Dermatocarpouo :1uv1at1le (G Web. ) Th.

Fr.

(":

'D. mipniatuym (L.) Mano.

Diploschistes scruposus (Schreb.) Norm.

Evernia mesomorpha Nyl..

E. perfragilis Llano

Hypogymonia, physodes (L.) HNyi.

Icmadophila ericetorum (L.) zahlbr.

Lecanora calcarea (L.) Somm,

L. epibryon (Ach.; Acn.

Lecidea atrobrunnea (Ram.) &chaer

L. rubiformis (Wasulenb. ex Acn.j
wahlenb. :
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Parmelia centri*uga (L.) Ach.
P. saxatilis (L.) Acn.
.. septentrionalis (Lywuge) Aht1
. subaurifera Nyl.
subolivacea Nyl.
. sulcata Toyl
taratica Kremp. s. lat. :
Parmeliopsis hypéropta (Acn ) Arn.
Peltigera aphthosa (L.) Willd.
P. canina (iL.) willd.
. malacea (Ach.) Funck

. pulverrulenta (Tayl.) Krempn. (= P.

p

P
scabrosa Th. Fr.)

P. rufescens (Weiss) Humb.

P. spuria (Ach.) DC .

Physcia adscendens Bitt.

P. aipolia (Enrn.) Hampe

P. muscigena (Ach.) Nyl.

P. orbicularis (Neck.)} Poetsch.

"Ramalina miniscula (Nyl.) Nyl.

R. pollinaria (Westr.) Ach.
Solorina bispora Nyl.
Stereocaulon tomentosum Fr.

Thamnolia subuliformis (Enrh.)Culb.

Umbilicaria munlenbergii-: (Ach ) Tuck.
Usnea cavernosa Tuck.

U. hirta (L.) Wigg.

U. subfloridana Stirt.

U. substerilis ™ot.

Xanthoria elegans (Lionk) Th. Fr.



APPENDIX 1II.

Enumeration

of

following Emberger and Sauvage

the

vascular
(19638, .
preceded by the code number used by the autnors above for

life-forms
Eacn type was

reference. Two bpumbers were giv in pareutheses under
the code number. ~The f£first i:étcated the number of
species within the 1life-form subclass and the second
kgdlca ed, its percent: of the ~total vascular £flora.
breviations used for dLIferent life forms were tabulated
below: .
~An ... Angisperms MeP . Mesopnanerophyte
b ... bulb or tuber MiPp . Micropnanerophyte
bi ... biennial orb . without ‘basal
B o rosette
C: ... Cryptophyte ord . non-rooted
c. .. caespitose nst . 'without stolons
Ch . Chamaephyte P Nanopnanerophyte
Cv .-vascular cryptogam F Phanerophyte
-d ... erect dwarf shrub pa . passive
em ... emergent PrH . Protonemicrypto-
' , - ' _ phyte 4
er ... perennating bud on r prostrate, creeping
; - £ibrous roots rb basal rosette
G ... Gymnosperm rd rooted
H ... Hemicryptophyte rh ruiZang
he ... Herbaceous rp semi-rdgette
Hy . . Hydrophyte . st stolons, runners,
im . submerged o 8. lat
1i ... woody Th .. Therophytes
P ... Megaphaﬂeropnyte v . vascular
PHANEROPHYTES: perennating bud at least 0.3 m above the
' ground, vascular plants only
125. ,Mesophaneropnytes (3= -30 m), Gymnosperms : reP.G.
(4, 0.1%)
" Larix laricina P. marinana
Picea glauca Pipnus banksiana
126 Aeappnaneropnytes 8-30 m), Anglosperms MeP. An..

(3, 0.1%2)

Betula paprifera
Populus balsamifera

—

Populus tremuloides
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'4M1cropnanerophytes (°-8 m),

(young trees)

%LCtOphanerophytes (2-3 m)) woody Anglosperms

Gymnosperms:

MiP. G

MiP.An.l1i - L, 3.5%)

" ‘Alous ‘crispa 'S. discolor
A. incana S. glauca (NP)
Betula glandulosa*(ﬂ? Cn) S. maccaliana
Cornus stolonifera S. padopnylla
Salix arbusculoides S. planifolia
S. bebbiana .
145. Nanopnaneropnytes (0.3-2 m), Gymnosperms "NP.An.
(22' 7.0%) .
&g%r " Junlperus communls
"147- Nanophaneropaytes LQ 3-2 m), Angiosperms " NP.An.
'Amelancnler aloifolia (MiP.) \-&. oxyacantnoides
Chamaedapnne calyculata R. triste
Ledum decumbens. : Rosa acicularis
groenlandicum. Salix athabascensis
Lonlcera dioica (MlP vine) S. -candida
yrica gale S. nova-angliae
Potentilla Lrutlcosa B S. pedlcellArls
Prunus pennsylvanica (is) -~ S. serissima :
Ribes glandulosum - Snepnerdia canadensxs
R. hudsonianum Vaccinium uliginosum
R. lacustre Viburoum edule
CHAMAEPHYTES: ‘perennating buds not more than O 3m above
the ground )
215. Cnama_phytes, erect dwarf- shruns) Gymnosperms .///
Ch.v.d.G. (young sanbs and trees) SEEES
216. - Cnamaepnytes) erect drwarf- snrubs, Angiosperms:
Ch.v.d.An. (young snrubs and trees; 2, 0.1%)
Andromeda polifolia Kalmia poli%olia.
Chamaephytes, prostrate vascular cryptogams :

224.

ch.v.r.Cv. ~ (3. 0:.1%)
LchpodiOm aonotioum - -

L. complanatum
Selaginella selag1n01des
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Ca.v.r.G.

225. Chamaephytes, prostrate Gymnosperms:
‘ (1. 0.1%) » -
.Juniperus aorizontalis - ‘
\227. bnamaephytes, prostrate woody Anglosperms
Ch.v.r. An I1. (L1, 3. >hk)
Arctostaphylos rubra O.. quadripetalous
—~ A, uva-ursi Salix myrtillifolia -
Dryas drummondii (NP,MiP)
Empetrum nigrum S. arctdphylla
) . Linpaea borealis - S. reticulata
’ ’OxyCOCCUS'microcarpus Vaccinium vitis-idaea
228.',Chamaephytes,;prostate Herbaceous Angiosperms:
(passive): (20, 6. 3‘2?, Ch.v.r.An.li.
Antennaria campestrls 'D. oligosperma
A. pitida Lesquerella arcticad
A. rosea Oxytropls varians
A. pulcherrima (Hrp nst/Ch) (Hrb.nst/Ch)
Arepnaria dawsonensis - Potentilla multlfida
A. humifusa "P. pivea
A. rubella Rubus pubescens (PrH.
- Astragalus yukonis - st/Chy
Cerastium arvense Saxifraga
. S : ' tricuspldata
o Draba glabella Stellaria longifolia .
~ D. lanceolata . c. longipes\\
, D._oligosperma T
HEMICRYPTOPHYTES: perennating buds at soil level, in the
“soil surtace (lltter)
316. Protohemlcrypotophytes w1th stolons: PrH.v.Ap.st.

(19, 6.0)

qucynum andrbsaémifolium
(Crh.PrH.nst/PrH.st)
Arenaria lateriflora

"A. juociformis

A. sibiricus

Cornus canadensis

Epllobium angustlfoloum
(PrH.nst.Ch/PrH.st)

E. palustre

Galium labradoricum .
(PrH/nst/PrHst)

Lathyrus ochroleucus

Rubus acaulis

R+ cnamaemorus (Pr.H.
nst/PrH.st)

Scutellaria
galericulata

Stellaria calycantha

S. crassifolia

‘Urtica gracilis

Vicia americana ‘
(PrH.nst/Prh.st)



3le.

- 326.

336.

OOOOO'C‘J

Anemone parVLIlora' R
Arctagrostis’ arundlnacea

Photohemicryptophytes witnout stolons

29

PrH.v.An.nst.

(10, 3.2%)

-Astragalus americanus

(Pri.st/PrH.onst)
Castilleja raupii
Epilobium glandulosum

(PrH. st/PrH nst) - . -

Erigeron hyssopifolius
"(PrH.st/PrH.nst)

Hemlcryptophytes, caeApitose
(lo, 5. 1&)

Carex atrataformis
(Crh/Hrp.nst) :
C capillaris (Hrp. nst)
capitata (Hrb. bt)
concinna (Hrb.st)
diandra (Hrp.ost)
filifolia (Hrp.nst.
rossii (Crn/Hrp.ost)
viridula (Hrp.ost)
Deschampsia ‘caespitosa

(Hrp .ost)

Eriophorum vaglnatum

(Hrp. nst)

Gentiana affinis
Hedysarum alpioum
H. mackenzii
Hieracium
scabriusculum
Lioum lewisii

Rubus strigosus

H;v.c.An.

Festuca saximontana .
(Hrp. nst) S

‘Kobresia

simp11c1uscula
(Hrb.nst)
Poa alpina (Hrp. nst)

‘P. glauca (Hrp.ost)
' Rnynocospora alba -

 (Hrp. nst) ,
Sc1rpus caespitosus.
(Hrb nst/Hrp St

Heﬁicryptophytéé with semi-rosette and stolons:

H.v.rp.st. (29, 9. OZ)

Achillea lanulosa

Aster alplnus
(Hsr.nst;Ch/Hsr.st)

A. CLIiolatus (PrH.st/Hrp.st)
'Calamagrostls canadensms

C. ionexpansa
C. lapponica

C. purpurascens = Y
Campaonula rotundifolia
"Carex chordorthiza

C. interior (drp/pst/Hrp.st)
G. leptalea

-C. medi&

C. tenuiflora

Elymus innovatus :

Glyceria striata - s
(Hrp.nst/Hrp.st)

Hierochloe odorata
Mitella ouda \
(Hrb.st/Hrp.st)
Muhlenbergia glomerata
Ranunculu$ macounii
~ (Hrp/onst/Hrp.st)
Scheuchzeria palustris

- Senecia lugens
Smilacina trlfolla

Solidago decumbens

- Thalictrum venulosum

(Hrp.ost/Hrp.st)
Tofieldia glutinosa
(drb.nsc, .
Crh/Hrp.st)

T. pusilla

(Hrb.ost/Hrp.st) .
Viola adunca '



336.

346.

346%

" 386.

Hemicryptophytes.Qith*semi-ros tte and without

stolons: (36, 1l./%) . H.,v.rp.onst.
Agropyron trachycaulum . oeleria cristata
A. violaceum - : , . Lépidium densiflorum
Agrostis scabra ' belia kalmii .
Anenome multifida - Melandrium ostenfeldii
Aquilegia brevistyla Melilotus alba

- Arpica alpipa M. officinalis
Artemesia cavadensis Mertensia paniculata
Carex aenea " Pargassia palustris
C. cannescens . Pedicularia

L : - labradorica

-Cicuta bulbifera - Pnleum pratense
C. mackensieana - Potentilla arguta
Dracocephalum parvirtlorum -Ranunculus abortivus
E. ,glabellus Rorripa islandica
Eriophorum bracnyantherum Rumex occidentalis
Erysimum cheiranthoides Senecio cymbalarioides
E. ipncoonspicuum °* - | S. indecorus -
‘"Hordeum, jubatum. S paupérculus
Juncus albescens o ; }/?

: Hemicryptophytes with basal rosette and witn

- stolons: , ,

(9, 2 8%) - : S H.v.rb.An.st.

Fragaria virginiana @ P. mipnor
Geum triflorum : P. secunda .

- (Hrp.ost/Hrb.st) . P. virens
Goodyera repens ' ' Triglochin palustre

- Pyrola asarifolia . , (Hro.nst ,Crh/

o S Hrb.st)
P. grandiflora :

Hehicryptophytes with basal rosette and without -

stolonS' (14 3.8k) . . H.v.rvo.An.nst.

Dodecatneon pauciflorum . © Primula mistassinica
. Drosera anglica e -Sarracenia purpurea -
- D. rotundifolia - . Taraxacum officinale
- Pinguicula villosa ~+ Trifolium hybridum .

P. vulgaris o Triglochin maritimum
"Plantago major . \ Viola nepnrophylla
"P. septata - ' V. renitol;a

Hemicryptopnytesj'biennial: H.bi.An.

(11, 3.5%) o ‘ :

_Androsace septentrlonalis Corydalis aurea

- (T/drp.ost/T,bi) - (T, Hrp.nst/I,bi)
_ Arabis divaricarpa ' : . C. sempervirens

(Hrp.ost//bi) - S Hrp.onst,T//T,bi)

A hirsuta o -Geranium bicknellii



(Hrp .nst//bi) . (T/Hrp.nst//oi)
A. holboellil Sy ‘Placelia frapklinii
(Hrp.nst//bi) f ' (Mrp/nst//T,bi)
Artemisia biennis Senecio congestus

(Hrp.nst//1,bi} (Hrp.ﬁst//T bi)

CRYPTOPHYTES: p ennating buds clearly in the soil

416.

416.

424 .

424,

426.

426.

Orchis rotundifolia ’

. :
~Allium schoenoprasum

‘Cryptophytes with bulbs or tubers and with rosettes:

(3, 0.1%) | C.v.b.An.rb.

Habenaris obtusata Zygadernus elegans

Cryptophytes with bulbs or tubers and without ‘
rosettes: b6, 1.9%) - - C.v.b.An.nrb.

.Habevnaris hyperborea
Calypso bulbosa Polygooum vivaparum
Eleocharis pauciflora - Spiranthes
romanzoffiana S

Cryptqphytes with rhizomes and rosettes, vascular:

(2, 0.1%) ~ cryptogams: C.v.rh.Cv.rb.
Cystopteris tragllls Woodsia glabella
(Hrb.nst) A : (Hrb.nst)

Crypc;phytes ‘'with rhizomes and without rosettes,
vascular - (8, U.3%2)  cryptogams C.v.rh.Cv.norb.

Botrychium v1rg1n1anum ~ E. pratense
-Cystopteris montana . E. scirpoides
Equisetum arvense 4 E. variegatum

E. palustre , a - Polypodium, vulgare

Cryptophytes with rhizomes and rosettes,

Anglosperms : ‘ o -
- (8, 2.%25 . , . C.v.rh.An.rb.

Carex aurea o - €. vaginata
C. disperma Eriophorum
C. eburnea : B L angustifolium
C. garberi s E. viridicarnatum
C. richardsonii ’ :

(Hrp.st)

Cryptophytes with rnizomes ‘and without rosettes:

(26, 8.2%) _Angidsperms: C:v.rp.An.nrD.
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Actaea rubra

Carex aquatalis
foena (Hrp.ost/Crh)
. gynocrates

.. lasiocarpa-

limosa

livide-

paupercula
physocarpa

C. scirpoidea

OOOOGOO

Corallorhiza trifida

Cypripedium calceolus
C.. guttatum ,

436. Cry tophytes, root: C.v.er.An.
(I. O.I%;
‘Moneses uniflora (Hrb.nst/Cer)~
. THEROPHYTES :

C. passerimum
Eleocnaris compressa
Geocaulon lividum
Juoncus alpinus

J. balticus

Listera borealis
Oryzopsis asperifolia
O. pungeus

Petasites palmatus

P. sagittalus

P. vitifolius

Poa pratensis
Raounculus lapponicus

continuity assured by seeds; perennating

buds are entirely contained in the seeds; annuals

616. Theropnytes, Angiosperms without rosettes):
Th.v.d.An.nrb (14, 3.8%)
Bechmannia syzigachne Lappula echinata
Capsella bursa-pastoris Matiricaria
. ] matricoides
Chenopodium album - Pedicularis parvirtlora .
C. capitatus Polygonum norvegica
Crepis tectorum i Potentilla norvegica.
Descuriapa sophia Ranunculus scleratus
‘Gentiapa acuta. Rninanthus borealis
'HYDROPHYTES: rooted plants floatihg vegetative
' organs or plants which float freely in the
water.
814. Hyrdophytesl emergent vascular cryptogams Hy.em.Cv.
(L, 0.17%) .
Equisetum fluviatile
818. Hydrophytes, emergent herbaceous Angiosperms:

(9, 2.8%

Carex rostrata
Eleocharis palustrls
Hippuris wvulgaris
Lysimacnia thyrsiflora
denyanthes trifolia

Hy.em.An.ne.

Potentilla palustris
Scirpus validus

Sium suave

Typha latcirolia

2%



836.

. 846.

356.

866.

dgdrogh%teslArooted floating, Angiosperms:
Py . _Hy-v-rd-H.Aﬂn

Nuphar variegatum v S, minimum
Ranunculus purshnii S. multipedunculatum

*

, Sparganium.angustifo&ium

Hydropnytes, rooted submerged, Angiosperms:

(7, 2.2%) Hy.v.rd.im.An.
Potamogenton filiformis © P. Pusillus
P. gramineus : P. richardsonii

'P. natans P. vaginatus

P. praelongus

Hydroph tesLAnon~rooted«floating; Angiosperms:
1, U.I%j Hy.v.ord.tfl.An. o

Lemna minor

Hydrophytes, non-rooted submerged, Angiosperms:
(3, 0.1%2) Hy.v.ord.im.An.

Myriophyllum vertiéillatum | U..vulgaf{é
Utricularia intermedia b
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PHYTOCOENOSE

22

34

32

X
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Matrix of index of similarity values in percent for 20 upland phytocoenoses.
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* APPENDIX III.
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Table 5. Classification of phytocoenoses based on
species compogsition and abundance. For
inclusion a species must occur in at least two
-phytocoenoses. Solid linea delimit distinct
groups and dashed lines characterize weaker

groups.
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Table 5. (Continued). Classification of phytocoenoses

based on species composition and abundance.
For inclusion a species must appear in at
least two phytocoenoses. Dashed lines
characterize weak species groups.
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Table 9. Classgification of phytocoenoses' based on
dominant life-forms ol mponent vascular
strata. ' ‘ '
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4 Rhizome cryptogamic cryptophytes 11 I + + Ir 2 12 v v
without rosettes 0.5 0.2 0.1 0.1, 0.5 2.3 2.8 1.4 | 35.2
5 Gymnospermous mesophanerophytes N IIr v I v 14
° 1.1 1.7 0.3 13.3 } 25.0
6 Bulbous or tuberous cryptophytes Ir - I + I I
- . . v 0.5 0.6 0.1 0.2 0.2
1:] Rhizome cryptophytes - S Ir Ir I - Ir v Iv
without rosettes ° 1.7 0.5 0.8 0.2 0.1 1.2 0.4 1.5
N -
15 Gymnospermous microphanerophytes Ir + v v v v 14 v
. , 0.9 0.7 8.7 5.4 19.9 7.8 10.5 5.0
15 Gymnospermoua‘ nanophbanerophytes Ir = + IT Iv I 14 v 14 12 II
0.2 0.1 1.4 1.1 0.4 2.3 3.6 7.1 3.9 1.7
27  Proastrate woody chamaephytes Ir + .V TII 14 II IIr v v Iv v IIz
' 0.8 0.1 30.1 2.9 1.0 5.0 4.0 8.6 6.9 12.5 6.1 4.2
|5 Gymnospermous erect chamaephytes + Iv v I IIr v IIr Y Iy v
IR 0.1 0.1 1.0 1.3 1.4 0.6 2.5 1.0 3.3 1.1 1.@
17 Angiospermous nanophanerophytes Irr Iy Iy v 14 14 14 I II 1Ir v v v 12 v Iv
] 4.3 2.0 1.8 2.5 \9.7 4.2 8.2 0.3 0.8 2.2 36.4 6.3 17.3 9.6 8.0 4.1
6 - Angiosperious erect chamsephytes Irr v v ¥ v R4 11 I ir v v v v 11
. : 1.1 8.5 27.3 13.6 26.6 3.8 0.6 5.5 0.5 8.5 2.5 2.7 5.0 0.8
16 Protohemicryptophytes IIr v I Iy + IIr 1w I Iv IIr Iv 111 Iv I Iv
with thloni c.6 3.3 0.2 1.1 0.1 0.9 1.2. 0.2 0.7 0.5 1.0 0.1 1.0 0.3 1',3
36 Semi~rosette hemicryptophytes I I Irrr Iv Ir v I Irr Iv I v v Iy ¥
with stolons 1.1. 0.2 1.9 1.3 0.4 4.9 - 0.3 0.9 1.9 0.5 1.3 4.0 1.4 3.7
16 Basal rosette ﬁmlcryptophytes I Irr ~ I II IIr Ir + III
with stolons 0.2 0.8 0.4 0.4 2.2 0.4 0.1 0.5
26 Auglospermous mesophanerophytes -
37 Angioépemous microphamerophytes I Irr ir v
0.2 c.8 4 0.5 1.8
36 .Root cryptophytes - ) i
0.4
46 Rooted submerged hydrophytes Ir
0.4
56 Non-rooted floating hydrophytes +
0.1
36 Rooted floating hydrophytes +
) 0.1 )
16 Therophytes +
without rosettes 0.1
f .
86 Biennial hemicryptophytes 0# .
. .1
OTAL NUMBER. OF LIFE-FORMS 1 9 8 11 8 10- 11 10 17 15 15 19 13 15 18 17 18 18
" NUMBER OF LIFE-FORMS PER QUADRAT - 3.7 4.7 4.7 4.9 T 5.8 5.8 6.3 9.5 ‘10,2 7.2 0.1 7.5 §10.3 -11.4 13,1 11.2 | 12.6
OMOGENEITY COEFFICIENT (bH) - . 40.5 | 21.3 0.2 €9.4 .77.6 87.8 90.5 57.9 80.2 51.4 75.2 50.7 | 90.3 75.4 84.7 ! B8.4 | 81.0
. i
N " 3
' QUADRAT FREQUENCY CLASSES: + = 1-8, I = 10-20, II = 21-40, III =~ 41-60, IV =~ 61-80, V « 81-100%. /
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/egetation Map of the Heart L
Southern Mackenzie District

- Stephen Talbot
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Evergreen Trees
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Picea glauca
Picea mariana
Pinus banksiana

gravel pit




rees
glauca

mariana

banksiana

pit

h :f'_ ‘;J ‘Betitla papyrifera

Symbols :
Deciduous Trees
Q Larix laricina
Q Pdpulus tr;emuloides

Q  Populus balsamifera

'P. balsamifera, Betu

Picea glauca -(Picea
shrubs (Arctostaphyl

Picea glauca -Pinus {
with tall deciduwug

Picea glauca -Pinus &
deciduous shrubs (Ro

Pinus banksiana - Pice
forest with tall decic

Pinus banksiana - Pice
forest with low de
canadensis )

Pinus banksiana - Pice

~forest with low everg

Picea mariana moss
(Rosa acicularis)

Picea glauca -Larix l

Picea mariana -(Larix
dwarf shrubs (Arctost

Fo Ty s —




d
EXPLANATION

FOREST

Picea glauca -(Picea mariana) moss forest with deciduous dwarf
shr(ubs (Arctostaphylos rubra, Salix myrtillifolia)

Picea glauca -Pinus banksiana -(Populus iremuloides) moss forest
with tall deciduous shrubs (Alnus crispa, Populus tremuloides ,

w

P. balsamifera, Betula papyrifera, Cornus stolonifera) -

Picea glauca -Pinus banksiana  moss-lichen forest with low
deciduous shrubs (Rosa acicularis, Shepherdia canadensis)

Pinus banksiana - Picea glauca -(Populus tremuloides) moss-lichen
forest with tall deciduous shrubs (Alnus crispa) '

Pinus banksiana - Picea glauca -(Populus tremuloides) moss-lichen
forest with low deciduous shrubs (Rosa acicularis, Shepherdia
canadensis ) ‘

Pinus banksiana - Picea glauca -(Populus tremuloides) lichen-moss
- forest with low evergreen shrubs (Juniperus communis)

Picea mariana moss-lichen forest with low deciduous shrubs ©
(Rosa acicularis) _ N

Picea glauca -Larix laricina moss swamp forest

- Picea maridna_ -(Larix laricind moss swamp forest with deciduous
dwarf shrubs (Arctostaphylos rubra, Salix myrtillifolia)

Picea mariana moss swamp forest with lvow evergreen shrubs
(Ledum groenlandicum) -

|
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Betula papyrifera
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Picea mariana moss sxl
(Ledum groenlandicum)

" Picea mariana moss sw

(Betula glandulosa )

Populus tremuloides- Pic
shrubs (Rosa acicularis, .
Cornus stolonifera)

Populus tremuloides-(Pic
tall deciduous shrubs (Al

4

Picea glauca - Pinus bank
woodland with low decic
canadensis, Potentilla fr

Picea glauca - Pinus bank.
woodland with low everg:

Pinus banksiana-(Populus
with tall deciduous shrub

Pinus banksiana -(Populus
low geciduous shrubs
Potentilla fruticosa, Pop

Pinus banksianu -Picea
papyrifera} lichen-moss

“(Juniperus communis)

Picea mariana -(Larix 1
moss swamp woodland w
landicum)

Picea mariana -(Larix L
swamp forest with decic

"Salix myrtillifolia)

Picea glauca -(Larix laric
uous dwarf shrubs (Arcto

Populus tremuloides- Pin
uous shrubs (Alnus crispa
Ly ~
Populus tremuloides-Pin
deciduous . shrubs (Rosa
herdia canadensis )

Populus tremuloides- Pint
lan“_&gwi th low evergreen

Larix laricina - Picea mar
deciduous shrubs (Betula

Pinus banksiana - Picea g
. shrubs (Juniperus commu
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Picea mariana moss swamp forest with low evergreen. shrubs
(Ledum groenlandicum) | ' ‘

Picea mariana moss swamp forest with tall deciduous shrubs
(Betula glandulosa ) ' .

Populus tremuloides- Picea glauca forest with low” deciduous
shrubs (Rosa acicularis, Shepherdia canadensis, Viburnum edule ,
Cornus stolonif era)

]

'-ﬁopulus tremuloides-(Picea glauca, Pinus banksiana) forest with

tall deciduous shr ubs (Alnus crispa)

[

WOODLAND

Picea glauca - Pinus banksiana-( Populus tfemuloides) moss-licher

woodland with low deciduous shrubs (Rosa acicularis, Shepherdia -
canadensis, Potentilla fruticosa)

Picea glauca - Pinus banksiana-(Populus tremuloides) lichen-moss

-woodland with low evergreen shrubs (Juniperus communis)

Pinus banksiana-(Populus tremuloides-Picea glauca) woodland
with tall deciduous shrubs (Alnus crispa) ‘

Pinus banksiqna-(Populus tremuloides) mosé—li'chen woodland with
low decidwus - shrubs (Rosa acicularis, Shepherdia canadensis,
Potentilla fruticosa, Populus balsamifera) : ‘

Pinus banksiana -Picea glauca-(Populus tremuloides) (Betula
papyrifera) lichen-moss woodland with low evergreen shrubs
(Juniperus communis) '

Picea mariana -(Larix laricina )-(Betula glandulosa)-CSphagnum') 7
moss swamp woodland with low evergreen shrubs (Ledum groen-
landicum) ' .

Picea -maria'r_ia, ~(Larix laricina)-(Ledum groenlandicum )  moss
swamp forest with deciduous dwarf shrubs (Arctostaphylos rubra,
Salix myrtillifolia) ’ ' ’

Picea glauca -(Larix lqriciria),;;moss swamp woodland with decid-

uous dwarf shrubs (Arctostaphylos rubra, Salix myrtillifolia)

Populus' tremuloides- Pinus banksiana woodland with tall decid-
uous shrubs (Alnus crispa)
Populds tremuloides- Pinus banksiana licken woodland with low

.deciduous  shrubs (Rosa acicularis, Amelanchier alnifolia , Shep-

herdia canadensis )

Populus tremuloides- Pinus banksiana-(Picea glauca) lichen wood-
land with low evergreen shrubs. (Juniperus communis) :

Larix laricina—Picéa mariaha moss swamp woodland with tall
deciduous shrubs (Betula glandulosa ) ‘

<

SAVANNA

Pinus banksiana - Picea glauca lichen savanna with low evergreen
shrubs (Juniperus communis)

~ Picea glauca -Pinus banksiana -(Populus tremuloides) = lichen
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‘savanna with iow ¢

" Salix planifolia al)

- Betula glandulosa A

5

£ o8

e ———————

Pinus banksidna =K
shrubs (Juniperus

Picea glauca -Piny
savanna with low

Populus tremuloid
Larix laricina -(Pid

(Betula glgndulosa

Pinus barksiana t!

Carex aquat’ilis,—C

Scirpus caespitosus

DWARF Si

Arctostaphylos uvc
Raised ombrotroph
Reticulate pat tern

Low evergreen shr

Pinus banksiana -
low evergreen shr

- Populus tremuloid
-low evergreen shr:

Note: Tree symbols in
Other possible combinati«

For each treed phytogo



‘Low evergreen shrub (Ledum groenlandicum) bog

SAVANNA -

Pinus banksiana - Picea glauca lichen savanna with low evergreen
shrubs (Juniperus communis) :

Piceavglauca ~-Pinus banksia;m -(Populus trpmuloides) lichen
savanna with low evergreen shrubs (Juniperus communis) '
Populus tremuioides-Pinus banksiana -(Picea glauca) lichen

savanna with low evergreen shrubs (Juniperus communis)

Larix laricina -(Picea mariana) moss swamp. savanna with tall
(Betula glandulosa ) and low (Myrica'gale) deciduous shrubs.

SCRUB " - :
Pinus banksiana thicket (fire regeneration)
Salix planifolia alluvial moss thicket
Betula glandulosa -Myrica gale moss swamp scrub
. -~ GRAMINOID
; ) . S ‘ ’ : P/ _l)’~
Carex aquatilis - Carex rostrata shore fen - é

Scirpus caespitosus fen (marl)

5

DWARF SCRUB AND RELATED PHYTOCOENA

Arctostaphylos uvd-ursi -Juniperus horizontalis dwarf scrub

"Raised ombrotrophic plateau bog (mozaic complex)

Reticulate patterned fen (aapamire)

< -

N - 2
STEPPE SCRUB.
Pinus banksiana - Populus tremuloides lichen steppe scrub with

low evergreen shrubs Yuniperus-communis)

Populus tremuloides- Pinus banksiana lichen steppt b with

low evergreen shrubs (Juniperus communis)
X . A

\

Note: Tree symbols in "Explanation" fepresent modal « type.
Other possible combinations are indicated in parentheses.

For .each treed phytocoenose 2 symbols are given:

ﬂ:}e first -
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Note: Treé, symt
Other possiblé con

For each treed p
indicates the dom|
species; if the ph
the first is repeate

A phytocoenose wi
tree symbol base, ¢

20



Note: Tree symbols in "Explénation" represent modal type.
Other possible combinations are indicated in parentheses.

For each treed phytocoenose 2 symbols are given: the first
indicates the dominant species and the second, the subdominant
species; if the phytocoenose is dominated by only one species,
the first is repeated. )

A phytocoenose with trees >15m are indicated by a "bar" at the
tree symbol base, e.g. e " '

; 20 752/(’)




