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ABSTRACT

A geobotanical study of the higﬁ subarctic region west of
Hudson Bay was undertaken to prdvide a verifiable a:3 quantita;ive
de]imitatipn of the forest-tundra. Three field seasons of
vegetation and landscape studies provided ground truth for a
matrix of 1314 National Air Photo Library black and white
airphotos. = The photos form a grid spanning the forest-tundra,
with overlap into the 1low subarctic and low arctic, from fhe .
"Yukon--Mackenzie border to the west coast of Hudson Bay.

Airphotos were analyzed for percent cover of nine
vegetation--terrain types, occurrence of selected patterned ground
features, bedrock 'and parent materials, Tandforms, and
elevations. Veéetation contour maps and transect diagrams were
computer-drqwn from percent cover data; occurrence maps of
patterned ground features were prepared.

| Tree and upland tundra vegetation are discussed in relation
to climate, topography, and landscape. The following conclusions
were reached:

1) The forest-tundra spans an averége 150 t 75 km and on
average increases {n width from northwest to southeast.

2)  The predominant pattern of spatial change in tree and
upland tundra cover in the forest:tundra is approximated by a .
sigmoid curve. Gradual change in percent cover at both high and
Tow cover values, and steep gradients .in mid-range, are typical.

3) Two distinct vegetation--climate--terrain regions azﬁ/f
indicated: the Northwest (Mackenzie valley to Coppermine River)
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" and the Southeast (Great Slave Lake to Hudson Bay). Between these
regioné, crossover of vegetation and climatic isolines occurs at a
major landscape trgnsition nofthAof Great Slave Lake.

4) Highlands account for most southern outliers of
forest-tundra in the \Northwest.

5) In the Northwest, steep gradients'in tree and upland tuqﬁre
cover usually occur near the northern limit of the forest-tuﬁar}?
white spruce is the dominant tree. On the acidic terrain of the
Southeast, steep vegetation gradieh{s occur near the southern
Timit of the forest-turdra; black spruce is the dominant tree.

6) The Northwest is colder and receives onf} about 3/4 the
mean annual net radiation fvailab1e to the Central and Southeast
forest-tundra. Edaphic restriction of trees on poor sandy Shield
soils, anq compensation on higher quality loams in the Northwest
may help account for this vegetation--climate anomaly.
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PREFACE

o

,

As one of the largest relatively undisturbed regions Fgmaining

on our planet, the Canadian north presents cﬁﬁllenges and

[

~ .
opportunities A£o' current and future generations.’ With the
integration of the Canadian north into the global economy, the two

‘prime safequards of the ecosystem-- low human population density

wnd isolation-- are made irrelevant. We have it in our power, in

P8 one génerat' r much of the northland~virtually sterile

species of wildlife, and diminished in its
4

capacity to support life-- to create a wilderness in the original

of the more

sense of the word.

Development must be first and foremost an educational process
whose goal is to elevate and encourage human potential and to
ensure the integrity of nature'svlife support systems. Successfu]
resolution of development problems in the Canadian north depends,
as elsewhere, upon maintaining perspective when short-term
individual, corporate, or local desires conflict with long-term,
delayed, indiréct, social, and global consequences (Whittaker
1975). The fragile subarctic forest-tundra, or "treeline”, can
and should be spared‘ the haphazard and senselessly destructive
land use that has ravaged much of North America. In the
Information Age we can no longer plead ignorance of our actions.
While this work is largely an academic endeavor, it is my fervent
hope that the baseline data presented, and their interpretations,
will prove a useful contribution to our understanding and wise

- stewardship‘of the north.
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I hope that the interpretations and hysotheses set forth in
this dissertation will be challenged and tested, and the results
improved upéﬁ. If this work inspires or incites others to study
and understand the forest-tundra, the labor will have proven a
success. Understanding engenders appreciation and respéct, and
our Canadian north desperately needs respect if it is not ta be
reduced to a pathetic remnant ‘and a testament ofA mén’s

spatio-temporal short-sightedness.
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1 INTRODUCTION

This study delimits and describes Quantitatively the high
subarctic forest-tundra west of Hudson Bay, with emphasis on the
zonal forest and tundra vegetation. The data ;resented may prove
useful as benchmarks in assessing current and future changes in
the vegetation cover as a result of climatic change or extensive
landscape modification. The data provide a framewbrk in which to
study and compare forest-tundra vegetation with applications in
bioclimatology, physiology, v*getation dynamics, dendrochronology,

paleoecology, and land use p'anning.

Prior to the study presented here, there had been no
comprehensive study of the vegetation and Tlandscapes of the
forest-tundra of the NWT. Numerous authors have reported on
vegetation, landform, and climate relationships in small or
relatively large areas of the subarctic. Differences in aims,
terminology, methodology, and interpretation, however, frequently
preclude direct comparisons between areas studied by different
authors.

A]fhough the "treeline" of the NWT has been mapped by various
authors, most of these studies have been based on a minimum of
ground and airborne observations. It is often unclear, or left.
unstated, what data were used and what Criteria were applied to

delimit the "treeline" or the northern and southern limits of the

1 ~



2
forest-tundra. Unfortunately, unverifiable or tentative statements
A\
in the literature are interpreted dogmatically by someé. The

opinion of Tikhomirov (1970:35) illustrates the point:

“The maps of the northern limits of trees have already

been made... and there is no need to discuss this problem,
for the new data add nothing to the configuration of their
areas."

Perhaps a more accurate Eppra1sa1 of treeline mapping 1s given
bv Hustich (1979:210):

"It must be confessed that we use more intuition than
precision of concept when we draw our highly interpolated
and generalized tree-lines on a map."

The forest-tundra, the "treeline", and the subarctic--arctic
boundaries have been defined many times. Mackay (1969) has
pointed to the limited value of debating the merits of the various
boundary criteria. Those  interested in  the "Babel of
nomenclatures” of subarctic terminology (Hare and Ritchie 1972)
should see Bluthgen ‘(1970)‘ Hustich (196§, 1970, 1979), Love
(1970), Ahti (1980), Atkinson (1581). Payette (1983), i1.a., and
Appendix 7. .

Much  of the "treeline" literature has been plagued by
terminological differe~-es, use of vague _or unstated criteria, and
exéessivé extrapolation from locally valid results. In short,
criteria should be suited to the objectives, and to the size of
the study region. At the subarctic scale, criteria should be

functional, simple, observable b&n airphotos, applicable over a

broad geographic rggion, and independent of 1local edaphic
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conditions.  For example, treeless rockland and wetland must be
distinguished from climatically controlled uplanc tundra.

Four ‘vegetation subzones (=regions) were saﬁp]ed in this study:
high boreal, Tlow subarctic, high subarctic, and low arctic (Table
1, Appendix 7). The high bofea] closed crown forest region was
sampled 1{tt1e; it&js characterized by closed crown conifer forest
on both upland agh Towland mineral soils, and open crown conifer
forest over bedrock.. Treed peat plateaus and bogs are typical in
the Jlowlands. Mixed-wood forests with aspen and balsam poplar are
absent (sge Mid Boreal Ecoregion of Bradley et al. 1982), although
both species are present as trees.

The transition to the low subarctig open crown forest region is
marked by the southern 1imit of zonal open crown copifer forests
on the well-drained 'minera1 soils of uplands. Open crown forest
or treeless rockland is found over bedroFk; various peat plateaus
and palsas are typica]l

The high subarctic forest-tundra is defined as the landscape
mosaic of zonal tree and tundra vegetation composiég a transition
reg%on lying poleward of the 1low subarctic open crown forest
region ahé¢‘"%9ufhward" of the Tlow arctic tundra region. Its
southern ]imit is defined as the southern limit (<0.1% cover) of
upland tundré; its northern limit is-defined as the northern limit
(<0.1% cover) of trees >/= §-4 m tall. Between thesé Timits,
forest and tundra co—dominaté‘ in a mosaic with subordinafe

wetland, shrubland, rockland, burned, and eroding terrain. -

Forests in the south undergo a transition to single-stemmed and
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clonal’ wbpdiands, forest-tundras, and thickets in the north;
Medium and Tow shrub tundras are characteristic. |

The Tlow arctic tundra is characterized by medium and low shrub,
lichen, and tussock tundras, sedge meadows, and peat polygon
areas. Its somthern \1imit is marked by the northern limit of
trees >/= 3-4 m tall. 4Low and/or prostrate spruce (<3m tall) are
occasional in the low arctic tundra (not readily observable on
airphotos). A more complete description of the high boreal t6 Tow
arctic regions of the NWT is found in Table 1; synonymy and

criteria from other studies are given in Appendix 7.

Tree and wupland tundra limits applied as cardinal criteria to

'imit the forest-tundra in this study are observable on the
ground and on black ahd white airphotos of scale up to 1:70,000.
These criteria are wide1y—§pp1icab1e due to their simplicity, and
their observability on airphotos. Field checking of trees set a
minimum height of 3-4 m for the airphoto identification of trees;
below 4 m in height, spruce are nearly impossible to distinguish
from a dark-toned shrub-matrix. The light-toned crowns of larch
are Tlocally helpful. Our fieldwork in the NWT indicated‘that the
Timit of trees as species (without regard to size) occurred no
more than a few km north of the limit of trees >/= 3-4 m tall.
This contrasts with the observafions of Payette (1983) in northern
Québec; and J.C. Ritchie (pers. comm.) ‘on the Tuktoyaktuk
Peninsuls, who found prostrate spruce well north of the limit of

arboresceni spruce.
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The southern Timit of wupland tundra is locally difficult to
discern where: (1) large fires have masked the typical tonal and
textural differences between vegetation types (e.g., between
Sitidgi and Crossley Lakes east of the Mackenzie River); (2)
bedrock-scoured and excessively stony terrain results in edaphic
treeless wuplands; and (3) lichen and low shrubs on s]opeiﬁgrade
from valid upland tundra iﬁto the understory of spa - .ree
communities (common NW of Great Bear Lake). In all such regions,
" ground truth and/or stereo airphotos are often required.

Other featureg, such as patterned ground in lake shallows,
peatland types, distinctive upland vegetation types, tree canopy
closure, and wupland and Towland patterned ground, were assessed

wherever possible as a check on the primary criteria.

The simple criteria of percent cover of trees ang upland tundra
apply well for over 95% of the study region. But extensive areas
of organic terrain presens special problems in the delimitation of
the forest-tundra. In the Hudson Bay Lowlands and the Mackenzie
Delta proper, tree and upland tundra communities may both be
scarce or apsent due to excessive soil water, organic soils, or
simply to lack of uplands. It might be argued that there is no
forest-tundra in the Mackenzie Delta and the Hudson Bay Lowlands.
A less physiognomic term than forest-tundra, such as "high

subarctic lowlands", is probably more appropriate.

The prime object of this thesis is to provide a verifiable and

quantitative delimitation of the subarctic forest-tundra of Canada
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- West of Hudson Bay. The focus of the thesis is threefold: (1) to
describe quantitatively the vegetation cover of the forest-tundra;
(2) to identify and interpret vegetation, climate, and terrain
re]atiohshibs within the forest-tundra; (3) to assess the
occurrence of landscape features that provide information on
terrain and bioclimate. Results of tke fié]dwork are called upon
as needéd to elucidate the vegetation gradients, but detailed
~ phytosociology is beyond the scobe of the study. N

The Results section provides an overview of the vegetation and
soils of the study region; describes areal pafterns in vegetation
cover and selected landscape features; and identifies-dominant
vegetatidn communities. associations, and indicator species. In
the Discussion, the "presentJ (circa 1960) vegetation cover is
discussed in the context of climate and terfain relationships and
historié factors. ‘

Much bf tﬁe Discussicn  is based upon correlation of climatic
and physical features with vegetation patterns. Such an approach -
is limited by the dangers inherent in comparison of maps Qrodqced
by different methods, inaccuracies in mapping, spurious
correlations, and the complex interplay of~factors that modify
surface  patterns (such as the masking 'effect that glacial
dispersion may have on the correlation between bedrock type and
the mineral composition of the derived soils). For {his reason,
many of the conclusions must remain teﬁtativé while the

s

hypothesized relationships await testing.



2 STUDY REGION

2.1 Physiography

'

The NW limit of the study region is located at 136°30’W and
70°00°N, west of the Mackenzie Delta, with a SW l1imit west of Fort
McPherson on the east slope of the Richardson Mounta{ns. The study
region extends SE to the west coast of Hudson Bay near Eskimo
Point, and south to 93°00'W and 58°00’N, south of Cape Churchill,
Manitoba. A gazetteer of place names accompanied by a map is
provided in Appendix 4A and B.

Physiographic divisions (Geological SurVey Canada 1969; Bostock
1976) represented within the study region, proceeding NW to SE,
are: Yukon Coastal Plain, Mackenzie Delta, APorcupine Plateau,
Rick>rdson Mountains, Peel Plateau, Peel Piain, Anderson Plain,
Fra.- 1 Mountains, Colville Hills, Horton Plain, Great Bear
Plain, Coronation Hills, Bear-Slave Upland, East Arm Hills, Back
Lowland, Kazan Upland, Thelon Plain, and Hudson Bay Lowland. By
far the largest divisions in the study region are the Kazan Upland
and the Bear-Slave Upland. |

The following ﬁescfiption of physiographic and geoioéical
features is modified after Geological Survey of Canada (1968,
1969) and Bostock (i976).-

The study region - may be divided physiographiéa]]y and
geologically into two great parts: a core of Precambrian (mostly

igneous and  metamorphic) rocks forming the Shield, and a
P
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sGrrounding crescent of younger sedimentary rocks forming the
Borderlands. About two-thirds of the s:bdy region is found within
the Shield, and one-third found within the Eorderlands.

The surface of the Shield is domed, with a slightly depressed
center and an outward shelving rim terminated by a steep edge.
The  depressed center of the Shield 1is occupied mainly. by
flat-lying Paleozoic and Mesozoic sediments. 0n1yﬁ~Fa1eozoic
sediments reach the study region .as Ordovician anh‘gﬁjlurian
limestones and dolomites. These sediments are mantled by
extensive organic terrﬁin and g]aciomarine re-worked ti]]s;
Post-glacial marine overlap extended as much as 150 km inland, and
as high as 205 m above present sea level.

Within the Kazan Region of the Shield there are iarge areas of
flat-lying sandstoné and volcanic rocks (Thelon Plain), sediments
and diabase sills (East Arm Hills), and complex suites of
sedimentary, igneous, and metamorphic rocks (the lower Coppermine
River area of the Bea}-S1ave Upland; Coronation Hills; and the
Henik Lakes area of the KaZaQ Upland).

Younger sedimentary rocks of the Borderlands surround the
Shield as two concentric rings. The inner ring is composed of
generally flat-lying sedimentary rockd which overlie the shelving
rim  of the Shield. These flat-lying sediments and their
glacially-modified surficial material form the 1and surface in the
northwest of the study region. The outer ring of the Borderlands
comprises mountains and plateaus in which the younger rocks are
deformed. . These deformed rocks lie mostly outside the study

reéion in the Cordillera.
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2.1.1 “The Shield

The majority of the Shield has been metamorphosed. Archean
granitic gneisses comprise most of the bedrock. There are large
areas of Archean paragneisses and péraschists, basic and
intermediate volcanics and  metavolcanics, granites, and
Proterozoic  sandstones. Relatively 1large areas of Archean
sediments and diabase sills and dykes are found on the Fast Arm of
Great Slave Lake and along the Coppermine River north of Point
Lake.

Archean sediments are commonly poorly sorted and consist mostly
of greyQacke, argillaceous material (e.g., derjved slates), arkose
sandstone, conglomerate, quartzite, and carbonates. ' Volcanic
rocks of the Shield north of Great Slave Lake are predominantly
basaltic. In places they have been metamorphosed to amphibolite
and gneiss (Stockwell et al. 1976). Proterozoic sedimentary rocks
of the Shield (e.g., the Thelon Plain) are typically better sorted
and contain more 1limestone than Archean sediments (Stockwell et
al. 1976).

Ihe surface of the Shield is an ancient erosion surface. In
Archean time the Shield was peneplained aéd partly dissected.
During the Proterozoic, the Shield surface was buried and exhumed
once or twice, followed in the Paleozoic by a similar burying and
exhuming of Paleozoic strata. Finally, the surface was scoured
during the Pleistocene. It appears that the Precambrian surface
has been Tlittle changed since the removal of the Paleozoic cover,

and that glaciation has only slightly modified its character.
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Seen from a prominent vantage point, the Shield horizon is smooth,
and its surface fairly even. Monadnocks and small ranges of hills
provide local relief, which seldom exceeds 60-90 m.

Lakes and streams occupy a relatively large portion of the
Shield, with cover normally between - 10-25% (Figure 8A), The
overall pattern of streams and lakes is controlled by bedrock
structure.  Stream channels and Tlakes commonly occupy fraqture
zones, major Jjoints, or traces of soft strata. Trellis drainage
patterns may develop where streams follow straight lineaments, or
major fractures and joint systems in massive rocks. In areas of
the $Jhield where glacial deposition is prominent, stream patterns
are controlled by drumlin fields, drumlinoid ridges,-and ribbed
moraine (e.g., west of Boyd Lake on the Dubawnt River). The
largest lakes in the study region, Great Bear and Great Slave
Lakes, occupy the rim of the Shield, where Archean and Proterozoic
Shield rocks to the east abut with Paleozoic andz Mesozoic

sediments to the west.

2.1.2 The Borderlands . v

‘~~'ands are represented by five main physiographic
divisio description of these divisions follows,
. Hot *son Plains. These lie north.;nd NW of Great
Bear L. .n"_?u‘l the Arctic Slope where drainage is directly to
the Arcti‘. The Anderson Plain is covered by a sheet of

g]jy:ia1 till and outwash, whereas the slightly higher Horton Plain
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is only thinly covered in till. The southern parts of both areas
are underlain by Ordovician-Silurian and midd1é Devonian dolomites
and limestones. The SW portion of the Anderson Plain is underlain
by wupper Devonian non-marine s ndstones and shales. The northern
portions  of both areas a%e underlain by Cretaceous shales,
siltstones, and mudstones. Much of the western part of the Horton
Plain is rocky; in the eastern parts, rolling areas of till occur;
Takes are small and scatteréd. The Angerson Plain is slightly
undulating, and large parts of its higher levels are rocky.
There are extensive areas of outwash and associated meltwater
channels. In both areas, streams are entrenched 30-120 m below
the plain.

Colville Hills, This division is Jlocated NW of Smith Arm,
Great Bear Lake. Here Ordovician-Silurian and middle Devonian
carbonates and shales project 300 m above the surrounding plains
and reach elevations up to 675 m ASL. The hills and ridges
enclose several large Tlakes (Colville, Maunoir, Aubry, des Bois,
and Belot).

Great  Bear Plain. This division s under]ain' by Tlower
Cretaceous shales, with smaller amounts of Ordovician-Silurian
carbonates and related rocks east of McVicar Arm and é;n-marine
sandstone and related rocks on Cape MacDonnel. Its surface lies
usually below 300 m ASL, but the Scented Grass Hills and Grizzly
Bear Mountain reach elevations of about 450 m. >

Mackenzie Delta. This division presents a complex surface of
Tertiary and Quaternary sediments and includes not only the

present delta, but remnants of former delta and fluvial and marine
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deposits which collectively form the present Arctic Coastal Plain.
The delta plain features numerous lakes and channels, and, in

older parts of the delta, many, pingos.

2.2 Tills

Over 99% of the study region was glaciated during the
Pleistocene. Only a small area between the lower AHEErson and
Horton Rivers seems to have escaped glaciation (Zoltai et al.
1979).

Retreat of the Laurentide Ice Sheet proceeded generally west to
east across the study region. Deglaciation occurred first in the
northwest, beginning 14 KBP in the lower Mackenzie valley, and
reached the central district north of Great Slave Lake by 10 KBP
(Dyke and Prest 1987). By 8.4 KBP, only Keewatin and the
southeast corner of the Mackenzie District (Dubgwnt River--Kasba
Lake area) remained ice-covered. Deglaciation of the study region
was essentially complete by 7.8 KBP, with a remnant of the ice
sheet centered on Yathkyed Lake and the lower Kazan River (Dyke
and Prest 1987).

The glacial deposits of the study region are late Wisconsinan
in age, and till comprises about 75% of these deposits. Even in
many areas subjected to glacial or post-glacial marine or
lacustrine inundation, the predominant surficial material is till

(e.g., the Dubawnt River; cf. Geological Survey Canada 1967).



13;%

Scott (1976) divided Canada into seven till provinces, antl® the
following description is modified after his overview. Three of
the seven till provinces, the Prairie-Mackenzie, the ‘Canadian
Shield, and a small segment of the Hudson Bay province, lie in the
study region. A short description follows.

Tills of the Prairie-Mackenzie province are found in the
northwest of the study region. Their Tithology fa]]s into two
main types: weak and generally poorly-consolidated shale,
siltstone, and sandstone:; and better-consolidated carbonate and

¢,,,g\\\re1ated Paleozoic rocks. Paleozoic rocks are widespread along the
interface of this province and the Shield. Underlying bedrock
has supplied >80% of the bulk of the tills in the region.

| Thickness of Prairie-Mackenzie tills varijes. The thickest

tills are often composed of several till sheets each derived from

separate glaciations.  Thin till is found over much of the Horton
Plain, A typical texture is Jloam to clay Tloam. The clay
component, which  contains much montmorillonite derived from

bentonitic shales, makes the tills sticky when wet, and of< low
permeability.

Tills of the Canadian Shield are complex in lithology. Parent
materials are largely granitic gneisses, sediments, metasediments,
basic and intermediate volcanics and metavolcanics, and granites.
Till thickness s generally 2-8 m, being thicker in bedrock
valleys. Till is thin, patchy, and ygathered over an area of
polished and striated bedrock terrgin 1}?*@ along the western rim
of the Shield between Great Slave Lake and McTavish Arm of Great

Bear Lake. The wvicinity of the Coppermine River valley is much
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less rocky, but east of the Coppermine, from the Hood River south
to Lac de Gras, there are large areas of scoured bedrock. The bold
bluffs of the East Arm of Great Slave Lake, much of the land to
the south and north of the East Arm, the area N of Clinton-Colden
Lake, and that ENE of Lake Athabasca also present much bare
bedrock and scoured terrain.

The mine;alogy of Shield tills is as complex as their
lithology. Shield tills are most often non-calcareous. Clay
mineralogy is complex with kaolinite as a prominent component.
They are typically coarse-grained, with low clay content. Soils
derived from granitic rocks are of sandy loam and loamy sand
texture. Soils derived from glaciofluvial, fluvial, and ice
contact materials are often of saas; loam, sand, or gravel texture
(Bradley et al. 1982; this study).

Red tills are found in central Keewatin and adjacent eastern
Mackenzie District .where red beds of the Qubawnt Group have been
eroded and dispersed in all directions from the vicinity of the
Keewatin ice divide (Scott 1976).

Tills in the NW portion of the Hudson Bay province are variable
in 1lithology, texture, and provenance. In the wvicinity of
Churchill, Manitoba, there are multiple tills of alternating
provenance. Those deposited by SE flowing Keewatin ice are sandy
and stony; tho;e deposited by west-flowing ice from east of Hudson
Bay are fine-grained, with few stoneg, and rich in Paleozoic
carborate debris (Dredge 1979; Shilts 1980). These tills are
typically buried under peat and blankets of lacustrine and marine

silts.
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2.3 Soils ;

Over three-fourths of the soils in the study region are derived
from tills. Glaciofluvial, organic, ice contact, alluvial,
Tacustrine, colluvial, glaciomarine, and aeglian materials are
. locally important. Organic soils are prevalent on the Arctic
Coastal Plain, the Hudson BQ;‘ Lowlands, and locally elsewhere.
Glaciofluvial soils are wide;pread, but usually of limited area.
Lacustrine deposits and lacustrine re-worked tills are found
around Great Slave and Great Bear Lakes, and the Thelon, Dubawnt,
and upper Kazan Rivers (Geological Survey Canada 1967; Bradley et
al. 1982). AlTuvium is important in large river valleys such as
the Maékeniie, Coppermine, and Thelon Rivers. Colluvium is found
in actively eroding areas with steep topography (Zoltai et al.
1979), e.qg., the Smokiné Hills of the Tower Horton River.

In subarctic and low arctic‘soils, organic mats where present
are wusually fibrous. Buried organic mattér is widespread and due
primarily to cryoturbation. Instability of the so0il due to
cryoturbation and mass soil movement is widespread. As a result,
mature soils that have developed undisturbed over Tong periods are
rare (Ritchie 1984).

Carbon:nitrogen ratios approximate 15:1, and are higher in
turfy soils (Tedrow 1977). Fine-textured soils are often massive
in  structure, but some upper horizons may exhibit granular
("shotty") structure (Tarnocai 1973). Some C horizons, when dry
may show poorly-defined blocky structure (Tedrow 1977). The

coarser soils of the Shield are structureless (single-grain).
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Since leaching is not pronounced, organic acids may accumulate in
the upper horizons (Tedrow 1977). It is not uncommon for surface
horizons to be as much as 2 pH units lower than the C horizon.

Brunisols, gleysols, and fibric organic cryosols predominate in

the low subarctic. In the high subarctic, the increasing
prevalence of permafrost places fine-textured and/or
poorly-drained qleyed soils into the qryosolic order. Brownish

mineral soils in this region may be either brunisols, often of
cryoturbic phase, or brunisolic cryosols. In thehlow'arctic,
brunisg7s are rare and the vast majority of soils are cryosols.
Rockland is found in all.regions wherever <10 cm of soil overlies
bedrock. Areas of vrockland are most prevalent in the central
Mackénzie District north of Great Slave Lake (Figure 9A).

While a great variety of soils is found across the study
region,  zonal soils fall into two textural categories with
characteristic chemical and physical properties (see Results 4.4
and Appendices 3 and 6 for details). ~ |

Fine-textured clay 1loams to loams predominate in the northwest
from the Mackenzie valley eastward to the Coppermine River. These
soils are typically derived from- moderately calcareous tills
overlying sedimentary rocks. Median soil acidities range between
5.3-6.2 for mineral horizons (Table 2){’Eat{;n exchange capacity-
is high (18.6-26.8 meq/100 g; Table 2), as are total soil nitrogen
(0.11-0.13%; Table 3) and available potassium (0.22-0.51 meq/100
g; Table 3)." ~ '

By virtue of their fine textures, northwest soils have high

water-holding capacity and thus freeze slowly in the fall and thaw
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fine-textured soils result in a prevalence of. Avtiic, regosolit,
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and gleyed cryosols (northward); orthic eutric brunisols and
brthic - gleysols occur along the southern fringe 0;1 the
A .

forest-tundra in the northwest.'

w

In comparison, the -coarser-textured sandy loams, loamy sands,

Q

and sands 'of the Shield are typically derived from non-calcareous
tills woverlying crystalline bedrock. Median soil aciditfes range
between 3L915.3 for mineral horizons (Table 2); CEC 1is 1low
(1.5-6.2 meq/100 g} Table 2); both total soil nitrogen -
(0.01-0.07%; Table 3) and available potassium (0.04-0.07 meq/100
‘g; Table 3) are also low compared to northwest sbils.

The coarser-tegtdred, more freely-drained parent materials of
the Shield, togetﬁer with higher soil temperatures and greater
precipitation than that’ of the northwest,, make brunisols the
prédominant soils 'of the Shie]d.v Orthic dystric brunisols (often
of cryoturbic phase) predominate in the southern portion of tﬁe
forest-fundra (with some orthic eutric b?uniso]s), giving way to
brunisolic  and regosolic cryoso]s' northward. Orthic humic
gleysols (southward) and gleysolic cryosols (northward) occur in
poorTy—drained areas. Eutric brunisols are apparently rare in

Keewatin.

2.4 Patterned Ground and Permafrost

Circles (including mudboils) and net patterns are widespread on
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Shield tills. Due to abundant circles and nets, some areas of the
high subarctic and low arctic have a freckled appearance on black
and whit% airphotos. Upland polygons are found qccasionally in
tills, but are.most typical of sand deposits.

Patterned ground in lake shallows is present across much of the
subarctic and abundant in the low arctic (this study). This

- subaqueous patterned ground is most easily observed where boulders
have been sorted into troughs, forming an obvious pattern visible
on airphotos.

Extensi areas of loamy soils in the subarctic and low arctic
are covered with earth hummocks (=non-sorted nets). About 75% of
the northern Mackenzie River area has hummocky microrelief (Zoltai
and Pettapiece 1974). These hummocks are about 1-2 m in diameter
and 20-80 cm high (Zoltai and Pettapiece 1974), and are difficult
to discern on airphotos wunless the forest is sparse and the
hummocks 1large and lichen-topped. Where ice:n#gh fine-textured
slopes are seasonally saturated with me]twaté;, runnels (also
termed -ri11work stripes, horsehair drainage; (Washburn 1973)) are

- abundant (airphoto observ.).
/

Although the pretise climatic and site requirements for
patterned ground have not been identified, the southern limit of
active and large-scale features (observable on airphotos) has been
suggested to coincide with the -4 C mean annual air isotherm (Bird
1967). Th{s translates to a mean annual soil temperature of about
.-0.5 C (using the adjustment of +3.5 C from mean annual air to

£ .
soil temperature in Brown 1970). \\\
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Whether the "conspicuous" patterned ground of Bird (1967)
includes peatland polygons is not specified. Patterned ground
observable on airphotos extends southward into 'the open crown
forest region in two forms, or three forms if "patterned ground"

is defined broadly: peatland polygons, upland equiforms, and slope

runnels (see section 4.2).

Brown (1970) placed the southern 1imit.of permafrost at a mean
annual air isotherm of -1 C. Between -1 and -3.5 C, permafrost is
discontinuous, occurring primarily in dry, peats, and also some
nortﬁ-fac1ng slopes and shaded areas. The widespread zone, where
permafrost is present in most terrain, corresponds to a mean
annual air temperature of -3.5 to -8.5 C (0 to -5¢C soil (Brown
1970)). Below -8.5 C mean annual air temperature, permafrost is

continuous.

2.5 Climate

While climate 1is a cardinal factor in the the zonation of
biomes, detailed local or regional corre]atiyﬂs of climate and
vegetation are not noQ possible for the study region. Available
climatic maps provide continental and sub-continental scale
patterns, and are prepared by interpolation from widely-spaced
synoptic stations, plus a few local temperature and precipitation
data (F.K. Hare, pers. comm.). ' _The accuracies of isolines on

these synoptic maps vary. Hare (pers. comm.) estimates the

—
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accuracy of synoptic climatic maps for Canada to be a few tens of
km, at best, to even a few hundreds of kmk for the arctic.
Temperature-related data may be accurate to within ';/- 0.5°
latitude (+/- 55 km); the amount of smoothing used in drawing
isotherms is also important to consider (R.G. Barry, pers.
comm. ). Maps of frost-free period, snow cover disappearance,
etc., may be accurate to +/- 1° 1atitgde (Barry,.ggfs. comm. ).

The median summer position of the Arctic Fr&gt has been widely
referenced as a correlate of "treeline" (cf. Bryson 1966; Barry
1967; Hare 1968 for seminal papers). Yet the Arctic Front is
difficult to défine, and at most times there is S% sharp boundary
between Arctic and Pacific air; at groundxﬂevel, its statistical
position is an extreme approximation (Hare, pers. comm.). Its
depiction 1is perhaps accurate to about 1-2° latitude (Barry, pers.
comm.).  The Arctic Front is a broad transition zone, even east of
the Mackenzie River, where the 1line is sharpest (Hare, pers.
comm. ). On. fhe average, fairly warm and mo{st Pacific afr
predominates to the west of this zone, and ’co1d ~Arctic air
predominates on the ground to the east (Hare, pers. comm.).
Arctic airstreams dominate the forest-tundra for 11-12 months of
the year (Bryson and Hare 1974).

The climatic description that follows 1is based primarily on
cemparisotr of the forest-tundra region (as delimited in this
study) with the climatic maps of Hare and Hay (1974). The
subarctic forest-tundra of Canada west of Hudson Bay lies between
the ‘July isotherms of 10-13 Cn and mostly within the July mean
isotherns of 7.0 and 4.5 C at the 850 mbar level (about 1.5 km
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aloft). Most of the forést-tundra lies within a zone of maximum
standard deviation (1.5 C) of July mean monthly temperature.

Mean annual air temperature for the forest-tundra lie§ between
-}0 and -6.5 C east of Great Bear Lake, and between -10.5 and -9 ¢
westward to the Mackenzie Delta (Fletcher and Young 1978). Mean
dAily air tetmperatures for the forest-tundra rise to 0 C by about
7-31 May, with the 0 threshold’ reached ear]iegi in central.
districts (NE of Yellowknife and SE of the East Arm of Great Slave
Lake).  Mean daily air temperature falls to 0 C by about 1 October
for much of the forest-tundra with the northwest sector cooling
about one week earlier and the central sector éoo]ing to 0 C about
one week later. -

Frost-free period ranges from 50-80 days, with the fewest
frost-free days found to the north apd NW of Great Bear Lake.
Frost-free period at ground level may be only half that of the
air; for subarctic Siberia, frost-free period for the air is 60-90
days, but only 30-60 days at grournd level (Dolgin 1970).
Forest-tundra plants must thus be adépted not only to a short
frost-free season, but also to occasional frosts during the
growing season. | ‘

Most of the land from the Yukon border to phe East Arm of Great
Slave Lake is essentially snowfree by 15-31f'May. Eastward,
snowmelt averages about a week later, with northern Manitoba and
southern Keewatin becoming nearly snowfree between about 21 May
and 7 June. Snow patches may persist th}oughout the summer
Tocally in the north (field observ.). In contrast, most of the

closed-crown boreal forest of western Canada is snowfree by IQJ
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May; and more 1mporEant1y, this snow Ties concealed beneath the
forest canopy. The Tow spring albedo (about 0.1-0.3) of the
closed-crown forest canopy ‘allows far more rapid spring warming
than over tundra (Hare and Ritchie 1972; Hare and Thomas 1979).
The closed-crown forest consequently has a much longer frost-free
period of 70-100 days. The duration of the thaw season (total
days reaching >0 C) for the forest-tundra lies between 90-150
days, ;hereas for the closed-crown forest the <haw season is
approximately 150-200 days (Hare and Thomas 1979).

The persistence of Jlake ice is related both to climate and to
size of lake. Small lakes at the southern 1imfi<;SF‘ the
forest-tundra may be ice-free by 15 June;?large lakes néar the
limit of trees may femain largely ice-covered till 15 July, and
even into Auguét (Fisheries and Environment Canada 1978; field
observ.). The East Arm of Great Slave Lake has a depressing
effect on spring teméeratdres; its waters are usually not clear of
ice until "1 July (Bradley et al.” 1982). Great Béar Lake is a
similar cold spot; ice-out does not normally occur before 1 July
(Fisheries and Environment Canada 1978). Lake freeze-over occurs
in the northwest about & October, and in the southeast‘about 20
October. Great Bear and Great Slave Lakes freeze much later,
Great Bear by 15 November, and Great Slave about 1 December
(Fisheries and Environment Canada 1978).

Measured values for rain and especially snowfall in th%'
subarctic are probably underestimates on the order of 10-50% (Hare

’
1971). Mean annual measured precipitation is 1ight, ranging from

about 25-40 cm in the southeast, to 18-30 cm in the drier
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northwest. Greatest measured snowfall s found over southern
Keewatin and northern Manitoba, ranging from 80 cm near the limit
of trees to 140 c¢m in the Hudson Bay Lowlands. In the northwest,
snowfall peaks 1in the Mackenzie valley at 140 cm, but in general
the area‘receives between 90-110 cm per yr. Between the NW and SE
extremes, the central forest-tundra receives about 100-120 cm snow
per yr. )

Thunderstorms (measured) are - rare 1n. the forest-tundra,
averaging five or fewer per yeér in the south and one or none in
the northwest. Hoyever, Rowe et al. (1975) caution that‘ioca1
topography and relief can deflect air masses, encouraging ltocal
convectional instability and thus 1ightning. As a result,
thunderstorms may be more common than the data indicate.

Winds are probably strongest over Keewatin and northern

Manitoba, but data are too sparse to provide accurate values.



3 METHODS
3.1 Field Methods

Fie]d studies were conducted during the summers of 1982-84.
Travel  was 2{ canoe across and along the forest-tundra
transition. The prime objective of the field studies was to
provide ground truth for airphoto interpretation. Three samp]ing.
methods were employed: (1) Stands provided the most detailed
écological, data, and were concentrated in the uplands. (2) Spec{al
trénsects were conducted to augment tree growth data gathered in
the stands. (3) Releves were concentrated in the lowlands.

Nomenclature for mosses follows Ireland et al. (1980), except
for Dicranum where Peterson (1979) was followed; for
liverworts, see .Schuster (1966, 1969, 1974, 1980); and for
lichens, Thomson (1979, 1984). Scientific and common names of
vascular plants follow Porsild and Cody (1980). .

Tree, wupland tundra, and tall shrub communities‘were studied
using stands.  Straight-line transects were run through
representative vegetation, algng which 30-70 quadrats were placed
randomly. Species presence and percent cover were estimated for
non-tree species using 0.25 sq m qﬁadrats.

Four size classes of trees were defined: a) trees, with dbh >/=
10 cm; b) saplings, 2.5 cm >/= dbh <10 cm; c) transgressives, dbh
<2.5 ~cm, and height >/= 2 dm; d) seedlings, <2 dm in height, and
rooted. |

24
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Tr;es were sampled with 25 sq m circular plots, saplings with
12.5 sq m half circle plots, transgressives with 6.25 sqQ m quarter
circle plots, and seedlings with the 0.25 sq m quadrats used for
the ground Tayer. Presence, density, dbh (dominance), height,
cover, and age (increment coreS) were determined for trees and
saplings. Height was determined with a clinometer, and crown
cover was estimated by the average maximum radius of the stem
branches. A1l but age were determined for transgressives and
seedlings.

A representative soil pit was analyzed by horizon for
thickness, color, texture, structure, consistence, horizon
boundary, roots, pH, drainage, and parent material, and nearby
vegetation and terrain were described.

Special transects were designed to augment tree data without
the wuse of detailed stands. Species, dbh, height, cover, and age
were determined for 10-20 selected trees or saplings. In total
for stands and special transects, 1850 tree stems were sampled
between Inuvik and the Dubawnt River. In decreasing order of
ring-counted specimens, tree species were Picea mariana, 4 P.
glauca, Betula papyrifera, Pinus  banksiana and Llarix
laricina. '

Releves were uysed primarily in the lowlands. Species presende
was noted, and ccver classes estimated. An average releve
measured 0.1 ha in area.

In addition to stands, special transects, and releves,

landscape photos with extensive notes were taken in the vicinity



of study areas, and duriﬁg travel days. Low-level oblique
airphotos with notes were taken en route to "put-in" points and
returning from "take-out" points.

Altogether, 84 gtands, 43 special transects, and 27 releves
were studied, and 1600 slides and photos were taken (sge Figure
2).

Ground truth studies were augmented by reference to published
landscape, vegetation, and soil studies. An additional 100 color
slides with notes were provided by people who have studied or
travelled through the subarctic and low arctic. Figure 2 details

the Jocation and sources of ground truth information.

3.2. Laboratory Methods

A matrix of Natjonal Air Photo Library black and white photos
was established; airphotos were taken between 1952 and 1979, with
most taken prior to 1560 (Figure 1). Although the imagery is
d#ted, the quality is good. As climatic--vegetation comparisons
comprise an integral part of this study, the climatic normal
period is relevant: many climatic data and their derived maps are
based wupon the 1931-60 normal period, while global and net
radiation are based on either the 1957-65 or 1957-64 period.
Fortuitously, most of the airphotos were taken either near the end
or the midpoint of the climatic normal period.

To ensure that outliers of forest-tundra were not overlooked,

the airphoto matrix extended from the low subarctic to the low

‘ -
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arctic. Airphotos were analyzed at 6X magnification with a
stereo-microscope. The following . information was gathered from
each photo:

(a) percent cover of tree, upland tundra, shrubland, treeless
wetland, and burned forest vegetation types was estimated
visually, as was percent cover of rockland, eroding terrain,
water, and  unsuitable (due to focus, clouds, etc.); notes
accompanied each category; see  Appendix 1 for a key' to
physiognomic vegetation types;

(b) vegetation region (using presence/absence of tree and
upland tundra vegetation, and the landscape criteria given in
Table 1);

(c) the presence or absence of upland patterned ground, sorted
nets and stripes in lake sha]]owsf peatland polygons, and stripes
and runnels on slopes;

(d) prominent surficial features such as parent material,
glacial landforms, badland topography, beaded streams, rilled peat
plateaus;

(e) the longitude mufﬁatitude of the center of each photo;

(f) mean, maximum, and minimum elevation and relief were
estimated by plotting the- photo on a 1:250,000 NTS topographic
map; S

-

(g) bedrock type was determined by reference to Geological

Survey of Canada maps and publication;, or other reports;

(h) physiographic division (Bostock 1976).

Airphoto cover percentages were adjusted to percent of land
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surface by algorithms correcting for percent water and
un;uitable. Photo positions were transformed to a Lambert
Conformal map projection, and the airphoto cover data were then
passed to Surface II. Appendix 2 details the calculations.

Surface II software (Sampson 1978) was used to gerferate 360 X
180 grid matrices, from which averaged and smoothed contour maps
and transect diagrams were drawn. In order to show local detail,
averaging was generally kept to a minimum (4-6 photos), and a
digtance-weighted function of 1 * D6 was used to minimize the
effect of neighbor photos upon a sample grid point. In the
map-transformed 3-dimensional transect diagrams, the height above
the plane is proportional to percent cover: the Compass arrow is
plotted on the central meridian (114°45’W); the limits of the
airphoto data are marked by a vertical "cliff" which is distinct
from genuine changes in percent cover within the study region.

In smoothed depictions of wupland tundra and tree cover, the
data have been generalized by distance-weighted averaging with 12
neighbors, rather than 4-6. In such a smoothed depiction, the
value of a contour line loses its local accuracy and instead takes
or regional and synoptic relevance.

Lambert  conformal maps showing the occurrence of upland
patterned ground, sorted nets and stripes in Tlake shallows,
peatland polygons, and stripes and runnels were produced using -
*APPLOT and *PLOTLIB (University of Alberta, Computing Services).
Draft maps (not presented) of etevation, relief, bedrock type and
hardness, and sedimentary vs. non-sedimentary terrain were

similarly prepared to aid in interpreting the vegetation patterns.



29

Contour and occurrence maps were overlaid onto a World Data.
Bank II (University of Alberta) topographic map. A first
approximation of the forest-tundra was thus completed for the
study region wusing a matrix of 1130 photos.  Maps were then
scrutinized and unusual patterns highlighted. Airphotos in
questionable areas were re-analyzed.

Because the contour 1lines are drawn from averaged data, steep
gradients in tree and upland tundra cover cause contour lines to
be drawn north or south of their true positions. For example, the
typical steep rise in upland tundra cover at the southern limit of
the forest-tundra in the southeast tends to push an averaged
contour southward. On draft maps this artifact was assessed
against ground level information and non-averaged airphoto data.
Departures from "trye" position were minimized by increasing the'
density of airphotos in areas of steep gradients,

An  additional 184 airphotos Tlocated in areas of rapid
vegetation change, low photo density, and areas covered by poor
quality photos, were analyzed and incorporated into the fina]
matrix of 1314 photos, and maps were vre-drawn as above.
Correcting for the small amount of stereo overlap, the airphotos
cover about 260,08 sq km, or circa 24% of the the study region.

A certain portion of every photo cannot be analyzed due to poor
photo quality. Focus is the prime reason for poor quality, and
this problem is most serious at photo edges. Figure 3A depicts
the percent cover of unsuitable image due to focus, clouds, and
overwriting. In the photos sampled, unsuitable usually ranged

from 2-10%. Locally, such as NE of the Colville Lakes, the
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vicinity of Great Bear Lake, north of Courageous Lake qrd past of .

t

Point Lake, and east of Eyeberry Lake on the ThﬁﬂOﬂ’River 4 é';

unsuitable reached 25%. Beyond 25% wunsuitable, o(é}alg ghoto 5
quality was often too poor to permit analysts,‘s‘ah*photgs’were S
rejected and replaced by photos of a different ed1txpn ‘

Figure 2 depicts sources of ground 1nformat1on used in the
study. The Tlarge boxes enclose areas studied by other workers;
reference numbers are listed down the right side of each box.
These studies contained ground and/or Jlow-level photos with

vegetation descriptions and locations that could be pinpointea and

tied to airphotos used in the analyses.

.
Small boxes with a central vertical line denotesareas studied

on the ground during the coursg.of this study. Ii‘;a%g:! 14

trace ‘(areas flown at low-level lﬁ'ng the study. "Tree" symbold.

denote positions of color slides awith vegetation descriptions

contributed by other workers. i
Checking of the contour maps with airphoto data and ground

truth indicates the normal accuracy of the isolines to be +/- 15

km. In Tlater drafts of tree and upland tundra cover, data located

at distribution limits Were increased by duplicating da{a points

with zero values such that averaged contours approximated the

"true” position based on unaveraged data. Since the limit of

trees can typically be determined with more confidence than the

Timit of wupland tundra, this duplication of data was carried out

more vigorously at the northern limit of the forest-tundra. For

this reason, the northern limit of trees as depicted approximates

the true 1limit with no detectable error. tastward from near
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lTongitude 115°W, the southw#rd bias of the Timit Contpur usually

Ties between 5 and 10 km.

..

K
-

4 RESULTS ' . ‘ .
.

To aid the reader in locating geographﬁc'areas referred tb in
the text, . a gazetteer of place néhes'(Appendix 4A) and a location
map (Appendix 46, {n map.pocket) are provided. A synopsis begins
leach section of Results and Discussion.

3

Data, results., ard interpretations must be piaced in the

b ) : .
- context of their proper space-time scales (see Delcort et al. 1983

3

¥ seasonal and yearly chﬁhges “in” thg vegi};ﬁiin'(gvﬁifloo yrs).

1]

for space-time domafns),. Grounc Tevel sampling applied to the

" vegetation stand §;a1é 4up to 102'm7); ground level photos and

observations provided infaPmat ion 6n scales from-v101—106 m2;

these ground studies were used in the interpretation of airphotos

of scale ~2x108 "m2 (vegetation, ;ubef}pés,,and?gtypes);'_the~

“airphotos formed the dqtabase for the Qgﬂeggtibn:éoygr;qapsiﬁhféh
depict the plant coYer at thqrvegetatﬁon fo}matioduﬁnd fdrmatiqn
zone scale (1&12 mz). | . ,j"\ o 4, 2

Time scaleg Cary’ a]so,i)but all fall within fhe temporal

micro-scale of Delcourt et al. 61983){ Ground studies may detect

Airphotos [may detect rapid vegetétfon‘changg i\ response to fire

and  human  disturbapc _;quol yrs), but in the absence  of

distﬁrbance and regeneratioqﬁﬁ airphoto detection of directional
- .

W & . 'L/'*
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vegetation. change pn§bab1y requires >/==5x10l yrs (e.g., Scott et
al. 1987a). * In the absence of disturbance events, sensitivity to
change at ‘the map scale probably requires ~102 yrs due to the
smoothing necessary in map production. Under stable climatic
conditions vegetation pafterns at the airphoto and map scales
might persist  indefinitely. The degree to which no;thern
vegetation might persist under an unfavorable climate is the topic

of debate and research (see sections 5.1, 5.5).

4.1 Overview of vegetation regions

An overview of vegetation subzones in the study region giving ,

characteristic vegetation and landscape features is provided.
, L
‘Z .
Figure 1 (in map ) pocket) %%ots1the position of sample photos

and indicates in whag\ vegetation region (determined by
presence/absence of trees and upland tundra and qualitative
criteria in Table 1) each photo' occurred. Compound regions
indicate that characters of more than one vegetation region were
- present on a given photo. Symbol size in Figure 1 is scaled to
one half the terrain coverage of a 1:50,000 scale photo, or one
fourth the coverage of a 1:70,000 photo. Vegetation and landscape

features characteristic of the vegetation regions are given in

Table 1.
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Table 1. Overview of vegetation zones and their characteristic
vegetation types and h'dscape features (modified after

Bradley et al.

1982). !

Closed Crown Forest Region
(High Boreal)

Mineral Terrain:

Organic Terrain:

Patterned Ground
and Permafrost:

Comments:

a) Upland and Towland closed-crown conifer forest
(black spruce, white spruce, jack pine, paper
birch, Cornus canadensis, Linnaea borealis,
Viburnum edule, Hylocomium splendens, Pleurozium
schreberi, Ptilium crista-castrensis, and
Peltigera aphthosa)

.

B)‘Open crown forest over bedrock (black spruce,
Jack pine, +/- paper birch, Cladonia, j
Stereocaulon)

a) Treed peat plateaus with thermokarst
features, palsas and-treeless bogs (bTack
spruce, larch, Ledum groenlandicum, Sphagnum,
Cladonia)

b) Fens and meadows (dwarf birch, Carex,

Drepanocladus,

Salix,  Campylium, Calliergon,“
Scorpidium; +/- larch, blacl s gt
R }* \:,:.

Earth hummocks on fine- SySUNNE-<0113; sporadic
permafrost in peat plgd 3

24 .
Northern limit of tree e ooulus spp.;
fires frdgquent, return 8Fval of </= 100 yrs;
wide mats of shoreline aquatic vegetation; this
region sampled little in this study

Open Crown Forest Region
(Low Subarctic)

‘Mineral Terrain:

a) Open crown Tichen woodland on well-drained
uplands (black spruce, white spruce, paper
birch; dwarf birch, ericads, ,
Cladonia, Stereocaulon)

b) Open crown conifer forest over bedrock
n
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2}

Table Li,égntinued
: c) Treeless rockland (er1cads, Rhizocarpon,
etc.) 2

d) Moss forests on slope bases and lowlands
(black spruce, white spruce, larch, dwarf
birch, ericads, feather mosses)

Organic Terrain: a) Peat plateaus of treed (becoming rare
northward), treeless, rilled, eroding, and
polygonal types (ericads, Sphagnum,
Cladonia); .

\ t
b) Fens and meadows (Carex, Eriophorum,
Scirpus, brown mosses)

c) Bog-fens

Patterned Ground ™

and Permafrost:  High center peat polygons; rare sorted - '
nets and stripes in lake -shallows; upland
pattern typically as earth hummocks on
fine-textured soils; other upland pattern rare;
runnel pattern on fine-textured slopes;
discontinuous permafrost in mineral soils,
widespread in ombrotrophic peats

Comments: ...aspen rare and typically of gnarled low
' ’ stature; balsam poplar restricted to alluvium,
rare and small; jack pine reaches northern limit
near high boreal--low subarctic transition, rare
in subarctic west of 117° W; fire return ‘
interval of 100-200 yrs; narrow marginal mats of
shoreline aquatic vegetation; f]oat1ng
macrophytes rare; dwarf birch increases in
cover to north.

—g

Forest-Tundra Region
(High Subarctic)

Note: plant communities of the some of the following vegetation
types are described in section 4.6. See Plates l-12.

Mineral Terrain: a) Forests of single-stemmed trees or (often
clonal=krippelholz) wood]ands, forest- tundras, and
thickets, variable in density and spacing
of theef: (1) black spruce, dwarf birch,
Empetrum, ericads, feather mosses, 11chens,
Ptilidium ciliare (on acidic soils);

(2) white spruce, dwarf birch, willow, Dryas
rntegrrfolra, Carex, legumes, Rhytidium,

- Tomenthypnum (on circumneutral to basic soils)
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b) Shrublands (dwarf birch, various Salix
spp., and green alder)

c) Medium and low shrub tuhdras (see section 4.6)

d) Lichen tundras and rockland on bedrock, stony,

or exposed ground (Alectoria, Cetraria,

Cladonia, Cornicularia, lecanora, lLecidea,

Parmelia,  Rhizocarpon, Stereocaulon, Thamnolia,
. Umbilicaria, etc.)

e) -Tussock tundras {transitional to
wetland: various Carex, Eriophorum, dwarf
birch, brown mosses, ericads, Salices, forbs)

’

Organic Terrain: a) Sedge meadows (including slope fens: Carex,
Eriophorum,‘Scirpus, Equisetum, brown mosse’s)

> b) Polygonal peat plateaus and peat polygon areas
(ericads, Cladonig, +/- Sphagnum) :

c) Ponded, reticulate, ribbed, string, and
anastomosing bog-fens, bogs, and fens
(best-developed in the Hudson Bay Lowlands):

dwarf birch, Carex, ericads, Salix, brown

mosses, Sphagnum, Cladonia ¢

Patterned Ground )

and Permafrost:  Continuous permafrost in ombrotrophic peats,
widespread to continuous permafrost on uplands;
high center peat polygons common; sorted nets and
stripes in lake shallows common; upland patterned
ground common; runnels on fine-textured slopes;

o
Y stripes present; beaded streams; low center peat
polygons rare; low center upland polygons rare to
absent
Comments: Important trees: black spruce dominant eastward

from 114°W; white spruce dominant westward
from 114°W; larch reaches highest relative
cover in Keewatin; paper birch common
associate of black spruce on dry to mesic
acidic uplands near the southern limit of the
forest-tundra, especially after fire; paper
birch groves extend northward along protected
brooks of the Shield;

Important ericads: Arctostaphylos alpina
(acidic soils), A. rubra (circumneutral),
Cassiope tetragona (moist tundra, primarily
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Table 1, continued

to north), Ledum groenlandicum (south), L.
decumbens (north), Vaccinium uliginosum
nearly ubiquitous), V. vitis-idaea (usually
acidic) '

Fires are rare (return interval of >200 yrs);
burns extend nearly to 1imit of trees in
northwest; black spruce and larch may reach
ages >300 yrs, and white spruce may reach ages
>500 yrs; but normally, oldest trees in stands
are 150-250 yrs; below-ground parts may reach
greater ages; little shoreline aquatic vegetation

-

Shrub Tundra Region
(Low Arctic)

Note:

Patterned Grouhd
and Permafrost:

Comments:

Low arctic vegetation types are similar to those
in the high subarctic. The salient differences
are (a) decrease in community stature, biomass,
and productivity; (b) decrease in importance of
dwarf birch, Salix glauca, and ericads;' (c)
increase in importance of Dryas, Cassiope,
lichens and mosses; (d) peat polygon areas and
low center polygons replace peat plateaus;
eroding peats become less common northward. For
important plant communities and associations

of the low arctic, see section 4.6.

Continuous permafrost, except in minerotrophic
peats and under lakes (although permafrost
extends under lakeshores); high and low center
peat polygons; upland patterned ground
widespread; runnels and stripes common; sorted
nets and stripes in lake shallows widespread
where boulders present; solifluction and
gelifluction on slopes; beaded streams -

/
!

Little or no shoreline aquatic vegetation;

fires rare, except in northwest
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4.2 -Patterned ground in relation to vegetation and terrain

in the study region

~

O
Figures 4-7 depict the occurrence of peatland polygons, runnels

and stripes on slopes, upland patterned ground, and patterned

gréund in lake shallows. The bold black line in each figure

delimits the study regioﬁ. These distribution maps provide

information on terrain and parent materials, and indirectly, on
climate. No attempt was made to différentiate between active and

relict features..

.

4.2.1 Peatland "polygons
oW

|

Peat]and\ polygons are the most widespread of the se]éb{i:\\
‘patterned ground features, extending south of the study region a
high center polygons in peat plateaus and palsas. In the

forest-tundra, polygonal peat plateau--bog-fen mixed wetlands are
common.  Near the northern limit of trees, peat plateaus pass into
smaller, darker-toned peat polygon areas. As common and
conspicuous formé; low center polygons are restricted to the low
arctic and northward.

c/,/'

Peatland polygons show the most widespread occurrence of the
patterned ground types reported here, as they extend southward
beyond the study‘ region (Figure 4). These polygens are
predominantly of the high center type, but by the low arctfc, Tow

center polygons become locally conspicuous, marking a transition

™
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from inactive to active ice wedges (Brown 1973). While peatland
polygons extend well to the north of the forest-tundra, they are
usually 1imited’ in areal cover as the ombrotrophic peats 1p which
they occur become restricted in area. Minerotrophic sedge peats
(=embryonic mires{ are the dominant peat }éndform in the arctic,
and these  wet peats are less prene to/%ormation of conspicuous
polygons.

Treeless peat plateaus are the predominant landform exhibiting
high center polygons in the study region. These often extensive
peat Tlandforms reach their greatest abundance in the low subarctic
and extend north into the southern portion of the forest-tundra.
Peat plateaus are often spatially connected to bog-fens and fens
in successionally-related mixed wetlands (cf. Zoltai 1973; Hardy
1976; Dredge and Nixon 1979; field observ.). \

Bog-fen complexes can be found in any proportion of bog to fen
within the subarctic. In the continuous permafrost zone (high
subarctic and northward), bog types (coMmonly peat plateaus,
palsas, and peat mounds) show evidence of encroaching on fens,
whereas in the widespread and discontinuous permafrost zones (high
boreal to high subarctic), fens are commonly encroaching on
degrading peat plateaus and palsas (Bradley et al. 1982; Mollard
1982).

Northward from within the forest-tundra, peat plateaus pass
into smaller, darker-toned peat polygon areas (Zoltai, per;.
comm.; field observ.); and southward through the low subarctic,
peat plateaus become treed and 1lose polygonal pattern sz. the

"bog treeline’ of Bradley et al. 1982). Thus, although-nearly

2
4y
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ubiquitous, high center peat polygons reach their greatest
prominence in a band encompassing the northern portion of the Tow
subarct;c and the southern portion of the forest-tundra.

Between Great Bear and Great Slave Lakes, bedrock control
expresses itself in decreasing the occurrence of peatland
polygons. Peatlands of the high boreal and low subarctic there
are wusually restricted to bedrock depressions. As such, they tend
to be small in area and often treed. Polygons, if present, are
difficult to discern.

In the extreme northwest, conspicuous peatland polygons are
sparse in the upper and middle Mackenzie Delta. Although they are
inconspicuous in the upper_Delta on small-scale airphotos, Mackay
(1974: Figure 28) vreports them to be numerous. In the lower
Delta, they are common as both high and low center polygons. Low
center polygons are extremely abundant in the flats of Tuktoyaktuk
Peninsula (Mackay 1974) and elsewhere on the Arctic Coastal
Plain.  In the extreme southeast, peatland polygons are by far the
predominant form of patterned ground in the Hudson Bay Lowlands.

»- Low center pglygons are arctic in distribution and indicative
of active ice wedges  (Brown 1973). They are usually associated
with poorly-drained, peat-covered silts in depressions (Mollard
1982). Within the study region they reach their greatest
prominence on the Arctic Coastal Plain of the northwest, often as
orthogonal polygons in drained thaw lakes. Inland from the Arctic
Coastal P]ain,' Tow center polygons are much less conspicuous and

evidently less common. This is especially true on the low arctic
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Shield in e Mackenzie District where broad poorly-drained

depressions are®scarce (airphoto data).

4.2.2 Runnels and stripes

In the northwest, elongate slope pattern extends southward from
the low arctic through the low subarctic. The predominance of
runnels in the northwest indicates seasonally saturated, ice-rich
slopes composed of fine-textured soils. The sharp drop in
occurrence of linear slope forms at the Shield is notable. Across
the  Mackenzie District, conspicuous runnels and stripes are
uncommon to vrare. Locally in Keewatin and along the Tower Thelon

River, elongate pattern and slopgwash are common.

Elongate slope features form a continuum from straight sorted
;tone stripes, through non-sorted semi-sinuous and sinuous form§
that may act as spring runoff channels. For example, west of the
Dismal Lakes, linear patterns occur on slopes which may be both
runnels and stripes. Indeed some stripes may be initiated by
runneling (rillwork), and most sorted stripes normally carry
drainage  (Washburn 1980) . Crampton (1974) has described
linear-patterned slopes in the central Mackenzie valley on which
sub-parallel peaty ridges (evidently formed by frost action)
alternate with runnels, resulting in two types of linear slope

features. The peaty ridges were thought to be "partly fossil".

As it is not always possible to separate these forms, their
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combined occurrence is depicted (Figure 5). Two kinds of
information may be gleaned from Figure 5: texture of parent
material and presence of permafrost.

High cover of elongate slope forms (as runnels) in the
northwest is evident. North from the Great Bear River and
westward to the Mackenzie River, runnels are the most conspicuous
form of patterned ground. In the Mackenzie Delta, however,
runnels are absent dye to insufficient slope. In the Cordillera,
both stripes and runné?s are presemt. )

Runnels occur as the dominant form eastward from the Mackenzie
Delta to about the Horton River where runnels, stripes, and
intermediate forms all occur. From the Horton to the Coppermine
Rivers intermediate forms appear thg most conspicuous, at least
from the air. In the valley of the Coppermine, runneTs and less
well-defined slopewash abound.

The sharp drop in occurrence at the Shield is notable. As
runnels require fine-textured soils for their formation, this drop \
in occurrence is likely more indicative of a change from fine- to
coarse-textured soils, rather than a warmer climate. The slower
drainage and shallower active layers of fine-textured soils favor
surface flow of meltwater. The sandy soils of the Shield, with
their more rapid drainage and deeper active layers, favor
subsurface flow of water and, hence, are usually not conducive to
runnel formation. Furthermore, slopes on the Shield tend to be
short, and thus not conducive to formation of obvious linear
features.

Across the subarctic Shield, conspicuous runnels and stripes
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are uncommon to rare. Their occurrence increases by the low
arctic, anq where tﬂlg.occur they may be indistinguishable as to
runnel or stripe, or are transitional to elongate nets. In the
Mackenzie QistricB, &longate slope forms are conspicuous only in
the Tow aréiic and rare in the northern part of the forest-tundra,
making them a good indicator of the high subarctic--low arctic
transition.

The minor cluster along the lower Thelon indicates runnels (and
slopewash). In Keewatin, elongate slope forms are not unusual, and
appear to be most prevalent in areas of glaciolacustrine or
glaciomarine inundation. It is also possible that longer more
.entle slopes are present which might favor formation of
conspicuous patte

~

The vegetation runnels varies écross the subarctic and low
arctic but is always moister than that between runnels. In the
cordillera of northern Yukon, Wiken et al. (1981) recorded willows
and ‘"aquatic sedges" in the runnels and tussock tundra between
runnels.

In the subarctic northwest, spruce, shrubsy and Sphagnum in
the runnels contrast sharply with the white, lichen-covered
(primarily Cladonia) interfluves. This dark/white
runnel/interfluve pattern is obliterated by fire, such that burned
areas are invariably dark-toned on airphotos. A dense stand of
trees and/or shrubs wusually indicates a fire in the recent past;
peat  accumulation and permafrost aggradation associated with

post-fire recovery in these stands bring about self-thinning

(Black 1977). The less dense stands, with well-developed runnel
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paftern, are the more mature (Zoltai, pers. comm. ).

&’ In the high subarctic and Jow arctic of the Shield, wetﬂrunnel
vegetation is often light-toned and dominated by
Carex--Eriophorum--[qufsetum slope fens or meadows within an
upland tundra matrix (this study). In the middle Coppermine- -
Dismal Lakes regicn, darker-toned runnels and/or stripes are often
dominated by low shrubs of dwarf birch, Ledum decuﬁbens,
Salix, and  Cassiope tetragona in a ODryas upland tundra
matrix (this study).

On the Shield in Keewatin, an upland tussock tundra of
Eriophorum vaginatum--Ledum decumbens/Sphagnum may cover runnels
(Hardy 1976). Through peat and ground ice accumulation the
organic surface may dry out leading to decline ¢f Eriophorum
and mosses- older senescent portions may become dominated by
Ledum dequmbens Vaceinium ‘%trﬁvldaea and other shrubs with
11chens “hnd fei&her,iﬁﬁﬁ%es “{ Hardy 1976); These shrub/moss

K “""s, F O
communttles are uxua]]y darker tpned than the qsurround1ng Tow
5 SR A 5" ’"JL B
shrub/T1ch¢ﬁ tundra ‘y@ e m
oy ,"" R of

Up]ahd Bétterned ground

-

¥“ ‘The southern Timit of conspicuous upland patterned ground

.»,4,.-

:‘gplhéndes ' -fairly  closely with the southern lTimit of the

An exception lies in the northwest where earth
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Trees are gené’a]]y absent from polygonally patterned uplands,

due, most likely, to droughty conditions on sandy soils.

The occurrence of upland patterned ground, here including the
continuum of  forms from polygons to nets (including earth
hummocks) and circles (including mudboils) is depicted in Figure
6. The southern limit of conspicuous upland patterned ground
provides a good indicator of the southern 1limit of the
forest-tundra. The major exception Tlies in the northwest,
principally west of the Anderson River. Here, earth hummocks
extend south through the log subarctic on heave-prone silty clay
loams and loams. On airphotos, these earth Hygmocks appear as a
faint mesh in forest cwi‘é‘s: as th0ugh.a\fine cheese cloth
were imbedded in the surfac; of the photographic paper.

Southeaét from Great Bear Lake the correlation of wupland
pattern and contiguous forest-tundra limits is better zhéh in the
northwest, and may correspond to a transition to coarser-textuyped
toamy sands and sandy loams typical of the Shield. Patteried
ground also  occurs in the forest-tundra highlands of the
Cordillera, the Franklin Mtns, Grizzly Bear Mtn, Scented Grass
Hills, and Colville Hills.

Dense vegetation tends to conceal patterned ground, so that its
distributional limit as determined by a:nphotos probably lies
north 05 that determined by fieldwork. Thus the close
correspondence  of forest-tundra and patterned ground may be

spurious in that low subarctic pattern is difficult to detect. The

true southern 1limit of patterned ground may lie southward of tgat

b I

“

g
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f depigted in Figure 6. Conversely, sohe_d? this pattern may be
relict, and thus -the southern 1limit of climatically re]svant
upland pattern might 1lie farther north: ' The apparent close
corre]atﬁoﬁl of thé forest-tundra/upland pattern limits is
nevertheTess ﬁntriguing and requires further research.

Geographic variations exist in the relativé abunﬁance'of these
equiforms. _%_Earth humeS#s .(non;sorted' hets)u dominate in the
fine-textured soils of the northwest along with runnels. With the
eicep;ion of 'earth hummocks and 'runnels, conspicuous patterned
grouﬁd would be rare in tﬁe northwest. On the Shield, mudboils
(sortgg.‘tircles) and nets predominate; where abundant, they 1end‘a
freckled appearance to Sﬁie]d up1anq\$unara as viewed Qn“aikphotos
. (Plate 1). | Some drumlin crests and tills show polygonal pattern,
but pblygons are ~typical | only on coarse-textured, often
water;sorted deposiis (see Shi]ts 1974 for patterned ground and
terrain type relationships). These polygons are overwhelmingly of
‘the high center type; low center po]ygonSVWere observed only at
the northern limit of the forest-tundra and adjacent low arctic.

Just as features such as Beaded‘streams, pingos, peat plateaus,
and palsas are indicative of permafrost (Zo]tai 1971§uBrown 1973;
Mollard 1982), patterned ground can be indi;atfve of terrain
typés Préva]ent forms of patterned ground in: the forest tundra
are conSIdered below w1th reference to terrain 1nterpretat1on

Mudboils are round to.elongate bare soil patches that form on
perennially-frozen shock sensitive poor]y-gorted tills, 'marine
silty clays, and fine-textured colluvium with appreciable silt

and/or clay céntéht (Shilts 1978; Zoltai and Woo 1978). Low
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liquid 1limits (8-20%) and plasticity indices (0-10%) are
characteristic of Shield tills (Scott 1976), such that at low
moisture contepts Shield tills pass almost directly from a-
semi-solid to ga liquid state (Zoltai and Johnson 1978). These
broperties favor the formation.of mudboils over patfern dependent
on frost-cracking (Shilts 1974). Diapiric injection of mud driven
by ‘pressures resulting from excess pore-wéter supplied by rain,
£hawing .ground ice, or mechanica1.distur5ance has been identified
as the formative process for mudboils (Shilts 1978).

Mudboils are conspicuous in well- to imperfectly-drained upland
tundras and forest-tundras of the Shield where so0il moisture
contents are at or near liquid Tlimits. They typically occupy
convex surfaces or gentle slopes and merge in form with nets
(Plate 1), or wi;h steps and stripes on stbeper slopes. As active
features they evidently do not ex&end south of the forest-tundra
("treeline" of Shilts 1978), and much of this pattern-in the
forest-tundra is probably inactive as indicated by
vegeiation-covered centers (field observ.). _ .

A related feature, earth hummocks (mud hummocks, non-sorted
nets, non-Sorted circles of various authors) form on perennially
frozen Tloamy soils (Zoltai and Pettapiece 1973, 1974). In the
northwest, they extend southward from the 19w arcticithrough the
low subarctic in imperfectly-drained (most common) to well-drained
tundra, forest-tundra, and forest. They occur on the siit Toams
of the Coppermine--Dismal Lakes region (fie{a observ.). Earth
hummocks are more common _in the northwest than in Keewatin

(Tarnocai and Zoltai 1978).
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Diapirs or ice wedges are absent in earth hummocks and the
formative process is intérmittent frost-heave above the permafrost
table (Tarnocai and Zoltai 1978). There is no indication of
liquifaction or shock sensitivity, and the high plasticity of the
'fine-grained soil  prevents the mound from flattening out,
resulting in a generally hemispheric cross-section (Zoltai and
Tarnocai 1981). Quasi-stabi]ity may be achieved when hummocks
have reached sufficient size for their upper portions to become
relatively well-drained (ZoTtai aqd Pettapiece 1974). Southward
through the low subarctic, leaning trees are fewer, indicating
greater soil stability (Zoltai and Pettapiece 1974) . |
Textures of Fhese hummocky soils a}éﬁgéiﬂty clay loam, silt
Toam, and Tloam (Zoltai and Pettapiece 1974; field data). These
soils are heave-prone since soil particles are sufficiently sma}l
to be ejected by ice crystals, and hydraulic conguctivity is high
enough,\to rapidly supply.water to the growing ice (Anderson et al.
1984). ' | .
- :
Prost ‘cracks, typically in a polygonal pattern, are found on
coarser-textured, often water-sorted sands with high Tiquid limits
and an insignificant fine?grained component (Shilts 1974). They
are characteristic of outwash plain§, eskers, ribbed moraine,
beaches, deltas, and alluvium. In depressions, polygonally
“~patterned soils typica]]y’ﬁave a thick organic layer and/or a low
pPH (Shilts 1974)%. These polygonal forms require soil stability to
allow seasonal’ growth ot ice wedges; the unstable soil conditions

required for mudboil formation would destroy frost cracks and thus

these features are rarely encountered together (Shilts 1974).



Conspicuous polygons are found in permafrost terrains from the
arctic southward through the high subarctic, typically in tundra
communities, rarely foreét-tdndra or forest. Trees are generally
absent from polygonally patterned landforms due, most likely, to
dry soil conditions on coarse-textured soils and ththick organic
T?ts in depressions. In the forest-tundra and 16w‘arctic many
“upland polygons may be relict or inactive (Bradfey e; al. 1982;
field observ.). Active ice wedges in North America are;apparently
confined to the confinuous permafrogt zone (Brown-1973), which
includes the forest-tundra of the northwest, and the northern
portion of the forest-tundra eastward from Great Bear Lake. The
apparent rarity of active ice wedges in upland polygons in thef(:‘
forest-tundra -is surprising. in that mean annual temperatures (-6:6'
to -10.5 C) are likely sufficient for growth of ice wedges (Brown

1973; Washburn 1980; i.a.).

w

4.2.4 Sorted patterned ground in lake shallows
&

€

Conspicuoué - patterned ground in Tlake shallows is rare #n the
northwest “dde most likely to the scarcity of boulders and cobble
in the ‘‘parent m;teria]s and to the low cover of lakes. On‘the
,Shielé, the southern limit of lake shallow pattern corre]ates!wel]
Q}th the southern 1ihit of the forest-tundra, extending somewhat

o

farther south than upland pattern.
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The occurrence of sorted patterned gragund in lake shallows,
inb]uding sorted stripes (rib and trough pattern of Shilts and
Dean 1975), sorted nets (sorted or stome circles of Dionne 1974;
Mackay 1967; and Walters 1983), sorted polygons (Ray et al. 1983),
subaqueous mud boils (Shilts 1974), stone pits, and intermediate
forms ‘(suc;}as amoeba-shapedﬂpo]ygop; of Dionne 1974), is depicted
in Figure 7. In all forms, fines occupy the prominences and
cobbles and/or bou]der§ the depressions.

Conspicuous patterned ground in lake shallows is rare in the
northwest for two reasons: Tlakes are scarce and boulders and
cobble occur only Tocally. West of thé“Anderson River, they verge
on absence from the Tlandscape. Features smaller than 2-3 m in
diameter occur, such as small sorted stone é};cles reported by
Mackay (1967) on Garry Island, but many of the smaller forms would
not be discernible on 1:50,000 scale airphotos. The occurrence of
upland patterned ground in the northwest (Figure 6) would likely

resemble that of patterned ground in lake shallows (Figure 7) were

it not for earth hummocks.

%

Elsewhere, “the southern Timit of patterned ground in lake
shallows correlates well with the southern 1limit of the
forest-tundra. Lake shallow patterned ground extends somewhat
farther south than wupland patterned ground, as it is sporadic in
the low subarctic. I observed it on the ground in the 1ow
subarctic  region along the Snare, Yellowknife, McCrea, and
Beaulieu Rivers. Zoltai (pers. comm.) has observed lake sha]]ow
pattern in the subarctic of Keewatin and adjacent Manitoba. As an’

extreme rarity, lake pat£LYn may be observed in the high
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borgal region; e.g., along the shore of McVicar Arm, and NW of
Hottah Lake (airphoto observ:{.

In general, lake shallow patte;z~g§tends farther south than the
apparent southern 1limit of up]if' pq}ggrned ground. This may be
due both to the concgaling ef?épis of uplgnd vegeﬁition and
perhaps. to less cons;jxining coﬁdﬁt}ons 'mnjlthe formation of
underwater patterned ground (see Ray eiyal. 1983).

Modes of formation of sub-aqueous patterned ground remain the
topic of debate. Some argue that sub-aerial conditions followed
by inundation seem to be required (Dionne 1974; Walters 1983),
while others present evidence indicating underwater formation
(Mackay 1967; Shilts and Dean 1975; Washburn 1980). Shilts (1978)
considered sub-aqueous rib and trough patterns to be genetically
related to mudboils. Ray et al. (1983) noted that most large
active sorted polygons in the Southern Rockies are on the beds of
ephemeral ponds.

Patterned ground in lake shallows (Plate 2) occurs commonly in
the subarctjc and abundantly in the Tow arctic of the NWT down to
water' depths of 1.5-2 m (Shilts and Dean 1975; field observ.).
Their widespread occurrence (Figure 7) in permanent lakes argues
'Egainst a requirement for sub-aerial formation. It is Possible,
however, that much of this underwater patterned ground is relict,
dating from previouS]y lTower water levels. But this seems
uniike]y for two reasons. Wave forces and plucking of cobb]é and
boulders gpiaown-freezing lake ice, coupled with chaotic movements
of ice during spring break-up, would act to disorganize the fines

-
in pattern centers and” the coarse clasts in the troughs. Such

e
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sharp  boundaries between clasts likely requires some actiée}
maintenance process. Secondly,  lake shallow pattern occupies a
definite zone from Tlake edge to a depth which may co;respond to
the lower Ulimit of freezing of winter lake ice to lake bottom
(Shilts and Dean 1975). Were these features relict and dependent
on sub-aerial formation, they would show a less regu]ar»]awer
Timit re]ated to the idiosyncrasies of former water Tevels.

With the exception of the northwest,'where fine-textured parent
materials predominate and lakes are few, the southern limit of
lake shallow pattern corresponds well with the southern limit of
the forest-tundra. Across much of the study region this
corresponds Yo a mean annual air isotherm of -7 to -8 C (-~ -3.5 to
-4.5 C soil isotherm). Dionne (in low subarctic Quebec; 1974) and
Walters (in Tow subarctic Alaska; 1983) described patterned ground
in Take shallows where the current mean annual air temperature is
-4 C. In both studies the authors concluded thaE the patterns
were probably formed sub-aerially during low water periods.
Dionne (1974) conciGded that tﬁe feature§ were formed in the
recent past, possibly within the last two centuries, andjare
probably younger than 1-2 thousand years.

The formation and status of th‘ extensive lake shallow
patterned ground in the high subarctic and Tow arctic require
further study. In any case, the southetn limit of these often
striking features rema1ns an excellent abiotic indicator of the
southern Timit of the forest-tundra transition across most of the

NWT.
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4.3 Landscape cover of the study region
4.3.1 Water bodies

Cover of water bodies v;ries across the study region, reaching
a minimum in the northwest; across the Shield water cover ranges
from 10-25%; highest water cover is reached on the Arctic Coastal
Plain, the Hudson Bay Low]ands,<;?nd at the interface of the

Paleozoic basin and the Shield.

tEight water regions are abparent (Figure 8A). In the‘Mackenzie
Delta, water cover, increases from about 10% in the south to >50%
in the north.’ Heré innumerable shallow ponds and small lakes, of
flooding and thermokarst origin, dot the landscape. On nearBy
Richards Island and Tuktoyaktuk Peninsula, water cover is
generally >25%.

In that small portion of the Cordillera sampled, water cover is
slightly >0%, and never exceeds 2%.’!,

Across most of the northwest, water occupies 2-10% of the
landscape. Lakes are small and often round or regular in
outlinen Locally, water cover falls below 2%, such as in the
Melville Hills and near the upper Horton. The major exception
lying within the Paleozoic basin is the Colville Lakes where five
~ moderately large lakes result in an average water cover of

- 10-25%. In the middle Anderson region, lakes are small but

: numerous, bringing the cover for water above 10%.
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Great Bear and Great Slave Lakes straddle the Paleozoic basin
and the western rim of the Sh{e]d. Other large fiies also occupy
the trough lying west of the Shield, e.g., Hottah and Faber Lakes.

Along the raised western rim of the Shield, rockland dominates,
lakes are small and occupy about 5-15% of the landscape.

Across most of the Shield, water occupies 10-25% of th:g
landscape. Lakes are numerous and *vary greatly in size.

Lakes cover only 2-10% across a large inlier of Proterozoic
sed}ments, principally sandstones, of the Thelon Plain.

\
In the Hudson Bay Lowlands, water cover exceeds 10%. Extensive

ponded organic terrain may bring water cover above 25%. The large

peak along the coast results f;om extensive ponding and from

inclusion of marine waters in coastal photos.

4.3.2 Rockland

Rockland reaches peak cover along the raised western rim of the
Shield and e]§ewhere; north of Great Slave Lake (10-35%). In
comparison, thégQShiefd east of Great Slave Lake is rather gentle
(rockland </= 5%). With the exception of the Cordillera and the

vicinity of the"Melville Hills, the northwest is virtually free of

rogkland. *

Rk

éfﬁ Some fairly well-defined peaks in rockland appear, as shown in
?igure 9A. In the Cordillera, as much as 10% of the terrain, due
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to bold summits and steep slopes, is classed as rockland. About
5% of the Norman Range (Franklin Mountains) is rockland. To the
north of Great Bear Lake, areas of dolomite and limestone bedrock
have little surficial cover such that up to 15% may 6; rockland.

The western rim of the Shield, bordering on the Paleozoic
basin, s a region of vrelatively bold bedrock summits. These
crystalline rock ridges bear 1little soil and offer restricted
growing conditions to zonal vegetation. In general, 10-35% of the
terrain may be c]asséd as rockland, with somé areas exceeding 50%
rockland (e.g., NE of Port Radiuﬁ).

Most of the large contiguous areas of Shield rockland are found
north of Great Slave Lake. Remarkably rocky terrain (up to 60%
rockland) s found NNE of Takiyuak Lake on acidic crystalline
rocks and related metamorphics. South-southeast from Takiyuak
Lake, past eastern Point Lake, and south to Courageous Lake,
~rockland occupies 10-25% of the landscape [Plate 3).

Around the East Arm of Great Slave Lake and in the vicinity of
Healey Lake, rockland occupies 10-25% of the landscape. g

tast of the Thelon, and west of Dubawnt Lake, the sedimentary
terrain is gentle, with Tittle or no rockland. Locally, across
the Shield from Great Slave Lake east to Hudson Bay, areas with
>10% rockland exist (e.g., between Whitefish and Campbell Lakes),
but most of the eastern Shield is rather gentle; rockland rarely

occupies >5% of the terrain.
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4.3.3 Shrubland o

Dwarf birch, wi]1|y, and alder shrublands occupy 2-10% of the
landscape in the study region. Peak cover is reached in the
middle third of the Mackenzie Delta, in portions of the Hudson Bay
Lowlands, and locally elsewhere. In most cases, tall shrub cover

>10% is due in part to burn or rockland influences.

Shrubland “shows a general decline .in cover from south to
north. There is a semblance of a "shrubline" lying north of the
Timit  of trees. Beyond treeline, tall shrubs are clearly
restricted to protected well-watered sites.

Peak shrubland cover (>50%) is reached in the central third of
the Mackenzie Delta. Nérth of this tall shrub zone, wetland
dominates, and to the south, trees dominate.

Elsewhere across the forest-tundra, shrubland cover ranges from
2-10%. In general, any cover value for shrubland exceeding 10%,
outside of the Mackenzie Delta and portions of the coast of Hudson
Bay, is probably due at least in part to burn or rockland.

Waist-high dwarf birch and Salix (primarily S. glauca, S.
arbusculoides) form an often extensive matrix in spruce woodland
on well-watered slopes in the subarctic. Typically, these
communities were classed as treed. Seldom do extensive dwarf
birch and willow occur without trees, with the common exception of
burn-induced shrub.

Dwarf birch, willow, and alder in the high subarctic of the
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Shield  occupy .slope bases, shores, drainages, and wetland
margins. Commonly birch and willow shrubs occupy the troughs of
elongate nets on patterned slopes. Though often not exceeding 1 m
in height, these dense birch-willow coﬁ%unities contrast sharply
with the typical 1lighter-toned upland tundras, and were classed
under shrubland.

Three anomalous peaks for shrubland are evident. East of the
Anderson River (at about 127‘30’h, and 69°N), >35% of the terrain
is heavily stippled on airphotos. This appears to be alder (and
dwarf birch?) with or without willow.

At Camsell Lake, south of Mackay Lake, >30% of the thin-till
terrain is covered with a dark-toned vegetation with patches of
btack spruce. The area resembles a burn, but its northern
location and the treelessness of islands and many peninsulas argue
against a forest pre-dating a fire.

Shrubland reaches a maximum cover of about 25% in the hummocky
ground moraine of the summits of Grizzly Bear Mountain. This
cover valye includes only "pure" shrubland; tall shrubs are also
extensive as an understory for treqp there.

[ L.

4.3.4 MWetland

Wetland reaches maximum cover in the Mackenzie Delta and the
Hudson Bay Lowlands (>85%). Along the Arctic Coastal Plain,
“Wetland cover commonly exceeds 25-50%. High cover is also reached

west of Great Bear Lake, in SE Mag&gnzie Uistrict, and in eastern
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Keewatin. E]sewher635a¢tﬁgﬂﬁ‘coversqﬁ TO%zgi the landscape
Peak wet]an&k cover 'is found in the extensive Towlands at tﬁé
western and eastern extremes of the study region (Figures 11A,
\B). ‘Wetland cover in the Mackenzie Delta peaks at nearly 100% at
the seaward edge of the delta. Eastyard, wetland vglues drop
rapidly at Richards Island. The western end of Tuktoyaktuk
Peninsula supports about 2§% wetland, with values increasing to

>50% to the east.

Along the Arctic Coastal Plain eastward to korton River,

wetland exceeds 25%, and 50% at the mouth of the Anderson. The -

&

southern end of Parry Peninsula is crossed by a band of heavily
ponded wetland peaking at about 35% cover. : “ ;

The  study region again reaches the arctic coast at 'the

Coppermine River where wetland cover exceeds 50%. e

InTand, treeless peat plateaus attain high cover ndrth of Lac.

Maunoir at 33%, and in the Mahony (akz &/ ea west of GréatEBéar
Lake, where treeless bogs are extensive. Wetland covers >25%,in.a
small area east of Bydand Bay on the south shore‘of Smitﬁ_Arm,
Great Bear Lake.

Eastward, wetland covers 2-10% across the Lastern Mackenzie
District. Peat plateaus to the south and pog-fens and tussock
wetlands to the north reach cover values of 25-50% in the vicinity
of the upper stretches of the Thelon, Dubawnt, and Kazan Rivers.
The extensive white-toned (Cladonia covered) peat plateaus are
especially striking between Wholdaia, Snowbird, and Kasba Lakes in

the SE Mackenzie District.
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TN
" Across Keewatin, tland cover is generally higher than on the
Shield~ to the west. Western and central Keewatin wetlands

(bog-fens, various fen tyges, peat polygon areas) cover 5-25% of
. L}

the terrain. Wetland covers 25-50% in an area NNE of Ennadat

Lake.

Ln eastern Keewatin, wetland covers >25% of. the terrain,

exceeding 50% ;t the Hudson Bay coast. In northern Man;ﬁgb({
wetland cover increases from west (2-10%) to east. Farther{east,
the Hudson Bay Lowlands are reached, and wetland dominates the
terrain, reaching values >85% between the North Knife - and
Churchill Rivers.

Wetlands of the Hudson Bay Lowlands occur in areally complex
forms that are evidently in a state of dynamic flux between

relatively high and dry bog forms and lower, wetter bogs, ¢.ns,

¢
and bog-fens. Salt marshes occupy a band along the coast.

4.3.5 Wetland plus shrubland \

Wetland--shrubkand occupies 5-25% of the landscapé in most of
the study region, thereby restrigting maximum cover of zonal tree

and tundra vegetation to 75-9’domin3nce of the landscape.

As most tall shrub vegglatjon requires abundant water, th{s
composite of wetland plus shrubland displays the cover of lewland
or "wetland” in a broader sense (Figures 12A, B). Generalizations
made for shrubland and wetland apply here. In addition, a number

~
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of other points are evident. . -

The middle and lower stretches. of the - Mzie Delta are
dominated by this "wetlang" vegetatton. ‘Tukto;::tuk Peninsula
‘again increases in "wetland" cover from west to east, with >85%
reéched by 131° W. ‘
. A band of wet]and--shrub]and cover >10% is evjjgnt along ‘the
upper: Sn;re River. ' This qbver is composed of dwarf birch--blue
green willow shrub, bog-fens, and peat plateaus. A
| In the middle section ‘of the Thelon valley, SW of the Ursus
Islamds, uetland--shrub]and reaches a cover >25%. l

In ,the Hudson Bay Lowlands, this type reaches greater
domjnance and does 50 "farther west éhan does wetland a]one' "

Between the extremes of the Mackenzie Delta and the Hudson Bay

’ 3
Low]ands, wetland--shrubland generally occup1es 5 25% of the

landscape. The occurrence of wetland--shrubland is primart}y a.

function of dreinage conditions, hence these tree]ess'1bwlands'
restrict the maximum coyer of zonal vegetation (forest and tundra)

to values of 75-95% dominance ¢f the landscape. 3
: 4

4.3.6 Ud]and tundra . /
LN | | ,
up1and tundra cover gﬁ:fients typically show a steep rise near
the southern ]1m1t of the forest- tundra in the southeast‘ and near
,the northern 1limit in thé northwest The b-85% gradient spans as
. Tittle as 15-25 km in areas of steep topoc11mat1c chang! but more

&

typically spans 45 135 km; in the sdjgheast ‘the grad1ent is most

A
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gradual, spanning 200-330 km. Southern outliers of u;’a'land tuflira

in the northwest are correlated with highlands such as the

Colville Hills and Scented Grass Hills.

\ J
.

Burned upland tundra (rare to occasional, observe&on airphotos
only in the northwest) was recorded under up]a‘hd tundna‘. Although
tundra burns “are not uncommon in the northwest and perhaps

el sewhere (Wein 1975), their detection on airphotos is difficult

jfter on]y' a few years of recovery (Corhrane and Rowe 1969; Wein

- 1
ang Bl 1573) ~ ,

. . .
Covgn of up]and tundra ranges from 0 to >90% for the study

region (Figures 13A, B; P]ates 4- 6) Eastward from north of Great

. Slave Lake, wupland tundra rises abruptly to high values near the

'southern limit of the forest- tundra Weétward from the Horton

River, wupland  tundra rare]y attains 65% cover due to the combined

effects of trees, wetlards, and shrublands. Indeed, upland tundra

~is  yirtually absent in the Mackenzie Delta proper-- due simply to

. the scarc!y of up]and!

.

o » .
The steepness of the N--S gradient of change of upgnd tundra

cover varies greatly.' On the east slope of t}he Cordillera, and
from the Mackenzie River to the Caribow Hills, the 0-85% change
can take place within 20-25 J(m due to the steep topoclimatic

gradient. Between the Mackenzie and»Anderson Rivers, the gradient

~of change from 0-50% cover is quite va'm'able Along ‘the longitude

of the Kugaluk~ River\,\ é.g9., 0-50% is~ ach1eved 1n'ubout 125 km,
e

whereas along the Anderson the same vegetatwn change takes only

15-20 -km ﬁ\e%@ern@]‘mt ofs up]and tundra is irregular in the

LYY . LR

L
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reflected in the southward dip of the 85% contour.
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Anderson--Colville Lakes reQ{Bn; this point is discussed below.
Northeast from the middle Andersoq, the vegetation changé is
generally abrupt. The 0-85% Qradienf takes place over 35-85 km.

North from ‘Dease Arm of Great Bear Lake, the vegetation changg

is amazingly rapid; upland tundra may increase from 25-85% cover -

in 10-15 km. Northward from midway between Smlth anf Dease Arms
of Great Bear Lake, upland tundra increases swiftly to >50%lcover
due to the steep topoc11mat1c gradient of the Big Spruce Hills.
Eastward from Great Bear Lake to Winter Lake, there are large
variations in both gradient and‘orientation of the upland tundra
contours.  Although the 0% contour assumes a NNW--SSE orientation,
other contours change directions repeatedly in a comp]é; response

to synoptic climate, Tlocal topoclimate, and changes in barent

mater1a1 . .

On Takaatcho Peninsula, between Dease and McTavish

Great oear Lake, contour lines of percent”cover roughly parallel

the ,outline of the lake. The center of Takaatcho Penfhsu]a ri;es‘w

/

over 300 m above thé level of Great Bear Lake. Northeastward, at

the base of the'peninsu]a, the Tand has risen another 150 m, and

o) . . ’
cover of wupland tundra " apparently reflects this topocliﬁgtic.

gradient. Farther east, near Ladley? Lake, some uplaﬁhé'exc!ed
700-730 m, over 550 m above the 1evp1‘of Great Bear Lake; this is

Although the southern 11m1t of upEngtundra drops SSE from
McTav1sh Arm, upland tdhdra remains Tow in cover until east of the
Copperm1ne River.  Eastward from ths{Copperm1ne River nortggyf

Rgsknest Lake,' upland tundra srises in cover from 10-85% .in as

s

L » e
. ) s

<
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v little as 25-30 km. Nearby, about 15 km north of Rawalpindi Lake,

tuhdra aecreases in cover to <10%, replaced in large part by tree
vegetatl.on. Not until 175 km north of Rawalpindi Lake does up.land
tundra again reach 85% cover.

Conversely, nproceeding SSE from north of Rawa]pindi. Lake,
upland tundra remains above 85% for another 80 km. Thence south,

from the upper reaches of the Indin Rivér, upland tundra cover

drops rapidly to zero on a Tipe through Indin Lake and the south’

shore of Snare lLake. Here the (-85% gra&jent may be as abrupt as

. upland tundra occupies 85% of the terrain. To the north, upland »

35 km e . ’
C’Téar]y then,. in the. region between 114° and 117'mN--S N

gradient in uﬁ]and tundra cover hardly exists. From the southern
Timit of wupland tundra near Indin Lake, 320 km must be traversed
to the north shore of the eastern Dismal Lakes before upland
tundra gains complete dominance ovér tree vegetition.

Southd‘§tward from the Snare River, to thé East Arm of Great
Slave Lake, upland tundra contours swing to a SE orientation. The
0-85% gradient spans 45-135 km. North of the Egst Arm of Great
Slave Lake; ‘vegetéiion change is rap1d the' 0-85% grad1ent spans

o 20—7b-km, with, an average width of 40 kn. : 3
’ // Eastward from GreatySlave Lake to near Coventry Lake, the 0- 85%
-~‘\:\/) gradient ranges betweeg 45-110 km the steepest grad}ent is found

NE of Porter Lake. '

From Coventry.and R:nnie Lakes, eastward to ghe coast of Hudson

Bay, a number of factors 1ike]y combinifto make.the 0-85% gradient

the most gradual of the entire forest-tundra. Indeed, northward

a i »
ﬂ%&éé&' : .
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from the who'ldaié--Kas“es vdgion, some 200-330 km must be

traversed before the 85%»continuous contour is reached.

‘

Across northern Manitoba and southern Kéewétin, thc
corrésponding 0-85% gnadient spans 210-330 km. Local decreases in
tne overall norihwsrd increase of upland tundra are evident along
the Manitoba--Keewatin border and elsewhere in soutnern Keewatin.
These dips in wupland ,tundfa cover are mirrored by increases in
wetland, and Jess so by trees and shrubland.

" In contrast to the 0-85%°7 Tgradient, the 0-50% gradient in
northern Manipoba and southern Keewatin is only s]ight19 more

gradual than that - the Shield to the west. The 0-50% gradienti., :

ranges from 34 km NNE from Shethanei, .Lake on the SeaT River to 100

'km from‘eo N® near the Saskatchewan-—Manitoba border NNE to

4

, o

Ennadai Lake

Xyl

In the Hudson Bay Low]ands, upiand tundra cover: ’not.exc’eed

v

~I¥@ and s restricted to béhch ridges, and stony and sandy

&> e “« i &
g]ac10f1uv1a1 (and t1]]1’ dep031ts

I » :

The southern (more sproperly: low subarctic)']imit of upland
tundra is most ifreguidr ¥ the northwest. Here major landscape
discontinuities such as (a) the 53?d111era, (b) out?iers of th‘ﬁ”
Cordillera such as the Norman Range; ?h) isolated" uprhnds such as }
the Colville Hills, highlands west " of Keith Arm, Scented Grass
Hills, and Grizzly Bear Mountain on G)@at Bear Lake; and (d) the

broad poorly-drained Macken21‘ Valley; exert their influence on °

(*’ihe percent cover of up]and tundra '

< . The rather’,surprising peak of upland tundra (>25%) 1ying north

& ‘
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of Lac des Bois is due to the Colville Hills. Maximum elevation
here peaks at 650 m, 360 m above the ]ow]ands -7

Northwest ’ Aubry Lake 1ies . an unusual peninsula of upland
tundra on coarse- tgxtured hummocky ground moraine.. Hern,xhe
maximum elevation" ;s, not great, lying between 305-410 m, and ,
upland tundra reaches 5% cover likely due to tpe influence of dry
soils. A more detailed account of the southern 1imit of upland
ndra is found under section 4.3.17.
w* oy

general, wupland tundra cover increases rapidly northward

somewhere across the forest-tundra. This rapid change occurs

typically at the southern 1Mmit of the fore;t-tuﬁﬁlb' in the

southeast (F1gure 13). In the northwest, the rapid“change in
‘e upland tundra cover often takes p1ace at the northern edqy’bf the
forest-tundra. Westward from Hudson Bay to about the Snare River  a
4 .

north pf ‘Ye1lqwknife, upland tundra shows an abrupt sogthern
Timit. In contrast, compare thgkareas east of Great Bear Lake, - "
east of the Colville 'Lakés, ’west of the Anderson River. In
those p]aces,'~the steep rise in upland tundra cover tends to lie-—"
at the northern limit, of the forésx—tundra,' mirrored by .
correspondingly opposite changes ‘in tree cover. This topic is
described.in more detail under section 4.3.17: </
Figures 13A.1 and A.2 detail percent cover of upland tundra
from " a .3-dimensional pgysp tive, and differ only in'the viewer’s
orien;at%on. The ‘southward‘,decrease of upland thndra gkows the
‘;haracteri'stic\ steep gradien'g.: -'The. (yhness of the surface

indicates the natural variation in the vegetation. Ihese bumps
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and depressions .may be minimized by ihcrem averaging. The
resulting smootrfed p10ts lose Tocal accuracy, but are comp ‘e 4
. w1th synoptic c]1mat1c maps. Smoothed upland tundra cover (Agure'

A .
14) ié described along with smoothed tree cover under section

4.3.18. ~ . ”»
v (1‘) .
’ * P ' -~e e
5 ‘A
SN " -
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4.3.7 Upland tundra p‘ds rockland ‘r * _ ' ‘ e
K 4 . ‘ ,?' ﬁt ‘u ‘ ‘ _'J

Compamson of Figure 138" ‘(upland tur‘ﬁré}’ with Flgure iSB
(up]and tundra plus rockland) reveals the contribution of rockland
to total cover of treeless uplands. Treeless uplands never reach .
.zero cover betwaen Grerat Bear and Great Slave Lakes along the

«

western rim ofs the Shield, where 10-25% of the landscape may be

-2 . L. r .
.’kss seuthward beyond the forest-tundra. FEast of Great Slave .
Lake,

contours of percent cover of t;eg’less uptands lie only

slightly farther south of those of upland tundra.

Raland may be confused ﬁh ‘mmy s‘anctwned up]and

tundra, €.g., east of McTavish Arm of 6reat Bear Lake,’ and NE of
. y

the East Arm of Great Slave Lake where both upland tundra and

rockland exist. Elsewhdre, roc[dand and fire are clearly, .the only

-

souf‘ces of treeless uplands. ) 'Maﬂy scoured bedrock, -
’ excess’f’\(ely stony terram, usually supports treeless commun1t1'
regardless of tﬁ\ climate. In the high subakctic, rockTand o.n1y
rarely 'su;;ports low spruce. Sou’thward in the lTow subarctig and
.. vm&gh bo'rea1, Jack pine and black spruce are thehdominant treek of

-
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of ericads, Sphagnum, and Clad¢nia. where trees ex1st A

66
bedrock terrain, but are normally :hestricted to bedrock fissures
and depressions :vhere soil and organic matter accumulate. <

Scoured aeidic bedrock commonly supports lichen and low shrub
communities. Crustose lichens such as Rhizocarpan, Lecidea,
and Umbilicaria are dominant on the scoured 'convexities. Low

'
ericads, Cladohfa,> Stereocaulon, and Dicranum *species -+ g
an

(with Cornfculgfia d Alectoria northward) are prominent -

v &
""””‘%

% *‘* )3 - i N
the ’]andscape presents a mosalc of edaphlc mehen,ms wrub, and tree =

o SRS ,\\.A”\ wo e .
communities. . "(-,r

*d
Excesswe]y stony ac1d1c terrain (stony heath fe]senmeer).

in the cracks. Deeper depressions may support boggy commun1t1es

supports 1lichen communities on the rocks and bou]de.rs, ahd turf"’ J;
i
ericad/ichen heaths between boulders. Ca1careous bjdrq:'k termy,n

is rare in the study region. The only ca‘are%us r'o{kaqmram
seen occurred ]ocaHy a]ong the upper Hortou R1ver, extendwg I‘/E'

to the Melville Hills where Dryas/Cetraria tundra;‘dolmnat\,'
S .. ‘ ' . dew g b

» i
- ..u.

Due to the ‘“.\concentratio'n of rockland along the Shleld-—

--Paleozoic border, treeless up]ands extend into the low subarct1c

-

reg‘ion and southward into the *high bor 1(F1’gures 15A, Bq cf.

Figures 9A, B; 13A.1 A.2, B). Llocally, covere of treeless up]ands

(due sole]y to rockland) actually increases southward, e.g., the
\

area NW of the North Arm of -Great Slave Lake. Ten to >25% of the

terrain along the Shield--Paleozoic border between Great Bear and

Great Slave Lakes supports treeless rockland.
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Other regions of rockland are the East Arm of Great Slave Lake
and parts of northern Saskatchewan. Elsewhere, rockland has

Tittle effect on the total cover of treeless uplands: south of the

limit of trees, rockland Fver is seldom >2%. North of the.

forest-tundra, rockland locally exceeds 10%, and even 25“?% NE of

Takiyuak Lake; but these uplands would be treeless regardless of

the harshness of the terrain.

» . : ' ag

i

, PO

4.3.8 Upland tundra, shrubland, adﬁﬂyetland combined

Cover of "tundra" nevgr re:Ehes zero 15 the study region; only
occasionally does "tundra" cover fall below 10%, even into the low
subarctic and- high 'boreal. At the southern edge of the study
region, cover of this treeless vegetation is attributable to
wetlands and shrublands, and less so to upland tundra in the

highlands of the nokthwest. _.Depress{on contdurs highlight

L 4

significgnt cover of trees, burned trees, rockland, and eroding
‘ g ' ¢
tu@] |
For the sake of brevity, comb1ned uple;:\;:hdra, shrub]and; and

wetland will be referred to as "tundra", with full knowledge that

'vegetat1on such ‘as fen shrubland and treeless peat p]ategus are

not, strictly speaking, tundra. Cover of thés treeless ground may
be attributable primarily to climatge or to abundant soil water.
Cover of tundra never reaches zero in the study region (Figures

16A, B) and bn]y occasionally falls below 10%, even into the low

»
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subarctic and high boreal. The apparent steep fall in tundra
cover along the southern Timit of the study region is an artifact
and merely indicates the limit of the airphoto data. West of the
Keith Arm of Gre;} Bear Lake, tundra may exceed 25% due to bogs
and shrubland in the lowlands, and to upland tundra and shrubland
in the Norman Range (Franklin Mouhtains). The peak in tundra
cover on Gyizzly Bear Mountain is due both to upland tundra and to
shrubland. ‘

Relative to the contours fo} upland tundra, those for twndra:
lie noticeably farther south. This is mest clear in the extreme
southeast and northwest, where wetlands and shrublands occupy much
of the terrain. In Keewatin, for example, the continuous 85%
contour for wupland ‘tuﬁaﬁa is not reached till north of the Héﬁik
Lakes, whereas for tundra, thé é@%‘cpntour is Fea;hed in northern
Manitoba. ¥, |

A . )
Depression contours showing <85% in southern Keewatin, along

Lakes™ highlight major groves of trges. These groves are evident

as depressions on the tundra plategu in Figure 16A. Along the -

- —
lower Horton, and between the: Tower Horton and Hornaday Rivers,

depression __ contours highlight 'efoding terrain in pigts;esque .

5 - N

Cretaceous badlands. ‘ L .

Extensive - 10% depressgon contoyrs SE of McTavish ;:;T~Ereéi
4

Bear Lake are due both to ro;kfand
Rocknest Lake on the Cqoppermine River, the 25% depression contour
is due priT::)ly to high cover of white spruce, and less sé to

rockland. e 10% depression contours east of Lac Maunoir on the

g

the <eelon River, and on the Kendall River east of the Dismal b

and to trees. Northwe§t4of |

-

v
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upper‘° Anderson River, and at the big bend of the middle Anderson,
are due to trees.

Depression contours near the northern Saskatchewan and Manitoba
borders, near the Knife and Churchill Rivers, Manitoba, and at the

southern edge of the Mackenzie Delta indicate high cover of trees

or burned trees.
o

4.3.9 Upland tundra, shrubland, wetland, burned trees, and

rockland combined

. High cover of treeless ground extends across much of'the
'thern edge of the study region. Wet'zland, rockland, and burns |
combine in three ‘3reag to produce pronounced southern peaks in
treeless cover, -highlighted by a northward fall in cover of
treeless ground. Treeless  ground drops below 10% only
* occasionally; such areas, whfre tree cover exceeds 90%, require a

scarcity of rockland #nd Tow cover of purn.!

- - . ‘
In contrast to Figures 13A.1, A.2, B,‘and 14A, and B, which

'show ggvar of upland tundwa determined solely by climate, Figures
17A  and B depict the total cov%r of treeless ground without regard
to oriQ}n or’ successionai“,status. Climate, - poor drainage,
rockland, and fire .c:o;nbine to\determine ®#he overall cove™ of this

treeless vegetation. The steep southern edge in Figuré 17A is gh

artifact at the limit of data.
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Most notable is the high cover of treeless ground across ﬁdch'

of the southern edge of the study region. West of Keith Arm,

e.g., treeless ground®rises to >85% due mainly ‘to burns and
treeless bogs in the low]ands east and south of Mahony Lak‘,

Along the Shield--Paleozoic border between Greéat Bear and Great
Slave Lakes, treeless gr;und fluctuates from 25-50%, due mainly to
rockland and burns. Near th ast Arm of Great Slave Lake,
treeless ground pegks at >85% both south and north of the lake.
South of the Take the peak is due to burn and rockland; north of
the laked tﬁe peak is due pPimar¥ly to upland tundra§ 3 '

In these three areas, viz., a) ngt of Keith Arm ; b) along the
Shield--Paleozoic border; and c¢) in the vichnity of-the East Arm
of Great Slave; there is a bronounted “saddle" in the cover of
treeless ground. Net]ang, rockland, and burns combine,totpréate
southern peaks in treeless cover; northward, treeless covep
actually falls for a short distance (where terrain and fire

%conditions favor dominance by trees). Thereafte}, climatic
.. controls exe:y their inf]uences and treeless cover again
increases. This sadJﬁe is most c]ear]y seen on the contour map, .
Tigure 17B on the transect diagram, the sadd]e tends to be hidden
by the southernmost peaks of treeless grbu

‘)-
Treeless, ground only occas1onafly dro s below 10%1 cover

g ';f ."J

anywhere in,: Lhe‘étgq¥;' 'tﬂiés co‘fn.>90%

L
o of the 1ands<:’¥ﬁl &

LI L
Tow cover 06 burn and Thesé Conditions are
.. L

met most often near the “'dpéﬁﬁ crown foreﬁg/fdrest-tundra
R .
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transition NW YCreat Bear Lake, and east of Great Slave Lake.

Conversely, a vorab]e for. magiimum tree cover are rare

*

between Deas‘ G.B.L.) and the East Arm (G.S.L.) due to

prevalence of ’nd and burns.

As in t.‘*evmus dtundra" type, depressions in the treeless
plateau of’e transect diagram highlight other cov;r ypes The
largd depresstons are due to extensive tree groves, such as the
Henik Lakes region of Keewatin and the Thelon ije;c. Some small
depressions  in 'th; northwest are due to eroding Cretaceous
sediments in the badlands of the lower Horton River region.

The notch below the transect plateau in the northwest is
located east of the mouth of the Kugaluk Rjwer. Here tlrp,gradient
of vegetation change from treed to treeless commu'nities is steep.
Averaging of neighbor photos prevented reaching the 100% plateau
(see Method;q}), although the terrain at the northern limit of

the study region is 100% treeless. 4

4.3.10 Recently-burned trees
.h

With some important exceptions, cover of burn ranges from 5-25%
in the low subarctic, and from 0-10% in the forest-tundra. Fire
exerts-- its greatest influence on the landscapé ip,ghe nor;’fc‘gwe,st,':},
where burns may dpproach the Tlimit of trees. A NW--SE band of “
high burn cover is found north of Gre;at Slave Lake. In the
eastern half of tfwe study region, burns extend only a short

)
distance into the forest-tundra.
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Due to the naturd of burns, cover tends to vary widely,
requiring more averaging to depict (eight meighbors; Figures 18A,
B). Two other points are’ relevant to pefcent burn: (1) The
figures depict only burned trees. (2) 01d or slight burns, which
showed evidence of fire but were currently treed were tallied
under trees with the notation "includes old or s]gght burn", or
other relevant data. In areas of Slow tree‘;egeneration or
dysclimax, old burns would be classed as "recent” burn.

The bold 1line in Figure 188 depicts the approximate northern
limit of Burns. Actually this line describes the W% lsyel. A
near-zero contour level could "not be used as avé?aging ét eight
neighbors  "pulls" the line northward, resulting in error.
Northward of the bold line, <1% of the terrain is-covered by fresh
burn. ) \ , '

Inspection ‘of Figure 18 indicates that burns exert their
greatést influence on the Tlandscape in the northwest. Treeless
burns commonly exceed 25% cover; peaks of >50% are not uncommon.
The largest amount of contiguous fresh burns extends SE of the
Mackenzie River to the Colville Lakes:

Other peaks , in bdrn cover are féund north of the Great Beér

River (west of Keith Arm); south of ‘McVicar Arm, Great Bear Lake;

NN from Indin Lake to Great Bear Lake, east of the Camsell River;

»

-

“and NW and SW of the‘East Arm, Great Slave Lake.

, With some exceptions, burn cover in the Tow subarctjc ranges
from 5-25%, aﬁd in the forest-tundra, from 0-10%. Ié general, }he
1amount of burned terrain increases soutﬁward,’buta;egioﬁally may

peak farther north, e.g., Qetween Great Bear and Great Slave 4 akes

¥ ’ v
, .

-0 °



- whete 5-50% -of the landscape in a NW/SE band is treeless due to

-9
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burn. L —
In the eastern half of the ‘study regfon, the approximate
nerthern limit of burn#”‘generally extends only a short distance

) . \ '
ipto the forest-tundra. In the northwest, where tree cover

:rémains high well to the'ﬂorth, the 1imit of burni may approach

the lﬁhit ofAtreés, e.g., from'Nw of Sitidgi Lake toythe mouth of

- the Kugaluk River. The observed pattern of burn in the northwest

and elsewhere is discussed in section 5.4,
-

4.3.11 VShrub]ande]us recently-burned trees

A rough approximation of 1land dominated by tall shrubs is
achieved when shrubland is summed with “burn - cover. These

v

shrub-dominated lands reach their highest cover in the northwest.
Shrubs are often prominent as a stage in the regeneration of
burned treés. In some ‘cases, these shrubs may persist for many
years, -e.9., dwarf .birgp--blue green willow--green alder in fhe
northwgst: Where trees have been killed by fire, the young trees
must pass through a stage where they are not distinguishab]e\from;
shrubs on small §ca1g airphotos. Summing shrubland and recedﬂ]y—
-burned trees gives a rough approximation of land currently
dominated by tall shrub§, without regard to origin ‘(Figure 19A).
Tall shrubs reéch their greatest importance in the northwest.

*

Shrubland in the Mackenzie yﬁfTey and extensive burns elsewhere
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‘keep the cover of tall shrubs abéve’ 50%. for much‘of the area.
Elgewhere a]ong the southern fr1nge of the study region, burns are
‘the pr1me source of tall shrubs,. while shrubland fills in the

matrix. An average cover in the southern part of the study redion

would be about 20%. To‘ the north, burn generally de ses

rapidly’ and shrubland gradga]ly, usually not exceeding 1- the
northern limit of the study region.- L
%
. N
3 ' . [}

4.3.12 Trees: introductory comments )
Four approaches to mapping tree cover are outlined.

In addition to climate, two othe; tactors‘ influence the
landscape cover of trees at the regional'scalet. Rockland can be
~ important in decreasing the amount of land suitab1é for trees,
~such as between Great Bear and Great S]ave‘Lakes (Figure 9A). A§
well, fire decreases the total amount‘of land covered by tree?d at
any given time. Thus, in depicting the areal cover of trees four
distinct approaches were taken: (a) tree cover, unadjusted for
rockland; (b) tree cover, adjusted for rockland; (c) tree cover
. Plus burned trees, unadjusted for rockland; and (d) tree cover
 plus burned trees, adjusted for‘rockland

At the (a) extreme, tree cover is shown at a m1n1mum, as it
existed at a1rphoto date on the landscape; terrain pre- empted by
rock]and is included in the denominator. At the (d) extreme, the

maximum cover attainable by trees under the present climate is
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depicted; areas treeless due to fire are cons1dered treed and the
amount of rockland present is not 1nc1uded in the denominator.
Under option (b), burns.are hot sammed with trees, but rockland is
not included in the denominator: this in effect factors out both
burn  and rockland.  In (c), burned‘trees are summed with trees,
but terrain pre-empted by rockland is included in the denominator'
" this option approx1mates the state where a]] fires are suppressed,
but rockland still depresses;tree cover. e
Where .fresh burns reach their greatest cover, principally in
the Tow subarctic and southward, and where rockland is important,
primarily between Great,Beer and Great Slave Lakes, the four maps

differ markedly. E]sewhefe the maps are sfhi]ar.

) ) ) : /
) »

4.3.13 Trees, exclusive of burned, unadjusted for rockland

Tree cover is most noticeably depressed in the northwest where
burns and treeless wetlands often attain high cover. Between
Great - Bear and Great Slave Lakes, maximum tree cover only once
attains 85% cover due to the predominance of rockland and burns.
East of Gr;' S]ave,\ﬁree cover often attains 85% before falling
rapidly in the southern half of the forest-tundra. Locally
complex Pradients in burn, rock]and} elevation, and wetland:upland

ratio are reflected in the tree contours.

Low tree cover throughout much of the northwest is due

primarily to .fire (Figures 20A, B). West of Great Bear Lake, and. .

I
: S
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north"of the Great Bear River, extensive burns and wetland reduce
tree cover to. <25 and.even <10%. | |

'Betweenr Great Bear and §reat Slave Lakes, much of the Tow tree
cover -id’ qttrﬁbutgb]e' tb both rockland and ‘burns. It is
remarkable that tree cover only once attains 85% cover’(in the
middle gtretches of the Wecho and Yellowknife Rivers). Tree cover
'west ‘of the central meridién (114°45'W) is n;tiegab1y depfesséd
relative to that east of the meridian. Across much of the w{de'
region westward from Great Slave Kake‘to the Yukon border, it is
common for tree cover to rise for 2 sﬁort distance to the
northward through the Tlow subarctic. This surprising Pattern is
due to the combined effects of rockland, fire, and wetlands. In
contrast, eastward from Great Slave Lake, tree cover ofteq'attains
85% before falling rapidly in the forest-tundra. |

-East of the central meridian, the general paftern is for tree
cover to fall fapid]y in the southern part of the forest-tundra.
Thereafter,"trees may extend some considerable distance northward
before reathing, their Timit. In the west, the‘pattern of t;ee
" cover is less well-defined; cover often remains high until near
the 1limit of trees aﬁd then drops precipitously. In Figures 20A
and B this pattern is somewhat obscured by the effects of fires.
West of the Anderson and east of the Mackenzie Rivers, e.g., téee
cover falls erratically northward from maxima between >85 and 50%
to zero (cf. Figures 22A and B where burn is included).

Tree cover in the Mackenzie valley and westward to the

Cordillera is responding to complex and often sharp gradients of

]
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‘ Qet]and:up]and ratio, elevation, and fire. As expected, tree

4

cover values reflect these sharp gradients.

4.3.14 Trees, exclusive o? burned, adjusted for rockland
Adjusting /for rockland results in a sqbstantia] rise in tree
cover in tﬁe central district east of Great Bear Lake and north of
Great Slave Lake. Remaining depression contoursvin this district
are primarily due to burns. In the northwest, rockland influences
are limited to the Cordillera and NE of the Horton River, beyond
the limit of trees. West of Keith Arm, treeless wetlands and
high]and tundrés also depress DOteE;;f] tree cover. East of Great
Slave Lake, only minor increases in tree cover appear after

adjustment for rockland.

Figures 21A and ‘B may be interpreted as the cover of trees,
exclusive of burned, that would exist if rockland were removed
from the Tandscape. The only clear differences between Figures 20
and él are found north of Great Slave Lake and east of Great Bear
Lake, where rockland is extensive (Figures 9A, B).\

Tree cover in this central district generally attains 85%
before dropping northward due to climatic controls. Comparison of
Figure. 20A with 21A shows that the trough of low tree cover due
both to burn and rockland in Figure 20A has risen considerably by
removal of the rockland influence in Figure 21A. The plateau of

>/=85% evidently falls off again to the south. This may be
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attributable to burn as will be seen in Tigqipé 23A and B.

A deep depression contour still remains east of‘Hottah/Lake,
and Tlocally SE of the East Arm, Great S]av; Lake. Tree cover
a]ong-,the south shore of Great Bear Lake remains Tow, falling to
<25% by McVicar Arm. These lows are due to fires. Depression
contours on Grizz]y.Bear Mountain, and inland from Kokerégi'Point
on Keith Arm appear due to high]qnd.tundras. Farther inland from
Keith Arm, and north of the Great Bear _River, tree cover is
Qariab]e, indicative of burns, treeless wetlands, and the Norman
Range SW of Mahony and Kelly Lakes.

East - of Great Slave Lake, only minor increases in tree cover,
appear after adjustment for rockland. Notable increases are more
or less restricted to the area around the East Arm of Great Slave
Lake. The forest-tundra region east of Great S]a&e Lake is
clearly not as rocky as that to the north.

Rocky terrain may be found elsewhere in the study region, such

as high in the Cordillera, NE of the Horton River, and NE of

Takiyuak Lake, but these lie beyond the limit of trees.
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4.3.15 Tréﬁs'plqs recently-burned trees.vunadjusté& for roékland
. . ! '

Burns exert a profound effect. in depressing tree cover in the
northwest, espec1a11y west of Keith Arm, and between the Col(j!!’
Lakes and the Mackenzie River. Between Great Bear and Great Slave
Lakes, both burns and rockland depress tree cover; north of the 50%
tree contour, burn and rockland effects are insignificant. East of
Great Slave Lake, burns pxceed rock]and’ in their effects on tree

cover. )

When burn is summed with trees, the areas west of Keith Arm and
south of McVicar Arm, Great Bear Lake, show a dramatic rise in tree
cover in Figures 22A and B (cf. Figgre§ 18, 20). Much of the terrain
west of Keith Arm now lies above the 85% contour for tree cover;
areas still 1ying’ below the 85% contour are due to ‘treeless
wetlands. Squthwest oﬁ Kelly Lake, bordering on the Mackenzie River,
the area 1lyjng below the 50% contour is que to upland tundra,
shfub]and, anfl a small atount of rockland in the Norman Range.

A rise ip tree cover is also seen in the Colville Lakes region.
With the exception of the areas around Lac des Bois and west of Lac
Belot, most of the area rises above 85% tree cover when burn is
included. The remaipinq irregularity in the 85% contour is dué to
1?rge wetlands (mostly peat plateaus).

From northwest of the Colville Lakes to the Mackenzie River,
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the tnclusion of burn converts a bewildering system of contours in
Figure 208 to)an easily readable one in Figure 22B. On the transect
diagrams this is indicated by an extremely bumpy surface in Figure
20A,:'which is made less so when burns are included under tree cover.

C]early, fires exert a profound effect on tree cover in thb -

+
v

Figure: paak in tree cover east of McTavish Arm, Great
Bear Lake; Figure 22 shows no such peak, demonstrating that rockland
is depressing the potential tree cover there. In the SE cove of
M;Tavish Arm, a depression contour in Figure 22B highlights a sharp
fall in tree cover. The contour is misleading in that the eastern
half of Richardson Island is excluded; this is an inaccuracj of the
automated mapping. Much of Richgrdson Island rises 305 m above Great
Bear Lake to rocky summits. Tree cover (unadjusted for rockland)
reaches only about 45%, and rockland about 40%. Although this area
was classed as open crown forest region, valid upland tgndra may be
present on some summits. \

Elsewhere, between Great Bear and Great Slave Lakesj tree cover
has risen in some areas and dropped in others when Figures 21 énd 22
are compared with Figure 20. These changes are most evident with the
85% contours, although some change is observable down~tp 50% cover.
North of the 50% contour, both burn and rockland cease to be-
important factors in depressing tree cover. |

East of Great Slave Lake, inclusion of burned trees with trees has
a Tlarger effect in elavating tree cover than does correcting for
rockland (cf. Figures 20, 21, 22).  Between Great Slave Lake and

Hudson Bay, when burn is excluded and tree cover is adjusted for
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rockland (Figure 21), maximum tree cover often does not attain 85%.
In contrast, adding burn to tree cover, but not adjusting for
rockland, re;ults in ggneial]y higher tree cover and a more
continuous 85% contcur. Clearly, burn exceeds rocktand in its effect
on tree cover in the subarctjc east of Great Slave Lake.

The depression contours found in the East Arm of Great Slave Lake
in Figure 22B do not appear in Figure 21B, where tree cover is
adjusted for rockland. In'contrast, some depression contours aroung
the East Arm in Figure 21B do not appear in Figure 22B. On the
peninsulas and islands in the East Arm, rockland seems to ba more
impqrtant than burn in depressing tree cover. Around the lake, the
~ situation is reversed and burns exert their influence. North from
McLeod Bay, however, tree cover rapidly drops below 50% and burns
cease to have an appreciable effect on the Qegetation. Tree cover
north from Mcleod Bay is limited both by rockland and, increasingly

to the north, by c]imate.

4.3.16 Trees plus recently-burned trees, adjusted for rockland
Topoclimatic and terrain influences are indicated in the observed
patterns of tree cover in the forest-tundra. High elevations, acidic
crystalline bedrock, coarse-textured soils, and thin surficial cover
correlate with low tree cover; low elevations and fine-textured soils

over sedimentary rocks correlate with high tréé cerr.-

Figures 23A and B present potential tree cover as might exist in
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the sence of burns and rockland. Such“4 depiction should show a
better correlation with climate than that pbsSib]e in Figures 20-22.
Major discontinuities in percent cover of trees¢ should then be
attributable to discontinuitiés fn climate, elevation, drainage,
parent material, or history. This section highlights some local and
regional topoclimatic, vegetation, and terrain- relationships with
case studies. Synoptic relationships are considered in Discussion
5.2.

An inlier of Jlow arctic is located in the Caribou Hills east of
the middle Mackenzies Detta. The absence of trees is likely
topoclimatic. Near the mouth of the Kugaluk River, tree cover falls
from >50 to 0% in about 10 km, perhaps due to a steep climatic
gradient caused by the proximity of cold marine waters. _

The steep, fall in tree cover SSE of Sitidgi Lake :¥ difficult to
explain.  Tree cover falls to a minimum of 12% and lichen-rich upland
tundra rises to 80%. Mean elevation at the tree cover minimum is 260
m, about 50 m above the surrounding 10 sample photos, and unlikely to
exert a topoclimatic effect. Bedrock is homogeneous: upper Devonian
sandstones and shales. [t is possible that fire history plays a role
here. Nearby, "there are large burns, including some of upland
tundra.  Perhaps long absence of fire in the area SSE of Sitidgi Lake
resulted in extreme tree thinning with the dqvelopmgnt of upland
tundra.

In the absence of fire in the northwest, tree stands may undergo a
progressive decline in tree density (Black 1977). Following fire and.
disturbance of the organic mat, the active layer may be greatly

R}
thickengiﬁﬁon these fine-textured soils. The warmer soil, with an



83
increased supply of 1liquid water encourages a dense growth of tall
shrubs and spruce, 1lending these communities a dark airphoto tone.
With eventual re-establishment of the vegetation mat, the active
layer thins and tall shrubs and trees decline in density. {:equen})y
the trees, dwarf birch, willow, and alder become restricted to
runnels with lichen dominated interfluves. In the northwest, it is
often difficult to decide whether lichen-domifrated interfluves are
better classed as wupland tundra or as an interfluve matrix in a
sparsely treed stand.

Elsewhere, north of Great Bear Lake, midway between Dease and
Smit; Arms, tree cover falls from 85 to <25% in about 12 km. The
steep faly in tree cover occurs at the Big Spruce Hills which rise to
over 535/ m, over 365 m above the level of Great Bear Lake. North of
the (Bfg Spruce Hills, tree cover falls from >50 to <2% in 15-25 km.
Here elevation rises to the north and east by about 150-230 m to an
extensive coarse-textured outwash plain. The combined effects of
elevation and a rapidly-drained and exposed outwash plain are enough
to bring white spruce cover to near zero. Northward from the outwash
plain, elevations fall about 75 m, Horton Lake and Horton River are,
reached, and white spruce cover rises to about 25%. ‘

North of the east end of Dease Arm, tree cover falls from >50 to
0% in 20-30 km. Again, a steep topoclimatic gradient probably
accounts for the fall. Elevations rise over 300 m from Great Bear
Lake to 460 m, and continue to rise north of the limit of trees
(white spruce).

To the east, the central third of the Dismal Lakes lies beyond the

Timit of trees. White spruce extends NE from the Dease River area to

93,.',‘?
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the westernmost Dismal Lakes. The northernmost spruce occur here in
poorly-drained terrain a few km north of the lake and south of a
prominent scarp. |

White spruce also extends NW up thefvalley of the Kendall River to
the easternmost Dismal Lakes. From the central Dismal Lakes a
treeless peninsula extends south t® a wide area lying generally above
600 m. Tree cover increases in all directions down from this
highland, especially to the south and west where values >50% afe met
in as little as 20-30 km. —

West of the middle Coppermine, and north bf Hepburn Lake; tree
cover falls abruyptly from >50% to near zero before rising rapidly
northward into the valley of the Coppermine. The area of minimum
tree cover lies 30-75 m above the surroundings, perhaps sufficient to
depress tree cover (a climatic threshold is passed?). Bedrock is
complex . in this area with paraschists and paragneiss, a variety of
sedimentary rocks, granitic gneisses and related rocks, and
volcanics. It is Tikely that acidic crystalline rocks, with perhaps
a thin surficial cover, domjnate where the tree cover is lowest.

The entire areaslying north of Snare Lake, between thg Coppermine
River and McTavish Arm of Great Bear Lake, presents fascinating
changes in vegetation and landscape (Figure 23C). For example, on a
liné north from Snare Lake (beginning ~5-10 km west of Snare Village)
extending to the Coppermine River north of Rocknest Lake, the
following relevant changes take place: (a) mean elevation rises from
-375 m at Snare lake to >450 m midway between Snare and Rocknest

Lakes, then falls again to ~400 m by the valley of the Coppermire; a

maximum - elevation of >520 m is reached before dropping into the
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JCoppermine; (b) bedrock is predominantly 'Archeén acidic rocks,

pr1ncipa11y granitic gneisses, but changes to a comp]ex of many rocks
(mostly sed1mentary) by the va]ley of the Copperm1ne, (c) soi]s at

Snare Lake are sandy brunisols with a pH oﬁ 5-6 in the Bm horlzon,
‘%

soils a]ong the Copperm1ne R1ver north of Rocknest Lake are silt loam

g]eyso]1c cryosols® W1th ‘a pH of 8; (d) predominant vegetation at
Snare Lake is” a moist black spruce/dwarﬁ%biréh--ericad woodland;
wh1te sprude is dominant only on glaciofuvial sands; occas1ona11y
b]ack and white spruce form mixed stands on mesic to dry mes1c soils;
bog- fens and peat plateaus occupy 1by1ands, (peat p]a;eaus are scarce
north of Snare Lake); (e) predominant vegetation on the Coppermine
River north of Rocknest Lake i§ a rich white spruce/dwarf birch/
shrub/Tomenthypnum—-Rhytfdium forest with many calciphiles; white
sprEé is - the only tree species present; (f) along this line, tree
cover drops from >85% (including burns, or from about 50% if burns
are excluded) at Snare' Lake to 10% in about 10-27 km{ and then to
0.6% at only 50 km north of Snare_Lake; at about this location, black
spruce disappears from the landscape; northward, white spruce is the
sole tree and it thins to 0-0.3% from south of Drumlln Lake to north
of "1314" lake on the highland south of Redrock Lake; (g) at about 12
km south of Redrock Lake, white spruce begins to increase in cover
(Plate 1); at the south shore of Redrock Lake, white spruce increases

rapidly; (h) by tﬁz\harrows between Redrock and Rocknest Lakes, white
<o

spruce occupies .>70% of the landscape, and maintains this high cover
v+

Tree cover extends a. remarkable distance eastward»frém McTavish
\

well to the north.
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Arm of Great Bear Lake, to the north of Point QSke and_west of
Takiyuak Lake. Indeed, from Tgkiyuak Lake south to Point Lake, the

“limit of trees lies virtually pé}th--south, with high cover extending
a short distance beyond tpé valley of the Coppermine. Elevation
rises steeply at first ffgm 156 m on Great Bear'Lake’s shore to 300

~m, then increases to 38@f;. An intervening highland is reached where
mean elevation excequ’ 450 m, (thence elevation drops again-as the
Coppermine. villey isfreached. In the Coppermine valley, local relief
often pxceeds 15Q;h, with minimum elevations of 300-375 m and maximum
elevations of ,560:600 m. East of the Coppermine, trees do not rise
above 450 m elevation.

Tree cover in this area shows some apparent correlations with the
bedrock.  Locations having high tree cover, in general, are underlain
by carbonates, slates, greywacke, conglomerates, other sediments, and
their derived schists and gneisses. | Areas of low tree cover, in
contrast, are frequently wunderlain by acidic granitic gneisses and
related crystalline rocks and volcanics. Farther south, at Winter

Lake and southward, where the underlying bedrock is granitic gneisses

~and related, black spruce dominates forest-tundra tree co;ﬁunities;
white spruce is usually rest}icted to glaciofluvial deposits and
local circumnegtral soils (pH >/=6).

In the eastern half of the high subarctic, there are two major
discontinuities in tree cover: the Thelon River and south-central
Keewatin. Deta{1s relating to the Thelon, south-central Keewatin,
and other areas are discussed in 5.2.4.

In brief, the‘ lower Thelon occupies*a broad valley underlain by

sedimentary rocks, sloping gradually upward to the surrounding
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plain. In contrast, the upper Thelon occupies a shallow valley
underlain by granitic gneiéses; tree cover ranges from 0-5%.
Treeless - areas occur south of the big bend of the Thelon, and SW of
Sid Lake; tree cover (white and black spruce, and larch) here has
fallen to about-0.2%. '

By the The]on’§ midcle reaches, nortii to the Hanbury River,
elevations have *. ‘'en considerably; surficial material is derived
from deep-lying Proterozoic sandstones and related rocks; tree cover
varies from O-é%. Northea§g:;rd, mean e]ev&tion drops well below 150
m, reacbing a mfnimum of about 90 m at the northern limit of trees.
Tree cover rises to a maximum .of 20%, then falls to 2% by the
\cbnfluence of the Tammarvi River at the Ursus Islands. The 1imit of
spruce is reached about 10 km upstream from Beverly Lake.

In south-gentral Keewatin, the striking pattern is the remarkably
gradual fall in tree cover once it has dropped below 10%. The
continuous 10% contouri in the SE skirts the north end of Ennadaf
Lake, * extending northward both in the valley of the Nowleye and Kazén
Rivers north of Ennadai; east of the Kazan River, the .10% contour
dropé@i&buth some 100 km, then east, crossing Nueltin Lake near its’
north end, dropping below 60°N about 50 km west of Nejani]inf Lake.
From 60°N, the 10% contour drops south some 45 km, then east, past
the south end of Nejanilini Lake. At Nejanilini Lake, the uplands
are 'apparently dominated by a typical Shield tundra association of
 dwarf birch/ericad/lichen; lakeshores and depressions support‘black
spruce and larch with dwarf birch and Salix planifolia, sedges,
and;,cottongras§; paper birch is present; the vascular flora is

composed of about 83 species, relatively poor in comparison to
3
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Nueltin Léke " (~134 species) ~and the Churchill area (~366 species)
' (Scoggan 1952). The vegetation and flora of the eastern side of
Baralzon Lake (~98° 1ojw, 60°N), about 70 km NNW of Nejanilini Lake,
was described by Scoggan (1952).

The 10% tree covér contour trends ESE from Nejanilini Lake for
about 110 km, ®turns SE across the Seal River sone 15 km upstream of

the big bend of the Seal, then crosses the Churchill River about 80
| km south of Hudson Bay, and leaves the study regioh.

North of this 10% contour, the forest-tundra extends a great
distance to the north before the limit of trees is reached. Tree
limit s met most rapidly NNE of Ennadai Lake in 65-70 km. Commonly
thé distance from the continuous 10% contour to zero trees exceeds
190 km. At its widest, from north of Great Island on the Seal River,
to west of Kinga Lake, this transition takes place aver 280 km!

Extensive "groves", where tree cover exceeds 10% are found between
Kamilukuak Lake and Kazan River, and in the Henik Lakes area. In the
Kamilukuak--Kazan "grove", black spruce, larch, and white spruce are
all present, typically in a matrix of tall shrubs. Tree cover
reaches a maximum of about 25%, and averages 15-20%; cover decreases
rapid]y outside this area, especially to the NE, where cover may fall
from IO%rtd zero in as little as 12 km.

Farther eést, the Henik Lakes grove, de]imited'by an ‘area where
tree cover exceeds 10%, spans 60 km N--S and 120 km E--W. Low tree
cover  appears associated both with higher elevations and with
granitic and related gneissic bedrock; high tree cover appears
associated with lower elevations and bedrock of greenstones, and also

greywacke and metasediments. Black spruce, white spruce, and larch
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are all present and occur on wet to moist slopes, shores, and
depressions, often in a tall shrub matrix. Some ;xtensive groves of
larch stand out clearly due to their Tight crowns. Tree tover peaks
at about 25%. "’

Between theﬁe areas of high treé cover, and north_gf Nueltin Lake,
lies an area where tree cover falls below 2%. That area, centergd
south. of Watterson Lake, is underlain by acidic granitic gneissegrﬂ
often only thinly cavered with a veneer 6f till. Spruce and larch

are restricted to drainages, depressions, and lakeshores, often in a

.tall shrub matrix.

.

3.3.17 Ratio of percent cover of trees:upland tundra

The forest-tundra‘spans an average'ISO km (+75 km); in the western
half of the study region, the forest-tundra spans 112 + 41 km, and in
the east 186 + 81 km: On average, the forest-tundra increases in
width from northwest to southeast. The 100:1 to 1:100 trees:upland
tundra  cover transition comprises 90% of the aréa of fhe
forest-tundra; the 10:1 to 1:10 band occupies 25-55% of fhe

forest-tundfa.

In Figure 24, both tree aﬁd upland tundra cover values are
adjusted for rockland, and t;ee cover includes burned. Tﬁe inclusion
of burns and adjustment for rockland was done to emphasize climatic
correlation in the tree:upland tundra ratio. Use of this ratio also

tends to factor out the effect that wetlands have in decreasing the
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cover of both upland tundra and twee tommunities. The 16910 of this
-ratio plus 3.0 is depicted in Figure 24; a value‘of zero for the
transformed ratio is’ equivalent to E\\cbver ratio of 1:1000
trees:upland tundra and 6 is equivalent to a ratio of 1000:1
trees:upland tundra. The 20 kiy yr'1 net isorad (after Hare and
Hay 1974) s overlaid for climatic comparison in Figure 24B.1. See
Appendix 2 for details of calculations.

Hachured closed contours on Figures 24B.1 and B.2 denote an
increase in wupland tundra cover relative to trees. In the case of
the Churchill River; the hachured ‘contour denotes a steep drop in
tree cover due to wetland: Bold lines north of the forest-tundra
aenote tree groves. The plateau on the transect diagram denotes the
1000:1 ' tree:upland tundra ratio, and thg plain the 1:1000 ratio.
Depressions below the 'surface of the plateau denote outliers of
upland tundra south of the.conf?guous forest-tundra.

Fighre 24B.1 is a simplified vgrsion 9f Figure 24B.2. The limits
of tree and upland tundr:vvegetatﬁGN‘aréﬁu§ed here as the cardinal
criteria delimiting the fbrgst:tuﬁdré;# ¢‘§gese are shown in. bold
lines. The narrow Tline beiween'the;e 1imits denotes the location
where tree and upland tundra cover are equal.

Those who' disagree with dsing absolute Timits of trees and upland
tundra as boundaries for the forest-tundra might wish to apply .
narrower ratios. Use of rational limits of 1:100 and 100:1 (lines 1
and 4 in -figure 24B.2), for example, would narrow the contiguous
forest-‘undra by about 10% (range 2-60%) and cut off the middle
TheTon giver from the contiguous forest-tundra. In other words, the

1:100 to 100:1 band spans about 90% of the forest-tundra.

-
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Boundary 1limits for tree:upland tundra cover of 1:10 and 10:1
(lines 2 and 4 in Figufé 24B.2) would narrow the forest-tundra by an
average  45-75%; i.e., this band occupies 25-55% of the
forest-tundra. This narrowly bounded forest-tundra would range in
width from about 30-75 km from east of the Mackenzie Délta to the NE
side of Great Bear Lake; 20-95 km from NE of Great Bear Lake to the
East Arm of Great Slave Lake; 20-70 km from the East Arm to west of i
the Dubawnt River; 40-100 km from the Dubawnt River to central
Keewatin--Manitoba; and 40-55 km in NE Manitoba (outside of the
.hudson Bay Lowlands). In the description to fo]]ow rat1os of 1:1000
and 1000 1 trees:upland tundra are used to delimit the forest tundra.

The forest-tundra transition zone (exclusive of the Cordiilera,
Mackenzie Delta, and Thelon extension) averages 150 km wide but
varies greagﬁy .(S.D.£75km, N=36). In the western half of the study
region, - from east of the Mackenzie Delta to north of Yellowknife, the
forest-tundra spans 112 * 41 knm (N=18); the eastern forest-tundra
spans 186 t 8l km‘(N=18). Regional minima are reached on the lower
Anderson River (47 gﬁ), at Dease ArMi (Great Bear Lake), and the East
Arm (70 km); greatest widths are found between the Dubawnt River and
central  Manitoba--Keewatin (235-345 km) . The forest-tundra on
average increases in width from northwest to southeast; the western
forest-tundra  spans only about 0.6 the width of the eastern

forest-tundra. The increase in width is most evident between Great

.

Slave Lake and central Manitoba-Keewatin.
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- 4.3.17.1 The northern limit of trees

The northern limit of trees is detailed with reference to airphoto
data, field observations, and other studies.

At the northwestern extreme of the study region, the northern
limit of trees is fragmentary along the east slope of the Cordillera
(Figure 24). Here treeline is primarily a function of elevation, and
as each sample photo covergﬁa minimum of 130 kmz, both high and low
elevations occurred on each photo. When these data "points" are
averaged, tree cover contours fail to express the sharp vegetation
gradients. |

Eastward, treeline reaches Shallow Bay .in thélMéckenzie Delta, and
swings east to near Tununuk, south of Richards Island. On
Tuktoyaktuk - Peninsula, the 1imit of trees drops SE to the west end of
the Eskimo Lakes, para11e1§ the south shore of the Eskimo Lakes about
10 or more km inland, then reaches the shore of the Eskimo Lakes
" again at the mouth of the Kugaluk River. ﬁastward from the Kuga{uk
River, the 1limit of trees crosses the Anflerson River at 69°20'N and
the Horton River at 69°30’N (Plate 5). The forest-tundra limit then
. parallels the Horton River SE ‘beyond Horton Lake, then swings
eastward north of Dease Arm, Great Bear Lake.

Prest (1985) noted the northernmost spruce (white?) he observed
ndrth 0°¢ DeaseNArm and south of Bebensee Lake. They grew alongside a
large aufeis on a seemingly unprotected knoll at 67°21'N and 118°19'W
and 370 m elevation. The "treeline" according to szét lies some 10

km south of these coordinates and below 290 m elevation.
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“...Here, near a lake with an elevation of 259 m, spruce
trees are relatively common with heights of 5 to 7 m.*. and a
diameter of 10 to 12 cm a metre above ground. But
interspersed with these and on higher tree-free ground, there
are old weathered stumps and togs up to 30 or 35 cm in
diameter. These observations indicate a modern climati€
deterioration." (Prest 1985:63)

Passing to within 20-25 km of the north shore of Great Bear, the
limit  of trees turns slightly north of east and reaches the
westernmost Dismal Lakes. Near the west end of the Dismals, treeline
dips sharply southward due to a highland south of the lakes, then
returns north to the east end of the Dismals. Extending eastward
about 10 km north of the Kendall River, white spruce reaches the
Coppermine Valley and extends north to about Escape Rapids at
67°35’N.  Here treeline turns south, then for a short distance swings
east up Melville Creek, and returns to the Coppermine River at
66°45'N. \

Trees evidently extend north of Escape Rapids. Jenness (1928:70)
wrote:

"... the most northerly stand of timber lies in the valley of
a small creek six miles from the sea and three or four miles
from the actual river-bed (of the Coppermine); south of this,
groves of spruce, mingled with a 1little cottonwood [Populus
balsamifera?], appear at intervals of every mile or two, the
groves becoming larger, and the trees bigger, as one travels
upstream. A1l the bigger trees in the northernmost groves a{?
dead, and many of the smaller ones have dead and withere
branches, so that the timber-line seems to be moving southward."

Jenness’ biologist companion, Johansen, collected seven species’ of
wood and bark-boring beetles from living, dying, and dead wood near
the limit of spruce on the Coppermine, among them Dendroctonus
Johanseni (Swaine 1919; Johansen 1921, 1924; Holm 1922). The

apparent southward movement of the tree limit may have been brought
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fabout in part by the beetles, but this question has not been .studied

‘$ince. .

During fieldwork in the Kendall hiver--Disma] Lakes area we
"f-served large tracts of dead white spruce. In a few pTaces, entire
! { ests had succumbed and the bleach-white boles lent a stark beauty
! ;. e s]opes: while ' in ofhers individual trees or clones had aied
*;;%;;hg in less dgnse stands. Data are insufficient to age this
die-dff or to deterhine its duration. About half the trees aged in
this area (31 of 56) fell into the 51-100 yr class at breast height;
ages near ground level ranged between 116-2713 yrs (N=5), and
below-ground ages 255->390 yrs (N=4). Séed]ings and trangressives
were present but too rare in the tree stands studied for accurate
estimates of density. ~Sapling density (including clonal stems) was
391/ha and tree density was 106/ha in representative stands. By
virtue of (a) the observations of Jenness (1928) and Johansen (1921,
1924), (b) the apparent antiquity of the abundént deadwood, and (c)
the fragmentary age daté, it appears the die-off in this area may
have taken place during'the Little Ice Age (~1600-1850), perhaps even
earlier. The rarity of young white spruce in tree stands suggests
they have not responded to the early twentieth century warming.

A similar(?) mass mortality of o]d?aged black spruce trees took
place in a stand near treeline in northerm Québec between 1880-1890
(Payette et al. 1985). The authors attributed the mass death to
inability of senescent and moribund trees with limited photosynthetic
potential to take advantage of the warmer conditions following the
Little Ice Age.

From the Coppermine, tree limit trends SE to the west arm of
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Takiyuak Lake, fhen near its SW shore, and south to west of
Rockinghorse Lake. Curving SW to Point Lake, treeline turns SE

1rregu1ar1ylkphen north a short distance to Lake Providence. Dropping
-straighf' south by the west end of Jolly Lake, treeline turns east
along the south shore of Courageous Lake. Somewhere between Little
vMarten and Courageous Lakes, black spruce makes its %irst unequivocal
appearance at the northern limit of trees (Plate 6).

Turning SE across Mackay Lake, east of Warburton Bay, tree limit
winds " its way by Lake of the Enemy then past Back and Walmsley Lakes
to near the north end of Aréi]lery Lake. Dropping south, west of
Campbell  Lake, treeline turns ESE, skirting the north end of
Whitefish and Lynx Lakes before turning north gown the valley of the
Thelon. ‘

Treeline passes by the east shore of Tyrrell Lake, then crosses
the Hanbury River near its big bend before it empties into the
Thelon. In the sector between about Little Marten Lake and the
Hanbury River, black spruce apparently predominates at the limit of
trees. At the Thelon, white spruce returns to dominance in the tree
communities. Paralleling the' Thelon River closely along its north
side, trees extend north into the Tammafvi River grove west of the
Ursus Islands. The NE limit of spruce in the Thelon is reached about
10 km upstream of Beverly Lake.

Trees (primarily white spruce) extend irregutarly SE from the
Thelon along a number of tributaries. Chief among these, from NE to
SW, are: Kigarvi River and Spruce Grove Lake; Finnie River; a grove
west of the Finnie River; an unnamed river east of Clarke River

\
(which enters the Thelon near Hornby Point); and the Clarke River.
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Upstream of Clarke River, the Timit of trees returns to the Thelon
proper and turps south near the west shore of Beaverhill Lake.

Tree limit then passes into the Dubawnt watershéd at the ‘NW end
of Sid Lake, where both black and white spruce are found. . Turning NE
by the north shore of Mary Lake and the NE side of Mosquito Lake,
treeling passes east across the Dubawnt River and the south shore of
Dubawnt Lake. Tree limit then turns south past Carruthars Lake to
Angikuni Lake on the Kazap River, then eastward by the north side of
North Henik Lake.

From North Henjk Lake, treeline continues east to Kinga Lake.
Eastward from Dubawnt to Kinga Lakes, white and black spruce and
larch are all present at the .northern limit of trees with local
variations in _importance. It is possible that white spruce extends
s]idﬁt]y farther north than the other two conifers, but more work is
required before such a statement could be made with certainty.

From Kinga Lake, t: e limit drops SE through eastern Keewatin and
reaches the shore of Hudson Bay in northern Manitoba slightly north
of the mouth of the Caribou River. East of the Churchill River, the
limit of trees is once again reached inland from Cape Churchill,
Manitoba. White spruce is dominant at the 1limit of trees near

Churchill (Scott et al. 1987b).

Tree groves are only rarely isolated from one another by more than
a few km. On a smali-scale depiction of the forest-tundra such as
Figure 1?4, these groves are contained within the boundaries of the
contiguous forest-tundra. = Only a few groves are isolated and/or

large enough to be plotted as_distinct outliers in an averaged plot.
2T
/ \

»
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East of Great Slave Lake,Nfour such isolated groves are plotted in
Figure 248. From west to east these are: (a) south of Aylmer Lake.k
0.1% tree cover, in tall shrub’hatrix. probably black spruce; (b)
north end of Artillery Lake, 0.3% (cover, in tall shrub matrix on
shores and drainages, probably black spruce; (c) Williams Lake, west
of Tyrrell Lake, 0.3% cover on esker--outwash margin, as white
spruce; (d) Kazan River, south of Yathkyed Lake, 0.3% cover in valley
of Kazan (observed on airphoto); west of the Kazan River, Larsen
(pers.| comm.) observed on the ground, a spruce stand NW of the shore
of an unnamed lake at 98°37 W and 62°33’N; some of the spruce had
been cﬁt down some time previous with a dull axe, and the stumps at
the base measured about 15-20 cm in diameter.
Othér tree groves are concealed in the averaging required to
generate the maps. Some of these outliers are evident in Figure 1,

such as eastward from Mackay Lake to the Thelon River.

4.3.17.2 Occurrence of black and white spruce at the northern

limit of trees, with emphasis on the northwest

White spruce is the dominant, if not the sole, tree of the
northern forest-tundra eastward from the Mackenzie to tbe Coppermine
River. The transition from white to black spruce dominance at the
northern 1limit of trees occurs near a major landscape--climatic
transition north of Great Slave Lake.

-

Black spruce is apparently rare or absent at the northern limit of
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trees in the northwest, and indeed throughout most of the
forest-tyndra there. from south of Pd{nt Lake, extending down the
Coppermine River, westward up the Kendall River to the west end of
the Dismal Lakes (NE of the Dease River), and again where trees were
observed in the landscape east of Horton Lake, and extending the
entire length of the .Horton River, black spruce is absent (field
observ.{. White spruce is the only tree present across this entire
region (occasional clones of balsam poplar on alluvium and trembling
aspen on steep south- or west-facing s]opes were observed along the
Horton River; these never exceeded 2.5 cm dbh or 3 m ht). Similar
shrubby clones of balsam poplar and trembling aspen were observed by
Jenness (1928) and others of the Canadian Arctié Expedition in thE
valley of the lower Coppermine (north of Sandstone Rapids).

Black spruce is evidently rare in the northern.forest-tundra
westward to at Tleast the Kugaluk River and beyond. Zoltai et al.
(1979) noted only one occurrence of black spruce in the entire region
lying between 122° and 131°W. Stmilarly, théy found that larch was
rare but constant in the SW of their study region (south of the
Crossley Lakes). Balsam poplar and aspen were restricted {b the
valleys of the Anderson and Horton Rivers, apparently a\\iccasional
small-stemmed clones (on steep south- or Qest-facing slope$). Paper
birch was noted by them on similar valley slope sites between Fort
Anderson (Anderson River) and the Carnwath River.

Westward to the Mackenzie River, white spruce is By far the
dominant tree, and oftgn the sole tree species in the forest-tundra.

In the Mackenzie Delta, white spruce grows on the highest ground;

slightly Tlower ground 1is dominated by balsam poplar, followed below

~
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~that by alder (Alnus crispa) thickets,‘ and below that by
a]&er--wi]]ow or willow thickets (Salix alaxensis: S. farriae, S.‘
. pulcbra). Balsam poplar extends farther north than white spruce ijn
ihe Delta, feachigp both east and west of Shallow Bay and forms the
limit of trees (Mackay 1974). Both black spruce and white spruce
individuals -and clones are found on the Tuktoyaktuk Peninsula well
beyond the 1limit of arborescent (>/=3-4 m) trees (Ritchie, pers.
comm. ).

Eisewhere in the Lest, b]ack ;bruce occurs on Great Bear Lake (cf.
Lindsey :1952), but whethér or ngt it is important {n the
forest-tundra east of McTavish Arm, or enorth of the lake is not
published.

The domjnance of white spruce jn the forest-tundra of the
northwest is noteworthy in that ﬁb]ack spruce is better adapted to
~ fire than- is white spruce (Rowe 1970; Black 197{), and that fires
exert a more profound effect on the forest-fundra of the northwest
than elsewhere (see Discussion 5.4). ;

- 1In tﬁewpee§t€}n half of the sfudy region, black spruce is
relatively abundant at the Timit of trees, making its first
unequivocal appearance at the tree limit somewhere between Little
Marten and Courégeous Lakes, and remains 1mportant southeastward
With few exceptions,. e.g., the The]on River area (see Clarke 1940),
and the vicinity of Churchill, Manitoba (see S}btt et al. 1987b),
black spruce appears areally-dominant over white spruce

The transition from white to black spruce dominance parallels a
major landscape  discontinuity from fine-textured relatively

putrient-rich loams in the northwest to nutrient-poor acidic sandy
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loams and ‘toamy sands of the Shield. This landscape transition
similarly forms the boundary betWeen distinct forest-tundra
- sub-rqgions with characteristic vegetation and climate. These topics

are explored in Discussion 5.2.

4.3.17.3 The southern 1imit of upland tundra

The southern 1imit of upland tundra is detailed with reference to
1irphoto data and field observations. Most outliers of upland tundra

re found in the highlands of the northwest.

The southernmost bold ‘1ine in Figure 24B depicts the 1000:1
tree:upland tundra ratio and may be interpreted as the southern limit
of the forest-tundra.

West of the Mackenzie Delta, upland tundra reaches its lower.
elevational limit“at the Towest slopes Bf the Cordillera, paralleling
the Mackenzie Delta to its mouth. Due to averaging, the limit of
upland tundra turns eastward across the base of Shallow Bay in the
Deita, and drops SSE past Inuvik., In reality there is virtually no
upland tundra habitat in the Mackenzie Delta proper, as the "uplands"”
sich as levees typically support tall shrubs or trees. Eastward ffom
the Delta, however, upland tundra rises to dominate the landscape.
Because of this steep gradient in up1and tundra, the averéged contour
line i~ "pushed" westward into the Delta.

Soutk of Inuvik, the southern 1limit of upland tundra turns SSE

west ‘of Campbell Lake, then eastward south of Caribou Lake for about

e
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170  km. In this area, the southern limit of‘upland tundra is the
least definite of anywhere in the study region. Characters related
to fire history such as soil drainage, successioniénd sub-climaxes,
and progressive tree stand thinning, make identificationu-f upland
tundra at its southern limit somewhat equivocal.

At about 130° W, the upland tundra limit turns northward for 35-40
km, thgn eastward about 60 km to the Anderson River. Tundra cover
drops in the Anderson valley proper, causing the southern 1imit to
"V" northward. Crossing the Anderson River again west of Tadenet
Lake and north of Simpson Lake, the southern limit drops steeply
southward past Simpson Lake to the north shore of Aubry Lake and
thence past Colville Lake and Lac de Bois. From Lac de Bois, the .
southern Timit of upland tundra crosses the headwaters of the west
branch of the Anderson, then winds southward to the north shore of
. Smith Arm,  Grdat Bear Lake. There may be valid upland tundra SE of
rng_ﬁQeg Bois, for maximum elevation rises to 440 m thgre, but no
sample photos covered this topographic rise.

Crossing to the south shore of Smith Arm, the southern limit
contour drops SE of Mackintosh Bay, past Deerpass Bay, then curves
around the highlands near Kokeragi Péint. The presence of upland
tundra' both in the chnted Grass Hills east of'Mackintosh Bay and the
highlands SW of Deerpass Bay is due to elevation. The Scented Grass
Hills rise to 600 m, 450 m above Great Bear Lake. Southwest Qf.)
Deerpass Bay, the highlands peak at about 520 m; here upland tundra
cover is about 5%, but the actual cover may be higher as photo
quality was poor and an unusual-Tooking shrub vegetation (due to

burn?) occupied much of the uplands.

‘\D‘\
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Eastward, upland tundra is absent at Cape MacDonnel at the tfp of
Takaatcho Peninsula, Great Bear Lake. Southeast of Takaatcho, the
continuous southern 1limit of wupland tundra turns SE from near Port
Radium, McTavish Arm. In tﬁe forest-tundra around Hornby and Norrie
Bays, McTavish Arm, white spruce is the dominant tree; black spruce
is confined to "muskegs", and pape; birch is bre;ent; edaphic lichen
and low shrub tundras ate present on the coarser-textured ancient |
beach ridges (Lindsey 1952).

Turning south, the southern 1limit of upland tundra then crosses
eastward over the Wopmay ARiver near Wopmay Lake. Southeast of the
Wopmay River, the southern 1imit of wupland tundra passes east of
Little Crapeau Lake, then crosses the Emile River SW of Rodrigues
_Lake, and continues SE crossing the north end of Indin Lake.

The wupland tundra 1imit then parallels the south shore of Snare
Lake, and turns SE passing about 10 km north of Gordon Lake. Upon
approaching Great Slave Lake at Mcleod Bay, the southern limit
parallels the north shore, ;;d Ties about 150 m above the level of
Great Slave Lake. Here the northward rise of the land creates a steep
rise ~in cover of wupland tundra north of Great Slave Lake. At the
same time, rockland complicates the identification of valid upland
tundra such that within 20 km. of the north shore, the contour
positions are somewhat approximate. The rapid gradient in vegetation
change, however, constrains the contoufs to lie close to their true
position. The necessary averaging of sample .photos causes the
southern 1imit to be "pushed" southward, but the contou} iies within

5, or at most 10, km of its true position.

East of the mouth of the Lockhart River in the East Arm, Great
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Slavé Lake, the wupland tupdra Timit drops SSE about 90 km, past the
north end of Noman Lake (north of Nonacho Lake), and thence fo the
T;]tson River. Para]]e]ingy the Taltson River for about 60 km, the
Timit then turns SE, then east, past Coventry Lake and continﬁgs to-
about midway of Wholdaia Lake. Forming a "V" northwar&‘in the valley
of the Dubawnt, the upland tundra limit fhen turns SE past Atzinging
Lake and thehce to the south shore of Kasba }ake. Winding
irreqularly ESE past the south “shore of Nueltin Lake, the upland
tundra limit reaches the Seal RiQér at about Stony Lake. '

Crossing the Seal River at about Shethanei‘L:ke, the southern.
limit passes 15-20 km north'of North Knife Lake, and eastward into
the Hudson Bay Lowlands. Upon reaching the Hudson Bay Lowlands this
ﬁontour, dependent on the ratio of tree:upland tundra cover, loses
re? ability since both trees and upland tundra decrease dramatically
it .ver, In Figure 24B, the southern limit crosses the Churchill,
but reference to Figure 13B  shows that upland tundra is not found
within the valley proper of the Churchill. East of the Churchill
River, the southern limit of upland tundra winds erratically due moré
to the vagaries of available habitat than to climate.

Several southern outliers of the forest-tuﬁdra occur in the
northwest and most of these have been described under section 4.3.6.
In passfng, these are: (a) NW of _Aubry Lake, perhaps due to
coarse-textured hummocky ground moraine; (b) SE of Lac_Befot, where
upland btundra reaches a cover of about 0.4% on isolated summits above
360 m, although photo quality is poor, and the contour is drawn
slightly ;arther west than it should be; (c) due west of Smith Arm,

Great Bear.lake, and SE of Lac a Jacques, a Cordillera outlier with a
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maximum elevation of 840 m; (d) Grizzly Bear Mountain; (e) Norman
Range.

Within the forest-tundra, hachuréd contours denote where tree
cover falls to zero. Four such areas are p]otted~in Figure 24: (a)
Caribou Hills, east of the Mackenzie Delta; (b) north o€ Hepburn Lake
and south of the Coppérmine River; (c) north of Snar;\téké and south
of Redrock Lake; (d) near the junction of the Hanbury and Thelon
Rivers. . / .

In the extreme southeast, the hachured contour approximaﬁes where ’
tree cover falls to <1% due to almost complete dominance by treeless

wetland. In this area, the tree:upland tundra ratio falls below

1000.

4.3.17.4 Relative locations of steep vegetation change

Across much of the western region, steep vegeta;ion gradients
occur near the northern limit of the forest-tundra. North of Great
Slave Lake, sharp vegetatior gradients shift from the northern to the

“southern half of the forest-tundra and retain this location eastward

to Hudson Bay.

Between the extreme geographic 1limits of tree and upland tundra
comnunities, these two vegetation types vie for areal dominance of
the “orest-tundra. With the exceptions of the extensive wetlands of
the Mackenzie Delta and the Hudson Bay Lowlands, the fatio of

tree:upland tundra cover providés a measure of relative dominance.

4 (-
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Because the ratio has been 1ogl0 transformed, each contour represents
a 10-fold change in ratio relative to its neighbor, u

When the position of the narrow 1:1 ratio line in Figure 248;1 is
considered-(re]ative to the north and south limits, a few general
trends appear. In the western half of the study region (west of
Yellowknife), the relative positions of the contours Qéry greatly.
Across much of the western region, the 1:1 contour Ties closer to the
northern than to thd southern limit of the fqrest-tundra, indicative
of high tree cover well to the north, then a rapid fall to zero
trees. This is most true (a) east of Sitidgi Lake to east of the
Kugaluk River; (b) between the middle and upper reaches of the
Anderson and Horton Rivers SE to Dease Arm (GBL); (c) eastward from
McTavish ‘Arm (GBL) ~ to Point Lake. The erratic changes in the
relative positions of the north, 1:1, and south lines in the west are
understandable in 1light of the major discontinuities in elevation,
parent material, and perhaps the influence of fire history (e.q.,
east of Inuvik). -

On an ENE axis running from the middle Wopmay River to western
Po;nt Lake, “relative dominance of tree and Jpland‘tundra vegetatidn
undergoes a dramatic change. Northwest of this axis, most vegetation
change takeg place in the n;rthern half of the forest-tundra.
Southeast of this axis tree cover falls rapidly (upland tundra
increases rapidly) in the southern half of the forest-tundra, then
extends well to the northward in a dominantly tundra Tandscape. This
pattern is vremarkably uniform and striking in northern Manitoba--

southern Keewatin.

In Figure 24B.2, the full range of seven contours is depicted. At

o~
. i
. «
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»
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, this minimum of averaging (4 neighbors), local and regional
variations in the dominance of forest-tundra vegetation are evident.
The overall generalized positioﬁs of the contours and the rates of
change they depict are presumably most closely correlated with
c]imate. Local -and regional variations in climate, parent material
J'and drainage, depth to bedrock, and history manifest themselves in
the Tocal wvariability of the contours of vegetation cover. Each of
the contours may be interpreted as a "treeline". It should be noted
that ,extensive fieldwork provided no evidence to support the notion
of distinct treelines of sexually and asexually reproducing trees.
Sexual reproduction occurs up to the limit of trees as a species.
The prevalence of sexual reproduction simply decreases northward in
favor of rasexua] reproduction. To demarcate separate zones would be
to engage in an unverifiable exerci;e that would mislead rather than

clarify.

4.3.18 Smoothed depictions of’upland tundra and tree EnLer

Gra: - ¢ smoothed wupland tundra and tree cover are described
bty a s In the southeast, most vegetation takes place in
the sa, of the forest-tunqra; in the northwest, steep ‘
graaienL o Jﬁ”n Tocated near tree limit. Both tree and up1and

tundr: co“&pressed in the Hudson Bay Low]ands..

Heavy averaging of the tree and upland tundra cover data (12

neighbors), greatly dampens local variability, and does not permit
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depiction of the zero contour. The bold line in both Figures 14B and
258 is the 5% contour. In these plots it is the relative position of
the contours and the gradients they depict that is relevant. Local
accuracy is lost in the averaging.

The generalized slope of percent cover of upland tundra (Figure
14A) describes a sigmoid curve truncated at its Tower end. In some
localities near the central‘ meridian, e.g., near the Fast Arm of
Great Slave Lake, cover decreases so abruptly as to describe a
parabola. From the Kugaluk River westward to the Mackenzie Delta,
percent cover of wupland tundra increases steadily northward and
usually does not reach a plateau. The Mackenzie River forms a trough

in upland tundra cover; west of the Mackenzie, percent cover rises

" all along the Cordillera, but again does not reach a plateau.

Smoothed cover of wupland tundra rises northward from § to 50% in
45-90 km across the entire subarctic study region. West of the
Horton River, the 80% level is rarely reached. From the Horton east
to the Thelon, cover rises from 50 to 80% in 18-60 knm. Eastward from
the Thelon, the rise from 50 to 80% cover may take as little as 45 km
near Nueltin Lake or as much as 290 km through Manitoba--Keewatin.
The Hudson Bay Lowlands sharply depress potential upland tundra cover
by their scarcity of ub]and habitats. s

- Figures 25A and B present smoothed depictions of tree plus
recently-burned cover. The curve of the gradient in Figure 25A is
truncated sigmoid. South of the east end of the Eskimo Lakes, the
curve is steep and abrupt enough to describe a parabola. The

irregu]ariky of the surface in the Great Bear Lake region is due
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primarily to highlands. .The more gradual slope 1in the east is
evident, as 1is high tree cover in the Thelon, Dubawnt, and Kazan
valleys, and farther east, the Henik Lakes. Note the depressing
effect on tree cover of the Hudson Bay Lowlands. In general, trees
reach their highest cover in the eastern subarctic.

West of the Thelon, smoothed tree cover falls from 50 to 5% in
35-70 km. East of the Thelon, the same fall in tree cover may
require 60-240 km. Across the subarctic, the fall from 80 to 50%
cover wusually takes place within 40 km. The major exceptions are
east of the Mackenzie and east of McTavish Arm, Great Bear Lake; in
thesé areas, the 80 to 50% decline may take as much as 70-110 km.

Figures 14 and 25 may be summarized: (a) in the southeast, tree
and upland tundra cover change most rapidly in the southern portion
of the forest-tundra, with gradual change to the north; (b) from the
Mackenzie eastward to - the Coppermine River, vegetation changes tend
to be more rapid at the northgrn'1imit of the forest-tundra, and
gradual at its southern limit; (c) north of Great Slave Lake, steep
vegetation gradfents cross over from the northern forest-tundra to
the southern forest-tundra. This crossover can be seen on a line
extending NNE from the Wopmay River to Point Lake. Gradients of-
vegetation change in relation to climate are considered in section

5.2.



110

4.4 Soil pH, cation exchange capacity, and nitrogen anq'**

potassium levels in the study region

Typical soils in the northwest are loamy textured, have
slightly higher pH’s and much greater CEC’s than the sandy loams
and loamy sands of the Shield. Some Shleld ;;fls, however, are
basic in pH. Nitrogen and potassium levelﬁ average about 3-10

\\\times higher for the northwest than for the Shield.

Soil and vegetation studies “have been conducted over much of
-the  study region; Appendix 3  provides a selection of
representative vegetation and soils data. Although differences in
approach and the sparsity of data militate against a comprehensive
treatment, a general review of available soil nutrient data may
aid in understanding the forest-tundra environment. Soil acidity
and cation exchange éapacity provide a general indication of the
nutrients available to plants (Zoltai and Johnson 1978); these and
nitrogen and potassium data are summarized in Tables 2 and 3.

Quantitative ¢omparisons of pH and cation exchange capacity may
be subject to errors, as both pH and CEC are somewhat
method-dependent (Black 1968; Kohnke 1968; e.g., Losey et al.
1973), and thus statistical tests for differences should be viewed
conservatively. @

Acidic and basic parent materials, and also coarse- and
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fine-textured soils, are .extensive both in the northwest and on
the Shield. As such, the comparisons of pH and CEC apply to
average conditions. In order for regional differences to be
evident, therefore, fine-textured Shield soils have been separated
from the madch ‘more typical coarser-textured Shield soils (see

Table 2 footnotes).

Organic horizons of the Shield average more acidic than those
of the northwest (Tab]e 2), but the difference i§ only weakly
significant. A~ horizons of the Shield (for soils of sandy loam
texture or coarser) are significantly more acidic than those of
the northwest, but B horizons are essentially identical in pH in
the soils examined. C horizons of the Shield average somewhat
more acidic than those of the northwest, but again the difference
is non-significant at p=0.05. There is a wide range in pH values
for all horizons in both the northwest and the Shield.

The “"typical" Shield soil overlies acidic crystalline rocks, is
sandy loam or loamy sand textured, and is derived from a till
layer 2-8 m thick. Shield soils, however, are more diverse in
parent materials than those of the northwest. Many soils are
derived from Archean sediments, metasediments, volcanics (usually
basic), and Proterozoic sandstones (Geological Survey Canada
1968) . Glaciolacustrine and glaciomarine modification adds
further diversity to Shield soils (Geological Survey Canada
1967) Soils data are still too fragmentary to differentiate

these soils from those of "typical"” Shield terrain.
>
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Table 2. Summary of soil pH and cation exchange capacity for the
study region. "Northwest" includes the Arctic Coastal
Plain, Interior Plains, and two Cordillera soils. Data

~ are summarized from the sources listed in Appendix 3.

The Shield data are for soils of sandy loam texture or
coarser; see footnotes # and *. The t&4t for difference
between Northwest and Shield soils is a Mann-Whitney
probability of non-significance.

S0i¥PpH

Northwest Shield Test

Hor. {Median Range N S.D.|Median Range N S.D. | Prob.

org. | 4.7 (3.4-8.0) 19 1.4 | 3.8 (3.0-7.8) 19 1.3 | 0.077

A 5.3 (3.6-8.0) 11 1.5 3.9 (3.0-5.5) 21 0.7 | 0.011
"B 5.0 (3.7-8.0) 20 1.3 | 5.3 (3.6-7.4) 39 0.8 | 0.259
C 6.2 (3.6-8.0) 30 1.4 | 5.0 (3.9-7.3) 33 1.0 #] 0.102

Cation exchange capacity (meq/100g)

T

org. [ 71.0 (17.6-127.) 7 34.8 | 94.2 (49.1-155.) 14 41.6 | 0.048

A 26.8 (4.9-33.1) 9 9.6 6.2 (1.5-51.5) 14 12.8 | 0.005
B 18.6 (5.0-25.2) 17 6.7 3.4 (1.6-11.9) 20 2.8 | 0.0001>p
C 20.9 (1.0-38.2) 21 10.4 1.5 (0.3-2.5) 29 0.6*| 0.0001>p

# pH of Shield soils finer than sandy loam in texture is higher: (
horizon median pH 7.8, range 5.0-8.4, N=18, +/- 0.9 for soils of the
Coppermine River, Dismal Lakes, and East Arm of;Great Slave Lake.
* cation exchange capacity of three fine-textured Shield soils:
median 19.4, range 2.5-22.6, N=3, +/- 10.8
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For example, 1in Shield soils of texture finer than sandy loam,
C horizon pH is generally high (median 7.8 for soils of the
Coppermine River, Dismal Lakes, and the East Arm of Great‘Slave
Lake; Table 2). Perhaps the most basic soils of the Shield are
silt loams of the lower Coppermine River and Dismal Lakes. The
bedrock of this area is variable,\ and includes limestone,
dolomite, granitic rocks, syenite, gabbro, diabase dykes,
cong]g@erate, sandstone, metagreywacke, and interbedded red shales
and dolomites (Geological Survey Canada 1968; field observ.).

West of the Shield, on the Interior Plains and the Arctic
Coagtal Plain, til1~dérived soils have developed over carbonate
rocks, sandstone, shale, mudstone, and siltstone. Soil acidities
for the region range widely between 3.6 and 8. Highest pH's (7-8)
are found on calcareous terrain such as along thé upper Horton
River; non-calcareous tills generally have pH’s between 5-6.
Lowest pH’s (<4) are found on non-calcareous colluvium in the
unglaciated mountains of the Cordillera (Zoltai and Pettapiece
1974).

Soilsy derived from carbonate ‘tills along the Horton River
typically have textures of Tloam, siltr]aam; or silty clay loam,
and pH’s in the C horizon of 8.0 (Zoltai et al. 1979; this study).
Much of the 1land between the Horton and Anderson Rivers is
underlain by Devonian'shale, limestone, sandstone, and Cretaceous
;i1tstone, mudstone, and shale. The typical till is clay to clay
loam textured, and sparsely stony in the south (Anderson River
Morainic Plains of Zoltai et al. 1979). In the north (Smoking

Hills Uplands), till s patchy; most surficial material is clay

-

/
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otextured and colluvial or aeolian-like (Zoltai et al. 1979).

7 Regional ‘pH in the  Smoking Hills of the Hortoﬁ:ﬁ!ver‘excee§§ 7.5
(Havas and Hutchinson 1983).

Glaciofluvial, a]]uJia], and-ice-contact derived soils studied
along th Horton River had pH’s between 7.0 and 8.0, and textures

‘réngina fros fand to silty clay Toam (see Appendix 3).

The median cation exchange capacity for organic soiJs’onAtﬁe'.
Shield is significantly higher than that of the northwest (Table
2), but most 'oﬁ -this capacity: is - taken up by hydrogen ions
(Appendix 3). Mineral horizons of the northwest show CEC’s 4-14
times greater. than those of coarser—textufed Shield soils (Table
3). Due to enrichment with organic matter, A horizon; ha@e the
Highest CEC’s. Cation exchange capacity of northwest B horizons
is 5.5 times greater, and that of C horizons is 14‘times greater
than %¥hose -of the Shield. Although there are insﬁfficient data,
fine-textured Sh1e1d soils probab]y have CEC’s similar to those of

the northwest (median 19. 4, range 2.5-22.6, N=3, +/- 10.8, for C

horizons).

Total nitrbgen levels peak in organic - horizons, . showing a
.median of 1.70% for Shield organic soils, and 0.07% for Shield A
horjzons (insufficient data for northwest organic soils and A
horizons). Although nitrogen ‘data are also scant for B and C
horizons, of the soils available, percent total nitrogen averages
about 3-10 times greater for northwest than fof Shield soils

(Table 3).
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Table 3. $Summary of nitrogen and potassiuﬁ levels for soils* of

the study region. "Northwest" includes the Arctic
Coastal Plain, Interior Plains, and two Cordillera
soils. By inspection of data, "trace" was arbitrarily
defined as 0.04 for both N and K values. Due to the
varied sources of data, and the necessary approximations
of "trace", no statistical tests are given. Data for BC
horizons were tabulated under C horizons. Values for
the Shield are for soils of sandy loam texture or
coarser. "----" denotes insufficient data.

Total Soil Nitrogen (percent)
, Northwest Shield

Horizon | Median Range N Median Range N
organic ~--- ---- -- 1.70 (0.40-2.69) 14 -
A ---- ---- -- 0.07 (0.02-0.50) 15

B 0.11 (0.05-0.18) 4 0.04 (0.003-0.10) 19 **
o 0.13 (0.01-0.31) 5 0.01 (0.00-Q‘QAQ 13 **

Soil Potassium (meq/100g)
—

organic 0.97 (0.36-4.10) 7 0.30 (0.10-3.10) 14

A 0.51 (0.12-1.00)"10 0.07 (0.03-0.40) i4 **
B 0.22 (0.12-8.44) 12 0.04 (0.03-0.14) 20 **
o 0.29 (0.02-0.70) 15 0.04 (0.03-0.12) 30 **

* Data are summarized from Losey et al. (1973); Tarnocai (1973);
Zoltai and Tarnocai (1974); Pawluk and Brewer (1975); Zoltai
and Johnson (1978); and Bradley et al. (1982).

** exclusive of lacustrine clay Redcliff Island soil association

in th
B zxd C

a\ggéi*épm of Great Slave Lake; Redcliff % N ="0.1 in both

tZons, and K meq/100g = 0.2 in A, 0.6 in B, and 0.7

in C horizons (cf. Bradley et al. 1982)
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Soil potassium Tlevels are higher for soils of the northwest
(Table 3). Organic horizons of the northwest showed three times
as much, and A horizons seven times as much potassium as those of
the Shield. For B and C horizons, K levels in the northwest
averaged 5-7 times greater than those of the typical

coarse-textured soils of the Shield.

By virtue of their slightly higher 'pH and much greater CEC,
nitrogen: and potassium levels, average northwest soils provide a
more nutrient-rich growing mediam than do typical Shield soils.
The richest soils of the forest-tundra are probably loams on,
calcareous parent materials, e.g., in the Coppermine--Dismal Lakes
region, and the' southern portion of the Horton and Anderson
Plains. Vegetation and soil relationships are described in

sections 4.5 and 4.6, and discussed in 5.2.4.

4.5 Plant species indicating soil pH, moisture, and bioclimate

in the study region

Substrate preference and geographic  distribution of
forest-tundra species are summarized as a basis for terrain
interpretation and vegetation classification. A break in species
occurrence takes p]aééy hear the Shield/sedimentary terrain
boundary nortﬁ of Great Slave Lake which coincides with both a
marked change in the orientation of vegetation contours and in the

Tatitudegof the forest-tundra.

-
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Habitat preferences of arctic and subarctic plants are somewhat
dependent upon the region (Griggs 1934). For example, Ptilidium
ciliare is evidently an acidophile in Minnesota and adjacent
regions (Schuster 1977), but is usually found on ca]caredus soil
and humus in Alaska (Steere and Inoue 1978)§£?Dwarf birch, a
species of bogs and wet mountain slopes and('summits at its
soythern 1limit (Gleason and Cronquist 1963), shows little pH or
moisture preference in the high subarctic. Black spruce, a
species of Sphagnum bogs at its souf%ern\_1imit (Gleason and
Cronquist 1963), grows in wet to dry soils, ;rganic and mineral,
and over bedrock in the subarctic and much of the boreal region.
White vspruce, normally a mesophyte, prefers wet to wet-mesic soils
’at its.  northern 1limit. Thus, indicator spec{es must be
interpreted in a.regional context.

A summary of forest-tundra indicators of soil pH, s0il
moisture, and bioclimate is offerred as a framework for landscape
interpretation and vegetafion c]assif;cation (Tables 4A-D). Data
are primarily from fieldwork and ordiﬁations, supplemented by
regional studies Tlisted in Figure Zf Indicators have been

compared to species accounts in Steere (1978), Steere and Inoue

£1978), Porsild and Cody (1980), and Thomson (1984).
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Table 4A. Plant indicators of soil pH and moisture in the
forest-tundra of the NWT.* )
ACIDIC BASIC
¢
HYDRIC

Carex saxatilis
Drepanocladus fluitans
Drosera rotundifolia
Kalmia polifolia
Lophozia binsteadiy
Oxycoccus microcarpus
Pinguicula villosa
Polytrichum commune
Sphagnum balticum

Calliergon giganteum
Carex garberi

C. gynocrates

C. physocarpa
Catoscopium nigritum
Drepanocladus badius
Eriophorum callitrix
Meesia triguetra
Oxytropis deflexa

S. Ffuscum ~Pedicularis sudetica
S, russowii Scorpidium scorpioides
MESIC

Arctostaphylos alpina
Betula papyrifera
Cladonia crispata
Equisetum sylvaticum
Geocaulon lividum
Gymnocolea inflata
Pedicularis labradorica
Peltigera malacea
Pleurozium schreberi
Ptilium crista-castrensis

Arctostaphylps rubra
Carex concinna

C. scirpoidea
Distichium capillaceum
Hedysarum alpinum
Hypnum bambergeri
Isopterygium pulchellum
Lupinus arcticus
Oncophorus wahlenbergii
Oxytropis maydelliana
Potentilla fruticosa
Salix reticulata

XERIC

Agrostis borealis

Carex deflexa

C. supina

Cryptogramma crispa

Diapensia lapponica

Dryopteris fragrans

Hierochloe alpina

Loiseleuria procumbens

Sphaerophorus globosus

Stereocaulon paschale

Xanthoparmelia centrifuga
(saxicolous,
sometimes on soil)

Bryum wright7i

Carex glacialis

C. nardina

C. rupestris
Cetraria tilesii
~Chrysanthemd integrifolium
Dactylina ramulosa
Erigeron compositus
Kobresia myosuroides
Oxytropis hyperborea
Physconia muscigena .
Salix niphoclada
Tortula ruralis

*

imperfectly- to well-drained; and xeric to rapidly-
excessively-drained and often exposed conditions.
distinction is made between mineral and organic soils.

)

The acidic--basic division is taken as pPH 7. Hydric refers
to soil conditions from submerged to poorly-drained; mesic to

No
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While the dua1~soiJ moisture and pH indicators in Table 4A are
informative and useful in vegetation c]assification/’(e.g.,
Arctostaphylos alpina, A. rubra, Carex concinna), many of these
species fare inconspituous (e.g., Isopterygium pulchellum,
Lophozia binsteadii). In contrast, some species, many of which
‘ére dominant on the Shield and of relatively mifior importance
elsewhere, are poor indicators of pH and moisture conditions:
Betula glandulosa, Empetrum nigrum, Ledum decumbens, L.
groenlandicum, Salix arbusculoides, S. glauca, Vaccinium
uliginosum, V. vitis-idaea, Dicranum  acutifeolium, Cetraria
cucullata, C. islandica, C. nivalis, Cladonia mitis, and C.
rangfferfna.

Important species which indicate only pH are Carex bigelowii,
Picea mariana, and Ptilidium ciliare (acid); Picea
glauca  (circumneutral to basic); and 'Carex vaginata, Dryas
integrifolia, Aulacomnium acuminatum, and Ditrichum f?exicaule
(basic).

Indicators of moisfure only are Arctobhila fulva, Carex
aquatilis, Eriophorum  angustifolium, and Salix alaxensis
(wet);  Arctagrostis latifolia, Eriophorum vaginatum, Salix

planifolia, Aulacomnium pa{ustre, Drepanocladus  uncinatus,
Hylocomium  splendens, Rhytr'drium rugosum, Tomenthypnum m‘teni
Cetraria andrejevii, C. laevigata, and Cladonia gracilis
(brcadly mesic{; and Polytrichum piliferum (dry). Cassiope
tetrarona indicates wet-mesic to mesic conditions and may be

somewhat calciphilic.

In addition to the two major gradients of moisture and pH, a
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thirdy climatic gradient is evident. As the forest-tundra is both
a distinctive vegetation and climatic transition, indicators are
numerous, and only a sampling of conspicuous species is given
below (Tables 4B, 4c, 4D).  For comparison, see Bradley et al.
(1982) for plant indicators of biocfimate in the chkhart River
map area, and Ahti (1978) for-.arctic--subarctic indicators in
northern Europe. '

The most obvious bioclimatic indicatorsl are the trees.
Tree-size ba]s%m poplar and aspen reach their northern lTimits in
the high boreal region; jack pine reaches its northern limit near
the high boreal--Tow subarctic transition; and'paper birch reaches
its. limit in the southern half of the high subarctic; larch, white

spruce and black spruce extend through the high subarctic.

Table 4B. Conspicuous species extending northward into the low
subarctic (extending rarely or sporadically into the
high subarctic)*.

[

|
Arctostaphylos uva-ursi** Pleurozium schreberi.
Equisetum sylvaticum Ribes triste
Geocaulon lividum Rosa acicularis**
Juniperis communis** Rubus acaulis
J. horizontalis i R. strigosus
Myrica gale Viburnum edule

Pinus banksiana

* Stereocaulon paschale and (ladonia multiformis extend
north through the high subarctic, but are less abundant than in
the low subarctic. , , :

** May be common in the forest-tundra of the far northwest
(see Ritchie 1984).

)
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Table 4C. Conspicuous species extending northward into the

high subarctic or low arctic.

Alnus crispa C. deflexa »

Betula occidentalis Cladonia crispata

B. papyrifera Ptilidium ciliare

Carex aquatilis var. aquatilis Ptilium crista-castrensisp
C. capitata ' Salix planifolia

C. concinna /

Table 4D. Conspicuous species«éxtending southward into the

low arctic, high subarctic, or northern Rocky

Mountains*.
Alectoria ochroleuca Lesquerella arctica
Alopecurus alpinus Luzula nivalis
Androsace Chamaejasme | L. wahlenbergrii
Arctagrostis latifolia Salix arctica
Arctophila fulva Masonhalea richardsonii
Campanula uniflora Oxyria digyna
Carex aquatilis var. stans Oxytropis arctobia
C. membranacea Papaver radicatum
C. rariflora Parrya arctica
C. rupestris . Phyllodoce coerulea
Cassiope tetragona Salix arctophila
Chrysanthemum integrifolium . herbacea
Cinclidium arcticum . lanata
Cornicularia divergens S. niphoclada
Dactylina arctica . S. reticulata
Diapensia lapponica Saussurea angustifolia
Dicranum amannii Saxifraga oppositifolia
D.angustum Thamnolia subuliformis

Hierochloe alpina

*

Betula glandulosa and Salix glauca, though wide-ranging,
reach their greatest prominence in the high subarctic. Dryas
integrifolia reaches its greatest dominance in the low
arctic, but extends southward into the high subarctic as a
dominant species on calcareous terrain.
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Classification of common forest-tundra species by their stand
occurrences (Table 4E) indicates four geographically-correlated
groups. The upper (southeast):-group (33 species, 22% of total)
is charactgristic of the Shield, low to high subarctic, and/or
acidic coarse-texfured soils (e.g., in decreasing strength of
preference, Salix planifolia, Carex bigelowii, Picea mariana,
Stereocaulon paschale, Betula papyrifera, Alnus crispa, Pleurozium
schreberi, and Arctostaphylos alpina).

Widespread species, many of which are dominant on the Shield
and of vrelatively minor importance elsewhere, .comprise the second
group (e.g., Vaccinrum vftis-fdaea; Ledum groenlandicum, |.
decumbens, Empetrum nigrum, Cladonia mitis, Vaccinium uliginosum,
and  Betula glandulosa; 32 species, 22%). In comparison,
widespread species showing a greater occurrence in the northwest
are  characterized by Picea glauca, Carex gfacfalfs; and
Rhytidium rugosum (23 species, 16%) .

Species  characteristic of the fine-textured loams of the
northwest, high subarctic to low arctic, and/or basic often moist
soils comprise the northwestern group (60 sp’s, 41%). In
increasing strength of preference, some conspicuous members arg:
Arctostaphylos rubra, Tomenthypnum nitens, Hedysarum alpinum,
Bryum pseudotriquetrum, ODryas integrifolia, Ditrichum flexicaule,
Salix vreticulata, Potentilla fruticosa, Lupinus arcticus, Carex
scirpoidea, and C. concinna.

The discontinuity between the southeastern and northwestern
species occurs near the Shield/sedimentary terrain boundary north

of Great Slave Lake. Northwestern species are dominant on the
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Shield (sensu lato) only in the Coppermine River region, where
Archean sediments are overlain by fine-textured basic soils. An
analagous discontinuity 1in species composition and abundance
occurs at the Shield/Paleozoic boundary in the forests of the low
boreal region in central Canada QLaRoikl964). For example, LaRoi
found that (1) Abies balsamea was the major associate in black
spruce stands east of Lake Winnipeg; white spruce was the major
associate westward. (2) Abundance of Ledum groenlandicum was
greatest in black spruce stands east of Lake Winnipeg; where
Ledum was not common (between Lake Winnipeg and the Rockies),
Ros#  acicularis was the wusual dominant in the medium--low
shrub  stratum. (3) In white spruce--fir stands, the 1low
tree--tall shrub  layer was dominated by‘ Acer spicatum in
stands east of Lake Winnipeg; Alnus crfgpa was the wusual
dominant as far as Great Slave Lake, with Salix and/or
Salix/Alnus dominating westward to Alaska.

The break in  species occurrence and dominance in the
forest-tundra, indicative of,edaphic and geographic components in
the vegetation, coincides with a marked change in the orientation
of vegetation cover contours. At the Shie]gt—the forest-tundra
drops precipitously southward, both geographically and
climatically (Figure 24). The prominence of arctic--alpine
species in the nortH;ést, and of low subarctic species in the
southeast, highlights the disparate climates within the
forest-tundra. Dominant plant communities are outlined in section
4.6; vegetation, climate, and terrain relationships are discussed

in section 5.2.
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4.6 Vegetation communities and associations

of the forest-tundra - \

A éreat]y “simplified ﬁpd preliminary classification of
forest-tundra vegetation 1is provided, with an emphasis on the
vegetation of mesic mineral soils. Variations in physiognomy and
species composition are noted along environment;1 gradients.

Preliminary results from ordinations of species and stands
‘indicate tw6 major gradients: soil \pH and moisture. Figure 26
presents a stand ordination (DECORANA: Hill 1979a) based on
presence of  common vascular, bryophyte and‘ lichen species.
SuppTementary data off vegetation associationg, and soil pH and
moisfure,'ar&\gggyided in Appendjr.Si

Stands in the lower 1left of the ordination are dry acidic,
while those in the upper right are wet ca]carebug. Stands on
acidic }0115 are c]ugtered, indicating both greater stand
similarity on. the Shield and sampling bias toward mesic and
dry-mesic sites in 1982 and- 1983. In 1984, a broader range of
moisture conditions was included inlthe sampling, including many
wetlands. This coincided with a transition from coarse-textured
acidic soils on the Shield to finer-textured basic‘soils in the

s

northwest.

{ I

Stand position on the x-axis inFigure 26 is corrfelated both

. . }
with pH (r=0.740, p<<0.0001),and moisture (r=0.445, p<0.0001).
. R o
But - soi] pH and, megdsture are pemselves correlated (r=0.255,

4

N AR :
0.05>p>0.02), - probably because- high pH soils tend to be

s .

L7 B ’

@
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fine-textured. The y-axis 1is correlated significantly with
moisture (re0.756,1p<<0.0001), but not with pH.

In addition to soil pH and'moisfure, soil texture and climate
also affect the species’ composition of stands. But due to the
sharp landscape transition at the Shield/Northwest boundary, and
the NW--SE origntation of the forest-tundra, variables such as pH,
moisture, textdie and Tlatitude tend to be correlated, leading to
complex gradients. Fine-textured soils were significantiy wetter
and higher in pH than coarse-textured ;ojls (r=0.376, p<0f01;
r=0.509, p<0.001, respectively). Because the finer-textured high
pH soils of thg northwest occur at highe; latitudes than the

Shield soils, latitude is also correlated significantly with

(r=0.332, p=0.001). Strong .correlationgl

)

latitude, and the effect of the 4 *gradient by itself,

resulted in a high correlation of Tatit§ ': ith-stand position in
the ordination. The correlation was greater along the x-axis (r=
0.794, p<<0.0001), than atong the y-axis (r=0.353, p<0.001). Along
this complex of interrelated  environmental ‘gradients, plant
associations change continuously, making meaningful abstractions
~ difficult to identifys N

A second difficulty in identifying'p]ant associations arises in
comparing vegetation descriptions from various studies. Without a
standard method for naming vegetation types and associations, it
is  sometimes difficult to determine whether differences or

" similarities in vegetation “are real. A third difficulty is the

paucity of published vegetation studies.

>
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A fourth and perhaps most serious difficulty in vegetation
classification derives from the ecology of the important species.
Dominant plants such as Empetrum nigrum, Vaccinium u??ginosum,
and V. vitis-idaea can be found in hydric .bogs, xeric stony
terrain, and all habitats in between (Griggs f1934)%“? These
widdiranging species may be dominant not only due to their broad
ecological amplitudes, but also to the yogth of the subarctic
landscape, substrate instability, and to low competition (Hangy

1976). Griggs (1934:171) summarized:

"Lack of close-drawn competition... explains both the apparent
lTack of ‘habitat preferences in the most characteristic species,
and... thgﬂfim‘te variation in the composition of the plant

cover."

Differences among  forest-tundra plant communities are more
reflected in changes of relative cover than in floristic composition
(Hardy 1976). Thus the same -factors which make the subarctic flora
SO sﬁﬁp]e-- youth of the landscape, short time slhce deglaciation,
openn%ss of the communities, and substrate instabi]i{y--‘ make

subarctic  vegetation complex. The ’simplicity’ of northern

vegetation was given perspective by Drury (1956:101) when he wrote :

"...when it has been said that the vegetation of the North is
less well organiZed” or simpler, what has been meant is probably
that it is made up of fewer species. It certainly is not simple."
Within the forest-tundra, it appears that soil moisture is the

prime determinant of physiognomic vegetation types (e.g., lichen,

graminoid, dwarf shrub, medium and tall shrub, treée); i.e.,
)
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physiognomy is independent of fsoi] pH. In cont?ést, plant
association§ are correlated with both pH and moisture.

Exclusive of azonal vegetation, forest-tundra vegetation
communities on mesic mineral soils are divisible into four broad
types (Table 4Ff, Figure 27): (Al)} forest and forest-thndra on
acidic  soils;  (A2) ‘aciQic shrub tundras; (B1) forest and
fOfest-tundra on basic soils; (B2) basic shrub tundras. Shrub

\\)ugdras are dominant northward and tree communities dominant
southward. * Forests of single-stemmed trees undergo a transition
northward to wood]ands,g forest-tundras (wide]y-spsced, typica11y
clonal spruce fn a tundra matrix), and thickets in which clonal
reproduction is prominent (Plates 5-8,11). |

The black spruce/dwarf  birch/ericad/1ichen association
dominates acidic loamy sand and sandy loam tills of the Shield in
the  southern portion of the forest-tundra (a similar black
spruce/shrgb/moss association dominates much of_thé’1ow subarctic
northwest.lon flat to gently sloping fine-grained acidic soils
(Ritchie 1984); see footnote * Table 4F). Northward, dwarf
birch--willow/ericad/lichen dominates mesic acidic soils.

On basic loamy soils of the northwest, forest and forest-tundra
stands are dominated by the white spruce/dwarf birch--willow/
Dryas--legumes/Carex/moss association (non-calcareous silt
Toams in  the northwest support a white spruce/shrub/moss
agsociation (Ritchie 1984); see footnote ** Table 4F). Basic
i@ndras Vsupport a diversity of plant associations, but the core

type Ts the medium shrub/Dryas--1egumes--Arctostaphylos

rubra/Carex/lichen association on wet-mesic sites, with a
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decline in medium shrubs on mesic and dry-mesic soils.

Variations in forest-tundra vegetation communities and
associations are myriad along environmental gradients; some of
these variations are alluded to in Table 4F and Figure 27.
Vegetation communities of like moisture . conditions are
characterized by phyiiognomica]]y similar vegetatiog, with various
associations correlated with soil pﬂ. For examp]e,{ dwarf
shrub/lichen tundras occupy dry exposed uplands and summits; on
acidjc soils, Empetrum--Vaccinium vitis-idaea/Alectoria--
Cornicularia are typical; Dryas--Carex/Cetraria--Ochrolechia
typify dry basic soils. On the wet mineral soils of slope bases

and shallow' depressions, Eriophorum vaginatum tussock tundras

occur. In acidic tussock tundra, Andromeda polifolia, Carex
rotundata, Oxycoccus microcarpus, Rubus  chamaemorus, and
Sphagnum spp. are typical. Tussock tundras on basic soil are

indicated ‘by Carex scirpoié*a, C. vaginata,. Eriophorum

callitrix, Campylium stellatum and others. With poorer
drainagé, tussock tundras pass into . Eriophorum--sedge
meadows. Peat and permafrost aggradation ‘and isolation from

groundwater can lead to development of various bog types.
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%able 4F. Overview of four major plant associations of mesic mineral |
errain in the study region. "Ericad" as used here includes

Empetrum nigrum. Emphasis is on common and conspicuous species.

Data are from fieldwork, supplemented by studies cited in Figure 2
" (see Table 4E, Figure 27). :

(A) On mesic to dry-mésic, acidic mineral soils, often
coarse-textured Shield tills :

(Al) Forest to forest-tundra .
black spruce/dwarf birch/ericad/lichen [see Plates 6,8)

ericads: Arctostaphylos alpina, Empetrum, Ledum decumbens,
L. groenlandictim, Vaccinium uliginosum, V. vitis-idaea

lichens: C(ladonia gracilis, C. mitis, C. rangiferina,
C. uncialis, {tereocaulon paschale

associates: Betula papyrifera, Carex bigelowii, Salix
arbusculoides? S. glauca, Dicranum spp., Polytrichum

'l Juniperinum, Ptilidium ciliare, Cladonia amaurocrea, C. cornuta,
C. cgispata;

moister”: Alnus crispa, Equisetum scirpoides, Larix laricina,
Oxycoccus microcarpus, Rubus chamaemorus, Salix planifolia,
Aulacomnium turgidum, Hylocomium splendens, Sphagnum fuscum,
S. recurvum; see (A2) ) -

northern or drier: acidic tundra, see (A2)

on glaciofluvial sand:. Geocaulon Iividum, Picea glauca
Polytrichum piliferum i

(A2) Tundra
dwarf birch--willow/ericad/lichen (see Plates 3,6,8)

willows: Salix arbusculoides, S. glauca

ericads: Arctostaphylos alpina, Empetrim, iedum’decumbens,
Loiseleuria procumbens, Vaccinium uliginosum, V. vitis-idaea

lichens: Cetraria cucullata, C. nivalis, Stereocaulon paschale,
Thamnolia subuliformis

associates: Betula occidentalis, Carex bigelowii, Luzula *
confusa, Poa glauca, Saxifraga tricuspidata, Dicranum spp.,
Polytrichum juniperinum, P. piliferum; .

moister: Andromeda polifolia, Carex aquatilis var. stans,
C. rotundata, Eriophorum vaginatum, Pedicularis labradorica,
Pinguicula villosa, Rubus chamaemorus, Salix arctophila, Scirpus
caespitosus, Aulacomnium spp., Drepanocladus fluitans,
Sphagnum .

drier or more exposed: Empetrum--Vaccinium vitis-idaea/
Cornicularia--Alectoria; tCarex supina, Diapensia lapponica,
Loiseleuria procumbens;

northern: Cassiope tetragona, Dryas-integrifolia
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Table 4F, continued--

(B) On mesic, basic soils, typically Northwest 1o§my tillses
(Bl) Forest to forest-tundra

/
white spruce/dwarf birch--willﬂ&/ﬂ;yas integrifolia--
legumes/Carex/moss (Plates 1,5,7)

willows: Salix glauca, S. lanata

legumes: Hedysarum alpinum, Lupinus arcticus, Oxytropis spp.

Carices: Carex capillaris, C. concinna, C. membranacea, C.
misandra, C. scirpoidea, C. vaginata

mosses: Aulacomnium spp., Campylium stellatum, Distichium
capillaceum, Drepanocladus uncinatus, Hypnum bambergeri, Hylocomium
splendens, Rhytidium rugosum, Tomenthypnum nitens

associates: Anemone parviflora, Arctostaphylos rubra, Cardamine
digitata, Cassiope tetragona, Ledum groenlandicum, Parnassia
palustris, Potentilla fruticosa,$Salix reticulata, Vaccinium
uliginosum; ‘

moister: Carices and mosses increase in importance, see (B2)

northern or drier: basic tundra, see (B2)

»

(B2) Tundra

medium shrub/Dryas--legumes--Arctostaphylos/Carex/1ichen
(Plates 1,4,5)

legumes: Hedysarum alpinum, Lupinus arcticus, Oxytropis spp.
Carices: Carex membranacea, C. rupestris, C. scirpoidea,

C. vaginata '
lichens: Cetraria cucullata, C. nivalis, Ochrolechia upsalliensis
associates: medium shrubs (Betula glandulosa, Salix glauca, S.

lTanata) may dominate on wet-mesic sites; Potentilla fruticosa,

Salig reticulata, Senecio atropurpureus;
moister™: Eriophorum vaginatum, Cardamine digitata, Carex

atrofusca, C.lugens, C. scirpoidea, C. vaginata, Cassiope tetragona,

Bryum pseudotriquetrum, Campylium stellatum, Distichium capillaceum,

Drepanocladus revolvens, Hyphum bambergeri 4:;
drier or more exposed: Carex nardina, Salix niphoclada, S}xffraga

oppositifolia, Cornicularia muricata occur with Dryas/Carex

rupestris/lichen; medium shrubs are absent

L

* On flat to gently sloping fine-grained glaciolacustrine deposits,
Toess, and tills with earth hummocks and little peat accumulation
in the northwest, black spruce/shrub/moss open woodlands (Ritchie
1984) occur with a nearly identical species assemblage. In the
northwest, this community is most widespread in the low subarctic.
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Table 4F, continued--

F with impeded drainage, dwarf birch, ericad, and willow cover is low,
and Eriophorum tussocks are prominent in tussock tundras; with
poorer drainage, tussock tundras pass into Eriophorum- -sedge
meadows; with peat accumulation and isolation from groundwater, bog
types are formed.

** On non-calcareous silt loams in the northwest, a white spruce/shrub/
moss association is common. Shrubs are Alnus crispa, Betula "
glandulosa, Rosa acicularis, Salix glauca, Shepherdia canadensis;
mosses are Aulacomnium turgidum, Dicranum elongatum, Hylocomium
splendens; associates: Empetrum nigrum, Ledum decumbens, Ribes
triste, Vaccinium uliginosum, V. vitis-idaea, Viburnum edule,
Peltigera aphthosa (Ritchie 1984). Many of these species are more
characteristic of the low subarctic, rather than high subarctic.

Figure 27. Forest-tundra vegetation and site relationships in the NWT,
greatly simplified (see Table 4F). ‘

--dwarf ericad/lichen Dryas/lichen--
(dry, \ / (dry,
exposed) \ / exposed)
\ /
medium shrub/ericad (north) medium shrub/Dryas (north)
black spruce (south) - white spruce (south)
(mesjc) \ / (mesic)
Acidic Soils \ / Basic Soils
: \ / '
\
--tussock tundra--
(wet, mineral)
.y

Organic soils
Eriophorum--sedge meadow
(peat and permafrost (peat and permafrost
aggradation, isolation degradation, contact
from groundwater) with groundwater)
Bog-fens, palsas, peat plateaus, peat polygon areas

s
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Plate 1. South of Redrock Lake, white spruce tree cover begins to
rise northward. In this view near Redsock and Rocknest Lakes, white
spruce occurs in a willow--birch depression. Upland nets are '
outlined by medium shrub; light-toned tundra is probably dominated by
Dryas--Carex--lichen. 114° 16’ 30’'W, 65° 29’ 40’'N; 21 June 84.

Plate 2. Well-developed
patterned ground in lake
shallows similar in form to
that on uplands. 114° 20'W
64° 54’ 20''N. 21 June 84.




Plate 3. Lichen rockland and dwarf ericad/lichen communifty.

Cover dominants are saxicolous lichens such as Asahinea,/
Hypogymnia, Lecidea, Parmelia, Rhizocarpon, and Xanthopa‘melia.
Fruticose lichens and other plants, found primarily in rock cracks
and depressions, are Alectoria ochroleuca, Bryoria nitidula,
Cetraria, Cladonia, and Cornicularia; dwarf ericads,

Empetrum, Dicra longatum, and Polytrichum piliferum.

I11° 027 35w, 4’ 15''N; 17 June 84.

Plate 4. In this view
of upland tundra on fine-
-textured basic soil, a
diversity of moisture
conditions is attested by
dry to dry-mesic indicators
Carex rupestris and

Salix niphoclada, and
mesic indicators
Arctostaphylos rubra,
Hedysarum alpinum, and
Lupinus arcticus; other
plants here are Dryas
integrifolia, Hedysarum
alpinum, Oxytropis spp.,
Salix glauca, and S.
lanata. 125° 56’ 15''W,
69° 02'N. 20 Aug 84.

138
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Plate 5. Forest-tundra landscape mosaic: white spruce forest and

forest-tundra on south-facing slope; rich upland tundra associations

dominated by willows (yellow-green), Dryas, Carex, and forbs;

Arctostaphylos rubra (scarlet), dwarf birch and bilbegry (orange,

rusty green, dull red) are prominent; greyish semi-bare patches on

north-facing slopes support Artemisia frigida. 125° 58'W, 69* 01’

40°'N.” - 21 Aug 84. . ’

’; e - ’ . ;ﬁ .

« Plate 63 "Forggt-tundra _gef‘at‘ion Wgaic at the northern limit of
trees in"the Lolrageoys ¥gke -axea. y Brack spguce clones occur in a

" SalixsplanjfeFia- %Mhn&-,dvgér&&_ircﬁ‘ls fubland matrix with
*ericads--Chamaed _ ",e/.{,quisetmn-;P_grﬁla/Spha'gnum-*‘R{ag1’omnfum--‘
Awlaczmim and pth fgf ‘A broek WMngthroigh the s¥and. Foreground
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Plate 7. In this white spryce CTong excavated a)t the northern Hmié'
of trees, below-ground bio gatly exceeds above-ground biomass.
Note the reduction in stem ter above winter snowpack level. The
permafrost table rises from depths >1 m outside the clone to just

below the ,Jarge horizontal stems/roots inside the clone. 116° 37’
40" ‘W, 67°A4’ 55''N. 19 July 84,

Plate 8. Vegetation mosaic in the southeastern forest-tundra.
Single-stemmed and clonal black spruce and white spruce on uplands
and slopes; larch and tall shrubs on meadow and bog-fen margins;.
ericad/lichen tundra on summits and slopes. Upland in right
mid-distance -may have been burned pver in the past. Near. 106°
29’ 30"'W, 61°.56" 30’'N. 29 Aug 83. :

¢
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Plate 9. A‘poorly-drained‘g]eysolit turbic cryosot (shock«-
--sensitive) underlies a black spruce--larch/ericad--

. Calamagrostis Iapgonica/ hagnum grove on Barlow Lake.
103 08’ 20"’'W, 61° 54’2’ N. 5 Aug 83. .

[

Plate 10. Soil in this dwarf birch/Empetrum--ericad/iiqhen
tundra, lying next to-the tree grove soil shown in Plate 9, is a

g

20''N." 5 Aug 83.

well-drained brunisolic turbic cryosol. 103° 08’ 20''W, 61° 54’ _

B VS
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Plate 11." Both clonal and single-stemmed spruce may exhibit parabolic
branches which curve abruptly downward, forming an interwoven tangle.
Location: Thelon River between Wardgn's Grove ‘and Hornby Point.

Photo credit: Fred Vermuelen. v

Plate 12. In this three year old burn in black spruce forest--
--tundra, no regeneration has yet occurred. ({edum and

Vaccinium dominate shrub cover; dwarf birch is recovering by -
sprouts; lichen cover is 20%  (much of it moribund) and moss cover -
is 9%; Calamagrostis lapponica is prominent. Regeneration from
‘within the stand is unlikely, but unburned black spruce stands Tlie .
within 200 m: 113° 06’ 45''W, 64° 15’ 30'’N. 13 July 82.

P



5 DISCUSSION

o

5.1 Relicts, treeline history, and the eastern forest-tundra -

Although tree stands at their ‘northern limits in the forest-tundra
east of Great Slave Lake have been‘widely considered to be relictual
(Bryson et al. 1965; Sorenson et al. 1971; Larsen 1974: Nichols 1976;
El1iott-Fisk 1983; 1i.a.), northern forest-tundra "outliers" there lie

+

climatically well sputh of most of the forest-tundra of the northwest
(see Figure 24B:1). Those who adhere to thé ;elict hypothesis regard
the forest-tundré not as a zone but a line, with relict tree stands
north of "treeline”, "northerﬁ boreal forest border", “etc. dating from
warm periods, and relict tundra southward dating Fgom cold periods (cf.
Nichols 1976)> The greaf breadth of the eastern forest-tundra is thus
» viewed a$ the result of the persisfence, on a graha scale, of tree
staﬁds le?t behind by a southward retreating‘m%d-Ho1ocene forest. Such
northern stands, seen’ as facking the sanction of the pfesent climate,
may']atk reqular sexual reproduction.
There are two mafn difficulties with this_view, stemming from (a)
the problem of interpretation of paleoecological data; and (b) the
question of what constitutes "relict" vegetati&h. Paleoecological data
are considered below, fo]]dwed by a coniidefation of relict status. An

alternative edaphic and, topoclimatic interpretation of forest-tundra

vegetation is offerred in sections 5.2.4.2 and 5.2.4.6.

143



144
5.1.1 Interpretation of forest-tundra paleoecological data
i
Difficulties in reconstructing past vegetat{?n and climate are
discussed. Evidence for Holocene treeline migratféns is equivocal,
difficult to generalize to regional status, and maytbe“interpreted more
parsimoniously in terms of climatically induced ghénges in pollen

productibn, tree density, and consolidation of pre-existing stands.

Identification of a forest-tundra pollen spectrum in a contineq&gl
region, crucial to understanding- pastl movements of tYee]inesi}gé
difficult and requires “supporting macro-fossil and othef” data
(Lichti-Fedorovich and Ritchie 1968; Payette and Filion 1985). Ritchie
.(1977) identified three caveats in the use of pollen shectra for
climatic and vegetation ;econstruétions: (1) A pollen sample may
include only a small portion of the prevailing plaht cd&er; many
important taxa (e.g., lichens, ericads, Oryas) are "palynologically
silent", a p(oblem corroborated by Walker et al. (1981) for the Alaskan
north slope, further exacerbated by high influx of exotic p&llen. (2)
Many of ike “older pollen assemblages have no modern equiva]ents. (3)
Po]]en“ %nf]ux va]ues are likely more useful than pollen diagréms based
“on pe:céntages. ‘ '

A further consideration is the extrapolation of 1oc§]]y valid
results to regional status. Oscillations of tree]iﬁe observed in one
locality may apply only. to that area, as has been demonstrated by
Kryuchkov (1970) for the forest-tundra of NE USSR. A comparison of

July paleotemperdtures in SW Keewatin, the East Arm, énd‘the Coppermine

River '(Andrews and . Nichols 1981) indicates significant variability
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between regions, aﬁa in regional temperature trends. A scattering of
dead spruce trees may have 1little paleoclimatic significance (cf.
lehO]S 1976:45).

tf Pollen, plant and insect me;rofossi]s, and paleosols are the basis
fo;y the considerable volume of lTiterature treating Holocene treeline
migrations in ‘"central Canada" (SW Keewatin). Unfortunately most of
the fieldwork has been concentrated in one area extending from Kasba
Lake horth to Dimma{ Lake on the Kazan River, with much emphasis‘on
Ennadai Lake (cf. B}yson et al. 1965; Nichols 1967a, b; Sorenson et
al. 1971; Sorenson and Knox 1974; Sorenson 19775 Elliott-Fisk 1983;
i.a.). Furthermore, Ritchie and Hare (1971) 5gint out that Nichols’s
(1967a, b) conclusions rest wupon tenuous. assumptions regarding the
importance of fluctuations in the frequency of Sphagnum spores, and
that Nichols’s interpretation of pollen frequencies is equivocal when
compared to mode;n pollen asseﬁb1ages from tundra, forest-tundra, and
boreal forest ’.j"‘ﬁ"‘centrﬂ Canada.
While changes in spruée pollen influx may indicate treeline
‘movements, fluctuation in po1f%n roduction and/or tree density can
result in similar changes in influx (Ritchie 1977)' unaccompanied by
shifts in  treeline. It is possible that only small Holocene
displacements took place in the forest-tundra bethen Great Slave Lake
and Keewatin--Manitoba. Climatic changes may have been exﬁressed
primarily in changes in tree density and conso]idatjoh ;f pre-existing
stands with negligible movements in vegetatjon zones, as appears to be
the case for Tuktoyaktuk Peninsula (Ritchie and Hare 1971; Ritchie
1984), the Inuvik area (Ritchie 1977), for Churchill, Manitoba (Scott
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et al. 1987a), and for northern Québes, (Payette and Gagnon 1979; Morip _ '

and Payette 1984; Payette and Fi]iorﬁgégyv @ -
Period of establishment of gsﬁthg}g; forest-tundra ;gree stands,
inferred from paleobotanicat and"pﬁygdso1 ‘dé{E “on former extent of
forest, fs estimated as mid-Ho]ocene'(circa 6000-3500 BP: see Nichols
1976; Kay 1979). This estimate is based on the assumption that climate
has been sufficiently unfavorable during the past 3500 yrs for
establishment and expansion .of stands in the northern forest-tundra.
In a relative, but not an absolute, sense this may be true: the last
3000 yrs in the northern forest—tuﬁdra of Québec have been
characterized ‘by deforestation in excesé of afforestation, brought

about by climatic deterioration and fire,. but unaccompanied by -
important movements of the forest-tundra boundaries (Payette and Gagnon
1985). Although some northern sites may have been treed more or less
continu;}ly since the mid-Holocene, perhaps Qs:jodjcally disturbed by
) fire or mingr climatic oscillations, such relict stands have never yet
\ beén identified. The oldest sites supporting clonal black spruce
stands yet described, in the northern forest-tundra of Québec, are
~2000 yrs old, and the oldest black spruce’'and/or larch forests- found

to date are ~900 yrs old (Payette andvGagnon 1985).

Northern forest-tundra tree stands east of Great Slave Lake, ;f not
mid-Holocene in * origin or recently-established (since 1850: see
following par§§raph), may have originated durinq the period circa

1500-900 BP (~Little Climatic Optimum), when the "treeline" may have

been located 50-100 km north of its present ‘position (data from
% 0

rensoi and Knox 1974; Sorenson 1977). According to these 1;}a, at

3

_»*’faﬁbroxfmately 1000 BP,. the "treeline” was located 100 km north; by 900

!
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BP, 50 km north; and by 800 BP, 50 km south of its present location
(thus "treeline" migrated a remarkab]e 150 km in 200 yrs, or 0.75 km/yr
southward).

In the Kazan River area, the 1location of the "northarn.boreal
forest border" is believed to have fluctuated over a 1at1tud1na1 range
of 250-330 km in the past 400Q yrs (erson et al. 1965; Bryson 1966;
Sorenson and Knox 1974; Sorenson 1977). While tree establishment may
have been successful in tﬁe period prior to 900 BP, it is debatable
whether these and other treeline migrations postulated for Keéwatin are
valid ™ (see | Spear 1983; Bradley 1985:267; cf. Tikhomirov (1961)
advocating a mid- to 1late Holocene forest 1imit in the USSR located
275-385 km north of its preseﬁt limit; see also section 5.5). It is
significant that, in contrast with major vegetation and climatic
changes postulated for i the Kazan River area, a paleoclimatic
reconstruction undertaken on the Dubawnt River shows little change in
either the extent or composition of tundfa and forest since ciréa
3700 BP (Kay 1976, 1979). .

Paleoecological interpretations requiring wide latitudinal shifts
of the forest-tundra rest on the assumptien that charcoal, macrofissil,
and soil evidence indicate wholesale movements of the forest-tundra, as
opposed to changes in vegetation cover M1th1n the forest-tundra
(Payette and Gagnon 1985). While future research will shed light on
~the problem of Holocene treeline migrations in Keewatin, it is possible

that many 1long-e “*; f~Qed tree stands in the northern forest-tundra

there originq;éd 4 ‘j;l 900 BP rather than in the mid-Holocene.
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Paleosol and charcoal evidence for former movements of treeline
must be interpreted cautiously. In light of the flammability of tundra
types such as dwarf birch/ericad/lichen, dwarf ericad/lichen, and dwarf
willow--birch (Wein 1576), the presence of charcoal in a tundra soil
does not necessarily indicate the former presence of forest.
Furthermore, podzols and brunisols exist. in a ;ontinuum in nature; the
boundary between the two soil types is arbitrary (Canada Soil Survey
Committee 1978). Brunisols and brunisolic cryosols (arctic brown
soils) are associated with forest-tundra and tundra vegetation, and
podzols with boreal forest or heath vegetétion; But these are rough
approximations;‘ e.g., soils with strongly leached Ae horizons and
deeply stained B horizons have been observed under heath tundra in SE
Mackenzie and southern Keewatin (Zoltai pers. comm.; field data), and
brunisols are found under jack pine forests on sandy soils in central
Alberta (cf. Fyles 1986).

Although paleopodzols and buf‘bd charcoal have been cited as
evidence of Holocene treeline migrations in southern Kéewatin (Brysem
et al. 1965; Sorenson et al. 1971; i.a.), heath tuhdra fires and the
brunisol ~rpodzol continuum render climatic inferences difficult. Tree
macrofossils and/or pollen are needed as corroborating evidence to
infer former presence of forest as distinct from heath or~forest-tundra

(Payette and Gagnon 1979).
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5.1.2 Relict vs. dynamic forest-tundra vegetation

Problems in regarding the northern forest-tundra as relictual are .
discussed. Examples of seed reproduction and newly-established trees
at 1atitudinaf and elevational 1limits are provided. Northern
forest-tundra tree stands east of Great/ gTaVe Lake might be better
viewedk\as in dynamic equilibrium with climate and characterized by
episodic seed reproduction. !

Perhaps much of the confusion in the North American literature on
relict status stems from vague term?no]ogy "Re11ct" connotes "a
persistent remnant," something "left behind in a process of change," or

"remaining after other parts have been removed or have disappeared"
(Webster’s Third New International Dictionary 1981). Specific to the
forest-tgndra, "relict" may connote any or all of the following: (1)
disequilibrium with climate; (2) failure to reproduce sexually; (3)
predominance of vegetatiye reproduction and multi-stemmed clonal growth
forms ("krummho]l@@“MQyt» cf. Holtmeir 1981); (4) clumps of typically
black spruce growing north of the "treeline" or “forest bordef",
restricted to "rare favorable sites" (see references listed in 5.1).

Another source of confusion may vresult from an expectation that
foreqﬁ %undra vegetation dynamics should resemble those of the boreal
foregi Yet forest-tundra tree stands commonly reproduce by a
%omganat1on of cloning and .seed reproduction; autogenic changes
{relating to soil temperature, moisture, and active layer are common;
wchanges in tree vigor, growth form, and reproduction can be cyclic

“ik W o c .
and/or opportunistic; sgzd]ing establishment 1is episodic, and thus
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regeneration from seedling banks may be more typical than that fmom
> seed banks; fire return intervals generally exceed 200 years; and
bioclimatic feedbacks are powerful (see Kryuchkov 1970, 1978; Hare and
Ritchie 1972; Legere and Payette 1981; Bradley et al. 1982; Payette et
al. 1982, 1985; this study). For example, succeeding wh{te spruce
forest-tundra and open crown forest near Churchill, Manitoba apparently
show different rates dnd patterns of tree esf%b]ishment and divergent
trends in tree ring growth indices over time (Scott et al. 1987a).

A co}nerstone of the relict school is the proposition that "regular
sexual reproduction is absolutely necessary for long-term maintenance
df northern tree stands" (Elliott-Fisk 1983:573). This statement is
problematic in’ that time scales for "regular" sexual reproduction and
"long-term" ma{ntenance are undefined. Is seed]ing establishment 1 in
5 years, or even l in 30 years, sufficient to maintain a stand with a
fire return interval of >300 years? No one knows. Even in the
northern forest-tundra, the vast majority of tree stands (-95%) lie
within 1-2 km of other trees (field and airphoto observ.). If a stand
is destroyed by fire or cutting, seeds produced outside the stand may
co]oé{zé the area.

One must also question how long tree stands can regenerate
themselves and persist and still be‘regarded as relicts. Certainly

m‘}orest cover was more extensive during the mid-Holocene (~7000-3500 yr
BP) and the Little kC]imatic Optimum (~1500-700 yr BP; see Kay 1979;
Elliott-Fisk 1983, 1i.a.). But temperatures have been relatively cool
for the 600 yrs prior to the 20th century, including the Little IQe Age
(~1600-1850 AD). Thus northern tree stands have either: (1)

established during a relatively warm time 1in the past circa 140
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yrs; (2) established during the relatively unfavorable 600 yr interval
between the Little Climatic Optimum and the 20th centyry; or (3)
persisted since the Little Climatic Optimum, or even the mid-Holocene.
If (1) is true, can recently-established trees be regarded as relict?;
if (2) 1is true, trees established dUring unfavorable times and are now
relict during the relatively warm 20th century; if (3) is true,
northern tree stands have reproddced sufficiehtly to maintain
themselves in thé face of 700-3500 yrs o; low temperatures.

In contrast with the difficulty of documenting mid-Holocene forest
stands, it is common to find relatively young clones and single-stemmed
spruce stands in the northern forest-tundra of the Mackenzie District
that have established s¥nce 1850 A.D. (e.g., Carey, Firedrake, Mary,
and Mosquito Lakes, -Horton River; this study). Similar young spruce
have been observed at -Dubawnt Lake; north of Dubawnt Lake near the
Junction of the Thelon and Dubawnt Rivers; and on the northwest shore
of Aberdeen Lake (Hansell et al. 1971); and near Churchf]], Manitoba
(Scott et al. 1987a). In the Leaf River--Lake Minto region of northern
Québec, larch seedling establishment was evidently vigorous between
1930-1970 (Payette and Gagnon 1979; Payerte et al. 1982). Local
a]gitudinal treelines in northern Québec have risen by a few tens of
metres during the past 100 years, but the major recent vegetation
changes there have been an increase in tree density and consolidation
of pre-existing stands (Morin and Payette 1984; Payette and Filion
1985).

A 20th ‘century northward extension of thé Soviet forest-tundra has
been noted by Tikhomirov (1961) and others. Elevations of subalpine

timber]ineg have risen in most parts of the boreal USSR in this century

\
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in response to recent climatic ameMWioration (Gorchakovsky and Shiyatoy
1978} as has also been documented for the mountains of Fennoscandia
and A]a;ka (Hustich 1979; Kullman 1979, 1986; Viereck 1979; Sonesson
and Hoogesteger 1983; i.a.). Most of the Norway spruce (Picea
abies) growing at tree 1limit in the southern Swedish Scandes
established around the 1860’s and the 1940’s (Kullman 1986). Far from
being relictual or historical, it appears that many northern’and
altitudinal tree outliers, in the NWT and elsewhere, a;e
newly-established.

It is further problematic to generalize, from an apparent lack of
seed reproduction in stands along the Kazan River, that tree]ine.is-in
disequilibrium with climate in central Canada (cf. Elliott-Fisk 1983).
Both sexual and asexual reproduction and expansion of tree stands have
been observed west (Dubawnt River; this study) and east (Henik--Edehon
Lakes; Zoltai pers. comm.) of the Kazan River. Recent studies in‘
northern Québec indicate that the forest-tundra vegetation is in
fynamic equilibrium with climate in the absence of other external
disturbances, and that the a'opportunistic use of both sexual
reproduction and cloning is'an important asset in northern black spruce
stands (Legere and Payette 1981; Payette et al. 1982, 1985).

Seedlings and saplings of black spruce, white spruce, and larch
derived from parent trees with shrubby growth forms are less abundant
than those from arborescent trees (Payette 1983). Yet both larch and
iglack spruce in interior northern Québec show some seed regeneration up

to their northern 1limits, although less than that in forest stands to

the south (Payette et al. 1982). Black spruce clones there apparently
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produce fewer s:aé‘d\lings. %a’n farch trees at their northern Tigits
(Payette et al. l982f. ’

Both establishment and degeneration of tree stands may be viewed as
normal forest-tundra and 1low subarctic processes, even im the absence
of fire or climatic change, and may OCqu contiguous to one another
(Brury 1956; Kryuchkov 1970, 1978); e.g., along the lTower Horton River
(field observ.). In the case of NE USSR. cycles between tree and
tundra vegetation may be related to autogenic changes in insulaiinéh’
vegetation, soil temperature, snow depths, and thickness of the active .
layer. More documentation is needed regarding driving processes~i6
both climatic and autogenic vegetation cycles. |

’. . &" % .
The forest-tundra does not consist solely of a "treeline" in which

tree and tundra vegetation undergo a steep transition.f Rathe; fhis
core of steep gradient lies "south" of a zone in Qﬂith’ tun@ra
dominates, and "north" of a dominantly forested Téndscape. Lhe;p§ttéf;
of tree stands north, and tuhdra stands south of the steep‘transition
is a fundamental characteristic of the forest-tundra, as typiégﬁfas the
treeline itself. Rather than invoke relict status for northérﬁ.tree
stands, study of present day 1andsca%e and vegetatidh may shed some
1ight both, on the past, and on this fundamental cover gattern (see

5.2.2, 5.2.3).
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5.2 Vegetation, climate, and terrain relationships in the

fdrest-tundra of the NWT

The distribution and areal cover of major vegetation components in
the “forest-tundra were detailed in the results seciion. This segtion
begins with emergent general patterns-- what is normal or ical in
the dominant vegetation of the forest-tundra-- and moves on to
significant anomalies.

As a rough means of comparison, Table 5 summarizes /relevant
c]imétic and snow cover values for three longitudinal sectors of the
forest-tundra. The accuracy of synoptic isopleths has been described
in section 2.5 and the approximate nature of the climatic data must be
"borne in mind. It is, hgwever, the climatic pattern which emerges that
is important, not the absolute values: The vegetation--climate--
snowcover patterns outlined below are the approximate bioclimatic
limits within which forest-tundra Qegetation functions. Note that -he
most climatically heterogeneous sector lies between Great Bear Lake and

the Keewatin border.



a

-

-

155
Table 5. § mmary 6f relevant climatic parameters. for Tongitudinal
sectors of the subarctic forest-tundra of the NWT.
"Northwest" extends from the Yukon border eastward to the
east side of Great Bear Lake; "Central” extends from the east
, side of, Great Bear Lake to the Keewatin border (exclusive of
& the central Thelon area); "Southeast” imcludes southern
Keewatin and northern Maniioba. Valu® are rough
apprbximatiouq to be useq for comparison. Climatic data are
tnterpolated from Hare and Hay (1974) unless noted cherwise.
Northwest Central Southeast
April Ng} Radiation 15-35 30-70 35-75
Ay day™7) | '
Mean Annual Absorbed 52-55 53-63 55-63
« Solar Radiation (kly) . ‘ '
Mea® Annual Net 12-18 = 15-24 15-25 - “
Radiation (kly) (x~15) (x~21) (x~209 -
July Méan Air Temp. 10 to 13 11 to 13% 11 to 13
@ Screen Level (C) .
July Mean Air Temp. 4.5 to 6.5 4.5 to 7 6to7 .
@ 850 mb Level (C) 3
Mean Annual Air -10.5 -10 -10 ,
Temp. @ Screen to -9 to -6.5 to -7
Level (C)* : : ‘
b o
Mean Annual Heating :
Deg-Days (0 C base) ' o
N forest-tundra 3400-4100 2800-3500 3000-3600
S forest-tundra 2800-3400 2300-2?00 2600 * -
Frost-free Period  50-65 55-80 70:75
‘(days) . .
. ’ \ . X - R )
Mediap Last Date*  May 15~§& “ May 15-31 May 21-June 7
of Winter Snow : ; 3 .
Cover > 2.5 cm ;
o g - S
Mggn Date of Rise ‘May 15-31 May 7-31 - May 15-31
of Mean Baily Air ’ . T - ~
“Temp. to 0:C : , ’
Y ' ‘ o
MearfDate of Fall Sept 25 Ocis v Qct 1

~ Témp. to-0 C

-y

of Mean Daily Air

L

*F]g}cher ang

°

=)

Young 1978,M§Pd Hare and Hay by calculation

[
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5.2.1 Location and orientation of the forest-tundra

The oﬁrcumpolar forest-tundra corresponds broadgg to zones of
» e :

confluence of dominant air mas¥es, and to relevant, isorads and -

isotherms. In the subarctic NWT, fe]evanl climatic and vegetation -

liso]ines show a clear NW--SE orientation. This orientation results

b

toom o’p 'pteract1on of the polar grad1ent fn’ global solar
: fai(at1difw1th the west to éast weaken1nq of Pacific .air influence.

-

. L4 . ) -
None would dispute the importance of climate as the primary

- correlate ‘of the general position and orientation of vegetation
; i :

formations (seé Walter .1979; Woodward 1987).  The circumpolar

forest-tundra corresponds  broad¥s to zones of confluence of

dominant air masses, and to relevant isorads and isotherms. «For

examp¥e, in Eurgsia (with the exception of mountainjus eastern
N . » ‘ e
[ 4

Siberia) the arctic front runs vroughly west--e and  the

forest-tundra’ is oriented oara11e1 to it (Lavrenko énd Sochava

1954; Dolgin 1970; Krebs and Barry 1970; Lydolph,1977). In the NWT

the summer arctic front is or1q;ted NW--SE, slightly south of and

parallel to the forest-tundra-. (Bryson 1966; Barry 1967). The

arctic front determines the'distribu,t‘ion of\at‘mospheric water vapor
and cloud cover in northern Canada and ﬁPaska, and thus affects all
components of the radxat1on°5ba1ance (Hare and R1tcﬁ7e 1972). .In
Labrador-—Ungava thg syummer frontal pattern is broad and complex

i,

and 11kelx dék1 F?om ﬁh( confTict of air masses originating over
) . : . ,‘to
Hudsonf Bay,~, *h At]aax1g?' Pac1f1c, and various arctic source

_ ‘reg1on§“ (Bryibn IQGg\r Krebs and Barry 19 0) The¥corresponding

s | S \ ; 7
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forest-tundra is b}oad aﬁd trends NE to Ungava Bay with decreasing
frequency bf cold Hudson Bay air, then'SE with iqcreasing frequengy
of cold north Atlantic air (Bryson 1966; Hustich 1966).

To what extent the location and ‘orientation of the fgrest=pundra
. is the result of the summer airmass distribution (Bryson'1966), or
the climatic patterns are ithemse1ves causally related to the
structure of the natural vegetation (Hare and Ritchie 1972),k?s‘a
fascinating and comp1e; issue deserving of further research (see
section 5.6). ‘

Mountain  ranges ~ complicate the normally "clear f&orre]ation
between synoptic climate and forest-tundra, with the result that
the ,forest-tundra‘vof Alaska and eastern Siberia is areally compfex
(Dolgin 1970; Hare and Ritchie 1972). In Fennoscandia, m6un

ranges®~ historical deforestation and &Fforestation, and fire

further obscure the correlationy between synoptic-climate anq'thii

’

Forest-tundra (Hustich 1966; Huovila 1970). :
Relevant climatic (Hare and Hay 1974; Fletcher and Young 1978
Snd vegetation isolines (this study) in the subarctic NWT §%ow a

clear NW--SE orientation, a bioclimatic singularity which centrists

with the typical west--east orientation of .vegetation and climatic”

)“\

S

A

fa

<

. ' <
zones in the circumpolar north. This orientation might be viewed

as the result of . the interaction ’of//L() the polar gradient in

global solar radiatioh' with (b) the west to east weakening of

Pacific air influente (see Hare and Thomas 1979). nggﬁic
: - _ ~

agrstreams moderate the springclimate first in the west and Tater

extgnd- Mandf as a'®*wedge of warm, relatively moist air (Bryson
‘ . . ..
1966). ctic air 7is supplanted from SW to NE. At a more basic

E} &5’; )
b2
ﬁfi«{

»

/

L
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level, the oblique orientation of both vegetation and climatic
isoh’nes‘ results from the north--south Cordilleran barrier to .zonal
flow (Ritchie, pers.,comm.), which restricts Pacific air dominance
in July to the southwestern Mackenzie District (see Bryson 1966:
Figure 2).

- The west to east march of sprihg is driven not only by proximity.
to Pacific source regions but also by the vegetation and snow ‘

cover. Low spring a]bedqf ‘of C]osed',crown forest (0.1-0.3) o

» 7 ; Hare .
‘ . . . ¢
and “Ritchie 1972). Deep, long-lying snow in northern Mﬁwa and

» .
southern Keewatin further slows the replacement of Arctic air by

- contrast sharply with those of snow-covered tundra (0.7s

RS

Pacific air. ) I

At the synoptic Tevel, the general position and orientation of

the ford%;-tundra are clearly correlated with é]imate. Aside from

irreqular veget @ion contours (Figures 9-24) which illustrate the
complex respon\;,g£;¥egetat1on to 1ocal elimate, edaphic, fire, and

h1stor1ca1 factors

major anoma]y in the vegetat1on--c11mat1c

patterns remains..

/

oriented at a steeper NW--SE d1agona1 than critical thermal and -

pland tundra and .'tree cover gradi‘?ts are

~/ radiation gradients (Figures 14, 248.1, 25; cf. Hare dnd Hay 1974),
indicating that the forest—tundra of the northwest reifives less
warmth and photosyntH:tit energy than the foreﬁ}-tundra of centra1/~
and southeast distficts. On average, climatic and vegetation

 isolines cross one another somewhere between Great Bear and Great

Slave - Lakes.  This topic and ot

)0

‘with synoptic climate are taken up 1n-52ct1on 5. 2 4.

S

ngamples oﬁ poor corgelation
A
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5.2.2  Width of the forest-tundra
. LR | .
While veéetation '. and climatic gradients correlate fatrly well,
synoptic climate cannot ' fully account for the grfeat width of the
forest-tundra in the southeast and the steep transition in many )
places ‘elsewhere. Regional slope of the land probdbiy accounts tor

much of the variation in the wid® of the forest-tundra.
-

-

As described if" &ction 4.3.17, the subarctic forest-tundra o‘ i
the NWT spans an average 150 ¢+ 75 km and increases in width from
northwestgo soltheast. This widening of the forest‘-tundra is most
evident betw‘een the East .Arm of Great Slave L3ke and éastern

Keewatin; greatest widths ave encountered between t'%awgtlﬁiver

v

»

hq eastern Manitoba--Keewatin at 235 345 km

tReg1ona1 slope of %he 1an3 probab]y accounts for much of the
variation in the ~W1dth of the forest- tundra North of Dease Arm,
»

Great Bear Laké \and %n the central district from the Snare River

SE to the East Arm of Grea@ Slave Lake, e]evat1ons rise from south

to \north or SW to NE, parallel™o the vegéetation gradient.
. ’ \ﬁ B T o
Evidently a strong topoclimatic gMadient —.is crfated by the

northward ‘rise of elevation, eliciting steep vegetat)d’n gradients.

Conversely, the NE fall of e]evatio‘ between the East Arm and

eastern Keewatin--Manitoba 1; likely 1nstrumenta1 in he]ping to- .
/account for a wide forest tundra (see 5.2.4:6). o ‘

.

- If vegetat’ion, chmate, and SNOW cover are as c]osely linked as

it appears (Hare apd R1tcme 1972), then steep or gradua] gradients §

of tree and upland tupdra cover should correspond to steep or
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éradué] 'climatd!!'and snow-cover gradients. Mean annual measured
snowfall gfadient; (Figure 18 in Hare andeay 1974)'are°steqp,1n
both the‘northwesfqand,southeast and gradual between the geograph%c
extremes (with the exception of the area east of the Copperming

River). Snow cover is deepest-and lies longest over Keewatin and

hern Manitoba. .

n Ju]y'air temberatgre on the g‘ﬁdi and at the 850 mb level,‘
.m date of rise of daily mean air tempereture to 0 C, andfmean
, 1ength of frost-free period (Figures 4B, 5C, 11, and 12 in Hare and
Hay 1974) all show steeper gréﬁjents in the northwest 1€.h in the
southeast. The zone of mixing of modified Pacific and Afc;ic air
masses is narrew in the northwest and broad in the southeast

3
(Figure 19 in Bryson 1966). April net radiation (Figure 28 in Hare

and Hay 1974) in the southeast decreaee; sharpiy (from south to
north) in the southern parf of the forest-tundra. This likely .
correlates with the. steep trans‘lron from dark canopy forest to
snow-covered tundra seen in the southern third of the forest-tundra
. there.

Mean July air .temperature on the ground and mean Tength of
frost-free. period decrease most rapidly inlthe northwest at the
northern limit of the forest-tundra. This is presumably due both

to the proximity of co1q/6233n waters off the arctic eoaSt’and‘ to

. /’
climatic  feedback with correspondingly steep vegetation

-

RN

grad1ent in the northern forest- tpndra tba:::>
" A- zone of colder air and deeper, longer-lying snow centered on

the highlands near the headwaters of the Back River, Contwoyto

- »

Lakg, and vicinity, coupled” with the bedrock transition from

f A ae . # o“'-")‘@

, o
. 9 ‘ -
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: _sediniontary -to at.:id.ic crystalline rocks from west to east, may®help -
expl?in " the southward plunge of treeline east of the Coppermine
River. Such climatic and snow cover graggents correspond with the
observed up]anf’tundra and tree cover graﬁents

‘But it is noteworthy ’ﬂiaé} the correspondence of gradlen*breaks
down when two crltlct{ rndlatmnmefers aré. compared to the

S
vegetation cover. Mean annual absorbed global solar’radg&whﬁ\g«u %,

L
%

.mean ‘énnua] net rad1at1on do - not cor’hespahd we'l] w1th the
. forest-tundra vegetitmn as they show steeper gradients over the
southeast than over the northwest (Figures 25 and 29 in Hare and
_Hay 1974). Thus the appa’rent paradox arises that the.forest-tundra

of the northwesd, which generally spans 60-140 km, occupies a zone

>

‘ net radiation gradients are gradual. In co‘ntrast, the .
for®t tundra’ of Keewatin and northern Manitoba spans 235-345 km
" P d

w

yet occupies a zone of steep radiation gradients.

: Th‘e apparent paradox can be partially resolved when narrower
tree: ‘and tundra ratios are*ed‘r'rlsan w1th radiation |
grad1ents In the southeast, the tramsition from a ramo of 10:1
tree:up]and .tundra cover in the south to 1:10 in the north takes
place in 40-100 km. ‘Relatw'e t&‘he overall width of the
‘ forest-tundra in the southeast,” @‘vegetaﬁon grad1ent is steé\
-and moteover takes p]ace in the southern third of the forest- tur.

where the mean anrﬂn{ net_ radiation gradient 1s also’steep.-
-, | , y

}

-~

'r'&-’PAHowing- for the vagaries of interpolation and comparjson,
gradients-. of tree and upland tundr‘ vegetation within the

foreét-tundr,a correlate reasonably well with synoptic ‘climate.
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Notwithstanding the clear correlations, syn%ptic climate cannot be
expected to account for the var1abﬂi_ty in the dominent vegetation

cover within the forest-tundra; this clearly derives from local and

. 1.

A

regional differences in the physical environment'.; Morg .
importantly, syn"t)ptic climate cannot fully account for the gre&’
width of the forest-tundra in the southeast and the steeﬁdp .‘
transition in many places e]sewhere.v TopocT1mat1c and- edaph1§Wm
factors may help account for both €he width oﬁjife forest-tundr.;_ |
and Q;the”‘"ﬂ)”c"‘éat1"<’)n‘\“"E)"f stee; '\’f’egé’fati.on m;radients within it/(sen; ”_

| . 2 S
5.2.4). ‘ , i &
» b o ‘.,1':, ‘!

. . ) o’ ‘» d
de X ._" T ’.-'.
. h L3 ” . ,‘r‘ "w . . °
5.2.3 Cover structure of dominant forest-tundc veéetation, , °
. ‘ ' ISR C . |
: Py i ‘l

Gradual change at both high and 1ow co&r uaNe‘and steep
gradients between about 5- 85% cover are approximated by a- sigmqg.d
curve. The s¥gmoid cover pattern appears to beafundamentai: :
characteristic of -spatial vegetation change in the f_or'est‘tundra.

In; the steep ;;hase' of the vegetation‘@cover gradié-nt, pgsitive
feedbacks between vegetation, climate, and swow cover may drive the
landscape to a new equilibrium. The prime controls of tree and

tundra cover at the ‘extremes of the forest-'éundra appear to be

topoclimatic and edaphic factors.

Inspection of Figures 13, 14, and 20-25 indicates a definite-

‘pattern or structure tf spat1a1 vegetation change within the
3
forest-,mdr; This <over s'tructure is best viewed in smoothed
Vo

t
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transect diagrams (Figures 14A and 25A) whicﬁ generally
approximate 3-dimensional si?id curves. s

Beéause the slope and ¥form of the curves vary, I‘iwould.be
unreasonable to imply any maihematica] precisibn to eqhalions
describing these gradients.  The widespread occurrence of this

sigmoid structureg, however, ‘ est;ﬁah’underlying orgaﬁizatton to
) » 1.'“ »

]

spatial vegetation change within tﬁe‘forest-tundra. By analogy, -

the Tlogistic growth equation of H‘pu]ation ecology may be applied.
Although rigor is not imbfied, change in percent vegetation cover’

-

over distance may be described as:
' e

dN/dL = rN (1 - N/K)

where dN = change in percent cover of trees or upland tundra

dL

It

distance, {n km

r = innafe capécity of vegetation to increase in cover
) _
N = presen

since some

over value ' ¢

possible on thQ landscape, set to 95%
all amount 6f‘wet1a , shrubland, and .
AN

eroding terrain is always present.

The term ’N/K might be thought of\;; tbe'pioc}imatic re;istance
to change, or equivé]ént]y, thi' negative feedback within the
system. As percent cover N nears its maximum value K, increase in
cover  slows, ' perhapd because ‘the major bioclimatic feedbacks
between vegetatign, climate, and snow cover have already taken

place. Macroclimatic constraints (e.g., maximum and minimum values
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of radiant energy available to the region) are another form of
control in the vege'tation-/)é‘limate system.

Table 6 presents data'lfor rates of change of smoothed tree cover
as depicted in Figure 25.. As tree cover rises from north to south,
change is‘ at first slow as percent cover of trees is limited by
frequency of favorab]e sit€s in a dominantly tundra landscape. In
mid-range, tree cover rises rap1d1y to ]andScape dommanc\% after
which vegetation change slows. Thus fror.nls 10%, tree cover changes
0.44%/km (median); from 10-25%, cha‘nglé’ 1ncrease§ to \0/3;‘7/km;
steepest ¢hange occurs from 25 50% at 1. 24°,/km, from 50-80% change
s]qws to 0.84%/km.  \.~’\" Ty

Heavy averagmg of airphotq: data did nox permit dep1ct1on of
smoothed cover contours abgye 80 or' ‘below 5%, but inspection of the
'3 -dimensional plot. (Figure 25A) indicates slow c/hanges in tree
cover at both high and low cover. This s best seen in the
nor‘ern ha)f of the forest-tundra east of the central mer;dian and
in the southern half of the forest-tindra west ofi the meridian.

.

When mi¥imum averaging is—sed a's in Figure 23B to depict tree

cover, the 0 and 2% contours can be depicted. Noté WP gradual

!

change atl low cdve'r‘ values. Overall, the 0-2% trar;it-wn spa“ a
median 6. 9 km* at 0. 297/km but there is wide vamabﬂWV/

mean = 0.78), with graduﬂl changym the southeast and sharper}
transitions in the northwest. “For the sector SE from Point Lake to
northern Manitoba, tr{e 0-2% transition spans 11.5 km at a median -
0.17%/km (B:J”' For the sector from the Cordillera to Point Lake,

the 0-2% {ransition is a much narrower 4.6 km at a median 0.43%/km:

w=35). N :
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Upland tundrakspaxkél vegetation change in the forest-tundra is
-similar, as Figures 13 ~and 14 attest. The pattern of gradual
transition at both high and low cover values and steep gradients
between about 5-85% hebéats itself consistentfy.’ The sigmoid
cover pattern appears to be a fundamental characteristic of

spatial vegetation ¢hange in the forest-tundra.

In a logarithmic plot (Figure 24) the gradient is roughly
curvilingar. The mathematical core of the gradieni within which

the tree:uplahd tundra cover ratio changes from "10:1 to 1: 10 L

2 ]
ranges in width from 25-55% "of “ the forest tundra. In extreme“:
' *

cases, this gradient may span as little as 10% (e.g., northern
, - ,

Manitoba--southern Keewatin) or as much as 90% (e.g..’.wo'pmay
River, Artillery Lake) of the total w1dth of the forest? tundra

The tails of the grad1ent where the tree:upland tundra ratio is *

>100:1 and <1:100, occupy about 10% of the forest-tundra.

’

5.2.4 Climate and_vegetation in regidnal perspective

'S

A cardinal anoma]y exists in the’ r:a'ﬁlatﬁn budget of the
forest- tundra. of the NWT: " the northweé't

i &tmn on roug}ﬂy 3/4- -
R i

é’l a'r'{&mtheast ‘
"vi&* e .
¢ &;Hmate andmahes

v:-

d1str1cts f’ S‘éven' o

are discerkible. B -
‘ . »

As described above, the generalized orientation and steepness

/‘—Vegetation‘ gradients within the forest-tundra correspond
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reasonably we '~relcyant climi¥ic Jdsopleths. Of equal

interest gf&‘ areas where Ehe'vegetatioh apparently does not
correlate webl synoptic climate.

At the . [:mes of‘:he study region, in the great wetlands of
thq’MackemaHey and the Hudson Bay Lowlands, the o;erriding
controls of vegetation are edaphié. Super-abundant 'soil moisture,
flooding, impeded grainage, shallow permafrost, iand organic soils
in these region$ affect and are affected by vegetation in complex
ways.

The distinctive lowland vegetation and terrain of both these.
regions sets them apart from the fore§€itundrl proper. In the
Mackenzie Delta, Mackay (M74) identified spruce--willow--alder--
poplar, wijigr-—a]der--pop]ar, and  sedges--willow vegetation
zones. For the Mgnitoba portion of th% Hudson Bay Lowlands,
Ritchie (1960a) delineated transitional, moss muskeg, 1ree1ess
bog, and lowland complex vegetation zones. In neither region d?es
a forest-tundra landscape exist. For vegetation and terrain
re]atiqgshipsv in thése lowlands, see Kerfoot (1973), Lambert
(1973), Zoltai and Pettapiece (1973); Mackay (1974), and Ritchie
(1984) for the Mackenzie valley; and Ritchie (1957, 1960a, 1962),
Brown‘w(1973bz: o]?ai (191;), Thie (1976),‘:Dre1?eJ and’hNi%onﬁ
(1979)} and ﬁo]]a& (1982) for the northern Hudson 8ay Lowlaf¥s.
Outside the wetland and organic terrain of the Mackenzie Delta

and Hudson Bay Lgwlands, areas of apparently poor vegetation--

climate correlation are numerous. It must be made clear, however,

that due to tbpographic influences, local or riz}eﬁET vegetation
and’ climate may actually correlate well. Although sparsity of
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climatic data precludes .direct comparisohs, Fopoc]imatic effects
are the only 1ogicai explanation for many Yegional vegetation.
patterns.

Highlands account for most southern outliers of forest-tundra
in the northwest, e.g., the Colvi]le.Hills (pegks >600 m, lying
+ >300 m above the plain), the Norman Range (peaks >300 m, 750 m
above the 1lowlands), highlands betWeen Smith and Keith Arms of
Great Beaé Lake (e.g., the Scented Grass Hills which peak at 655
‘m, 500 m above the lake), and Grizzly Bear Moumtaiat(p*ateau at
610 m, peak at 700 m). High e&evations probably also accouht for
southern extensions of low arctic in the Caribou Hills, south of
the Dismal Lakes, and irregular contour's elsewhere.

Topoclimatic influence 1is also implicated in the na}row width

¢
of the forest-tundra north of Dease Arm, Great Bear Lake, and from

.

the Snare River SE to Great Slave Lake. In these regions,
elevation rises north-- or northeastward, creating steep
topoclimatic gradients. Conversely, northward decrease in

. ™~
elevation may in part explain the northward extension of trees.in

-~

the Thelon River area and the greay ureadth 6f the forest-tundra

é P

in SE' Mackenzie District and Keewatin. ‘In eastern Canada, Hare

.- N

(1950) indicated ~ that . northward fall of , elevation in
Labrador-Ungava has the effett of partially offsetting the normal.

northward fall of temperature. As a result ,the ‘thermaTly

o

correlated zonal divisions of the boreal forest’ are wide there.-
3 - > ! ‘ M

R

A cardinal anomaly -exists .in the radiation budget of the

forest-tundra® of the. NWT: the northwest functions on-roughly 3/4 |

-

&
A}

»
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the hgan annual net radiation évailab]e to central and southeast
districts. When a representative~m%?n annual net isorad (20 kly
yr‘l after Hare and Hay 1974) is ovef]aid with the forestftundra
(Figure é4B.1), crossover of vegetation and radiation contours
occurs iq_ the central districtporth of Great Slave Lake. Other

‘relevant isotherms and isorads show a similar diagonal orientation
with vegetation contours. This vegetation--climate crossover

‘\toincides with a major landscape trénsition froﬁ sedimentary rocks
~overlain by fine-textured soils in the northwesg to crystalline
rocks overlain by coarse-textured soils on the Shield.

Seven regional anomalies not obviously correlated with syhoﬁtic
‘climate are.\645cernib1e even in smpothed depictions of upland .
tundra and tree cover (Figures 14, 25; see sections 5.2.4.3-9).

Explanation of these cardinal and regional anomalies implicates
(1) topoclimate, (2) edaphic compensation or restriction, and (3)
bioclimatic feedback. Evidence for edaphig\gontro]s is largely
anecdotal. Numerous boreal species such as dwarf birch, black
spruce, and Vaccinium vitis-idaea are restricted to cold
acidic soils, bogs, mountaintops, or other islands of suitable
habitat at the southern edge of their ranges, presumably due
mainly to their inability to compete with hemiboreal species in
other habitats. At their northern limits, many boreal plants such
as black and white spruce, larch, Salix planffolia, and
Viburnum edule are restricted to river valleys, stream and
lakeshores, moist slopes, calcareous soils, etc. where presumab1y’

‘the boreal vegetation is responding more to abiotic factors than.

to competition. . So consistent is this shift in bietope (physical
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site) along climatic gradients that Walter (1979) has formulated a
"law" which state; that a change in biotope compensétes as far as
possiblz for a -chinge in  climate such that habitat or
environmental conditions remain relatively constant.

In the case of forest-tundra vegetation, lack of physiological
dat; precludes any fundamental explanations of biotope
compensation or vrestriction. Vegetation--landscape patterns are

%iéhlighted below, while more basic exp]anatioﬁs await .detailed
site and eco-physiological studies.

Before turBing £o anomalies it must be mentioned that meso- and
micro-climatic inf]ueﬁces militate against the wuse of synoptic
climatic data in  interpreting local conditions. Climatic
differences between adjacent open and closed crown foredt, or
between north- and south-facing slopes, can be equiva]e&l to tens
or hundreds of km ofxmacroclimatié gradient (Hare, pers. comm.).
Moreover, in areas of low hills, standard adiabatic cbo]ing does
(not apply. Mean temperatures of depressional areas may be seveéa]
degress lower; and use of adiabats; which apply for“ Targe
elevation differences, might result in serious errors (Huovila
- 1970). Summer temperatures of slope bases and valleys are on
average colder than those of hilltops and flat terrain (Dolgin

1970; Huovila 1970).
e
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5.2.4.1 Radiation budget
Compared to that of the southeast, both 1owér températures.ahd
absorbed solar and net radiation values are characteristic of the
forest-tundra of the northwest. The northwest receives'an hveraée 15
kly mean annual net radiation as céqparéd to 20 rk]y in the
. southea;t. The southern po}tion o% the forest-tundra across much of

the central district'is anomalously warm.

Mean annual heating deg-days (0 C base; see Tab]e_S) for the
forest-tundra indicate that the northwest is colder than central and
southeast districts. fhe northern 1limit of the contiguous
forest-tundra corresponds to hedting deg-days values of 3400-4100 in
the northwest; ranges from 2800-3500 deg-days between Great Bear Eake
a;a Keewatin; and from 3000-3600 in the southeast. The southern
1imit corresponds to about the 2800-3400 deg-days isotherms in the
northwest; ranges from 2500-2800 deg-days in the central district,
and 2600 deg-days in the southeast. By rough approximation, the
northern 1limit of much of the forest-tundra SE from Great Slave Lake
to Hudson Bay is as warm as the southern Timit of the forest-tundra
in the nyrthwes . The southern pbrtibn of the forest-tundra across

g district (NE of YeHowknife and St of Great Slave

much of the cent

Lake) is anomalously warm.
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April  net nadiation for thé northwest approximates 15-35
ly/day, and those for east of Great Bear Lake to Hudson Bay lie
between 30-75 ly/day.

Isorads of annual. mean absorbed solar radiafion for the
subarctic “NWT are -offset at a slight diagonal to the vegetation
zones, with lower values of about 52-55 kly for the northwest, and
higher values of about 53-63 kly between Great Bear Lake and
Hudson Bay.

' The forest-tundra of the northwest is characterized by a mean
annual net radiation of 12-18 kly, and an average of 15 kly
(potential evaporation ~25 cm). The forest-tundra dips sharply
southward east of the Coppermine. From the Coppermine River to
the Keewatin border, the forest-tundra receives a net annual
radiation of 17-23 kly, with a mean of about 21 kly (PE ~36 cm).
Southern Keewatin and northern Manitoba receive 15-25 kly of net
radiation, with an average near 20 kly (PE -34 cm). It appears
that the forest-tundra of the northwest functions on roughly
three-fourths the mean annual -net radiation available to central
and southeast districts.

It is noteworthy that a Tower cardinal temperature of 15 C has
been shown important in determining the timing and success of seed
germination in black spruce (Black 1977), and this may explain the
absence of black spruce ac;;;s much of the forest-tundra of the
northwest (see Table 5). However, edaphic controls are indicated
in that the northern limits of both black and white spruce on the
Shield 1lie climatically south of their respective northwestern

limits.
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5.2.4.2 Edaphic controls

Edaphic restriction’.or compensation may not only help to
explain the cardﬁna] .climatic “anomaly of the forest-tundra, but
also the vrelative 7Jocations of steep vegetation gradients within
the transition zone and its general increase in width from
northwest to southeast. Further evidence in support of edaphic
influences . is provided by a comparison of vegetation and landscape

within the Soviet forest-tundra.

The preceding climatic data, however'approgimate, illustrate
the climatic anomaly that exists within the forest-tundra. This
anomaly might be explainable, in part, in the context of edaphic
controls. The "law of the minimum", first described by von Liebig
in 1840, might be stated as: "the growthqgnd/or distribution of a
species~ is dependent on the one environmental factor most
critica]]x in 'demand." (Barbour et al. 1980:28; see also Fritts
1971:424-427). There are important modifications to the law of
the minimum 1in that environmental factors act mutually as a
concerted force (Cain 1944): .a low level of one fagtor can
sometimes be compensated for by optimum levels of other‘factors,
and, the effects of one factor can be magnified as other féctors
reach maximum _or miniffum values (Barbour et al. 1980). Edaphic
control is second only to climate in shaping the areal pattern of
vegetation (Cain 1944).

Crossover of relevant thermal and radiation isopleths with

vegetation cover contours coincides with a major Tlandscape
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transition. To the NW of the Coppermine valley, the forest-tundra
is underlain By predomiﬁant]y sedimentary rocks-overlain by siTt
loams and clay ioams. To the SE? the bulk of the bedrock is
lacidic crystalline and typical soi]; are sandy ]oamg and loamy
sands. It is pdssib]e that northwestern soils might act in
compensafory ways to allow the existence of forest-tundra well to
the north or, conversely, poor soils might 1imit fqrest growth
south of its climatic potential in central and southeast
districts. Data supporting such an interpretation are largely
ciréuhstantig] Qut merit attention.

In one quantitative study of forest-tundra vegetation near
McTavish Arm, Lindsey (1952) demonstrated relationships between
bedrock 1ithology and tree density. On relatively level (s]ope
<2%) domes and ridgetops with much bare bedrock, the 1owe§{
density of white spruce was found  on granite: (3 trees/ha),
followed by (9 trees/ha on related acidic rhyolite porphyry; on
arkose conglomerate tree‘ density reached 24/ha, while maximum
density was found over intermediate to basic trachyte and andesite
at 36 trees/ha. |

As shown in section 4.4, the typical loamy till soil of the
northwest is slightly higher in pH and has much higher CEC and
nitrogen and potassium levels than the sandy loams and loamy sands
of the Shield. Fine-textured Jloams also retain more freely
available water than sandy soils, and moist soils retain trees
farther to the north than dry soils (see section 5.3). Because
they retain more water which evolves latent ,heat of fusion,

freezing and thawing occur later in fine-textured soils than in

_/
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coarse soils (Geiger 1965; Viereck 1970). Indeed dry
coarse-textured soils are among the first to lose their trees at
the southern edge of the forest-tund;a, Ss has been describedfor
ancient beéch ridges on McTévish Arm (Lindsey 1952).\ It is also
re1evan} that forest-tundra soils in the northwest typically have
thinner active layers than sandy Shield soils, thus creating
perched water tables with abundant liquid water in summer.

It may be that this combination of greater nutrient status and
more available water in Jloamy soils compensates for éhe lower
temperatures and net vradiation of the northwest.” Although the
physiological basis of edaphic compensation is virtually
unstudiéd, further evidence is provided when the northern portion
of the forest-tundra extending east from Dease Arm through the
Dism#]‘takes to the Coppermine River is considered.

While this region is nomi&a]]y Shield, bedrock is primarily

sedimentary, soils are predominantiy fine-textured loams, and

;vai1ab1e data indicate a pH of 7-8. Thus these soils are nearly
identical to ferfile goi]s in the northwest, and here the
forest-tundra ext¢nds climatically fa} _north before plunging
southward at a transition to crystalline Shield rocks and rising
elevation. Two other major areas of high tree cover that are
nominally Shield but also underlain by sedimentary and/or volcanic
rocks are the Thelon River and the Henik Lakes.

It 1is relevant that the fofest-tundra of the study region is
underltain by widéshread to  continuous permafrost (Brown 1970,
1973); "tree]iﬁe" (of Brown 1970) lies about 300 km north of

the discontinuous/widespread permafrost transition. Much of the
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forest-tundra of the northwest lies in the continuous permafrost
zone. In marked' contraﬁt, treeline on the Shield rockland of
Labrador-Ungava lies ;bout 300 km south of\ the
digcontihuous/widespread‘ permafrost transjtion (Brown 1970), and
extends northward on the sediments of the Labrador Trough.

Furthér indirect evidence -supporting édaphic control is given

graphic variation in width of the forest-tundra and the

vegetation gradients. Thus edaphic
restrictibn or cﬁmpen ‘may not only help to explain the
cardinal climatic anomaly of the forest-tundra, but also the
relative Tlocations of steep vegetation gradients and the general
increase in width of the zone from northwest to southeast.
Theoretically, on poor sandy soi]s” in the forest-tundra,
edaphic conditions should exert a stronger control over tree
distribution than on rich well-watered soils. Trees on terrain of
low soil ‘quality would be found primarily in the patchwork of
sites ‘where mdisture, nutrients, snow cover, etc. are amenable to
reproduction and survival. These sites might support trees up to
*their climatic limits, but most of the landscape would become
treeless sooner and thus the forest-tundra would be Tlocated
farther south than on#terrain of high soil quality. The- position
of the forest-tundra, and vegetation gradients within it,
corroborate these theoretical vegetation patterns.
On the relatively rich loamy soils of the northwest, the
forest-tundra transition is narrow and located well north as many

sites retain trees till climatic thresholds are reached (Figure

24). Conversely, on the generally poor but fieterogeneous terrain
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of the Shield, steep gradients in tree and upland tundra cover
take place in the southern forest-tundra, with a patchwork of
sites retaining trees well to the forth (Plate 8). This
corroborates a “theoretical tree 1ine; for southern Keewatin
calculated by) extrapolation of black' spruce growth indices
(Mitchell 1973?Figures 2-4). This theoretical treeline lies abth
290 km NE of the "actual tree line" (- tﬁf zone of steep
vegetation gradients), and close to the dbsolute imit of trdes as
determined in this study. Here the forest-tundra is broad and
lies, for the most part, climatically south of its potentigl.
This 1is by far the predominant forest-tundra vegetation pattern on
the Shield, especially }n the southeast.

#urther evidence in support of edaphic influences is provided
by comparison of subarctic soils, vegetation, and climate in the
Soviet Union (Lavrenko and Sochav; 1954; Nalivkin 1960; Sachs and
Strelkov 1960; Academy Sciences USSR 1963; Lydolph 1977). The
forest-tundra of the USSR is broadest (-100 + 60 km S.D., as
delimited by Lavrenko and Sochava) where it lies "south" of its
climatic potential. These regions lie (a) east of Cheshskaya Guba
and west of the Urals (65 t 20 km wide), and (b) east of Obskaya
Guba to about 120 km east of the Yenisey River (140 t 60 km
wide). Both of these regions were glaciated during Late
Pleistocene Sartag‘ (= Late Wisconsin) time (Velichko 1984); both
are broad, generally low-lying plains having a high areal cover of

Sphagnum bogs. Mineral soils are developed primarily on late-

and post-glacial sandy 1loam and sandy fluvial and lacustrine
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deposits; permafrost 1is scattered to widely distributed (Lydolph
1977). ° .

|

In contrast, most of the forest-tundra between the Yenisey and
Kolyma Rivers has been unglaciated for at léast 23-50,000 yrs (cf.
Lavrenko and Sochava 1954; Velichko 1984). The generally narrow
subarctic forest-tundra theré (50 ¢t 30 km wide) is underlain by
primarily Cretaceous, Triassic, and Jurassic sediments, with
Quaternary alluvium  and lacustrine sediments prominent only
between the Yana and Kolyma Rivers (Nalivkin 1960). The climate
of the Yana-Kolyma forest-tundra province is harsh; its topography
is one of poorly-drained plains with many lakes; permafrost is
continuous and >250 m thick; soils are predominantly gleysolic
cryosols, indicative of fine soil textures (éee Academy Sciencés
USSR 1963; Karavaeva and Targul’'yan 1969; )Lydolph 1977):\£Qe
forest-tundra spans only 40 ¢ 20 km. If is likely that soils in
eastern Siberia, where the forest-tundra is narrow and reaches far

to the north, are generally finer in texture than those in regions

where forest-tundra lies south of climatic potential.

~

5.2.4.3 McTavish Arm, Great Bear Lake to east

of the Coppermine River

High tree cover in this area may be correlated both with lower

“elevations and soils underlain by sedimentary rocks.

High tree cover extends eastward from McTavish Arm to a limit

-§
'S

ES
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west of Takiyuak Lage and eastern Point Lake (Figure 25). Both
topoclimaie and parent materials/soils appear to be involved in
this noteworthy vegetation pattern. ’

Elevation rises eastward from 156 m at Great Bear Lake to 300 m
in about 10-25 km, and continues to rise to 460 m in another 40-60
km. "Elevations plateau between 425-500 m for 40-50 km then faly
to about 400 m in the broad valley of the upper Coppefmine. East
of the Coppermine, trees do not ri<e above 450 m elevation.

Coincident with this elevation gradient is an eastward
transition from acidic Archean crystalline rocks east of McTavish
Arm to Archean sediments and metasediments overlain by basic silt
loams in the Coppermine River region. The limit of trees east of
the Coppermine generally parallels a transition back to acidic
crystalline rocks.

It is likely that the low elevations and rich silt loams of the
upper Coppermine River region permit a high cover of trees. FLast
of the Coppermine the rise in elevation and return to a band of.
acidic crystalline rocks 1likely combine to eliminate trees from

the landscape.

5.2.4.4 Snare to Rocknest--Point Lakes

Tr2e and upland tundra patterns in the Snare to Rocknest--Point
Lakes region correlate with elevation and parent material
changes. _ A decrease in tree cover north from Snare Lake is

-

followed by a sharp rise in trees that occurs south of Rocknest
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and Point Lakes.  Details relating elevation, bedrock, soils,
~vegetation, and cover gradients have been descn‘bed in section
4.3.16 (Figure 23C; Plate 2). Suffice here to note that smoothed
tree cover (FiguFe 25) reaches zero on the plateau between Snare
and Rocknest--Point Lakes. Tree cover then rises nonthward with a
combined fall in ele?ation and transition f;om sandy brunisols
over Archéan gneisses ‘to rich silt Tloams overlying mainly

, . , \
sediments and metasediments,

5.2.4.5 Thelon Ryver

The possibility that trees on the Thelon and its tributaries
are relictual appears unlikély. Northward fall of elevation,
relatively protected ‘ valleys with well-watered slopes,
glaciolacustrine  submergence, alluvial, soils, and bioclimatic
feedback may all contribute in inter-related ways to account for

this most remarkable peninsula of the forest-tundra.

Of all northern extensions and outliers of the forest-tundra in
the NWT, the Thelon is perhaps the most striking. In spite of
this, the vegetation of the Thelon remains unstuéied in any
systematic way. The fact thét peak tree cover (10-20%) along the
Thelon valley occupies an "island" from north of 64°N to upstream
of the Ursus Islands suggests these tree stands are relictual
outliers, but evidence for this is lacking.

Clarke (1940), whose study of the Thelon Game Sanctuary remains
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the Qest refJ:;nce for the area, concluded that tree stands on the
Thelon are more often expanding than contracting in area. He
surmised that Thelon forest stands must have looked much as they
did in 1940 for hpndreds of years. Other workers have noted the
vigorous growth and reproductan of trees along the Thelon (E.
Kuyt, pers. comm.; C. Normenf. per;. comm., in larsen 1980;
loltai, pers. comm;).

Air and ground level photos indicate well-developed forest on
thg river flats of the Thelun and 1ts tributaries (this study).
Although ground level nformation s scant, study of airphotos
shows wgite spruce to be the predominant tree in forest stands
along the Thelon. Tall trees with spire»11ke crowns indicate
vigorous growth rates in many stands. Black spruce and larch
occur alorg with white spriuce, and large numbers of seedlings have
been reported in many stands (Clarke 1940, C. Norment, pers.
comm., in Larsen 1980). £. Kuyt (pers. comm.) observed some black
spruce on slopes and balsam poplar on alluvium; at Lookout Point,
some white spruce measured 40 cm diameter at the butt. S. Zoltai
and E. Kuyt (both pers. comm.) indicated that spruce cloning
probably takes place (on cryoturbic wet soils), but the commonness
of such spruce clones was not assessed (see Plate 11).

On the whole, tree stands along the Thelon and 1ts tributarigs.
at least in the absence of disturbance, presently seem capab(; of
maintenance and even expansion in area. Careful study will be
required before any conclusions fan be made regarding stability
. and the former extent of forest on the Thelon.

A consideration of the Thelon landscape may shed some light on

_———//
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the problem. " Parent materials are of two major kinds: red till
“derived predomingfitly from Dubawnt. sandstone; and alluvium. _ The
" red till reported on (Bradley et al. 1982) does ~not differ

appreciably from é ‘typical Shield tiil, being sahay loam to sand

in texture, haviﬁg a pH of 4.7-5.9‘ig‘the C horizen, and a CEC of

0.2-2.8 meq/100 g for various ho;;zqns. Percent nitrogen is

perhaps §lig%t1y hfgher than in §hie1d tills (trace to 0.2%)}
~ Both sandy and silty alluvium are found along the Thelon and
its ‘tributaries &Clarke 1940; airphotobobserv.), but no data exist®
on it§ chemistry. The entire Thelon 'va]iey was. subject to

Y

glaciolacustrine submergence (Geo]ogica& Survey Canada 1967).

?
at

\

‘Although  pre-existing Tlandforms were not appreciably changed
(e.g., beaches Para]]e] drumlin coﬁtours), the extent to which
submergence may have altered surféce horizons in the kparent
materials is not known.

Clarke (1940) observed the ,most lTuxuriant growthwof spruce
along the Thelon in a place where springs emerged from sandstone,
and on the silty alluvium of Finnie River flats where white and
black spruce and larch form an extensive stand. The heaviest
forests occur on alluvium, grading upward into forest-tundra on
the gentle valley slopes of the Thelon and elsewhere (airphoto
observ.). Well-developed white spruée forest is found on alluvium
in the valley of the Clarky- River near 104°W.

Topography and elevation may also play roles. The valley of
the Thelon and its major tributaries such as the Clarke, Finnie,
Tammarvi, and Kigarvi Rivers are protecteJ’nglative to the

treeless interfluves. , Average mean elevation for the Thelon
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valley north of 64°N is 150 m, 60 m 1owerfthan mean elevation out
of the valley. Average minimum elevation is 120 m, also 60 m"
below minima out of the valley. (//Sucﬁ elevation differences
translate to a temperature diffefgﬁée of 0.5 C (baséd on a summer
lapse rate of 0.8 C/100 m; “;%e Burns 1974). Mean elevations
outside the valley 1lie 90 mﬁabove average minima in the valley,
corresponding to a tempergfure difference of 0.7 C. Whether
elevation differgpces of;/60-90 m would be offset by cold air
drainage would depend Bn the form of the valley and exposure to

« wind. ) |

Northwa;d fall .af elevation may compens§}e at least partly for
latitude. ~ Mean landscape é]evation near Howard and Lynx Lakes on
the wupper Thelon is 370 m. By comparison, mean elevation of the
Thelon north‘ of 64°N is 220 m lower, and its average minimum
elevation 250 m lower. By 1apsé rate alone the north@ard fall in
elevation translates to a témperature difference of +1.8-2.0 C.
When compared to mean July temperatures for eastern Mackenzie
District (Figure 5 1in Hare and Hay 1974) a 2 C difference
corresponds to 300 km of SW--NE gradient (1 €/150 km). By further
comparison, the upper - forest Tlimit in the mountains of the USSR
~ises N--S about 100 m/deg latitude (Gorchakovsky and Shiyatov
1978), which converted to summer lapse rate approximates 1 C/140
km. Although highly approximate, the calculation indicates {hat
northward fall of elevation may make the Thelon valley something
of a therﬁa] oasis.

Bioclimatic feedback< between vegetation, snow cover, and

radiation may also be important. In the main "island" of trees
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and tall shrubs along the middle Thelon mean tree cover is 14% and
sh#ﬁb]and cover is 6%. Thus 20% of the landscape has a re]étive]y
Tow a]bédo and a rough surface capable of Tlodging snow and
dgcreasing wind. . Also, ‘:unnel occurrence i- higher along the
middle Thelon than on ‘typicaI Shield terrain (Figure 5),
indicating 1long well-watered slopes and perhaps finer soil texture

than those of red till. ®

5.2.4.6 Great Slave.lake -to eastern Keewatin--Manitoba

. Edaphic controls and topoclimatic effects are offerred as an
intefpretation ~ for the' Qreaf breadth of the southeastern

) forest-tundra.

The férest—tundra increases dramatically in width f(om the East
Arm of Great Slave Lake (70 km miﬁimum) to eastern Keewatin-j
Manitoba (345 km maximum). It is unlikely that synoptic climate
can wholly,gaccount for this pattern (see 5.2.4.1-2). While the
northern forest-tundra (lying north of the core of steep cover
gradients) has been considered relictual, there are difficulties
with this view (see 5.1). An alternate interpretation of the
forest-tundra cover pattern involves edaphic controls and the NE
fall of elevation. .

On the typically nutrient poor, drier, sandy soils of the

Shield, edaphic restrictions may elicit steep gradients in

vegetation cover in the southern forest-tundra. Low tree cover
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extends northward, perhaps in the mosaic of higher gquality sites,
till climatic thresholds are approached, resulting in a wide
transition zone (see 5.2.4,2 for a discussion of edaphic
controls). |
) The NE fa1] df “elevation may also contribute to the wide
forest-tundra. On 1:erage, elevations fall 100-150 m from SW to
NE, correspénding to a compensatory summer warming of ~0.8-1.2 C
(using the 0?8 C/100 m summer lapse rate of Burns 1974). «July
mean temperature for the wide southeastern fo}est-tundra ranges
from 11-13 C (Table 5); thus, a 1 C compensatory summer warming
might contribute to the gradual vegetation gradients. |
An exception to the NE fall of elevation provides further
indication of topoclimatic effects: the highland between Nueltin

Lake and the Watterson--Hicks Lakes area is characterized by a

steep fall in tree cover (Figure 25B; see also 5.2.4.8)

5.2.4.7 Kamilukuak Lake to Kazan River

High tree and shrubland cover may be due in part to the
,abundance of well-watered sites and to the NE fall of elevatign.
Bioé]imatic feedback may contribute to render the 16ca] c]iﬁate
more suitable for forest and shrubland than would appear from the

synoptic level.

The area lying between 102-100°W, south of Kamilukuak, Nowleye,

and  Angikuni Lakes, and north of 61° 30’'N supports an
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include black and white spruce and larch. Mean and median tree

unexpected]} high cover of trees and shrubland. Trees there

cover for the area are 8 and 6%, and those for shrubland are 7 and
_5%. Peak tree cover is reached both east and west of the Kazan
River near latitude 62°N at 14-23%, while that Por shrubland in
that area ranges from 5-23%. ‘

Bedrock is predominantly Archean granitic gneisses, with lesser
~amounts of  Proterozoic acidic volcanics, Archean granite,
paragneiss, and paraschist (Geological Survey Canada 1968) which
shows little or no correlation with the vegetation patterns. The
Tand = slopes ;0 the NE, falling about 60-100 m in about 80 km.
Such an elevation fall may contribute to the high tree cover.

It is noteworthy that shrubland aétains such high cover,
indicative of well-watered Sites, and that tree cover should be
closely correlated with shrubland cover. For the 15 sample
airphotos in the area, tree and shrubland cover were positively
correlated at r¥0.70, 0.01>p>0.001. Topographic locations listed
for spruce and larch on the airphoto notes for the area are, in
decreasing ordér‘of preference: drainages, slopes and slope bases,
shores, 1ow-1yfng areas and depressions (including some dominated
by Tarch), Tow summits, and pitted outwash.

High tree and shrubland cover may be due in part to the
abundance of well-watered sites. Combined tree and shrub]and.
cover in the core area ranges from 20-45%; thus bioclimatic
feedback may contribute to render the local climate more suitable

for forest and shrubland than would appear from the synoptic

level,
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5.2.4.8 Nueltin--Hicks--Henik Lakes region
>

High elevation, granitic bedrock, and thin surficial cover may
help account for 1Jow tree cover in the Nueltin--Watterson--Hicks
Lakes area. Farther east, low elevations, soi]s‘derived from
sedimentary and basjc volcanic rocks, and an abundance of
well-watered slopes may help account for the zone of high tree

cover in the Henik Lakes area.

No single Tlandscape factor can be identified as more important
than others in accounting for areas of high tundra or tree cover
in the Nueltin--Hicks--Henik Lakes region (figure 25B). In the
Nueltin Lake area, bedrock changes are correlated with é&evation
gradients such that highlands are underlain by Archean granites
while lower elevations are wunderlain by Archean crystalline
gneisses, sediments, metasediments, and basic volcanics. In this
area tree contours roughly parallel those of elevation and
bedrock, with tree cover fa]]ing.peloQ.Z% nearythe 300 m contour

» S
and transition to granite bedrock. . In'the Windy.Bay area at the

NW end of Nueltin Lake, F. Harpefl(pehs. éommi, in Porsild 1950)
reported that b1a;k spruce is the dominant tree, associated with
larch in "muskegs" and on upland slopes; white spruce is sparse
and local, and paper birch and balsam poplar are rare; most trees
do ot exceed 7.5-9 m ht; "barren grounds" cover 80-90% of the
land.

Thin surficial cover over bedrock likely helps account for the

low tree cover in the Watterson--Hicks Lakes area.
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In the region as a whole, low tree cover is associated with
granites and crystalline gneisses and higher tree cover with
sediments, metasediments, and basic volcanics (airphoto obsefv.).
The correspondence between bedrock and vegetation gradients is not
shafp, however, and it is 1likely that glacial dispersion has
blurred the relationship between soils and underlying bedrock.
Soils data are too few for comparison between areas (see Hardy
1976; Zoltai and Johnson 1978), buf it is clear that regional
bedrock and glacial f]qw patterns together can have a significant
influence on the chemical properties of the till and associated
surfi%ial deposits of that region (Shilts 1980).

Elevations fall from +300 m east of Nueltin--Watterson Lakes to _
below 150 m east of the Henik Lakes, corresponding to a
compensatory summer warming of ~1.2 C across 110-120 km. Runﬁe]s
and slopewash are abundant in the area (Figure 5), indicating
extensive well-watered slopes. Tree cover peaks below the 230 m
contour at ~20% in the vicinity of South Henik Lake, Kognak River,

and Tatinnai and Roseblade Lakes. Black spruce is more abundant

than white spruce, and larch is locally dominant.
5.2.4.9 SE Keewatin and NE Manitoba
The. landscape transition from uplands to poorly-drained

lowlands and organic terrain depresses potential upland tundra

cover by preemption, and probably contributes to low tree cover
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also. The climatic effects of Hudson Bay are possibly the prime

agents depressing tree cover as the bay is approached.

The 1limit of trees drops abruptly SSE along a line ea f
96°W, 1lying between the 150-75 m contours in SE Keewatin, and
reaching the shore of Hudson Bay a short distance north of the
Caribou River, northern Manitoba. There black, spruce and 1arch
are thé dominant trees; whit: spruce is best developed along water
courses and the margins of glaciofluvial deposits, and evidently
forms the last outposts of trees in the Kinga Lake.area (Hardy
1976; airphoto observ.).

Tree and upland tundra contours show no clear relationship to
the Tlimit of post-glacial marine overlap (cf. Geological Survey
Canada 1967). Isostatic rebound may be related in.some way to the
vegetation patterns, particularly around 60°N wheré the Timit of
trees 1lies close to Hudson Bay. Along the west shore of Hudson
Bay approximate rebound has been 150 m (Nichols 1976) in 7500 yrs
(Bryson et al. 1969), or about 2 m/century.

Below the 150 m contour and roughly correlating with the limit
of . trees, wetland increases sharply in cover from +10% in the west
to >25 and even >50% in the east, where it comes to dominate the
landscape. By the shores of Hudson:Bay, unaveraged wetland cover
rises to >75%. Countless ponds and small lakes dot the landscape
along the wetland dominated margin of Hudson Bay. Much of this
wetland is 1likely incapable of supporting trees regardless of the
climate. |

The distance to which cold moist marine air, derived from
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Hudson' Bay and Arctic Archipelago source regions (Bryson 1966),
extends inland 1is an open question. The 10 C mean July air
isotherm plhnges south upon reaching Hudson Bay (Figure 5C in Hare
-~ and Hay 1974), as does the 60Jday contour for frost-free period
(Figure 12 Hare and Hay). Such a deterioration of the growing
season may be important, but it is noteworthy that much of the
forest-tundra of the northwest experiences an even shorter
frost-free period. |

In the USSR, the forest-tundra is oriented parallel to the
shores of the Arctic Ocean, and extends northward to the world’s
most northern forests (72°40’'N) on the broad Taimyr Peninsula; in
contrast, cold arctic waters and persistent ice contribute to the
southward plunge of the forest-tundra west of Hudson Bay
(Tikhomirov 1970). Similarly, the forest-tundra in eastern Canada
extends farthest north near the center of the Labrador-Ungava

peninsula, and extends southward along the shores of Hudson Bay

and the Labrador Sea (see Payette 1983: Figure 3).

5.3 Tree and tundra landscape patterns at the extremes of the
forest-tundra
While growing conditions for adult trees are not conducive to
rapid growth on wet and summer-cold soils, conditions for seed
reproduction and cloning seem favorable. The treelessness of dry

soils at the southern limit of the forest-tundra may result from
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frost and desiccation injury to seedlings during germination and
establ{shment. Initiation by fire of wupland "tundras" on dry

summitsgmay contribute to the landscape pattern.

\ black spruce, white spruce, and 1larch stands at their
northef] limits in the NWT occupy wet to wet-mesic mineral soils

. Even new]y-established stands are most often

site "deterioration" (cf. Kryuchkov 1970,
1978).  Whether this pattern constitutes a compensatory ecological
shift in site preference or a narrowing of niche width is not
clear. Preferred sites are slope bases, shores, and along
drainages; when associated with.g1aciof1uvial deposits, trees are
found on esker and outwash flanks, or at pond edges in pitted
outwash.

The fact that trees at their northern limits are often found
growing along lakeshores indicates that factors other than growing
season deg-days may be involved. Would a delayed spring and
cooler summer temperatures nullify the positive effects afforded
by the 1lake’s environs? The moist soils typical of 1akeshor;s,
enhanced protection against fire, frost protection during the
growing season, and perhaps insulation against winter and spring
climatic extremes afforded by an accumulation of windblown snow,
may all contribute to survival and maintenance. )

It is noteworthy that outlier stands can be found growing in
unprotected places such as exposed slopes, but these stands rarely

lack a drainage or runnel in the center of the stand, or evidence
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of poorly—dra;‘oil condittons (gleying, mottling, tall willow
and birch shrub). Prest (1985)‘found the northernmost spruce in
the Bebensee Lake area (at 67° 21’'N, 118° 19'W) on a “seemingly
unprotected knoll" alongside a large aufeis.

In contrast, tundras at their southern limits are typically
restriéted to upland summits and dry, coarse-textured soils such
as sands, gravelly sands, and stony and bouldery tills. A similar

‘edaphic pattern has been noted in the recent rise in the birch
(Betula pubescens) treeline in the Swedish Scandes: the rise

‘_in treeline was halted wherever a plano-convex landform, with
little snow accumulation and low soil moisture conditions, was
reached (Kullman 1979). |

Fire may also play a role in this landscape pattern. Payette
(1983) has noted that tree stands in the northern forest-tundra of
Québec are strictly Tlocated in lowlands; interfluves are covered
by dwarf birch/heath/lichen tundra with sparse black spruce
clones. Initiation of the upland tundras, both in the northern
and southern forest-tundra there, is believed related to fires
followed by absence or low level Bf tree regeneration on exposed
uplands. Yet the questfon remains as to why forest stands in
lowlands can continue to regenerate while seedlings fail to
establish on nearby uplands. While some wupland tundras and
pseudo-tundras at their southern limits in the NWT and northern

C_ﬁsﬁ?nga owe their origin to fire, most uplands at the northern
limit of the forest-tundra show no signs of ever having burned.

Thus, while fire is likely contributory to the lowland--tree stand
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landscape pattern in the study region, it cannot wholly account
for it.

On acidic terrain, sandy treeless sites at the southern limit
of the forest-tundra are often covered by Vaccinium vitis-idaea
--Empetrum/Cladonia--Stereocaulon--Polytrichum communfties with
occasional bdre ground (see section 4.6). On stony acidic tills,
ericad/lichen tundras are common, passing into lichen fundras as
stoniness increases. On basic terrain, Dryas/lichen
communities predominate. Regardless of pH, grass cover may be
promdhent on dry coarse-textured soils (Agrostis borealis,
Calamaé:ostfs purpurascens, Festuca brachyphylla, Hierochloe
qlpina, and Poa spp.).

The restriction of tundras at their southern limits is ;;:\\__,
corollary of the tree--wet mineral soils pattern. Causative
factors are likely the same in these patterns, with trees and tall
shrubs favored at the wet-mesic extreme ands»low shrubs and lichens
favored at the xeric extreme. Thus, accounting for one landscape
pattern may help account tor both. The discussion that fo]]ows\
focuses on the tree--wet mineral soils pattern.

This landscape pattern, wben noted in the past, has been
ettributed to restriction to warm summer micro- and meso-
environments, to avoidance of winter wind, and to fire effects.
~Summer warmth in these generally depressional areas, however, is
apparently not of prime importance to the trees. Temperatures of
locaticns only 30 m apart in elevation may*gg negligibly different
on clear days, but Huovila (1970) found lower areas to be as much

as 7 C colder on clear calm nights. In summer, minimum



194
temperatures on hilltops may be 2 C higher, and those in valleys
1.5-4 C lower, than those of flat terrain (Dolgin 1970). Thus,
summer temperatures of depressional and valley tree outliers may
be lower than those of surrounding tundra uplands.

Winter desiccation has been implicated as the primary cause of
injury at the northgrn forest Yimit (Tranquillini 1979). Damage
has been attributed to failure of new shoots to mature
sufficiently during the growing season (e.g., thickening of the
cuticle), and  thus to transpire excessively during winter
(Tranquillini 1979, 1982). Wardle (1981) presented data that
suggest tissue freezing rather than water stress may be the prime
cause of desiccation in inadequately hardened "krummholz" shoots
of Picea engelmannii and Pinus contorta. Marchand and
Chabot (1978) also question the water stress view, and in the case
of timberline on Mt. Washington, N.H., cite evidence that
inhibition of megaspore mother cell division and poor recruitment
may better account for timberline position.

The dehydrating effects of winter winds are difficult to
evaluate, and may be species-specific. Winter wind exposure of
Picea engelmannii and Abies lasiocarpa shoots is a prihe
eduse of needle dehydration and death, even in the absence of
predisposing sub-optimal growing conditions (Hadley and Smith
1986) . In contrast, exposure to winter wind does not increase
frost desiccation in hardened black spruce (Marchand and Chabot
1978). Wind evidently vreduces transpiration losses when leaf
diffusive resistances are high, and perhaps even when diffusive

resistances are low, attributed by Marchand and Chabot to
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convection of heat from the leaf which lowers {eaf-air temperature
and vapor pressure gradients. Black spruce branches damaged b;
snowblast are evide more susceptible to water loss than

undamaged branches (Marchand amd Chabot 1978).°

If desiccation were an important limiting factor at the
subarctic limit of trees, it s erprising that extensive
fieldwork should find little evidence ¢f brown winterkill.
Dieback of leaders and pruning of branches near winter snowpack
level was observed occasionally in exposed places, related to snow
abrasion.

While protection from winter desiccation may be of some
advantage, especially to seedlings, what other advantages might
wet soils offer? Summer soil water potentials may be non-limiting
to dry matter production at treeline (Vowinckel ei al. 1975;
Tranquillini 1979), but summer drought has beep implicated in
early cessation of elongation growth in white spruce (Scott et al.
1987b) . Wet soils may confer some small photosynthetic advantage
to outlier trees, but this advantage migh-t‘! nullified by their
typically lower soil temperatures, which depress el;ngation growth
(Scott et al. 1987b), and inhibit dry matter production by
depressing photosynthetic rates (Tranquillini 1979).

Factor;’/ favoring vigorons growth may not  favor \Q%od
regenera;ion.  Maini (1966), in a study of forest-tundra in!'St
Mackenzie District, found that white spruce grew most vigorously
on dry-mesic soil and black spruce on mesic soil, but best

regeneration and highest density of -both species were found on

wet-mesic soil. Mineral soil or moist moss have been identified
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as good §eed beds for black spruce; its first year seedlings seem
unable ‘to\\Epntrol water loss; water stress and heat girdling are.
prfme causes of mortality (Black 1977). Experimental removal of a
Cladonia stellaris lichen mat brought abeut a steady decline
“in bfanch growth of ;iack spruce seedlings over four years; the
decreased growth was tentatively attributed to decreased soil
moisture and/or loss of nutrients (Cowles 1982). White spruce
seed]ings_ require an uninterrupted. adequate supply of moisture
(Sutton 1970)..' Hot dry soils arefinhdspitable to white spruce
seedlings at freé]ine (Scott et a].,§987b).

Although viable seed would be produced in outlier stands only
during unusually favorable summers,”germination and establishment
might be more successful on their moist soils than on nearby dry
-soils. Vegetative reproduction in béth spruces is, moreover,
common on moist soils and rare on dry soils. Thus, it seems
likely that cdnditions for both sexqa] and asexual rep}oduction
are most favorable on these wet or wet-mesic soils. While,growing
conditions on’éﬁéarb better-drained warmer soils -are likely
superior for adult trees, those conditions are unavailable if
spruce and Tlarch seedlings are wunable to establish.. Without
abundant so0il moisture, germinatioh’ would probably not occur
(Kullman 1979)f Once established, trees may persfst after the
climate has. deteriorated and further establishment has ceased
(Black 1977; Kullman 1979; Scott et al. 1987a). Adult trees
apparently possess greater resistance to climatic stréss than do
juveniles. Limits to physiological tolerances are most often

exceeded during seed production, germination, and establishment;
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these most sensitive stages set the 1imifs for maintenance and
spread of a species (Larcher 1980;47; this is Thieneménn's Rule
(see Thienemann 1956); in relation to treeline, s?.Black 1977;
Kullman 1983, 1986). .

Another advantage wet mineral sdi]s usually offer over
freely-drained soils 1is more abundant available calcium and,.
magnesium (Larsen 1980). Hustich (1953), Daubenmire (1959),
Larsen (1974), and others have noted a preference for calcareous
soils in white spruce, larix sibirica, and other trees near
theiv  northern or altitudinal limits. Throughout  its

s+« ation,  Llarix lyéllff, in contrast, seems to prosper
‘ 1 acidic soils low in calcium carbonate (Arno and Habeck
1972).°  The physiological basis for preference or avoidance of
calcium-rich soils by trees has not been elucidated.

’ Freezing resistance of well-hardened northern spruce, larch,
jack pine, paper birch, aspen, and balsam poplar are sufficient to
ensure su}vival down to -70 or -80 C, or in some cases even
immersiom in 1iquid nitrogen (-196 C) after appropriate hardening
(Sakai and Weiser 1973). Protection froﬁhwinter cold is thus not
a factor after hardening 1is complete. However, some of these
species may become frost-sensiti&e in  summer and suffer damage
when temperatures dip below freezing (Tranquillini 1979). High
air temperatures in May are detrimental to Picea abies as they
promoie premature initiation of growth with consequent increased
risk of frost damage (Ku11man 1986). The preference of treeline

Picea cbies for dense Betula nana thickets may be due to
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reduced danger of frost damage to -saplings during the gfowing

season (Kullman 1986).

Hardening proceeds in a stepwise fashion promoted by decreasing

temperatures (Larcher 1980). Site conditions in these outlier

stands may permit maye complete maturation and hardening t- T

pSssib]éb on dry soils. Incomplete hardenihg or immaturity of new
growth may endanger susceptible parts, but frost damage per se
does not appear to threaten survival of adult trees, at least at
the alpine timberline (Tranquillini 1979).

Soils in outlier stands differvin two ways from the surrounding
upland tundra soils: they are wetter and tend towards thicker moss
and organic mats. However, these stands rarely occur where
organic  matter accumulation exceeds 25 cm (field observ.).
Viereck (1970), in a comparison of the thermal regiﬁe of four
‘river  bottom stands in central Alaska, concluded that soil
temperatures can be reiafed to soil textures and thickness of the
insulating mat. Fall freezing and spring thawing were slower in
the finer-textured soils, in part because these soils retain more
water, and therefore evolve more latent heat of fusion (Geiger
1965). Sand underlying Salix™ alaxensis froze to 150 cm depth
in two months; balsam poplar and white spruce communities on silt
and sand froze in three months; in the white ‘spruce--black
spruce/shrub/feather moss  community with a 27 * cm thick
moss/organic layer over silt and sand, hard freézing at only 50 cm
depth did not take place until 16 February, four months after the

surface began freezing. Spring thaw began in ]g}e"May and was

never completed on the finer-textured soil with thick organic mat,

-o\
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while on sand' with scattered Salix alaxensis and a loose low
moss mat, thawing was complete by the end 6? May. Soil
‘temperature fluctuations were greateét in the sandy willow stand
and 1owes£ in the spruce communities. While dry coarse-textured
upland soils with a thin organic layer are warmer during gummer,
they cool rapidly to freezing in.the fall, depriving plants of
liquid water and bringing about a sﬁarp drop in metabolism at a

time when dormancy--hardenir; processes may be incomplete.

The available data indicate that adu]t'tree§ are fully capable
of survival and growth, aibe:t slow, at t%eir high subarctic
distribution 1limits. While growing conditions for adult trees are
not conducive to rapid growth on wet and summer-cold soils,
conditions for seed reproductic~ and cloning seem favorable.

The treelessness of dry soils at the southern limit of the
forest-tundra may vresult from physio]ogiéﬁ] stresses to seedlings -
during germination and establishment, brought on by droughty
conditions, wide fluctuations in soil temperatures, and perhaps to
inadequate snow cover. Such conditions might manifest themselves
in poor resistance to frost and desiccation. Year-round
meteorological, physiological, fire; and soil studies in these

stands are needed before landscape patterns of trees and tundras

at their distributional limits are understood.
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5.4 -Areal pattern of burn in the subarctic NWT

Fire occurrence and behavior and vegetation regeneration rate are
discussed as a basis fbr _interpreting the areal pattern of burned
forest and forest-tundra. The coﬁp]ex areal pattern of burn in the
subarctic NQT is understandable with reference to weather, terrain

influences, and regeneration rates.

- 5.4.1 Factors affecting fire occurrence and behavior

Fuel, topography, and weather all influence fire occurrence and
behavior. Closed crown forest carries fire better than open crown
forest or treeless vegetation. In'tundra and forestQtundra, fires are
carried by continuous, fine-textured ground vegetation rather than by
tree crc Smooth terrains, with continuous mature forest and a low
areal tover of water bodies, appear most susgéptib]e to large burns.

Lightning discharged during summer thunderstorms is the primary cause

of fires in the subarctic NWT.

Fuel,  topography, and weather all influence fire occurrence
(frequency). A deep accumulation of dry fine fuels and duff such as
conifer needles, twigs and Tlichens, and dry dead trees favor fire
spfead (Simard 1973; Bradley et al. 1982). Since fruticose lichens

such  as  Alectoria, Cladonia, and Stereocaulon dry rapidly and
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have high surface to volume ratios, they behave more like fine litter
than 1living vascular planég (Auclair 1983), and are thus fire-prone.
Squirrel middens at the bases of trees and accumulations of arboreal
lichens both encourage intense fires (Rowe 1970; Larsen 1980).
Probability of fire increases with age of tree stands due both to
buildup of stand biomass and establishment of a closed lichen mat. (Rowe
et al. 1975; Auclair 1983). e

Continuity of the fuel favors fire spread; closed crown forest
carries fire better than open ‘crown forest or tree]ess vegetation
(Bradley et al. 1982). In tundra and forest-tundra, fires are carried
by continuous, fine-textured ground vegetation rather than by tree
crowns (Wein 1975). Communities Qith a high cover of resinous
evergreen shrubs ignite at low temperatures and can burn intensely as
those shrubs have high lipid and caloric contents (Auclair 1983). Once
ignited, dwarf birch--ericad/lichen vegetation burns fiercely (Crampton
1974). Dwarf willow--birch, cottangrass, and even sedge meadows have
been known to burn (Wein 1976). Plants with high ash contents such as
graminoids are less flammable than resinous shrubs (Auclair 1983).

Topography affects both rate of fire spread and extent of burn.
Smooth terrains encourage and rough terrains discourage large fires
(Simard 1973). Moist floodplain forests are relatively fire-proof
(Rowe et al. 1974), whereas coarse soils over bedrock dry quickly,
making such sites more fire-proﬁe than those on deeper fine-textured
soils (Bradley et al. 1982). Thus the extensive terrains with
coarse-t:xtured shallow soils north of Great Slave Lake and south of
the East Arm of Great Slave Lake are fire-prone landscapes. In

contrast, sparsely-forested rocky uplands set in a matrix of barren
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rockland ‘present discontinuous fuels and are thus less fire-prone than
continuous forest (Rowe et al. 1974).

Lakes larger than 15-20 km are evidently effective firebfeaks.
Airphoto analyses and study of fire cover maps indicates that burns are
commonly halted at Tlarge bodies of water. Kelsall (1960), working
north of Great Slave Lake, listed rain, old burns, lakes, streams, and
bogs as significant controls to burning. Terrainbwith a high cover of
water appears to be less fire-prone than lake-free terrain.

While variation in fuel and topography result in changes in fire
behavior 6f no more than a factor of 10, weather can cause fire
behavior to vary by a factor of 1000 (Simard 1973). Lightning
discharged during summer thunderstorms is the primary cause of fires in
the subarctic and boreal NWT. Rowe et al. (1975) found that lightning
accounted for >97% of the total area burned in the Yellowknife district
since 1970. Elsewhere in the western NWT, Tightning accounted for >99%
of the area burned. Johnson and Rowe (1975) determined that 85% of
fires in the Caribou Range SE of Great Slave Lake were caused by
Tightning and 15% were caused by man; 99.9% of the total area burned
was due to lightning.

Lightning requires air mass instability due either to orographic
effects, frontal movements, or convective instability (Rowe et al.
1975). Of the three sources of air mass instability, convectijon
appears to be the prime cause of lightning in the western NWT (Rowe et
al. 1975). Once ignited, fire spread is favored by low relative

humidity and high winds (Cochrane and Rowe 1969).
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5.4.2 Recovery time after fire

The balance between yearly burn and recovery time determines the
landscape cover of ‘"recent" burn. Regeneration of low subarctic tree
stands beyond the shrub stage generally takes place within 25-50 years
after fire. Foregt-tundra tree stands are, in coﬁparison to low
subarctic forests, fire-proof. Black spruce is apparently better
adapte& to fire than white spruce and larch. The forest-tundra of the
northwest may be susceptible to rapid shifts in position as white

spruce-is by far the dominant tree. /

Regeneration after fire must be considered along with fire
occurrence as the ‘ba1ance between recovery time and yearly burn
determines the _1andscape cover of ‘"recent" burn. There is general
consensus that recovery of burned subarctic tree communities requires
ever greater lengths of time as the limit of trees is approached, but
hard data are lacking. Many papers nominally reporting on the role of
fire in the forest-tundra contain a minimum of evidence, and instead

report on the low subarctic (cf. kershaw et al. 1975; Kershaw*a%d Rouse

1976; Auclair 198%). s

Recovery ~~*:¢ tundra is rapid in comparison to that in low
subarctic tree ~ause tundras accumulate less combustible
biomass and < / underlain by cold wet soils resulting in
cooler fires ,uqqywein 1972). In tundra, therefore, many

undergroud parf‘ddamaged by fire, making regrowth possible
during the same or next growing season (Wein 1975). Tundra fires may

be more common than previously thought; rapid regeneration can make
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identification of past burns difficult within only a few ygars of
recovery (Cochrane and Rowe 1969).

Study "of airphotos taken in different years in the northwest
indicate;v that upland tundra burns are not uncommon. Tundra burns are

evidently Tess frequent elsewhere in the high subarctic (Wein 1976;
| field observ.). Ouring the fieldwork we observed past burns in peat
plateaus and other dry peats, and only a few examples of burned
sparsely-treed uplands in a tundra matrix. The total cover of burned
tundra communities in the high subarctic may be estimated as <0.01%
(field observ.). Tundra f{res in Keewatin may be less rare (Wein
1976) .

Recovery times for tree vegetation differ geographically, by
community type, and depend also on definition criteria. Regeneration of
lTow subarctic- tree stands beyond the shrub stage generally takes place
within 25-50 years after fire (Kershaw et al. 1975; Wein 1975; Johnson
and Rowe 1977). In the Tow subarctic Caribou Range SE of Great S1aJe
Lake, recovery of black spruce on drumlins tékes place in about 50-60
years, but climax is not reached until about 200 years (Kershaw et al.
1975). High canopy cover in the Caribou Range is reached within 50
years in various forest types (Johnson and Rowe 1977). In general,
canopy cover of mature forest in the Caribou Range is lower than that
of seral stages. Stand thinning is especially notable .in sites
supporting paper birch since clones senesce at about 50 years (Johnion
and  Rowe 1977). On sites with adequate moisture, the se;al
spruce/Stereocaulon woodlands are replaced by closed canopy climax

spruce/moss forests after about 150 years (Kershaw and Rouse 1976).
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In the northwest, burned tree stands in the lower Mackenzie valley
may remain shrub-dominated for 25-50 or more years after fire; such
stands may require 50-120 years Yefore the community appears stable
(Wein 1975; Black and Bliss 1978). Black spruce/Vaccinium
uliginosum/lichen <climax forest there 'may require over 200 years to
reach maturity; the persistence of a shrub-dominated stage may be due °
to improved water and nutrient availability on fine;textured tills
resulting in Juxuriant growth (Black and Bliss 1978). Stand\ipinning
takes place with age in the northwest as a result of rise of the
permafrost table. This thinning is most striking when viewed from the
air, as the dark-toned spruce, shrubs, and moss are frequently
restricted to runnels which contrast with the light-toned Cladonia
dominated interfluves.

By virtue of their isolation and often moist soils, forest-tundra
tree stands are, in comparison to low subarctic forests, fire-proof.
Mature stands are usually uneven-aged, indicating good recruitment, and
older trees often exceed 200-250 years of age (field data). If these
stands are burned, however, their recovery is uncertain (Rowe 1970;
Payette and Gagnon 1985) (Plate 12).

Spruce are apparently unable to sprout from underground parts after
fire, at least in the 1low subarctic (Johnson and Rowe 1977);
regeneration thus begins with re-seeding. Black spruce, which produces
cones at an earlier age and retains some unopened cones on the tree, is
better adapted to fire than white spruce and larch, which shed more of
their tutal seed crop each season (Rowe 1970; Paytette et al. 1982).
But seeding from cones retained on fire-killed black spruce must take

place within 1-8 years after fire as the seeds lose their viability
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with time (Black 1977). Buried black spruce and larch seed populations
in the subarctic are evidently non-viable (Johnson 1975; Black 1977;
Payette et al. 1982), making re-seeding of burned areas froﬁrﬁithin a
stand subject to time constraints. The nearly complete non-viability
of buried seeds, compared to the relatively high seedling populations
in larch and black spruce stands in northern interior Québec, indicates
that northern tree stands may be renewed by a seedling bank (dating
from episodic establishment) rather than from a seed bank (Payette et
al. 1982). Such stands are at risk of extinction by fire unless &he

4/"FT?P\\is sufficiently patchy to allow survival of some seedlings.

Seeding from outside the burn is subject to the vagaries of isolation,

% patch or "island" size, viable sééd production, dispersal, and

successful  establishment. Although fires .are rare in the

forest-tundra, tardy or unsuccessful regeneration might locally shift

the tree 1imit south of its climatic potential (Rowe 1970), or more
precisely, south of the climatic potential of adult trees.

In contrast to rapid regeneration after tundra fire, burned tree
stands near their polar limits can be converted into persistent
"tundra" communities. The potential for post-fire tree regeneration in
the forest-tundra of northern Québec may depend on (1) the regeneration
potential of the stand: either forest trees (bearing normal cones) or
clonal spruce (with stunted spruce bearing only a few small cones,
sometimes none); (2) on the length of fire intervals; andj(3) on the
timing of fire occurrence in relation to c]igatic conditions (Payette
and Gagnon 1985). v

White spruce stands Tlack a supply of stored seeds, and thus fires

near tree 1limit could result in conversion to "tundra". The
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forest-tundra of the northwest may be susceptible to rapid and
persistent depression of potential tree cover as white spruce is by far
the dominant tree. Rowe (in Rowe and Scotter 1973) has obsefved
fire-induced "tundra" in the Horn Plateau near Ft. Simpson, NWT.
Similar fire-induced "tundras" have been observed in northern Manitoba
(Ritchie 1960a), nogthern Québec. (Payette 1983; Payette and Gagnon
1985), Fennoscandia  (Hustich  1966), and elsewhere across the

circumpolar subarctic.

5.4.3 Patterns of fire occurrence and burned landscape in the

subarctic

Burns show a general decrease in cover from the far northwest to
the southeast, while cover of water bodies increases from northwest to
southeast. The role of lakes acting as firebreaks or in locally
modifying summer weather deserves further attention. In the northwest,
the wuniformity of the flat till p]ains: high cover of mature forest,
and scarcity of lakes, coupled with dominance of white spruce (in the
forest-tundra), are likely primary factors accounting for the extensive
burned terrain. In the eastern half of the study region, tree cover
usually drops rapidly within the southern half of the forest-tundra,
constra?ning burn to low cover values; burns extend about 25-75 km into
the fovest-tundra, reaching ever lower cover values with distance east
of Grea* Slave Lake. Low fire weather risk and an aghndance of lakes,

coupled with the typical steep drop in tree cover, may account for the

low cover of treeless burn both in the open crown and forest-tundra
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regions east of Great Slave Lake. Treeless burns north of Great Slave
Lake peak in cover in the low subarctic along a NW--SE axis which lies
NE of high fire risk and accurrence zones. <

Average fire occurrence for the high subarctic raqgfs from nearly
zero at the 1limit of trees to >0.6 fires/1000 kmz/year near the
southern edge of the forest-tundra (Rowe et al. 1975; Simard 1975).
Highest fire occurrence is found in tﬁg’1ow subarctic and high boreal
regions north of Great Slave Lake (about 1.5-4 fires/1000 kmz/year),
extending from near Llac La Martre SE to Yellowknife (Simard 1975).
Fire occurrence decreases sharply to the SW, but remains high well to
the NE on the Shield, averaging 0.2+0.8 fires/1000 kmz/year in the
low subarctic north of VYellowknife, and 0-0.4 fires/1000 kmz/year in
the  forest-tundra (Simard 1975). A similar zone of high fire
occurrence lies south and  SE of the East Arm of Great Slave Lake
(0.2-0.8 fires/1000 km®/year).

A high fire risk zone along the western edge‘of the Shield NW of
Yellowknife has been identified by Rowe et al. (1975). There low
pressure systems moving south wup the Mackenzie valley apparently
interact with high pressure systems moving SE parallel to treeline.
The Arctic and Pacific highs which collide near the southern edge of
the forest-tundra in summer are separated by a trough of low pressure
(Rowe et al. 1979). The interaction of these high and low pressure
systems causes mixing of warm southern air with cool northern air;
airmass  instability is created, resulting in thunderstorms and

lightning.
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Fire weather zones (based on empirical relation?hips between
lightning, rainfall, wind, humidity and other ind;ces with fire
behavior) identified by Simard (1973) ruq .nearly parallel to the
forest-tundra from the Mackenzie valley to the East Arm of Great Slave
Lake. East of Great Slave Lake, fire weather zones trend more
north--south than do the vegetation zones, indicating that the eastern
forest-tundra is less fire-prone than that north of Great Slave Lake.
Perhaps contrary to expectations, weather presents low to very low fire
risk in the northwest (fire weather index of 2-6; Simard\1973).
although treeTess burns there reach their highest cover in the'stu.;~
region: Moderate to high fire risk (FWI 6-14) exists for the sector
between Great Bear and Great §lave Lakes, and moderate fire risk (FWl
6-10) exis®s from. the East Arm of Great Slave Lake to the
Manitoba--Saskatchewan border at 60° N. [In%he subarctic of southern
Keewatin and northern Manitoba, fire risk is low to very low (FWI 2-6;
Simard 1973).
The areal pattern of burn cover (Figure 18) may be divided into
» three sub-regions: the northwest, extending SE to the south shore of
Great Bear Lake; the central third. lying between Great Bear and Great
\élave Lakes; and the southeast, extending from the East Arm of Great
§Tave Lake to Hudson Bay. Y
Treeless burns reach their highest cover and greatest extent in the
northwest. In the high boreal and low subarctic of the northwest,
10-50% of the terrain is treeless due to burn. In the forest-tundra,
burn area varies between 0-25%, with the northern limit of burn nearly

reaching the 1limit of trees between the Mackenzie and Kugaluk Rivers.
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The northern limit of burned trees reaches the big bend»df the Anderson

v

River, then parallels the Anderson southward to Smith Arm of Great Bear
Lake. - Peaks pr >25% burn are found in the Colville Lakes area sw‘é?
the Anderson. Extensive burrs are found in the flat terrain west of
Keith Arm, and burn cover remains high along the south shore of Great
Bear .Lake eastward tp the Shield/Paleozoic border (10-50%).

As notgd above, weathef presents low to very low fire risk in the
northwest (Simard 1973), and cannot account for the observed high cover
of treeless burns. The continuit; of the forests, particularly bTack
spruce/heath shrub/]ichen) ~and  the maturingﬂof vegetation not burned
since‘ the 1800’s have been suggested as contributing to the great
extent of burns in the northwest (Rowe et al. 1974; Black 1977). In
‘addiiion, “large fires are favored by the topographié uniformity of the
extensive flat till plains, and by the scarcity of lakes which might
act as firebreaks (see Wein 1975: Figure 1). Comparison of Figure 8
(percent water) and Figure 18 (percént burned.trees) indicates that the
most extensive burned terrain is found where cover of water bodies is
lowest (0 "to <10%). Fires may spread unhindered étross the relatively
lake-frée till plains of the northwest. N

The western forest-tundra pattern, in which tree cover may remain
high to near the limit of trees (Figuré 238B), contriputes to high burn
cover by providing relatively continuous flammable vegetation. In
addition, white spruce, stands of which lack a supply of stored seeds,
is the doﬁinant tree in the forest-tundra éf the northwest and
apparently regenerates poorly after fire near its northern limit.

" In the eastern half of the study region, tree cover usually drops

rapidly within the southern half of the forest-tundra, constraining
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burn to low coxer values (Figures 18, 24, 25). Burns extend into the
forest-tundra a distance of about 25-75 km. In general, the northern
burn 1limit does not extend beyond the line where tree cover equals
upland tundra cover (the central line in Figure 24B.1).

Between Great Bear Lake and the East Arm of Great Slave Lake,
forest-tundra burn cover ranges from 0-10%. There is a band of high
burn cover (10-50%) NE of the Shield/Paleozoic border in the low
subarctic, falli off Qg;h to NE (forest-tundra) and to SW (high
‘boreal). Based on low-level aerial surveys in the low subarctic
Camsell--Hardisty--Indin -Lakes area in this central region, Kelsall
(1960)'ca1cu1ated burned forest cover at 22% of the landscape.

Corroboration of this band of high cover of burn is prosfided by
inspection of fire maps (DIAND, NWT govt., unpublished, supplied by Dr.
Kaye Maclnnes) of the area north and NW of Ye]]owknifeg’_For the area
lying between 116 and 114°W and 62 and 66°N, high dove;'of fresh burn
chupies a band 1lying between 62° 50’ and 64° 25'N. Farther west, .j
the Lac La Martre--Faber Lake area, percent cover of burn peaks tdythe
NE, with low cover of byrn south and west of Faber Lake. | ‘

Maps of fire weatz;r and -fire occurrence (Simard 1973, 1975), burn
cover (DIAND, NWT Govt, unpub]iéhed; Kelsall 1960), and the fire risk
zone of Rowe et al. (1975) parallel the band of high cover of burned
trees lying NW of Yellowknife. High fire occurrence and risk evidently
oécupies a band SW of the peak burn cover in Figure 18. The
discreg@ cy bekween Figure 18 and other accounts may reflect the
offset ni/' factors of high fire occurrence southward and longer

recov y‘ﬁfime northward. The balance between yearly burn and recovery
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time determines the amount of the landscape currently treeless due to
‘burn. —

Burn cover in the forest-tundra north of‘Great Slave Lake (0-10%)
generally exceeds that east of Great Slave Lake (0-5%). Aside from the
factors #of higher fire occurrence and fire risk, a third factor may be
cover of water bodies (cf. Figure, 8 (percent wafer) and Figure 18
(percent burn)). Water bodies cover 10-25% of the forest-tundra north
of Great Slave, averaging about 15%. In contrast, water cover east of
Great Slave Lake ranges between 10-50%, with an average near 20%.

In the low vsubarctic Caribou Range (south and SE of Great Slave
Lake), burn cover peaks (50%) where water cover reaches a minimum
(</=10%). In contrast, the ;orest-tundra SE and east of Great Slave
Lake 1is comparatively burn-free; only 0-5% of the terrain is treeless
due to burn. Like the area north of Great Slave, burns extend about
25-75 km “into the forest-tundra east of Great Slave, but average burn
covey is lower and the limit of burns lies generally closer to the
southern edge of the forest-tundra. In the extreme southeast, burn

cover in the low subarctic of northern Manitoba rises (up to 25%); here

water bodies cover only 2-10% of the landscape.

5.5 The sigmoid cover structure of the forest-tundra in relation
to environmental factors
The siémoid cover structure of the forest-tundra may be viewed as
’ the integrated response of the vegetation in its attempt to track

environmental variability: a summation of vegetation response, edaphic
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influences, fire patterns, and landscape--climate feedbacks. h

The structure (in "this sense: treeless, clonal, and forest sites)
of the modern forest-tundra zone may be "...the resu1tlof long-term
regeneration dynamfca]]y related to Holocene c]imatic‘changes and to
fire history." (Payette and Gagnon 1985:572; see aLQ;'Payette 1983;
Millet and Payette 1987). Accordingly, the forest—;ﬁndra is seen as
the result of Holocene deforestation of a formerly densely forested
zone effected by fire under an unfavorable climate. "Tundra" thus owes
its origin to failure of tree regeneration after deﬂPrestation.

Alternately, the sigmoid cover structure of thevforest-tundra might
result from bioclimatic feedbacE; (bounded by the maximum ang minimum
radiant energy available to the regfon and the limjts to areal cover of
trees or tundra: 0--95%), edaphic factorsr fire patterns, and
vegetatiop response times (sections 5.2.3, 5.2.4.2, 5.4). Hypothesized
controls of zonal vegetation structure, in space and time, are outlined
in Figure 28.

Climate is 1linked with the landscape through terrain features such
as albedo, aerodynamic roughness, and depth and dhrat{on of showcover,
with this Tlinkage strongest at the Tlocal micro- and mesoclimatic
level. Influence upon climate at the regional 1éve1 may take place
through air mass modification and effects upon circulation patterns.

Since terrain features affect air mass characteristics, steep
gradients in wupland tundra or tree cover should be correlated with
steep (¢limatic gradients. As discussed in section 5.242, this is

roughly corroborated by vegetation--climate comparisons.
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Figure 28. Hypothesized vegetation, climate, snowcover, fire, and
edaphic relationships functioning across the subarctic ,
forest-tundra. Post-fire regeneration rates are based upon sources
listed in section 5.4.2, and response times to climatic change upon
sources in section 5.1. Footnotes: a = air mass modification,
effects upon circulation patterns; b = macroclimatic constraints upon
meso- and microclimate; ¢ = fire may immediately convert forest
(persisting under a tundra climate) into treeless vegetation.
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Tun&ra communities with their shorter plants are covered by snow
for 8-9 months of. the year; any.plants projecting above the snowpack
risk physical injury from snow crystals blown about by the unabated
winds of the tundra. These smooth, snow-covered communities thus
reflect most of the sun’s energy back to the atmosphere, radiation that
could otherwise warm the landscape. In summer, albedo differences
between vegetation zones are not appreciably different, hﬁt vary from
site to site with differences in vegetation tone, surface roughness,
and soil moisture. Tyéica] summer albedos are 15-26% for tundra;
16-22% for forest-tundra; and 11-19% for open crown forest (Davies

1966; Hare and Rit

ie 1972; Haag and Bliss 1974; Findlay and Treidl

1975; Petzold andr Rencz 1975; Rouse  1976), with highest values for

"Tichen-rich tundras ( ies 1966; Petéo]d and Rencz 1975).
In contrast, winter (atbgdos vary with differing exposure of
snowcover from 70-80% in tundra; 60-67% in forest-tundra; andI50-55% in
‘ open crown forest (Hare and Ritchie 1972; Findlay and Treidl 1975).
Fall and spring values are intermediate, but the 1large albedo
differences_ of winter persist well into the high insolation period such
that spring is delayed by long-lasting snowcover (Hare and Ritchie
1972). For example: (1) small 1qkes in the Inuvik area are ice-free by
niid-Jdune, but ice-out does not occur till the first week of July near
ktoyaktuk, only 150 km northward (Ritchie 1977); (2) an estimated

' 600% increase in absorbed radiation at the surface took place after i.
rapid disﬁppearance of snow from the Keewatin tundra in June 1963
(McFadcen 1965); (3) 'through its combined effects on albedo, 5911

insulation, and evaporation, a one month delay in disappearance of

snowcover has been estimated to decrease summer monthly temperatures by
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8.6 C (June), 8.8 C (July), and 3.4 C (August (Lettau and Lettau
1975)).

Frozen snow-covered lakes have high albedos typical of tundra in
winter. McFadden (1965) reported albedos of 70-92% for frozen
snow-covered lakes in the tundra of central Canada, and .30-68% for
similar lakes in the forest. In contrast, an ice-free lake might have
an albedo of 8-12.5%. When lakes are partially frozen, with no snow on
the surrounding 1andscape,‘ typically in spring, Tlakes increase the
local albedo (McFadden 1965). The lake effect on albedo is grBater in
the forest than in tundra as the frozen and snow-covered lakes contrast
with dark forest canopy; in winter these lakes may raise the average
albedo of an area by —a— factor of two as compared to forested areas
without lakes and bogs (McFadden 1965). Thus forest-tundra landscapes
with a high cover of lakes may have climates more typical of tundra
than forest.

The transition from forest to tundrase (or treeless surfaces)
contributes to the severity of the climate (Hare and Ritchie 1972),
inducing a ‘further reduction in tree cover. Conversely, tree planting
in the southern tundra ef the USSR is believed responsible for climatic
amelioration (Tikhomirov 1961), although careful study of this effect
is required to account  for  independent climatic  trends.
Climate--vegetation feedbacks have also been implicated in intensifying
the effects of the Sahelian drought of 1968-73, and, in the
desertification of sub-tropical semi-arid regions since mid-Holocene
times (Hare 1979).

In the steep phase of the vegetation cover gradient, positive

feedbacks between vegetation, climate, and snowcover may drive the



. 217
landscape to either forest or tundra do&ipance. Maximum winter surface
albedo illustrates the point. Bétweenuéo and 1og°w, maximum surface
albedo inhcreases from about 40% in the closed crown boreal region at
56°N, to about 78% by 63°N, thereafter remaining stable into the high
‘arctic (Robinson and Kukla 1985).

At high and low cover values, where tree or tundra vegetation occupy
<5% of the landscape, vegetation gradients flatten out and trees or
tundra can be found far to the north or south on favorable sites. The
‘primary controls of tree and tundra cover at the extremes of the
forest-tundra appear to be topoclimatic and edaphic, but bioclimatic
feedback and historical factors may also be influential. Upland tundra
at its southern distribution limits typically occupies coarse-textured
dry soils, exposed summits, and highlands. Conversely, trees at their
polar limits are usually restricted to wet or wet-mesic mineral soils,
often 1lining small drainages. In the northwest, northern Manitoba,
northern Qhébec, and elsewhere, fire has created pseudo-tundras which
owe their existence to failure of tree regeneration.

An analagous situation may exist in the prairie--deciduous forest
ecotone of the ‘Upper Midwest, Uggz Davis (1977) concluded that the
position of the Jécotone is attributgble to c]iﬁatic controls, with
local wvariation in char?cter conditioned largely by edaphic factors,
topography, fire, ~differ‘éntia] migraéion rates of some taxa, and
survival of relicts in favorable habitats.

Vegetation--climate--snowcover feedbacks were first postulated in
1972 by Hare and Ritchie. They hypothesized that the zonal divisions

of the boreal forest are a series of interlocking systems of vegetation

and climate, and not a simple expression of climatic control over
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vegetation. The results of this quantitative study of forest-tundra
vegetation provide evidence in support of the interlocking nature of
vegetation and climate. It is 1likely that nothing short of an
integrated system of climate and landscape could account for the
observed consistent patterns of vegetation cover across the
forest-fundra (synthesized in Figure 28). ;

Differences in the vegetation cover pattern (i.e., variation in the
fogrm of the sigmoid curve) may arise through topoc1ima§;c, edaphic,“and
J?ie influences, human disturbance, and by the response time of the
veg;tation (Figure 28). It 1is noteworthy that the symmetry of the
sigmoid cover structure of trees is diminished when burned (but
potentially forested) terrain is not summed with terrain currently
forested. The pattern might then be better described by a truncated
sine wave due to depression of potential tree cover in the southern
forest-tundra.

Forest bioc]imatig//;;;dbac%s, rapid post-fire regeneration, and
edaﬁhic compensation might act to maximize tree cover in space or time,
resulting in, a steep cbver gradient at the climatic threshold for tree
growth. Tundra bioclimatic feedbacks, deforestation, and edaphic
restriction;s, in contrast, might act to h’mit forest gro’ in space or
time; steep gradients would occur south of the climatic potential fon
trees, resulting in a broad (spatial) or persistent (temporal)
tundra-dominated zone and a narrow or transient forest-dominated zone.

Edaphic controls and fire effects are exerted most strongly at the
individual plant, vegetation stand, and vegetation subtype scales
(100-106 mz; see Delcourt et al. 1983) which, in aggregate, might

) ,

influence the vegetation structure of the forest-tundra macroscale
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(1012 mz). Bioclimatic effects are felt at all scales, from local
(10°-106 mz) and area (106~109 mz) microclimatic and
mesoclimatic  influences, to the regional macroscale (109-1012
mz), with commensurate effec;s upon the macroclimate.

Response rates of forest-tundra vegetation vary widely.
Regeneration of burned tundra to a stage that would be undetectable on
airphotos may require oniy 1-3 yrs (section 5.4). In constrast, burned
tree stands require a minimum of 25-50 yrs to achieve a treed
condition, and may .require +200 yrs to reach a stable condition; burned
tree stands may remain treeless indefinitely under an unfavoraple
climate.

Rates of climatically-forced vegetation change are 1likely more
rapid from tundra to forest than from forest to tundra (section 5.1;
Bradley 1985:267). As rough approximations requiring quantification of
both climatic stimulus and vegetation| response, a tundra to forest
succession at a given site might take place in 50-100 yrs; in contrast
with a forest to tundra succession (unaccelerated by fire) which might
require 50-+3000 yrs. As indicated by the more rapid tundra to forest
succession, the processes involved may be fundamentally different. A
tundra is converted to a forest stand by tree establishment and
reproduction in a relatively open habitat. A forest is converted to
tundra by death of individual trees and clones, resulting in opening of
the stand. In the absence of fire, trees might persist through
unfavorahle periods, adding little or no biomass, and produce new

«ohorts during a climatically favorable episode.
Climatic variation (change) -- of differing magnitude, duration,

s ]
central tendency, and variability (Hare 1979) -- favoring opposing

r'd
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vegetation responses of unequal rate, must create an exceedingly -

complex mosaic in both space and time. In the absence of fire,
afforestation is probably more rapid than deforestation; on average,
’therefofe, the forest-tundra should support more tree vegetation than
the current climate sanctions. The overall effect of fire should be to
bring the balance between tree and tundra vegetation closer to
equilibrium with climate. Since, in an absolute sense, climate is
never constant (see Hare 1979; Bradley 1985; Woodward 1987), and
vegetation response lags, it might be argued that forest-tundra
vegetation cover never achieves complete equilibrium with climate. The
sigmoid cover structure of the forest-tundra might be viewed as the
integ;al of the vegetation’s response in its attemptﬂito track
environmental wvariability: a summation of vegetation response, edaphic

influences, fire patterns, and landscape--climate feedbacks.

Studies of vegetation response times, due to climatic forcing,
fire, or human disturbancks, are sorely needed (see Delcourt et al.
1983; Woodward 1987), espec'u]]y in the north (e.g., Payette and Gagnon
1985; Millet and Payette 1987). Significant changes in the vegetation
cover of the subarctic may be_gakjng place currently. If Epere is a
lag of ~50-10® yrs in afforestii%oﬂ\}esponse, current tree cover may be
increasing 1in response to th@,ué%mth of the early 20th century (even
though the recent post-1940 trend of atmospheric and sea-surface
temperatures for the northern hemisphere has been downward at 0.1-0.2
C/decade (Hare 1979)). {f there are significant increases in tree
density and consolidation of forest stands, might bioclimatic feé&Eﬁck

interact with greenhouse effects to provide further momentum for
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vegetation change? How might future climatic warmingTaffect fire

s .

[4

patterns? Large wildfires in the southern forest-tundra might increase
the frequency of deforestation such that forest cover might decrease
there, while disju#tt, relatively fire-proof tree stands in the,

northern forest-tundra undergo net expansion (see Payette and Gagnon

1985).

A}

5.6 Needs for further research

The time is now to—assess what, if any, changes are taking place in
the forest-tundra vegetation cover. The maps presented in this work
provide a baseline for vegetation conditions that prevailed circa

~ 1960. In a sense, the maps may be already out of date, yet this may
prove an asset in determining the degree of vegetation change over a
finite time. In this regard, studies of population and areal cover
dynamics might prove fruitful in the forest-tundra east of Great Slave
Lake. There, the Tlandscape 1is ‘"primed" for afforestation: steep
vegetation change takes place in the southern forest-tundra, with low
tree cover extending great distances northward; increase in forest
////cover might be readily detectable. In contrast, much of the northwest
forest-tundra supports high tree cover to near the limit of trees, and
’//,detectable expansion might require establishment of new populations;
furthermore, northward movement of the vegetation zones is constraingd

by proximity to the Arctic Ocean. On the other hand, studies of tree
regeneration in the persistent dwarf birch--willow--alder treeless

burns of the northwest may prove enlightening.
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This study has attempted to describe the v etatioﬁ cover of the
high subarctic forest-tundra, and discussed the likely controls and
correlates of the vegetation patterns. In my opinion, the location of
the forest-tundra boundaries, the distribution of selected patterned
ground  features, vegetation patterns and gradients within the
forest-tundra, and the sigmoid cover structure described in this study
rest on firm empirical ground. Explanations for many of these
patterns, however, will require  interdisciplinary research and

hypothesis testing. Suggestions for further research are outlined

below.

5.6.1 Bioclimate

To assess the effects of vegetation structure and snowcover on
microclimate and mesoclimate, an intensive comparison of contiguous,
topographicaﬁ]y uniform areas (thereby holding macroclimate and site
influences constant) should be undertaken. At 3-4 sites, the following
parameters could be monitored: incoming global solag radiation, albedo,
absorbed solar and net radiation; temperature at'écreen level, ground
surface, and below-g@nd: snow depth, density, —and decay over time;
wind speed profiles. Simultaneous phenology (time of bud break, leaf
expansion, elongation) and physiology (metabolic rates, onset of
dormancy) studies would complement the meteorological data. The
vegetation--climate--snowcover relationships shown for a - small

geographic area should apply to the landscape at large.
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Climatic anomalies aPParent between the forest- tundra of the’
northwest and the southeast (sections 5.2.4, 5.2.4. lﬁ} ‘quiré
verificatién. A simultaneoys stydy to assess the paramixgns gi
above should be undertakeén in two strategic -areas. Veqefation
communities in the two widely separated areas (northwest:ysf Sohbheast)
should be as identical 1N structure as possible. idea11y the study
would (1) extend over a transect of -100 km (rather .than a%ingle site)
and cross identical vegelation cover isolines (e.g, spanning the 10:1
to 1:10 transition of tree:ypland tundra cover ratio); and (2) be
conducted across terrain that is typical of the region. A tkird

transect north of Great Slave Lake would test the validity of the
‘ ~

vegetation--climate <crossoveér gzone and would provide  a transjtion

between the northwest and SOUtheast transects ~ - 4 J
&

Another ‘study might bé conducted i he vicinity of the major treeu.
stands along the middle Thelon River (or ?ts tributaries). Compamson
of the mesbclimate of the valley with that of the tundra plain would
determine whether the Thelon valley is a thermal oasis.

\\

[y

5.6.2 Edaphic controls t

Edaphic effects on tre€ species distribution should be studied both
under controlled environment gand field conditions. Spruce and larch
seeds and seedlings of known forest-tundra provenance should be
collected and grown under controlled conditions. During collection,
care should be taken to eMSure sufficient numbers of viable seeds (see

Payette et al. 1982). Soil media should be prepared to approximate

’
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'average northwest or southeast ,soils ‘1n terms of texture, nutrient
levels, pH and CEC (see sect1on 4.4).

Northwest plants’ shou]d be grown on typ1ca1 home provenance
northwest -type so11s, and for comparison, on southeast typenp‘.is, the
same cross-comparison shéuld be done for southeast plants; sdhe,plants
frOm both prorenances should be grown on control medla Seed
vjability, germination, and  growhkh: over a range of temperatures and
soil moistures should be assessed. Germlings and seedlings could be
‘subjected to water and thermal stress to assess survival. These growth
trials bwou]d provide a test of soil factors on survival.and growth of

bjuweni;e spruce and larch. and possibly indicate eeotypic variatton.

‘ In +*ne field, ‘tree $tands .at »thejr northern limits (or, tundra
stands at their southern Tlimits)- cou]d'be studied Cont1guous tree
stands of equal age, d1ffer1ng on]y in soti and/or snowcover cond1t10ns
should be chosen. - Stand popu]at1on data (number of cones/tree,
seeds/cone, | seed }1ab111ty, seed11ng, §ap11ng, »and iree dens1ty,

'vegetat1ve vs sexual reproduct1on, V1gor ggpwgh rates, and pheno]ogy)
could bev compared . between stands : SoiT nutr1ent *reg}me, water
potentials, temperature,m depth: to permafrost and snow parameters

vshou1d be qomparedl’hetween stands. A transect through a transition |
from a forest to .tundra a]ong a so11 catena could be run,,compar1ngft
tile population "parameters w1th so\l and snowcowg? ?condltlons

Informative meparison of forest—tundra stands could be made in the

‘ vegetat1on —-c11mate--terran{ crossover region north of Great Slave

Lake In the vicinity of beht Lake, e. g., tree and tundra stands

;ﬁ%w1ng on a var1ety of parent mater1als should be locatable.
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5:6.3 Cover structure

Study of the underlying ré;sons for thé sigmoid cover structure of
thé forest-tundra of the NWT presents difficulties. The structure may
depend as much onb‘past environmental conditions as it doés on the
present. Results from studies of bioclimate (5.6.1) and edaphic
controls (5.6.2) may shed some light on the problem, but reconstruction
of paleo- and recent climate and firedegimes will also be required.
Study of vegetation response times is critical: gendroclimatology and
study of tree population lstructure, tied to independent, high
resolution climatic records, m}ght permit calibration of climatic event
with vegetation response. It would be interesting to know, e.g.,
whether six yearé of summer temps 0.5 C above average have the same
effect on vigetétion as three years of summer temps 1 C above average.

Improvements in remote sensingiﬂgﬁhno1ogy may permit resolution of ©
fine details in vggetation cover. If so, simi]af subarctic vegetation
cover contour maps and diagrams could be produced and compared with
those presented ;n this study. Comparison of cover--time sequences

might indicate changes in vegetation cover traceable to known events.



6 CONCLUSIONS

6.1 Relicts, treeline hiétory, and the eastern forest-tundra

Althouyh tree stands at their northern Tlimits in the
forest-tundra east of Great Slave Lake have been widely considered
to be relictual, northern forest-tundra “outliers" there lie
climatically well south of most of the forest-tundra of the
nortgcéxt. The great breadth of the eastern forest-tundra is thus
viewed as the result of the persistence, on a grand scale, of tree
stands left behind by a southward retreating mid-Holocene forest.
~Such northern stands, seen as lacking the sanctibn of@Ehé present

, i
climate, may lack regular sexual reproduction. '

There are two main difficulties with thifl
o
(a) the problem of interpretation of paleafi

the question of what constitutes "relict" VegQM.-

6.1.1 Interpretation of forest-tundra palececological data

N

Difficulties in reconstructing past vegetation and climate are: .ij
{dentification of a forest-tundra pallen spéctrum;- important yet
"palynologically silent" taxa; the extrapolation of locally valid
resg‘ts to regiona] stdus; and interpretation of paleosol and

charcoal evidence and changes in spruce pollen influx. Evidence

for Holocene treeline migrations in the NWT is equivocal,

226.
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difficult to generalize to regional status, ;ﬁa may be interpreted
more parsimoniously in terms of climatically induced changes in

pollen production, tree density, and consolidation of pre-existing

stands.

6.1.2 Relict vs. dynamic forest-tundra vegetation

Period of establishment of northern forest-tundra tree staﬁds,
inferred from paleobotanical data on former extent of forest, is
estimated as mid-Holocene '(circa 6000-3500 BP). Although some
northern sites may‘bave been treed more or less continually since
the mid-Holocene, i ] 7ps periodically disturbed by fire or minor
climatic oscillations, such relict stands have never yet been
identified.

Relatively young clones and single-stemmed spruce stands, that
have established since 1850 A.D., <are common in the northern
forest-tundra: in the Mackenzie District; near Churchill,
Manitoba; and in northern Québec. Recent establishment of trees
in the northern forest-tundra of the USSR has been noted.
Elevations of subalpine timberlines have risen in most parts of
the boreal USSR in this century in response to recent climatic
amelioration, as has also‘\ been documented for the mountains of
Fennoscandia and Alaska. Far from being relictual or historical,
it. appears that many subarctic and subalpine trees at their
distributional limits are newly-established. ‘ |

The J}e%etation pattern of tree stands "north" and tundra stands
)

//
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"south" of a core of steep cover gradients is as fundamental a
‘characteristic . of the forest-tundra as the treeline itself.
Northern  forest-tundra 'vegetation might be better viewed as

dynamic in space and time.

6.2 Vegetation, cljmate, and terrain relationships

» ,
6.2.1 Location and orientation oflﬁn forest-tundra

The circumpolar forest-tundra corresponds broadly to zones of
confluence of dominant air masses, and to relevant isorads and
isotherms.' In the subarctic NWT, relevant climatic and vegetation
isolines show a clear NW--SE orientation. Thi¢ orientation Tikely
results from the interaction of the polar gradient in global solar
radiation wigh the west to east weakening of Pacific air influence
(attributable in large part to the Cordilleran barrier).

Pacific airstreams moderate the spring climate first in the west
and later extend inland as a wedge of warm, relatively moist ‘air.
Arctic air is supplanted from SW to NE. The west to east march of
spring is driven not only by proximity to Pacific source regions
but also by the vegetation and snow cover. Low spring albedos of

closed crown forest (0.1-0.3) contrast sharply with those of

snow-covered tundra (0.7-0.8). Deep and 1long-lying snow in .

" northern Manitoba and southern Keewatin further slows the

o

v

replacement of Arctic air by Pacific air.
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6.2.2 Width of the forest-tundra
o

The subarctic forest-tundra of the NWT, as delimited by the
northern 1limit of trees 3-4 m tall and the southern limit of
upland tundra, spans an average 150 + 75 km and increases in width
from northwest to southeast. This widening of the forest-tundra
is most evident between the East Arm of Great Slave Lake and
eastern Keewatin; greatest widths are encountered between the
Dubawnt Riv ‘agd eastern Manitoba--Keewatin at 235-345 km.

While [vegetation and climatic gradients correlate fairly well,
synoptic \climate cannot fully account for the great width of the

est-tyndra in the southeast and the steep transition in many
places elsewhere. Topoclimatic and edaphic factors may help to
account fo; both the width of the forest-tundra and the location
of steep vegetation gradients within it.

Regional slope of the Tland probably accounts ?br much of the
variation in the width of the forest-tundra. North of Déase Arm,
Great Bear Laké, and in the central district from the Snare River
SE to the.East Arm of Great Slave Lake, elevations rise from south
to north or SW to NE, parallel to the vegetation gradient.
Evidently a strong topoclimatic gradient 1is created by the
northward rise of elevation, eliciting steep vegetation gradients.
Conversely, the NE fall of elevation between the East Arm and
eastern Keewatin--Manitoba is 1ikely instrumental in helping to

-~ o
account for a wfdg‘forest-tundra, and for the norYhward extension

of trees in the Thelon River area.
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6.2.3 Cover structure of dominant forest-tundra vegetation
Q

Gradual change at both high and Tlow cover values and steep
gradients between about 5-85% cover are approximgted by a sigmoid
curve. The sigmoid .cover' pattern appears to be a fundamental
characteristic of spatial vegetation change in the forest-tundra.
The mathematical (not necessarily gedgraphic) core of the cover
gradient, within which the tree:upland tundra cover ratio changes
from 10:1 to 1:1Q, ranges in width from 25-55% of the
forest-tundra. The ‘tai1s of the gradient, where tree:upland
tundra cover is >100:1 or <1:100, span about 10% of the

B Y

fores@gtundra.

6.2.4 Climate and\vegetation in regional perspective

A cardinal anomaly exists in the radiation budget of the
forest-tundra of the NWT: the northwest functions on roughly 3/4
the mean annual net radiation available to central and southeast
districts. Crossover of vegetation and radiation contours occurs
in the central district north of Great Slave Lake. Other relevant
isotherms and isorads show a similar diagonal orientation with
vegetatﬁon contours. This vegetation--climate crossover coincides
with a major landscape transition from sedimentary rocks overlain
by fine-textured soils in the northwest to - crystalline rocks
overlain by coarse-textured soils on the Shield. Seven regional

vegetation--synoptic climate anomalies are also discernible.
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Highlands account for most southern outliers of forest-tundra
in the  northwest, e.g., the Colville Hills (peaks >600 m ASL,
lying >300 m above the plain). High elevations probably also
account for southern extensions of low arctic, e.g., south of the
Dismal Lakes. Northwqyd/ rise of e]evqtion is correlated with a
narrow forest-tundra, aﬁd NE fall of elevation correlated with the

great breadth of the forest-tundra in the southeast.

6.2.4.1 Radiation budget

Lower temperatures and Tlower absorbed solar and net radiation
values are characteristic of the forest-tundra of the northwest.
For example, the northwest receives an average 15 kly mean annual
net radiation as compared to 20 kly in the southeast. The
southern portion of the forest-tundra across much of the central
district is anomalously warm.

A lower cardinal temperature of 15 C has been shown important
in determining the timing and success of seed germination'?n black
spruce, and this may explain the absence df black spruce across
much of the forest-tundra of the northwest. The northern limits
of both black and white spruce on the Shield lie climatically

south of their respective northwestern 1limits, indicative of

ﬁdaphic controls.
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6.2.4.2 Edaphic controls

Edaphic restriction or compensation may not only help to explain
the cardinal .climatic anomaly of the forest-tundra, but also the
relative locations of steep vegetation gradients within the transition
zone and its general increase in width from northwest to southeast.

On the relatively rich 1loamy soils of the northwest, the
forest-tundra transition is narrow and located far north, as many
sites retain trees till climatic thresholds are reached. Conversely,
on the generally poor but heterogeneous terrain of the Shield, steep
gradients in tree and upland tundra cover take place in the southern
forest-tundra, with a patchwork of sites retaining trees well to the
north (Plate 11). Here the forest-tundra is broad and lies, for the
most part, climatically south of its potential. Similarly, the
forest-tundra of the USSR is broadest (~100 + 60 km S.D.) where it
1ies "south" of its climatic potential.

There appears sufficient evidence to conclude that (a) the poor
sandy soils of the Shield contribufe to a wide forest-tundra which
lies for the greater part south of its climatic potential; (b) the
higher quality loamy soils of the northwest contribute to a narrow
forest-tundra which extends well north till climatic thresholds are
reached; (c) edaphic restriction contributes to an easte}n
forest-tundra vegetation pattern, in which steep gradients in uplahd

tundra and tree cover occur in the southern forest-tundra; and (d)
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edaphic compensation contributes to a western forest-tundra pattern,
in which steep vegetation gradients typically take place at the

northern 1imit of the forest-tundra. Y

6.2.4.3 McTavish Arm, Great Bear Lake to east of the Coppermine

River

High tree cover tn this area may be correlated both with lower
elevations and soils underlain by sedimentary rocks. Elevations rise
eastward from Great Bear Lake to a plateau west of the Coppermine
River, then fall at the valley of the Coppermine. Coincident with the
elevation gradient is a transition from Archean crystalline }ocks east
of McTavish Arm to sediments and metasediments in the Coppermine River
region. Low ‘elevations and rich loamy soils in the Coppermine River
region likely permit a high cover of trees. The rise in elevation and

return to a band of acidic crystalline rocks east of the Coppermine

River may combine to eliminate trees from the landscape.

6.2.4.4 Snare to Rocknest Lakes

Tree and upland tundra patterns in the Snare to Rocknest--Point
Lakes region correlate with elevation and parent material changes.
Trees decrease to zero cover on the plateau between Snare and
Rocknest--Point Lakes, followed by a sharp rise in treé/tover which

coincides with a combined fall in elevation and a transition from
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sandy brunisols over Archean gneisses to rich silt loams overlying

mainly sediments and metasediments.

6.2.4.5 Thelon River

The fact that peak tree cover (10-20%) along the Thelon va]]e;
occupies an "island" frgg north of 64°N to upstream of the Ursus
Islands suggestf these tree stands are relictual outliers, but
evidence for this is lacking. Tall trees with spire-like crowns
indicate vigorous growth rates in many stands. Black spruce and 1d*ch
occur along with the dominant white spruce, and large numbers of
seedlings have been reported in many stapds. Tree stands on the
Thelon and its tributaries, at least in the absence of disturbance,
presently seem capable of maintenance and even expansion in area.

Alluvial soils may contribute to the good growth of trees in the
Thelon area. The heaviest forests occur on alluvium, grading upward
into forest-tundra on the gentle valley slopes of the Thelon and
elsewhere.

Northward fall of elevation may compensate at least partly for
latitude. Mean elevation of the Thelon north of 64°N is 220 m lower,
and average minimum elevation is 250 m Jlower, than in its upper
reaches. By lapse rate alone the northward fall in elevation
translates to a temperature difference of +1.8-2.0 C. In the main
"island" of trees and tall shrubs along the middle Thelon, mean tree
cover 1is 14% and shrubland cover is 6%. Thus 20% of the landscape has

a vrelatively low albedo and a rough surface capable of lodging snow

{
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and decreasing wind. Runnels are common in the area indicating
,
well-watered slopes and ﬂ!?haps finer soil texture than those of red

till.

»e 7 L \ -r
. R

6.2.4.6 Great Slave Lake to eastern Keewatin--Manitoba

While much of the northern forest-tundra in this region has been
considered relictual (see 6.1), there are difficulties with this
view. An alternate interpretation of the great breadth of the eastern

<~ t-tundra involves edaphic controls and the NE fall of elevation.

¢+ :aphic restrictions may elicit steep gradients in vegetation cover
in  the southern b -tundra, with low ,tree cover extending
northward, perhaps in e mosaic of higher quality sites, till
climatic thresholds are approached, resulting in a wide transition
zone.

On average, elevations fall 100-150 m from SW to NE, which
corresponds to a compensatory summer warming of -0.8-1.2 C, and
perhaps contributes to the gradual vegetation gradients?

An  exception to the NE fall of elevation brovides further
indication of topoclimatic effects: the highland between Nueltin Lake
and the Watterson--Hicks Lakes area is characterized by depressed tree

cover.
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6.2.4.7 Kamilukuak Lake to Kazan River

5 ,.

High tree (mean 8%) and shrubland cover (mean 7%) may be due in
part to the abundance of well-watered sites (e.qg., drainages, slopes
and slope bases, shores, low-lying areas and depressions). Combined
tree and shrubland cover in the core area ranges from 20-45%; thus
bioclimatic feedback may contribute to render the local climate more
suitable for forest and shrubland than would appear from the synoptic
level.

The 1land slopes to the NE, falling about 60-100 m in about 80 km,

which perhaps contributes to the high tree cover.

6:2.4.8 Nueltin--Hicks--Henik Lakes region

-~ | , ' £
. y oo
In the reg1oﬂ§ras a w‘aﬂe, K]ow ?ﬁee cover, is assoc1ated with
o

granlteSA' and cryst§§!1ﬂe gnelsses *and htghér.umree cover with

4

.. N

~sed1ments, me:ased1mehts,’and‘bas1ckv¢1%%nics
" Jn the Ngeltun Lake ﬁnéa, Bedrock ehangés -are correlated with
e]e}at1on grad1ents such that- h49h1ands are underlain by Archean

2

grgh‘js while Tower e]evat1ons are underlain by Archean crystalline
gn 'ﬂ;\

tr@@ 'céntours roughly para11el those of elevation and bedrock; tree

, $ediments, metasediments, and basic voleanics. In this area

cﬁydr‘ fa]]s below 2% near the 300 m contour and transition to granite

fall >150 m from east of Nueltin--Watterson Lakes to
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warming of ~1.2 (g across 110-120 km. Runnels and slopewash are

abundant in the area indicating extensive well-watered slopes.

6.2.4.9 SE Keewatin and NE Manitoba O

tast of 96°W, the 1limit of trees drops abruptly SSE along a line
that lies between the 150-75 m contours in St Keewatin, and reaches
the shore of Hudson Bay a short distance north of the Caribou River,
northern  Manitoba. The landscape transition from uplands to
poorly-drained lowlands and organi; terrain depressés potential upland
tundra cover/py preemption, and probaply contributei to low tree cover
also. //// - e g

The dils\tance to which co&;sv‘t marine air extends inland is an
open questjon‘ﬁ The 10 C mean July air isotherm plunges south upon
reachin?’/ﬁudson Bay, as does the 60 day contour fordfrost-free
period.z Such.a deterioration of the growing season may be important,

\

\
but it Xs noteworthy that much of the forest-tundra of the northwést
\\\ * ,
experiences an even shorter frost-free period.

»
»

6.3 Tree and tundra landscape patterns at the extremes of the
forest-tundra 4
Neither  éummer warmth nor physical protection from winter
desiccation appear to be factors in the wet mineral soil--tree outlier

landscape_ pattern. Soils in outlier stands are wetter than the

i

4l
. §
o
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sdrroundihg upland tundra soils and tend towards thicker moss and.
organié mats; Compared. to dry coarse-textured soils, wet
fibe-texturgd soils freeze vs]err in thehfa11, which may prolong the
hardéning period, ’thus'ensdring better resistance’to winter frost and
dbsiccatioﬁ. ) Conversely, slower spring. thawing of wet, insulated
soils might saféguard agaiggi premature breaking of dormancy.

Tha“ landscape pattern may also be related to more successful sexual
and Mésexua] reproduction tﬁan is possible on dry soils. While growing
conditiens for adult treeé are not conducive to rapid growth on wet
and summer-cold soils, conditions for seed reproduction and cloning
seem .favorable. Factors favoring vigorous tree growth,are evidently
not those that favor good reproductfbn.

The tree]essnesg of dry sites‘ at the southern 1limit of the
forest-tundra may'>3e5u1t from physiological stresses to'seedlings
during germination and establishment, brought on by droughty
conditions, wide fluctuations in soil temperatures, and perhaps to
inadequate snow cover. Such conditions might manifest themselves in
poor resistance to frost and desiccation. -
The initiation of persistent treeless ground on fire-prone uplands

in the study region deserves further research.

. 6.4 Areal pattern of burn in the subarctic NWT

AY

The complex areal pattern of burn in the subarctic NWT s
undérstandab]e with reference to weather, terrain influences, and -

regeneration rates.
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Burns show a general decrease in cover from the far, northwest to

the southeast, while cover of water bodies increases from northwest to
southeast. Iher role of }éﬁes ;acting as firebreaks or in locally -
‘ modifying summer weather deserves further attention.

In the northwest, weather presents low to very low fire risk and
cannot accéunt for the observed burn patterﬁ. The uniformity of the
flat till p]ain%, high cover of mature forest, and scarcity of lakes,
coupled with dominance of poorly-regenerating white spruce (in the
forest-tundra), are 1likely primary factors accounting for the
extensive burned terrain.

In the eastern half of the study region, the northern burn limit
normally does not extend beyond the 1line where tree cover equals
upland tundra cover. In this region, yree cover usually drops rapidly
within the southern half of the foregt-tundra, constraining burn to
Tow cover values. Burns extend about 25-75 km into the forest-tundra;
reaching ever Tlower dcover with distance - east of Great Slave Lake.
Burn cover in the forest-tundra north of Great Slave Lake generally
exceeds that east of Great Slave Lake. Lower fire weather risk and an
abundance of Tlakes may account for the lower cover of trée]ess burn
both in the open crown and forest-tundra regions east 'of Great Slave
Lake. | '

Treeless burns north .of.Great Stave Lake peak in cover in the low
subarctic along a NW--SE axis which 1lies NE of high fire risk aﬁd
occurrence zones. Higher fire occurrence southward, offsét by longer

recovery time northward, 'may account for this pattern.



)

Y.

' /

;240
6.5 The sigmoid cover structure of the forest-tundra in ‘e]ation
to environmental factors

A
. An integrated system of climate and landscape tstindicated by the
observed recurrent patterns in vegetation cover. C{imate is linked
with the Tlandscape 'through features such as albedo, aerodynamic
roughness, and depth and duration of snowcover.

In the steep phase of the vegetaiion cover g%adient, positive
feedbacks between vegetation, climate,, and snowcover may drive the
landscape to either tree or tundra dominidnall. . The sigmoid cover
structure of the farest-tundra might be viewed as the integral of
landscape--climate feedbacks, edaphic and fire inf]uencés, and
vegetation vresponse rate in an environment marginal for both forest

A ¢
and tundra vegetation. ‘

Forest bioclimatic feedbacks, rapid post-fire regeneration, and
edaphic. compensation might act to maximize'_trge cover in space or
time; steep cover grad%eqts would occur near the climatic threshold
for tree growth. Tundra bidclimatic feedbacks, failure of tree
regeneration, and edaphic restrictions might induce steep cover
gradients south of the climatic potential for trees, resulting in a

braad (spatial) or persistent (temporal) tundra-dominated zone and a

narrow or tn@nsient forest-dominated zone.

k4

>

6.6 DjSLribution‘of selected patternei‘?round features

_ \
Peatland polygons show - the widest distribution of any of the
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patterned ground features .assessed. ‘ High center peat polygons
predominate in the forest-tundra and southward through the low
subarctic. In the northern forest-tundra,:1ow center%Polygons appear
and become regionally prominent in the lbw arcticix such as on

Tuktoyaktuk Peninsula.

Although nearly ubiquitous, high center peat po\ygongéreach their
greatest prominencg in a band spanning the northern portion of the low
subarctic and the southern portion of the forest-tundral Treeless
peat plateaus are the- predominant Tlandform exhibiting high center
pattern in the study region. v

Soils with slow percolation and shallow active layers favor'ﬁurfac; a
flow of water. On the fine-textured séi]s of the northwest, e]ong:Ee:
slope pattern (runnels) extends from the low arctic southward through
the low subarctic. The sandy soi1§ of the Shield favor subsurface
flow of wateraand are not conducive to runne]'formatiqn. In the
Maﬁkenzie districta elongate slope forms (runnels and stripeéB are-
conspicuous in the low arctic and rare in the forest-tundra, thus
making them a .good indicator of fhe' northern 1limit of the high
subarctic. JIn keewatin, elongate slope features extend s;méwhat
farther sdqth into the forest-tundra.

The southern 1limit of conspicuous ub]and patterned ground provides
a good indicator of the southern limit of the forest-tundra across
much of the study region. The chief exception lies in the noﬁﬁhwest
where earth hummocks extend southward through the low subargfic on
perennially frozen loamy soils. Mudboils are conspicuous in well- to ~
imperfectly-drained tundras and forest-tundras of the Shield; as
active features ‘théy do not extend south of the forest—tund}a. Frost

~N
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cracks, f}pica]]y in the form of polygons, extend from the lo¥ arctic
through the high subarctic on coarse-textured soils, usually in
tundra, rarely in forest-tundra communities. .Trees are usually absent
from polygonally ‘Yatterned wuplands, due most Tikely to the “dfy
conditions of.coarse-textured soils. |

Patterned g}ound in  lake shallows occurs commonly in the
fofest-tundra and abundantly in the Tow arctic. With the exception of
the northwest, where fine-textured parent materials predominate and
lakes are few, the southern T1limit of lake shallow pattern is an

excellent indicator of the southern limit of the forest-tundra.

6.7 Forest-tundra vegetation communities and species groups

in overview

Within the foré;t-tundra, it appears that soil moisture is the
prime’ determinagf“ of physiognomic vegetation types (e.g., lichen,
graminoid, dwa;f shrub, medium and tall shrub, tree); i.e.,
physiognomy is  independdnt 05& soil pH. In contrast, plant
as;ociations are correlated/with both pH and moisture.

Mesic soils in the forest-tundra support medium shrub tundras
(dominant  northward) and tree communities (dominant southward).
Forests of single-stemmed trees undergo a transition northward'to
woodlands, forest-tundras (widely-spaced, typiéally clonal spruce in a
tundra matrix), and. thickets in whiéh clonal reproduction is
prominent. |

The black spruce/dwarf birch/erjcad/]ichen association dominates
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acidic loamy sand and sandy oam tidls of the Shield in the southern

portion of the forest-tundra. Northward, dwarf birch--willow/ .
e . “ -
ericad/lichen dominates mesic acidic %i\lt?vh @

On basic Tloamy soils of the ﬁdfthweéi, forept and focpst-tundfa
stands are dominated by white sprdcg/Hwar?' birch--willow/Dryas--
]egumes/Cafex/moss (non-calcareous silt loams in the northwest
support a white spruce/shrub/moss association). Basic tundras support
a diversity of plant associations, but the core type i5 the medium
shrub/  Dryas-  -legumes-  -Arctostaphylos rubra/' Carex/ 1lichen

association on wet-mesic sites, with a decline in medium shrubs on

-
. . ) N
mesic and dry-mesic soils.

A discontinuity between southeastern and northwestern species,
indicative of edaphic and geographic components in the vegetation,
occurs near the Shield/sedimentary terrain boundary north of Great
Slave Lake. This discontinuity coincides with a marked change in the
orientation of vegetation cover contours. At the crystalline rocks of
the Shield, the forest-tundra drops precipitously southward. The
prominence of. arctic--alpine species in the northwest, and of low,
subarctic species in the southeast, highlighfs the disparaé% climates
within the forest-tundra. An  analagous discontinufty in species
composition and abundanée occurs at the Shie]d/Pa]eoioic boundary in

)
the forests g‘iéhe low boreal region in central Canada. v
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Appendix 1. Key to physiognomic vegetation types of the
subarctic for use with black and white airphotos of 1:50,000 to
1:70,000 scale.

Tonal grey scale values are given as a rough approximation, as
vegetation tones vary with photographic conditions. In general,
tree communities present the darkest tones, tall shrubs medium
tones, and wupland tundras the lightest tones. Tones of treeless
wet]ands vary greatly.

Differentiation beyond broad tundra communities, wusing
‘4hon-stereo black and white airphotos at 1:50,000 scale is usually
unreliable (Mackay 1958; this study). Locally, upland tundra
communities way be split into various types, such as dwarf
birch/ericad ~ or Dryas integrifolia/Carex rupestris/Cetraria.
Identification to this .level usual]y requires ground truth, and is
beyond the scope of the study.

Wetlands exhibit many forms such as.bogs proper, palsas, trgp%
peat plateaus, treeless, polygonal, and rilled and eroding pea
plateaus, - peat polygon areas, and bog¥ mounds, and Carex--
Eriophorum/brown moss meadows. -These bog and fen types not ‘only
intergrade, but bog fen wetland complexes are cogmon. -«

Alnus crispa, Betula glandulosa, and Salix domrnated
communities in the forest-tundra typically occupy drainage lines,
shore, and wet slopes. Shrublands are usually restricted to wet
to moist sites, and~d)" be visually transitional to other
vegetation types on small scale black and white airphotos.

For example, short trees i#® drainage lines often cannot be
distinguished from tall shpyhs, and‘short trees and shrubs on a
peat plateau comprise a comminfty that is neither a tree community
nom a treeless wetland tundra; and for lack of a better category
are placed under shrub. Similarly, dark-toned grainy textured
moist slopes may either be upland tundra or tall shrub, and
burn-igduced tall shrub is widespread in the northwest.

wus, shrub is a heterogedeous category including plant
communtties that do not fit into the more easily defined tree,
upland tundra and wetland communities.¢

Burned lands ¥all into three main types: trees (common), peat

plateaus (oceasional), and wupland ' tundra (rare). Their
identification on airphotos réquires _comparison with adjoining
unburned types. Only freshly-burned” trees were p]ateas in a
separate categoxy; burned peatlands. and upland tundr® ‘were

included under their respective types. Most difficult to*discer
are burned upland tundras of the northwest. Here, réferdnce t
pre- and post-fire photos, or to low level (large scale) tos or
ground truth are usually ngeded. The most obvious differenc ¥
change from light to medium grey.g Burn };nes are often present

Burned peat plateaus are easy Pto discern from unburned
peatlands: 1ight-toned Cladonia-covered peat plateaus
constrast sharply with dark-toned exposed peats and shrubs.

Burns of saarse]y treed communities are typically darker- toned

-

~
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than . adj@ining unburned areas. This is especially true in the
northwest where lichens are replaced after fire with darker-toned
shrubs. In what were densely treed stands, fresh burns are
characterized by a 1lighter tone, and a change from stippled to
grainy texture. Ideally, burn lines show a sharp transitfgn from
unburned to burned communities. Lacking clear tonal and textural
differences and burn lines, comparison of suspected burned terrain
with that on islands and peninsulas is often helpful. '
Forests over bedrock are typically sparse. When burned, trees
and matrix vegetation may be consumed, resulting in lighter tones
if the matrix was shrubby, or in darker tones if the matrix was
lichen dominated.. In most cases, the harsher textures of the
bedrock show thrlggh after the burn. Along the Shield--Paleozoic
border between reat Bear and. Great Slave Lakes, the
differentiation between burns and rockland can be difficult.

Tree communities can usually be distinguished as to closed
crown, open crown (scattered individuals), or clumped types. .
These types intergrade, however, and are controlled primarily by
quantity and distribution of available water. Moreover, a stand
can display . various 1levels of pattern, such as widely scattered
clones of clumped aerial stems, or a clumped distribution of
clones., These differences in tree density and distribution show a
rggional trend: closely-spaced individual trees in the high and

eal region (closed «crown forest); widely scattered
duals in the low subarctic' (open’ crown forest); and
ularly dfstributed clones in the high subarctic
¢forest<tundra). Bute tree density and pattern are extremely
variable within a region;* moisture regime, topography, aspect,
depth to bedrock, and other site-related factors are strong
regulators of ~densify™-and” psttern. . The regional trends are
presumably - due to climate and are weakly expressed. The difficulty
of categorizing tree communities as to pattern and density
resulted in the use of a simple "tree" category.

~ ’ -
1A. SURFACE STIPPLED; USUALLY DARK; SOMETIMES WITH TREE S{IADOWS;
GO TO 2. I

9B. SURFACE NOT STIPPLED; OFTEN MONOTONAL; TREELESS; GO TO 4.

2A. STIPPLIMS REGULAR, CLOS®, FINE, WITH DARK GREY TONE (N4-5);
INDIVIDUAL  TREES BARELY DISCERNIBLE; MESIC TO WET-MESIC
SITES:..........:r{.......:...y .......... CLOSED CROWN FOREST
2B. NOT AS ABOVE;. GO TO 3. i

30, STIPPLING REGULARSDARK TONE (N4-5); ON A LIGHTER GREY MATRIX
(N6-7), WITH SMOOTH TEXTURE; ' INDIVIDOAL TREES DISCERNIBLE,
WIDELY SCATTERED; DENSITY +/- CONSTANT; TYPICALLY DRY UPLANDS
OF THE  LOW  SUBARCTIC - (OR) RARELY - TREED  BOGS):
RO OPEN CROWN FOREST



s

. 3
38. STIPPLING IRREGULAR AND ETIMES COARSE, DARK TONE (N4-5); -

MATRIX TONE USUALLY LIGHTER (N5-7), AND SMOOTH; DENSITY
VARIABLE; INDIVIDUAL TREES NOT DISCERNIBLE; TREES TYPICALLY
CLONAL; UPLANDS SLOPES, LAKESHORES, DEPRESSIONS, DRAINAGES;
TYPICALLY HIGH SUBARCTL& ........................ CLUMPED Trits

4A. MEDIUM TO DARK TONE (N3-6); TEXTURE GRAINY TO VERY FINELY

STIPPLED; DRAINAGES, SHORES, SNOWBED MARGINS, WET SLOPES,
SOMETIMES MOIST UPLANDS; SHRUB FENS, THICKETS, SHRUBBY PEAT
PLATEAUS AND BOGS (RARE); Betula, Salix, Alnus crispa;
TRANSITIONAL TO TREELESS WETLAND, UPLAND TUNDRA, AND TREE
COMMUNITIES; A WELL-WATERED COMMUNITY:............. TALL SHRUB

48. TONE AND TEXTURE VARIABLE; WITH OR WITHOUT PATTERN;
LOWLANDS OR UPLANDS; GO TO 5.

5A. MEDIUM TO LIGHT GREY (N5-7); TEXTURE SMOOTH, FEATURELESS, R

WITH POLYGONAL, CIRCULAR, OR NET PATTERN; DARKEST TONE WHEN

COVERED WITH - DARK LICHENS OR DENSE LOW SHRUBS. IN MOIST

TERRAIN ‘UPLANDS AND SLOPES:...........ccoun... UPLAND TUNDRA
SB. ROCK-CONTROLLED LANDSCAPES ONLY: TONE GHTER AND

TEXTURE ROUGHER ~ THAN ~ SURROUNDINGS; LITTLE OR NO OBVIOUS

VEGETATION; BEDROCK UPLANDS:....w. .. iiiiiiiant, ROCKLAND
5C. MEDIUM TO VERY LIGHT GREY (N5 g); TEXTURE USUALLY SMOOTH,
'FEATURELESS OR WITH PEATLANQ POLYGONS, OR LARGE FEATURED
RIBS, NETS, ETC.; MAY BE PONUED WET SLOPES AND DEPRESSIONS;
GO TO B .. ..TREELESS WETLAND

v"

> o
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Unlike shrub and upland communities, wetland types are often
identifiable because they exhibit unique large scale ribbed or
reticulate features, ponds of various shapes, polygons, rill
fegtures, and topographic position. The following key identifies
soMe of the more common wetland types.

KEY TQ'AERIALLY CONSPICUOUS WETLAND TYPES

6A. MEDIUM TONE (7O VERY LIGHT GREY WHEN LICHEN-COVERED); OFTEN

POLYGONALL PATTERNED;  ROUNDED PONDS; OFTEN THERMOKARST
FEATURES;. SLOPES, DEPRESSIONS BOREAL TO SUBARCTIC;

INCLUDSS PALSAS, PEAT PLATEAUS, PEAT MO (TO LOW ARCTIC AS

PEAT POLYGO AREAS) ..................... gﬁg&gﬁR IC WETLANDS

68. TONE 'USUWACLY LIGHT GREY, UNIFORM;. TEXTU 0OTH; USUALLY

LACKING POLYGONS; PONDS, IF- _PRESENT,. +RO NDED TO ELONGRTE

LOWLANDS AND DR&LNAGE LINES‘ LIGHT T

AS WET MEADOMS -BOREALSID EOW AR ] e

6C. -TONE VAN 4., AR

&z

POt YGONS,
THERMOKARST
BOG-FENS; L

TO LOW ARQIIQ'q;' ....... MIXEO WETLANDS

P
8 v !"
‘- N L.
;
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Appendix 2. FORTRAN dﬁrliwusedvin qdjuﬁt}ng vegetation cover
percentages, decimalfMng Yatitudes and longitudes, and performing
a Lambert conforma) rojection. -

aw }erhoto_dataténd adjusts the values

This progra .
surface. Compiled with *FORTRANVS.

to percent
Variables &

ithout burn added, unadjusted for rockland
without burn added, adjusted for rockland
burned trees, unadjusted for rockland

®s burned trees, adjusted for rockland

and, adjusted for rockland !
ess wetland, adjusted for rockland -

4TU = upland tundra, adjusted for rockland

UTUR = upland tundra, unadjusted for réckland;
adjusting for rockland had little or no effect
on forest tundra zonation since most rockland in the
study region lies south of the limit of upland tundra
or north of the limit of trees; UTUR was cgmputed

to assess adjustment for rockland and is ndt depicted
TUTU = T/UTU RATIO, where 0.001 added to utu to prevent
dividing by zero (causing computer error); _

in a separate program, TUTU is then 10gl0 transformed
as follows: TUTU = LOBIO (TUTU+0.00001) + 3.0;

the addition of a small number t6~TUTU ig needed to
prevent taking LOG10 of zero (causing computer error)
burned trees, unadjusted for rockland;

the small amounts of burned upland tundra and peat
p;g&saus are included under UTU and WTU

r

>

"R = and
£ = eroding terrain, unadj. for rockland (not depicted)
OT = snow cover (not depicted) 8

WTUBRD = STU + WTU
STUBRD = STU + B; this was assessed since burned areas are
often covered with tall shrubs after fire; .

TUNDRA = STU + WTU + UTU
TLESS = UTU + STU + WTU + B + R
TLESS sums all treeless; ground, without regard
w to.origin; )
U = UNSUITABLE due to clouds, focus, overwriting, corner
tabs '
W = WATER

For example, adjusted %T=(100T+B)/(raw sum - (u+w+r)).

The. program alse-€Cinalizes the longitudes and latitudes,
Fimlly, Wwith a call to LAMB, the longitudes angd Yatitudes "
are transformed to a Lambert Conformal map projection. -

FUNCTION CORCAL (RAW, DENOM)
CORCAL = (100*RAW/DENOM) e
RETURN .
END

. 264

STUBRD approxtmates shrubland in a broad sense; N
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INTEGER*4 RELIEF , :

DOUBLE PRECISION DLONG,DLAT,DNORTH,DEAST,DCM,DSPAR,DNPAR
CHARACTER*4 VEGR ’ '
CHARACTER*23 SNLROC } ‘ )
CHARACTER*125 LASTP C

CHARACTER*1§ IFIRST ' .
READ(S,I,END-IOO)IPIRST.LONGD,LONGM.LONGS,LATD.LATM,
+LATS,VEGR, T,UTU, STU,WTU,E,R,W,B,U,0T,RAWSUM, §NLROC, MINELYV,
+MAXELV, LASTP .
FORMAT (A,2(13,TR1,12,TR1,12,TR1),A,10(F4.1,TR1),F5.1,A,
+ 2(I4,TR1),A%

CHKRAW=RAWSUM- (T+UTU+STU+WTU+E+R+W+B+U+0T) .
IF(ABS(CHKRAW) .LT. 0.01) GO TO 15
WRITE(7,1)IFIRST,LONGD,LONGM, LONGS,LATD, LATM, L&TS,VEGR, T,
+ UTU,STU,WTU,E,R,W,B,U,0T,RAWSUM, LASTP

GO TO 10

DENOMA=RAWSUM - (U+W+R+0T)
DENOMB=RAWSUM - (U+W+0T)
DENOMC=RAWSUM - (W) \

TLESS = CORCAL ((UTU+STU+WTU+R+B+TUN), DENOMB)

TSTRIC = CORCAL (T, DENOMA) Q
TSTRIR = CORCAL (T, DENOMB) . b
TR = CORCAL ((T+B), DENOMB)

T = CORCAL ((T+B), DENOMA)

UTUBRD = CORCAL ((HTU + R),DENOMB)

UTUR = CORCAL (UTU, DENOMB)

UTU = CORCAL (UTU, DENGMA)

TUTU = T/(UTU + 0.001) '

STU = CORCAL (STU, DENOMA) | . ,
WTU = CORCAL (WTU, DENOMA)

WTUBRD = WTU + STU

TUNDRA = UTU + STU + WTU

B = CORCAL (B, DENOMB)
STUBRD = STU + B

R = CORCAL (R, DENOMB)
E = CORCAL (E, DENOMB)
, 0T = CORCAL (OT,DENOMC)

RELIEF is the local relief across an airphoto:
it. equals maximum elevation - miximum elevation
RELIEF = MAXELV - _MINELV »

r

- 1)

DLONG=LONAD+(LONGM/60. )+ (LONGS/3600.)
DLAT=LATD+(LATM/60.)+(LATS/3600.") . - -
DCM=114.15 .
_DNPAR=67.00 ~
DSPAR=61.00 ‘ .
CALL LAMB(DLAT,DLONG,DNORJH,DEAST,DCM,DSPAR,DNPAR)
PRINT 2, IFIRST.DEAST,DNORTH,VEGR, T, TSTRIC,UTU, TUTU,STU,

+ NTU,E,R,N,B,U,OT,UTUBRD,STUBRD,NTUBRD,TUNDRA‘ .

+ TLESS,RANSUM,SNLROC,MINELV,MAXELV,RELIEF,TR,'

+ TSTRIR,UTUR, LASTP J i PO ,
FORMAT (A,Fll.O,TRl,Fl3.0,TR1,A,Z(FS‘I,TRI%;F4.P,TRl,FlT.S:

+ TR1,9(F4.1,TR1),5(F5.1,TR1),A,3(I4, R1)43(F5.1,TR1),

+ “A) '

. . o P oa

-0
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GO TO 10

‘Map-transformed and adjusted data then passéd to;

SURFACEII computation and graphics programs

- STOP

END !
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region,

parent material,
exhange capacityy alluv = alluvium; C
colluvium; GF
glaciolacustrine;
DY » = dystric; EL = eluviated; EU =
OR = orthic;* TU = turbic; drnd =

Si =
contact
brunisolic;

eutri@; GLEY

Appendix 3.
ordered from NW to SE.
texture;

silt; colluv =

material;

~—

Selected vegetation and soils data for the study
Abbreviations are as follows: PM =

TEXT ‘=

GL =
= cryosol;
= gleysolic;

drained; S = Stand.

Sources are abbreviated as follows: 1 = Bradley et al. (1982); -
and vegetation descriptions supplied by S. Fleck, NWT
Yellowknife;
(1973); 5 = this study; 6 = Pettapiece (1975), and Zoltai
and Pettapiece (1974); 8 =
9 = Zoltai and Johnson (1978); 10 =
Pawluk and Brewer

2 = soils

Wildlife Service,

Tarnocai

and Pettapiece
and Tarnocai
Karasiuk,

Zoltai
Zoltai,
(1975).

this study, 1
and horizons listed are only those for which there are -
soils sampled by Bradley et al.
1/2 pH units Tower than those reported in

solution,
pH values. Note that
(1982) averaged about

(1973); 7 =
(1974);

Zoltai

and Scotter

similar

3 = Lasey et

(1979); 11 =

HORIZ = horizon; CEC = cation
= clay; L = loam; Sa = sand;

= glaciofluvial; icm = ice
BR

brunisol or

(1973); 4 =

Methods of pH determin;tion, when given, are indicated. In
all pH's were determined with Hellige-Truog indicator

this study, indicating method-dependent differences in pH. »
Cation exchange capacities are somewhat pH dependent, rising

with increasing pH;
organic

appreciable

apparently taken at soil fH
parentheses following CEC's a

“matter tBlack

1968) .

this effect is most noticeable in soils with
Most CEC’s were
not adjusted to pH7.
hydrogen ion exchange capacities.

Figures in

D
»

PM/TEXT

HORIZ/pH/CEC

@

VEGETATION

SOURCE

COMMENTS

......................................................................

1
colluv/SiCL

organic/fibric ofM3.5/1

Ah/3.7/26.2(13.4

Bmgyl/3.8/17.0(i2.
Bmgy2/3.7/18.6{12.

Cz/--

bS/ericad/
Cladonia
Cetraria hummock
tops;bS/ericads/
Carex/Sphagnum
hummock sides
and troughs

136 40'W 66 20’N
pH methed CaCl2;
Or Tu Cr

"site 2" in
Richardson Mtns

135 45'W 68 10'N
pH method ditto;
GL TU CR .
soil "y52" in
Richardson Mtms

267



P

3

organie/fibric 10-0/5.2/69.6(15.2) forest-tundra

alluv/Sil
"/SilL to SiCL
M/SiL.

0-6/5.4/14.9(3.2)
6-16/5.5/15.2(% .4

)
16-30/7.1/12.3(0.0)

11

268 .

134 32'W 66 43'N
pH method soil--
water paste;
hummocky alluv
ridge;Peel Plain
site "P405"

mmme et e e e m B et T T

4

organic

till or GL/C
"/C
II/CL

" on

LH/4.5/- ?
Bmy/3.8/22.1(15.3)
BCgy/4.0/20.1(13.0)
Cyz1/4.4/21.7(11.4) ,
Ahyz1/4.4/33.1(17.3)
Cyz2/4.3/20.9(7.9)
BCgyz/3.6/18.9(13.5)

~8.

134 00'W 68 52’N
pH method CaCl2

GL TY CR

soil "y67" near

Mackenzie Delta

......................................................................

organic
ti1l1/SC

" /SCL

LH/ -
Bm/4.0/25.0(21.2)
BCy/4.3/31.0(25. 5)
Ahyz/3.6/36.0(30.6)
€z/5.1/31.0

heath/1ichen
tundra

133 48'W 68 38'N
pH method "

BR TU CR

soil "zt16" W of
Urquhart Lake

organic/fibric

"till/CL

" /L

0f/4.0/127.

paper birch--bS/ 6

Bm/5.0/25.2 alder--willow
BC/7.0/19.7 eric/feather moss
BCkz/7.2/9.2 Sphagnum--Cladonia
Sy

133 47'W 67 27'N
pH “;CEC @pH7

BR TU CR;

soil "Arctic Red
River 2"

organic/fibric
til1/SiCL

11-0/5.6/65.2(30.8)forest-tundra

0-4/4.5/29.4(16.5
4-14/4.7/26.8(1
14-16/4.8/26.9(
16-22/5.9/22.5(

(

)
8
9
8
22-27/6.1/27.0(2.8

1.
9.
2.
2.

11

133 42'W 68 21°“N
pH method soil--
water paste;
hummocky till |
flutings; Inuvik;
site "P409"

______________________________________________________________________

0-5/7.0/24.7(0.
5-13/4.9/21.0(
13-21/4.8/21.0(8
21-32/5.0/22.5(6

5) moss--lichen
tundra with

.9)dwarf shrubs

-3)

)
.5

AAm
(_.)Lov

133 00'W 69 25'N.
pH soil--water
paste; hummocky
till on thermo-
karst topog.;
site "P407"

organic/fibric
till/CL

" CbtoC

9-0/4.8/74.0(31.5) vegetation
0-6/5.0/29.9(7.

6-16/5.1/22.5
16-31/5.8/27.

31-34/6.4/38.

I\)LOA\I(»)

133 00"W 69 25'N
pH "; hummocky
t111 on thermok.
topography; site
"P408"



GF/Sak

organic/fibric
" mesic’
" fibric
" mes--fibr
" fibric
mesic

Bm/4.3/5.0(2.3) heath/lichen 4
BC/4.5/1.0(0.2) tundra
€/5.1/1.0(0.0) . \

Cz/-- .
0f1/3.7/-- . eric--tmpetrum 6
Oml1/3.7/-- dwarf birch/
0f2z/4.0/-- Sphagnum--Cladonia
Omfz/4.7/-- polygonal peat
0f3z/5.7/-- plateau
Om2z/5.8/ - -

marl/.

Ohz/5.6/--

269

132 23’W 69 05'N
"cryic OR DY BR"
soil "zt27" SE

Reindeer Station

132 03'W 67 42'N
CEC @pH7;
organic cryosol
soil "Jiggle Lk"

marl
mod. efferv.
in HCI

organic/mésic
GL?/SilL

organic/mesic
tit1?2/Sil
" CL

GF/coarse Sal
" /Sal--LSa
" /fine gravel

Om/4.6/109. (48)
Bm/4.6/16.3(4.8)
Bmy/5.5/23.0(3.2)
BCyz/5.9/31.1(3.7)
Ahyz/6.7/- -

upland tundra 8

Om/3.4/71.0(47.2) bS/ 8
Bmy/5.4/16.6(2.6) ericad/lichen
BCyz/6.5/19.4(1.1)

Cz/6.8/25.1(026)

131 50'W 69 35'N
BR TU CR

soil "y79" on
Tuk. Penin.

131 30’'W 68 10’'N
OR TU CR
soil "y54" near

"Kugatuk River

131 05'W 67 23'N
EL DY. BR?
CECs @ pH7
"Grandview soil"

N Hort.--Anders.
region; -from
Cretaceous shale

C and E Horton--
Anderson region;
Paleo. carbonate

Ae/5.3/4.9 WS- -paper birch 6
Bml/5.3/7.0 /alder--willow
Ck/7.2/2.2 --Vaccinium/
feather moss--lich.
(%CaC03 = 4.6) ----coeoo--- 10
(%CaC03 = 30.5) = ---eceeoo--- 10
(%CaC03 = 17.0)  ---eeeeeo--- 10

C and E Horton--
Anderson region;
assorted sedim.
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*i

. +/- barren

5

(. L]
27

*126 52'W 69 30N

Cret. siltstone,
mudst. ; imperf.-
drnd;Horton R.
badlands;Rel. 26

. .
............................... PYRRRID A R

Dryas--Salix--

- Oxytropis--

Arctostaphylos
rubra--forb

rich upland tundra

dw. birch--S.
lanata/Dryas--
Potentilla--Vacc-

5

Carex/Tomenthypnym

--Rhytidium--
Hylocomium

125 56’W 69 02’'N
Cretaceous silt
stone, mudstone;-
moder. well-dr.
GL TU CR;S 84

124 07'W 68 39'N
imperf.-drained
mesic org. CR;

"Releve 21

......................................................................

wS/Salix

5

lanata--dw. birch/

V. uliginosum--
Arctost. rubra
Carex/moss

Dryas--Betula--

5

Carex rupestris--"

Oxytropis--Hedysarum

mackenzii/lichen

123 28’W 68 13’N
alluv/outwash;
imperf.-drained
BR TU CR;S 78

122 54'W 67 48'N
carbonate; well-
drnd OR TU CR;
Stand 76

wS/dwarf birch

--Salix glauca/

Dryas--Carex--/
forbs/moss

5

122 25'W 67 36'N
wel¥-drained

BR TU CR; near
outwash plain;
Stand-75

18 :
colluy/C mudboi1/5.2/--
19 . "
organic/f--m  Ofmky/8.0/

" humic Ohy/8.0/ -
tili/c Ckgy/8.0
20 ' ,
organic/mesic Omy2/6.8/
waten-worked
till1?2/Sil Cgyl/7.4/

" Sa Cy2/1.2/
organic/humic Ohby/7.5/
21
fluvial or
GF/Sil Ahgy/7.1/

" Sa Bm/7.8/

" Sa €/8.0/

22 .

till/Sal Ahy/8.0/

" SaL--SiCL Bmy/8.0/

" stony SiCL Cky/8.0/

23

water-worked

till (?)/LSa Bmy/7.8/
" L Ckyl1/8.0/
! LSa Ck2/8.0/

24

organic/humic Ohy/7.8/

till1?/SiCL Ckgyl/7.0/

" SiL--SiCL Ckgy2/8.0/

wS/dwarf
birch--S. lanata
S. glauca/Dryas--

Arctost.--Hedysarum

Carex-Erioph./moss

117 35'W 67 28'N

imperf.-drained
GL TU CR;

kame terrace?;
Stand 74



25
merine(?)/s

C1/7.3 Oryas--Carex-- 2
C2/8.4 Lupinus/Cetraria
upland tundra
- Q9
C1/7.1/ Dryas--Salix-- 2
C2/7.6/ Arctostaphylos--

Lup1nus--Carex--
Vaccinium ulig.--
Cetraria upl tun.

71

116 07'W 67 55'N
pH (water);TU CR
Cox Lake,"plot 8"

116 29'W 67 54'N
TU CR; Cox Lake
area; "plot 13"

Ahy/7.5/ . S. lanataz-dwarf 5
"Cyl/8.0/ . / birch/Potentilla
. Ckg2/8.0/ « fruticosa/Arctost. --

Carex/moss shrub

117 00'W 67 25'N
imperf. to very
poorly drained
GL TU CR on
drainade; S 73

......................................................................

till/stony and '

bouldery SiL

Ahy/8.0/
Cy/8.0/

Dryas--Carex-- 5§
Oxytropis/Ce;raria
upland tundra )

116 59'W 67 25'N -
well-drained
OR TU CR; S 72

Salix--dw. bir./ 5
Dryas--Carex--
forbs/moss rich
upland tundra

Cqyl/7.2/
Cqgy2/8.0/

116 21’W 67 08’N
mod. well-drnd
GL TU CR; druml.
ridge; Stand 69

reworked(?)
till/Sil

wS/Salix Tanata 5
--dwarf birch--

S. glaucayericad/
C. membranacea--
Equisetum moss
rich forest

116 20’W 66 S1'N
imperf.-drained
GL TU CR;
Stand 67

? (water
worked)/SiCL

wS/Salix 5
Pot. frut./Dryas
moss rich forest

wS/dwarf birch §
--Salix glauca/
ericad/moss
forest-tundra

Ckgy(z)/8.0/

114 26'W 66 19’N
imperf.-drained
GL TU CR; 'S 63

114 17'W 65 44'N
imperf.-drained
GL TU CR in
closed depress.
esk/kame compl;
Stand 61

................................................ b e p o e e e e iimema.



33
fluvial or
GF/Sil

X

3py1/5.5/

* dwarf birch/Vacc. 5

vitis-idaea--Ledum
decumbens/lichen
upland tundra

272

114 16’'W 65 44’'N

well-drnd BR TU
CR terraced
outwash/alluv.;
Releve 7

organic
GF/Sa

LF/4.6/86.5(39.0)
ARe/3.5/1. 8(1 6

Bml/4.0/1.

OOOAA

wS/dwarf

3

birch/L. decumbens

Vacc.

vitis-idaea--

V. ulig. /11chen
forest-tundra

113 08'W.64 28'N
pH CaCl?; well
drnd "degraded
dystric brun.";
Ft. Enterprise
area; outwash;
"site 1"

organic
till/LSa
" /Sal
"/fine Sal

LH/3.8/49.1(33.1"

Rej/3.8/2.8(2.3)
Bm/4.2/2.9(2.7)
- C/4.5/1.8(1.6)

c¢warf birch/Arcto- 3

staphylos--Ledum--

Vaccinium--Empetrum/.
lichen upl.

tundra

ditto location;
well-drnd
“lTithic dystric
brunisol”;
granitic bedr.
"site 2"

organic

till/fine Sal

"/L coarse Sa

LH/3. 8/76.
Re/3.7/4.
Bm/4.2/3.
€/4.5/0.9

.9) dwarf birch/Empet.3

Ledum decumbens--
Arctostaphylos--
Vaccinium/lichen
upland tundra

ditto lecation;
well-drained
"lithic dystric
brunisol”;
granitic bedr.
"site 3"

organic
till/Sal
" SaL

LF/3.6/91.(70.)

Cgjl
Cqj2

.9/1.2(0.
.7/1.5(0.

bS/dwarf

birch--Salix/Ledum
decumbens--Vaccinium

3

Empetrum--Carex/
lichen upland

tundra

ditto location;
imp. to poorly
drained "gleyed
regosol"; gran.;
till re-worked?
"site 4"

38

- organic/mesic Om/3.6/93.(69.)

" fibric 0f/3.7/88.(60

)

" mesic Omz/3.8/85.(53.)

dw. birch/Ledum 3

decumbens--Vaccinium

Rubus chamaemorus/

Polytrichum--Tichen
hummocky bog

ditto location;
v. poorly-drnd
mesic organic
cryosol;"site 5"

K

. '
<Y

» '
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39 '
GF or GL/ !
pebbly sand 8ml/6.0/ JP--wS--wB/ 5 115 49'W 63 49'N
alder--birch/ well-drained
/Arctostaphylos EU BR
uva-ursi--Vacc. Stanq 5
vitis-idaea/lichen
40 ;
till/LSa Ae/5.0/ bS--paper 5 115 13’W 64 15'N
" /pebbly, - birch/ericad/ well-drained
cobbly Sal Bm/S5.6/ lichen--moss OR EU BR;
forest Stand 8
worked(?)
LSa--f.Sa B . bS/Betuta/ 5 T3 33'W 64 18'N
w ericad _ well-drained
forest-tundra EL DY BR (cryot.
7 phase?);Stand 11
42
water-worked ) ‘
till/Sal Bmy/5.1/ dwarf birch--S, 5 113 07'W 64 16'N
arbusculoides/eric  well-drained
upland tundra EL DY BR (cryot.
phase?);Stand 16
43 . :
GF/Sa Bmy/6.0/ bS--wS/ 5 112 18’W 63 19'N
dwarf. birch-- well-drained
Empetrum--ericad/ OR EU BR (cryot.
lichen phase); esker
forest-tundra complex;Stand 21
. 44 :
till/Sa Aey/5.5/ bS/dwarf 5 112 10'W 63 27'N
birch/ericads/ well-drained
lichen forest- EL (EU?) BR,
-tundra cryot. phase;
Stand 24
45
GF/Sa Bm/5.7/ bS/Betula/ S 112 23'W 63 18’N
ericad/lichen "~ well-drained
wood]and OR EU BR;

outwash;Stand 25



a6 /

organic/mesic

Om/6.9/

wS--tL-- 5
bS/ericad
Carex/brown moss

274

112 26’W 63 08'N
poorly-drained
humic(?) organic
cryos. (hum.horiz
frozen); S 26

47 —
till(2)/L

bS--jpP/ 5
shrubs/lichen

112 32'W 62 43’'N
soils: rock-
land, folisol,
organic,EL DY BR
on whalebacks,
depress; S 29

48
organic/fibric

0f/5.5(hummocks)/
0f/5.5(pools)/

Carex--Erioph./ §

‘brown moss sedge
~meadow w/ low

hummocks

111 04'W 64 05'N
low wet hummocks
in contact w/

water; Releve 2

49
organic/mesic

bS/dwarf 5

birch--Salix plani-

folia--alder/
Sphqgnum thicket

111 04'W 64 04'N
mesic peat over

lying soil and ’
cobble in drng;

Transect 31

50
till/Sal

Ah/ - -
Bmy/5.4/3.8(3.7)
Cy/5.6/2.5(2.2)

heath--lichen; 1
shrub heath well
to imp drnd soils;
sedge meadows on
poorly-drained
s0ils

for all

soils listed
under ref. 1,see
their pp. 96-97;
OR DY BR;gran.
till; N and E of
East Arm, GSL;
“Wolverine L. 1"

51
till/LSa

Ah/3.0/51.5(49.0)
Ae/3.9/1.5(1.3)
Bfj/4.4/10.3(9.8)
BC/4.8/2.0(2.3)
C/4.9/0.8(0.7)

vegetation ditto 1

EL DY BR on
sandstone till;
upper Thelon R.
area;"Lynx L. 1"

52

" Sa
! LSa

Ah/4.2/11.5(8.4)
Bm/4.9/5.8(5
8C/5.3/1.2(1
C/6.3/0.6(0.5

5
0
)

vegetation ditto 1

OR DY BR on
sandstone till;
“Lynx Lake 1"



53
till/salL

Cyl/s5.2/2.

1(1.7
2.2(2.0
Ahb/4.6/7.3(6.7
5.1(4.7

1.9(1.6

N Nt Nt N N

vegetation ditto 1

275

OR DY BR, cryot.
phase; sandstone
till;"Lynx L. 1"

till/Sa
" /LSa

"

" /Sal
" /SiL
bedrock

Ah/3.9/18.1(
Bmyl/4.3/5.1
Bmy2/5.0/2.7
BCy/5.0/2. l(
Cyl/4.8/2. 1(
Cy2/5.0/2.5(

3.
4.
2.

NNN"\/‘\!—-

vegetation ditto 1

OR DY BR, cryot.
phase.; <Ilm of
sandstone till
over bedrock:
"Lynx Lake 2"

......................................................................

Ah/3.9/10.8(8.
Ahey/4.0/5.2(4.
Bmyl/4.4/3.4(3.
Bmy2/4.6/2.3(2.
BGy/5.0/1.3(0.
Cy/5.9/1.5(0.

heath

N
shrub hea

drainages

en or ]
on well
to imperf-drained;
sedge mead. poorly
-drained; spruce may
occur on slopés and

EL DY BR, cryot.
phase; red till;
upper Thelon R.;
“"Coldblow L. 1"

organic/mesic
" "

/Jhumic
till?/Sal

Om/4.0/104.(81.)
Omz/4.3/137.(96.)
Ohz/4.9/130.(77.)
Cz2/

dwarf birch--
eric/lichens- -
mosses

mesic OR CR;
S, E East Arm,
GSL; "Sled L. 1"

Re/3.8/5.0(4.7)
Bm/5.2/4.2(4.0)
BC/5.4/1.9(1.3)
€/5.5/0.5(0.4)

open conif. wood-

land w/lichen carpet
to imp drnd;

well-
bS/moss on
poorly-drained

EL DY BR; gran.
til1;SE East Arm
GSL, 108° w;
"Porter Lake 1"

Ah/3.2/13.2(11.8)
Re/3.9/2.1(2.1)
Bm/5.1/3.6(3.6)
BC/4.8/1.1(1.1)
€/4.9/0.3(0.2)

open conifer
forest w/ lichen
carpet

EL DY BR; outw.,
etc; SE East Arm
GSL, 108° W;
"Odin Lake 1"

0f/3.0/151
0fz1/3.1/151

i27.)

.(124.
0fz2/3.4,155.(128.

bS woodland

) (peat plateaus)
Jor, eric/lichen
(polygonal peat

plateaus)

fibric organic
cryosol; SE of
East Arm, S of
62° N, E of
108° W:

“Dymond Lake 1"



60
lacustrine/SiL

Aey/5.2/10.5
Bmy/5.9/20.0
BCy/6.2/22.6
€/6.6/19.4(4.
Cz/

(4.5

(4.8

(4.3
2

)

) bS/Ledum/
) moss, w/ lichens
) on hummock tops

276

1 OR TU CR;E. Arm
GSL; "Redcliff
Island 1"

Empetrum--eric/ 5

Polytrichum--Corn
ularia--Alectoria
upland tundra

104 19'W 62 18'N
w.-drnd,exposed

BR TU CR;sandst.
till;drum{jn;S60e

ic-

62
GF/LSa

“/v.f. Sal

" /Sal

" /pebbly
cobbly f.Sa

Aey/4.7/
Ahey/4.7/
ABy/5.9/
Bmy/6.0/

c/7.0/

bS--wS/
Empetrum--ericad/
lichen
forest-tundra

5 103 50’'W 62 19'N
EL EU BR, cryot.
phase/; pitted

outwash; S 59

63
GL,til1/L f.Sa
" /f.Sa

! /L f.Sa

Ahy/4 .3/
Aey/5.5/
Bmy/5.7/
Cy/7.0/

dwarf birch/
-mpetrum--Loisel.
ericad/lichen
upland tundraﬁ

5 103 32'W 62 25’N
BR TU €R; raised
beach and water-

worked till;S 58

64

water-worked(?)

till/LSa
" /f. Sal
"/ f. Sa

Ahy/4.5/
Bmy/6.0/
Cy/7.0

dwarf birch/
Empetrum--ericad/

S5 103 11'W 62 29'N

BR TU CR; S 57

lichen upland tundra;

on moist cryot.
circles, add: Dry
Carex--Tofieldia-
Rhododendron

as--

65

water worked(?)

till/LSa to L
" /L

Bm/6.9/
€/5.8/

wS/alder
dw. birch--Salix/
ericad/moss grove

102 56'W 62 20'N
mod well-drained
BR TU CR; along
brook, p.-drnd
Tocally; S 55

5

66

GL/pebbly Sa

¥ /cnbbly,
rubbly Sa

Bmyl/5.3/
Bmy2/5.6/

bS/dwarf
birch--Salix
glauca/Empetrum- -
ericad/lichen
upland tundra

102 49'W 62 16”N
well-drained

OR DY BR, cryot.
ph.;rais. beach,
+H20-worked till
on syen.,gabbro
Stand 54

5



67
water-worked

till/sal Cqy/7.0/

bS--tL/

ericad--Equisetum/

Sphagnum grove

5

{

N

277

103 08'W 61 54'N
poorly-drained

GL TU CR on H20-
worked rib. mor.

water-worked
til1/pebbly Sa Bmy/5.7/

bS/dwarf ;
birch/Empetrum- -
Vaccinium vitis-

idaea--L. decumbens/
lichen fogsst-tundra

5

103 08'W 61 53'N
well-drained
OR EU BR, cryot.
phase, on ribbed
moraine; S 50

titl/

cobbly LSa  Bm/5.7/

bS/dwarf
birch/Empetrum- -
Vaccinium ulig. --

Ledum groen./lichen

103 44'W 61 05'N
w.-drained OR fU
BR on drumlinoid
ridge; Stand 45

bS/Empetrum
Vaccinium vitis-
idaea/lichen, w/
tL/Ledum/moss

103 43'W 60 55'N
imperf. drained
GL EU BR flank
of esker; S 43

......................................................................

wS/dwarf
birch/Empetrum/
lichen +/- bS:
lichen 1’
Stereocaulon

103 53’'W 61 22’N
well- to rapidly
drnd EL EU BR;
esker complex;
Stand 36

bS dwarf birch/
ericad/lichen
grading to dwarf
birch/ericad/
lichen

5

104 157W 61 23'N
well-drained

OR DY BR, cryot.
phase; drumlin.

ridge; Stand 33

71
GF pebbly
coarse Sa Bm/6.2/
72
till/LSa Bmy/5.2/
73
icm/pebbly
LSa Bm/5.4/

wS--bS/dwarf
birch/ericad/
Tichen
forest-tundra

5

104 44'W 61 14'N
well-drained

EL DY BR;

Stand 31



74
till/sal

....... P e

75
organic/

mesic-humic

GF/Sa

16
till/SiSa

" "

I\ 8my/7.4/2.3(0.0)
Cy/7.1/1.9(0.0)
Cy/7.0/1.7(0.
Cy/7.2/1.1(0.
Cy/7.3/0.9(0.

Omh/3.0/95.3(8
Re/3.3/9.0(8.0
Bf/3.6/11.9(10.0)
Bfm/4.7/2.3(0.7)
€/5.0/2.0/(0.0)

Bmy/3.8/6.8(
Bmy/5.4/2.3{
Bgy/4.9/1.9
€qy/5.0/2.0

Cornicul. etc. 9
on centers circles;
low Salix--Carex- -
Eriophorum/
Tomenthypnum at
edges of circles

S P

9) eric/Hierochloe 9

/Vichens (Alect.--

Cetraria--Cornicul.

--Cladonia--

hS/willow. - 9
dwarf birch eric)
forbs/moss - -{ladon.
Cetraria

278

95 SO0‘W 63 39'N

well-drained

OR TU CR; bedr.:
basic and acidic
cryst,+ sedim. ;

site "2J-7"

96 31'W 62 07'N

well-drained .,

EL DY BR: Kogtok
R.; site "2J-78"

97 07'W 61 08°'N

p.-drained GL TU
CR; gran. till;

site "77-11"



io accompany Appendix 4B.

Appendix .4A. Gazetteer of place names

. Locations are for the centers of lakes, and for the mouths of most
e rivers; for longer rivers, locations refer to that portion within

the forest-tundra.
Appendix 4B.

Feature”

Numbers preceding each feature are plotted in

Comments

"1314" Lake
Anderson River
Angikuni Lake

"~ Artillery Lake '

Atzinging Lake
Aubry Lake
Aylmer Lake

Back Lake
Beaulieu River
Beaverhill Lake
Beniah Lake
Beverly Lake .
Big Spruce Hi11%
Bydand Bay
Campbell Lake
Campbell Lake
Camsell Lake
Cape Churchill
Cape MacDonnel

Caribou Hills
Caribou Lake
Caribou River
Carnwath River
Carruthers Lake
Churchill River
Clarke River
Clinton-Colden Lake

Lolville Hills

Colville Lake
Contwoyto Lake
Coppermine River
Courageous Lake
Coventry Lake
Crossley Lakes
Dease Arm

Dease River
Deerpass Bay
Dismal Lakes
Drumlin Lake
Dubawnt Lake
Dubawnt River
East Arm

Edehon Lake

111
120

134
132
. 94
128
100

- 94

T

126
110
114
111
106
129
119
118
122
N

114

101

- 103

109
97

00’
50/
25’
157
107
32’
37’
557
25’
07’
18’
42’
24’
25’
207

279

43’

12
14/
36
46’

24’

45’
58’
20’
26’
32’
47’
34’
55’

107
42’
00’
10’
10’
38’
52’
55’
56’
26’
49’
04’
28’
43’
25’

N of GBL, W of Horton R.

-~

=
+
-

N of N shore, GBL
NW GBL -

near Inuvik

E of Artillery Lake
S of Mackay Lake

tip of Takaatcho
Peninsula, GBL

-

~highlands in Colville

Lakes area

NE GBL
NW Keith Arm, GBL

centered on Boyd L.
of Great Slave L.



Ennadai Lake
Escape Rapids
Eskimo Lakes
Eskimo Point
Eyeberry Lake
Faber Lake

Finnie River .
Fort Anderson

Fort McPherson
Franklin Mountains
Garry Island

Gordon Lake
Great Bear Lake
Great Bear River

Great Island
Great Slave Lake
Grizzly Bear Mtq(

Hanbury River
Healey Lake
Henik Lakes
Hepburn Lake
Hinde Lake
Hornaday River
Hornby Point
Horton Lake
Horton River
Hottah Lake.
Hudson Bay Lowlands
Indin River
Inuvik

[tchen Lake
Jolly Lake
Kamilukuak Lake
Kasba Lake
Kazan River
Keith Arm
Kelly Lake
Kendall River
Kigarvi River
Kinga Lake
Kokeragi Point
Kugaluk River

Lac
Lac
Lac

a Jacques

des Bois
Belot

Lac L3 Martre

Lac Maunoir

Lady Nye Lake
Lake of the Enemy
Lake Providence

101
115
132

104
117
102
128
134

135
113
120
125

96
114

104
106

115
103
123
103

122

126
118

115
133
112
111
101
102
100
122
126
116
102

96
122
130

127
125
126
117
124
117
110
111

20'
28’
17/
59’
43’
157
16’
26’
53/

40’

11’
45’

35"

35)

22"
12}

00’

50’
45’

16’
41’
48’
52’
31’
48’
307
20’
04’
43’
50’
55’
40’
07’
37’
15’
15’
20’
05’
38’
08’
58’

24’
09’
16’
55'
55¢
28’
14’
55’

58’
37’
15’
06’
08’
56’
00’

45’
26"

29’

"05

50’
55’

53’
28’
20’

47’
20’

19’
10’
19’
02’
29’
56’
04’
20’
17’
21’
33’
08’
22’
18’
46’
20’
25’
08’
157
54’
48’
08’

13
50’
53’
15’
29’
59’
46’
42’

. 280
of Coppermine River

s
K

see Norman Range
istand offshore of
Mackenzie Delta

drains GBL from Keith
Arm

. on Seal R.

betw. McVicar and Keith

Arms, GBL

see S. and N. Henik L.

Thelon R.
N of GBL

flows NW from Horton L.

”~

S of Dubawnt Lake
SW G.B.L.

NE of Norman Range

E of Mackenzie R.,
W of Anderson R.
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91 Little Crapeau Lake 116 27’ 64 49’ T

92 Little Marten Lake 13 00’ 64 40’
93 Lockhart River 55" 62 48’ drains Artillery L.
94 Lookout Point 2 32’ 64 09’ Thelon River

95 Lynx Lake 106 15’ 62 25’ near headwaters Thelon
96 Mackay Lake 110 25’ 63 55’

97 Mackenzie Delta 135 00’ 68 35’

98 Mackenzie River 132 00’ 67 20’

99 Mackintosh Bay 123 05’ 66 08’ }_yre Smith Arm, GBL
100 Mahony Lake 125 20’ 65 30/ ‘ .\Great Bear River
101 Mary Lake 183 317 62 23

102 McCrea River 113 85’ 62 58’

103 MclLeod Bay 110 00’ 62 53’ East Arm, GSL

104 McTavish Arm ‘ 119 00" 66 06’ SE GBL

105 McVicar Arm 120 10" 65 20’ SE GBL

106 Melville Creek 115 30 67 16' trib. of Loppermine R.
107 Melville Hills 122 00" 69 15’ near Horflday R.

108 Mosquito Lake 03 227 62 367

109 Nejanilini Lake 397 48’ 59 33’

110 Noman Lake : <08 55’ 62 15" N of Nonacho Lake

111 Nonacho Lake 109 28’ 61 59’

112 Norman Range 126 25’ 65 18’ of Franklin Mountains
113 North Arm 115 20" 62 30’ Great Slave Lake

114 North Henik Lake 97 40’ 61 44’ ‘

115 North Knife Lake 97 05’ 58 05’

116 North Knife River 95 00’ 58 38’ .

117 Nowleye Lake 101 05" 62 23’ E of Kamilukuak Lake
118 Nueltin Lake 99 30’ 60 30’

119 Parry Peninsula 124 45’ 69 45’

120 Point Lake 113 04’ 65 15’

121 Port Radium 118 02’ 66 05’ McTavish Arm, GBL

122 Porter Lake 108 057 61 41’

123 Rawalpindi Lake 114 37’ 65 02’

124 Redrock Lake 114 10’ 65 28’

125 Rennie Lake, 105 35" 61 32/

126 Richards Island 134 30’ 69 20’ NE Mackenzie Delta

127 Richardson Istand 118 21" 65 45’ SE McTavish Arm, GBL
128 Richardson Mountains 136 00’ 67 30’
129 Rockinghorse Lake 112 18’ 65 53’

130 Rocknest Lake 114 23’ 65 39’

131 Rodrigyes, Lake 115 38’ 64 47’

132 Roundr& Lake - 113 25" 64 23’ :

133 Scented Grass Hills 122 30’ 66 08’ SE of Smith Arm, GBL
134 Seal River 94 48’ 59 04’

135 Shallow Bay 135 40’ 68 50’ Mackenzie Delta

136 Shethanei Lake 97 50’ 58 48’

137 Sid Lake 104 04’ 62 16’

138 Simpson Lake 126 35’ 68 08’

139 Sitidgi Lake 132 40’ 68 32’

140 Smith Arm 124 00’ 66 15’ NW GBL

141 Smoking Hills 126 10° 69 30’ = Horton River badlands
142 Snare Lake 114 22’ 64 11’

143 Snare River 115 53’ 63 07’

144 Snowbird Lake 102 56’ 60 41’



145
146
147
148
- 149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

164

165
166
167
168
169
170

South Henik Lake
Spruce Grove Lake
Stony Lake

Stony Rapids
Tadenet Lake :
Takaatcho Peninsula
Takiyuak Lake
Taltson River
Tammarvi River
Thelon River
Tuktoyaktuk Peninsula
Tununuk

Tyrrell Lake
Ursus Islands
Walmsley Lake
Warburton Bay
Watterson Lake
Whitefish Lake
Wholdaia Lake
Williams Lake
Winter Lake
Wopmay Lake
Wopmay River
Yathkyed Lake
Yellowknife
Yellowknife River

97

101

105
126
119
113
112
102
104
131
134
105
101
108
111

99
106
104
106
112
116
117

114
113

25’
15°
40’
49’
05’
15/
05’
46’
307
00’

207

40’
27’
42’
32’
307
25’
48’
107

107

557
40’
22’
00’
22’
53/

30’
22’
517
16’
38’

347

20’
24’
37/
547
45’
00’
07’
27’
25’
50/
14/
41’
43’
08’
29’
07’
30’
40’
27’
35'

282

of Seal R.
NE Saskatchewan

GBL

on Thelon R.

of Mackay Lake ‘
E of Arti]]ery_Lake
W of Tyrrell Lake

plotted on Lower Carp L.



Appendix 5.

the sake of brevity, "ericad" includes
is typically for a B horizon on sandy soils or a C horizon on

heavier-textured soils.
mesic, and W = wet.

S$tand Association
S01 bS--jP/ericad/lichen
S04 bS--jP/ericad/lichen--
moss
S07 bS/ericad/Stereocaulon--Cladonia
S12  dwarf birch--Salix glauca/ericad/
lichen
S14 dwarf birch/ericad/lichen
S18 bS/ericad/Stereocaulon--Cladonia
S20 bS/ericad/Stereocaulon--Cladonia
S2]1 wS--bS/Betula/ericad/Tichen
S22 Salix glauca--dwarf birch--
B. occidentalis/ericad/lichen
S26 wS--tL--bS/ericad/Cargx/moss
S30 bS--jP/ericad/]ichen‘
S31 dwarf birch/ericad/lichen
S33 dwarf birch/ericad/lichen
S34 bS--wS/dwarf birch/ericad/lichen
S35 bS/dwarf birch/ericad/lichen
$36 wS/dwarf birch/ericad/lichen
S37 bS/dwarf birch/ericad/lichen
S38 bS/dwarf birch/ericad/lichen
S40  wS--bS--pB/B. occidentalis/ericad/
: Stereocaulon
S41 wS/B. occidentalis--dwarf birch/
ericad/Stereocaulon
S43 bS/ericad/lichen; grades to dwarf
birch/ericad/lichen;
w/ occas. tL/Ledum/moss
S45 bS/dwarf birch/ericad/lichen--
Ptilidium
S47 dwarf birch/ericad/lichen
S48 bS/dwarf birch/ericad/Tichen
S49 dwarf birch/ericad/lichen
bS/dwarf birch/ericad/lichen

S50

283

pH
4.2 DM

o on

Y OV & & o

[Sa S NerNe,l
NN W

S o

~N W O ocorn

WOSBMNNO &N

O

Mois

=T X

Too0oOoO=X
=X

WM
OM

DM
DM

OM

DM
DM

DM
WM

DM

DM
DM

Vegetation associations, soil pH, and moisture
values for study areas included in Table 4E and Figure 26.

nigrum.

For
Soil pH

Moisture abbreviations are D = dry, M =
Ninaty-five stands and releves are included.

Comments

whaleback
bedrock
ridges
outwash

charcoal in
Ahy;ash
raised pH?
spp. indic.
acid soil

shallow BR;
decadent pB
wS and bS

clones near
bS,tL near

GF sand

GF sand
GF sand

heterogen.
stand



$51

$53
$54
$55
$56
§57
$58

$59
128

RO1
RO2

RO3
RO4A

RO4B

ROSA
ROSB
S61

SAl

S62
SA2
R11
R12
S64
R13
S65

S66A
S67

bS--tL/ericad/Equisetum--
, and
dwarf birch/ericad/lichen
bS/alder--dwarf birch/ericad/

Carex/Sphagnum

bS/dwarf birch--Salix/ericad/lichen

wS/alder--dwarf birch--Salix/
ericad/Sphagnum--Dicranum--
feather moss

dwarf birch/ericad/Cladonia--
Cetraria--Cornicularija

dwarf birch/ericad/Cladonia--
Cetraria

dwarf birch/ericad/Alectoria--
Cornicularia--Cladonia--Cetraria

wS--bS/ericad/1ichen--Polytrichum

wS--tL/Salix/ericad/Carex--forb/
brown moss

bS/Salix planifolia--dwarf birch--
alder/Sphagnum--feather moss

Carex aquatilis--C. rotundata--
Eriophorum/Sphagnum--brown moss

ericad/Carex--Scirpus/Sphagnum

ericad/Carex supina--grass/
Alectoria--Cornicularia

dwarf birch--Salix arbusculoides/
Empetrum/Cladonia--Cetraria--
Po]xtr1chum

dwarf b1rch/er1cad/Cetrar1a--
Cladodhia

ericad/Rhizocarpaon--Lecidea--
Xanthoparmelia

dwarf birch--Betula occidentalis---
Salix glauca/ericad/Tichen

wS/dwarf birch--Salix qlauca/
Vaccinium yliginosum--shrub/
forb/moss .
wS/dwarf b1rch--Sa11x g1aucaﬂshrub/
lichen--moss -
dwarf birch--5alix g]auca/er1cad--
Dryas/moss-:1ichen
wS/dwarf b1rch--§a11x/Lup1nus--
Carex/moss
dwarf birch--Salix/Dryas--Carex/
moss
Salix--dwarf birch/Vaccinium--
Lupinus/moss
dwarf birch--Salix gqlauca/Dryas--
Vaccinium/Carex rupestris/Tichen
wS/Salix/moss ,
Dryas/Carex--forb/lichen
wS/Salix--dwarf birch/ericad--

Dryas/Carex/moss

7.0

6.4
5.5
7.0
5.2
6.0
5.7
5.9

-5.5
5.5

[S o8 4]

8.0
8.0

0O 00 ~
Qo

M

WM

.0. WM
o
TR

WM

DM
WM
WM

. 284
heterogen.
stand

circumn. pH

esker top

esker base

stony heath
felsenmeer
wS/shrub/
feather M
in Tow area
spp. rich

Spp. rich
'basic pH

spp. rich
basic pH

w/ wet
runnels
basic pH

spp. rich



R14S

Salix--Dryas--ericad/Carex/moss

R14P Carex--Eriophorum/Scorpidium--moss

S69
S70
S72
S73
S74
R15
R16
$75
R17

Salix--dwarf birch/Dryas/Carex- -
forbs/Tomenthypnum--Aulacomnium

dwarf birch/Dryas--Arctostaphylos
rubra/Carex scirpoidea/
moss--lichen

Oryas-

-Qxytropis/Carex/Cetraria
Salix lanata--dwarf birch/Pgtentilla 8.0

--Arctostaphylos/Carex/moss
wS/dwarf birch--Salix/Dryas--forb/

Carex/moss ‘
§a11x/eras/£gg1setum--£r1ophorum

--Larex/moss

Dryas--Lupinus/Carex/Cetraria--

crustose lichen

wS/dwarf birch--Salix/Lupinus--Dryas

--ericad/Carex--forbs/moss
dwarf birch--Salix glauca/ericad/
Cetraria--Polytrichum--Dicranum

R18P tarex--Scirpus/brown moss

R18S
S76
S77
R19
R20

S78

5791
5792
5793
580
R21

R22S
R22P

Salix Ténaté/ericad--Drxas/Carex/
Cladonia--Cetraria--moss

dwarf birch/Dryas--lequme/Carex/
Cetraria--crustose lichen

wS/dwarf birch/Salix/shrub/forb/moss

Carex aquatilis--C. physocarpa--
Eriophorum anqustifolium/

Scorpidium

dwarf birch/Dryas--Potentilla/Carex

scirpoides--Eriophorum

anqustifolium/moss
wS/Salix lanata--dwarf birch/

Vaccinium--Arctostaphylos/
Carex/moss

Carex--Eriophorum/Aulacomnium- -
Dicranum--brown moss

Dryas/Carex--forb/Cetraria--
Cornicularia

Dryas/Carex/Alectoria--
Cornicularia

wS/dwarf birch--Salix/Dryas/
Carex--forb/moss

dwarf birch--Salix lanata/Dryas--
shrub/Tomenthypnum--Rhytidium- -

Hylocomium
Sa]ix--dwa%f birch/Dryas--ericad/

Tomenthypnum--Hylocomium--Dicranum

Carex aquatilis--Eriophorum/
Campylium--Drepanocladus

7.2
8.0

8.0

8.0
8.0

7.2
7.2
7.2
8.0
6.8

WM

=

DM

WM

oM

=

=

WM

285
string of
bog-fen
pool of
bog-fen

spp. rich

spp.'rich

on shallow
bedrock
spp. rich

pH for Aey;
Bmy 7.0;
Cky 8.0
pool in
bog-fen
string in
bog-fen

resid.peat
w/ LCP’s,
thermokarst

slope fen
dry slope

dry,exposed

peat mounds

string in
bog-fen

" pool in

bog-fen



581

$82
583

S84
R23

R24P
R24S

R2§
R27
S85
RZéC
R28T

R34

R351
R352
R355

T45

wS/dwarf birch--Salix/ericad/
. Tomenthypnum

--Hylocomium
Carex rupestris/Cetraria--

QS/dwa f birch--§glix/gricad/

Tomenthypnum--Rhytidium- -
Hylocomium--Cetraria

Dryas--Salix niphoclada--S. glauca--
S. lanata/legume--Arctostaphylos/
Carex rupestris/Cetraria

dwarf birch--Salix lanata--
S. planifolia/Vaccinium/
Brachythecium--Aulacomnium

Carex--Eriophorum/Drepanocladus- -
Calliergon

dwarf birch--Salix lanata/Dryas--
ericad/Rhytidium--Hylocomium--
Aulacomnium--lichen

alder--dwarf birch/ericad/
Calamagrostis inexpansa/liverwort

Salix gqlauca/Dryas--Salix
niphoclada/Kobresia/lichen

wS/Salix lanata--S. glauca/Dryas--
shrub/Tomenthypnum

dwarf birch/Eriophorum vaginatum--
Vaccinium/moss -

Salix pulchra/Carex lugens--
Arctophila/Aulacomnium--

Drepan@cladus-Sphagnum

Salix lanata/Dryas/Carex--
Arctophila/Tomenthypnum- -
brown moss

dwarf birch--Salix glauca/ericad/
moss-1lichen

dwarf birch--Salix/ericad/Carex- -
Eriophorum/Sphagnum--brown moss

dwarf birch/Salix fuscescens--
ericad/Carex--Eriophorum/
Sphagnum--brown moss

bS--wS/Betula--Salix/ericad/
Hylocomium--Aulacomnium- -
Cladonia

oM

WM

WM

WM
OM
WM

WM

OM
WM
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Appendix 6. Dominant soils of the study region, arranged by
physiographic province. The description is modified after Clayton
et al. (1977) and Dept. of Agriculture (1972) in light of field
studies (Figure 2) and to conform to current nomenclature (Canada
Soil Survey Committee 1978). Soils and parent matertals are
listed in decreasing order of prevalence.

MACKENZIE DELTA: Within the Delta proper, clayey moderately
calcareous  regosolic cryosols and fibric organic cryosols;
Richards Island, southern 2/3 of Tuktoyaktuk Peninsula, and the
arctic coastal plain eastward to Franklin Bay: gleysolic cryosols
and regosolic cryosols on loamy and clayey glactial till, and
glacio-fluvial  deposits; northern 1/3  Tuktoyaktuk Peninsula:
gleysolic  cryosols, regosolic  cryosols, and fibric organic
cryosols on sandy till, glaciofluvial and beach deposits.

RICHARDSON MOUNTAINS, PEEL PLATEAU, PORCUPINE PLATEAU, AND
FRANKLIN MOUNTAINS (east slope of the Cordillera and outliers):
The soils of the small portion of the study area found in these
regions are rockland and regosolic cryosols, and downslope, orthic
regosols and orthic eutric brunisols.

PEEL PLAIN (north), COLVILLE HILLS, ANDERSON PLAIN, HORTON
PLAIN, CORONATION HILLS (eastward to the Coppermine): Regosolic,
orthic, gleysolic and fibric organic cryosols on stony, Toamy
glacial till, fluvial, and organic deposits. :

PEEL PLAIN, ANDERSON PLAIN (south), COLVILLE HILLS (south), and
GREAT BEAR PLAIN (eastward to the rim of the Shield): Fibric
organic cryosols, orthic gleysols, and orthic eutric brunisols on
organic  deposits and clayey modérately calcareous till,
glaciofluvial, and glaciolacustrine-modified deposits.

BEAR-SLAVE UPLAND, KAZAN UPLAND, BACK LOWLAND, and THELON
PLAIN, at the northern 1limit of the forest-tundra from the
Coppermine River eastward to Hudson Bay: Regosolic, orthic,
brunisolic, and gleysolic cryosols, and rockland on stony sandy
Toam, loamy sand, and sand tills and glaciofluvial deposits.

BEAR-SLAVE ~ UPLAND, EAST ARM HILLS, BACK LOWLAND (extreme
south), THELON PLAIN (south), and: KAZAN UPLAND from Great Bear
Lake SE across the East Arm Hills through the Henik Lakes and
northern half of Nueltin Lake to Hudson Bay: Orthic dystric
brunisols (including cryoturbic phase), rockland, orthic eutric
brunisols (including cryoturbic phase) on stony sandy loam, 1oamy
sand, and sand tills and glaciofluvial deposits. Eutric brunisols
are apparently rare SE of Dubawnt Lake. Brunisolic and regosolic
cryosols apparently dominate eastward of 96°30’W (below the 1imit
of pest-glacial marine submergence).

287
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KAZAN  UPLAND (along the forest-tundra--open crown forest
transition) from Taltson Lake, Wholdaia Lake, southern half
Nueltin Lake to Hudson Bay west of Churchill, Manitoba: Orthic
dystric  brunisols (some of cryoturbic phase), orthic humic
gleyspls and gleysolic cryosols, fibric cryosols, and rockland, on
stony{ sandy loam, loamy sand, and sand tills, glaciofluvial and
orgam{c deposits. Orthic humo-ferric podzols apparently occur
egn the Seal and South Knife Rivers of northern Manitoba.

BSON  BAY LOWLAND, from the lower South Knife River SE to
Fibric organic cryosols, orthic eutric brunisols, and
on organic, glaciofluvial, loamy glacial till, and marine
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egetat ion region, Ietters&ﬁe{en to region in which a photo
occurred.  Compound regions ‘fndicate an abrupt transit lon.
A = closed crown forest

B = closed and open trown forest

C = .open crown forest

D = open crown forest and forest-tundra

£ = forest-tundra \

F = forest-tundra and low arctic tundra -

6 = low arctic tundra

H = closed and open croun forest and forest-tundra

I'= open croun forest, forest-tundra, and low arct ic tundra
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by other workers.
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Occurrence of sorted nets and stripes in lako shallows
in the study region.
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