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ABSTRACT

It is expected that anthropogenic increases in atmospheric levels ofC~ and

other greenhouse gases will have a substantial impact on climate in the next 100

years. Knowledge of the response of high latitude vegetation to past climate

variation is useful for understanding the possible response of such vegetation to

potential future anthropogenic climate changes. The objectives of this thesis were

to investigateclimate change, treeline dynamics and vegetation-climate relationships

at the subarctic alpine treeline in northwestern Canada on a variety of spatial and

temporal scales. In order to address these objectives, three hypotheses were tested:

1) Postglacial treeline change in the Mackenzie Mountains, N.W.T. was driven

by changes in the seasonal and latitudinal distribution of solar radiation; 2)

Establishment and mortality patterns of trees at treeline are episodic, controlled by

climate variations; and 3) The position of the treeline in the Mackenzie Mountains

is in equilibrium with current climatic conditions.

The first hypothesis was tested using the palynological analyses of cores

from three lakes in the tundra, forest-tundra and open forest of the central

Mackenzie Mountains. Although there was no evidence for higher treelin.e in this

region at any time during the Hol~ne, the data suggest that~ populations in

the forest,tundra were greater than present between about 8000 and 5000 yr BP,

and have since declined steadily. These results are consistent with predicted

changes in summer insolation based on the Milankovitch theory.

iii

CLIMATE AND TREELINE DYNAMICS IN NORTHWESTERN CANADA

The second two hypotheses were addressed using tree-ring analyses of white

spruce at a number of sites in the alpine treeline zone of northwestern Canada.

Dendroecological analyses of climate-growth relationships indicated that the

response of trees to climate at these sites varied with tree age, which violates a

basic assumption of standard dendroclimatic research. Age dependent modelling

was therefore used to produce a 350 year record of summer temperatures in

northwestern Canada from five sites in the N.W.T. and Yukon. Comparison of

this record with white spruce recruitment/survival and mortality patterns indicated

that the patterns are episodic, and controlled primarily by climatic variations. A

warming trend during the last 150 years has resulted in increases in forest-tundra

density, although there is evidence for only minor increases in treeline. The

establishment of white spruce seedlings at sites within the upper forest-tundra,

including several treeline sites, indicates that the treeline is in equilibrium with

current climatic conditions.

These results indicate that 1) climate-growth relationships are complex, and

the simplifying assumptions made in order to reconstruct climatic records from

radial growth records may in some cases be invalid; 2) in this region the response

of white spruce populations to climate change on a variety of timescales has been

manifested primarily as an increase in forest-tundra density, with little change in

treeline altitude; and 3) seedlings are currently being produced within forest-tundra

white spruce populations, and thus a rapid response to further climatic amelioration::

may be possible.
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CHAPTER ONE
1989). Knowledge of the response of treeline and forest-tundra communities to

INTRODUCTION

climate change is therefore essential for an understanding of the potential response

of boreal forest limits to anthropogenic climate changes and hence the possible

extent of vegetation induced feedback processes.

1.1 RATIONALE FOR STUDY The investigation of vegetation responses to past changes in climate using

Anthropogenic increases in atmospheric levels of'C~ and other greenhouse

gases are expected to have a substantial impact on global climate over the next 100

palaeoecological techniques provides a valuable source of information on climate-

vegetation interactions which is not possible using modern ecological techniques

years (Houghton ~~. 1990; Melillo ~~. 1993; Pastor and Post 1993). It has

been suggested that considerable changes in the composition, extent and distribution

of boreal forests may result from these climate changes (pastor and Post 1988;

Banan ~~. 1990; Prentice ~~. 1991; Rizzo and Wilken 1992; Smith ~ ~.

1992). In particular, the potential range of the boreal forest could expand

northwards in North America and Eurasia to include portions of the low arctic

currently supporting shrub tundra (Rizzo and Wilken 1992; Smith ~~. 1992).

The relative extents of boreal forest and tundra zones may in turn influence

atmospheric CO2 concentrations through biomass sequestering (D'Arrigo ~ gl.

1987; Callaghan ~~. 1992; MacDonald and Szeicz 1994), feedbacks in radiative

forcing (Banan ~~. 1992) and the reversion of tundra ecosystems from a net CO2

sink to a net source (Oechel ~~. 1993). Although the potential limits of the

boreal forest may extend northwards in the subarctic and/or upslope in montane

regions, vegetation response may lag changes in climate -(Ritchie 1986; Davis

(Deevey 1969), and can assist in the understanding of potential future changes.

The sensitivity of vegetation in high latitude and alpine regions to climate changes

on different timescales has been demonstrated by various palaeoecOlogical studies

(eg. LaMarche 1973; Ritchie ~~. 1983; Payette and Filion 1985; Kullman 1990;

MacDonald ~~. 1993). The subarctic alpine treeline of northwestern Canada, and

the Mackenzie Mountains in particular, could potentially be responsive to past

climatic change, but few data are available from this region. The mountains of

northwestern Canada are well suited for studies of climate-vegetation dynamics for

several reasons. Firstly, past climatic fluctuations in the subarctic have been

amplified relative to 9hanges at'lower latitudes (Hansen and Lebedeff 1987), and

it is expected that potential _future anthropogdluc changes will also be of greater

magnitude at high latitudes (Houghton ~ ~. 1990). Past and potential future

vegetation responses to climate variation at the subarctic alpine treeline, therefore,

may also be amplified in comparison to the response ofvegetation at mid- and low

latitudes. Secondly; much of the region .was unglaciated in the late Pleistocene



(Figure 1.1), which offers the potential for recovery of long sedimentary records

extending well into the Pleistocene. Thirdly, the Mackenzie Mountains are

characterized by extensive, rolling plateaus above treeline which, given an

altitudinal rise in treeline, have the potential to greatly increase the extent of open

forest andlor forest-tundra. Such increases could amplify the signal of treeline

variations in fossil pollen and macrofossil records. Finally, disturbance by fire,

insect defoliation, or human activity appears to be very infrequent or absent in the

treeline zone of the Mackenzie Mountains.

1.2 CLIMATE AND THE TREELINE

In this study the treeline is defined as the uppermost limit oftrees with an

upright growth form (Rochefort~ m. 1994). The location of treeline is governed

by a complex and sometimes poorly understood set of interactions between climate

and the physiological and reproductive characteristics of trees, but is generally

considered to be thermally controlled (Wardle 1974; Tranquillini 1979; Black and

Bliss 1980; Crawford 1989; Grace 1989; Stevens and Fox 1991; Sirois 1992).

Various bioclimatological explanations have been put forth to account for treeline,

primarily the polar treeline, on a continenlal to global scale. The simplest o.fthese

is the often cited fact that treeline generally coincides with the 100 C isotherm in

the warmest month (Grace 1989; Sirois 1992). Bryson (1966) noted. that in Canada

both the northern treeline and the 100 C isotherm correspond with the mean Iuly

"i8,000yrBP

12,000yrBP

14.000yrBP

10,000yrBP

position of the arctic front, indicating the importance of air mass dominance in

determining regional treeline position. The position of the arctic front probably

does not directly affect the location of treeline (Sirois 1992), but rather the effects

are indirect through its influence on growing season energy budgets (Hare and

Ritchie 1972). Vegetation-climate feedbacks appear to be important in establishing

the abrupt nature of the forest to tundra transition in many regions (Hare and

Ritchie 1972).

At the level of individual organisms, ecophysiological research has

emphasized the importance of growing season length and water relations on the

survival of trees at treeline (Wardle 1974; Tranquillini 1979; Baig ~d Tranquillini

1980; Goldstein~m. 1985; Hadley and Smith 1986; Hansen-Bristow 1986; Grace

1989). The shortening of growing season below a certain threshold duration may

lead to insufficient development of needle cuticles, which co;Ud be further damaged

by abrasion from wind-borne snow (Hansen-Bristow 1986; Hadley and Smith

1986). In late winter and spring, water uptake at treeline may be limited by frozen

or cold soils while evaporative demand is high due to moderate temperatures, high

radiation levels and often strong winds (Tranquillint 1979; Baig and Tranquillini

1980; Richards and Bliss 1986). This may lead to desiccation of needles (,winter

desiccation' or 'frost desiccation') and eventually' death of the individual, since

incompletely developed andlor damaged' needles .may be unable to control

transpirational water losses (Tranquillini 1979; Baig and' Tranquillini 1980).

Although this explanation for treeline is not universal (Grace 1990) it is clear that

Fi~re.l.l: Retreat ofLaurentide and Cordilleran ice in northwestern c3nada,
18,000 yr BP to 10,000 yr BP (from Dyke and Prest 1987).
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water relations and the length and magnitude of the growing season are important

factors controlling treeline through their influence on tree physiology.

Finally, treeline has also been explained in terms of tree reproductive

ecology (Sirois 1992). Threshold temperature levels have been determined for the

germination of black spruce~ mariana; botanical nomenclature in this thesis

follows Porsi\d and Cody (1980» seedlings, below which germination does not

occur (Black and Bliss 1980; Sirois 1988). Thus treeline position may be governed

by the ability of trees to successfully regenerate in a certain environment, not

simply to survive once c:stablished, and treeline may in some cases. be defined as

the uppermost or northernmost limits of sexual regeneration in tree species.

1.3 RETROSPECTIVE STUDIFS OF TREELINE AND FOREST-TUNDRA

DYNAMICS AT mGH LATITUDES

The dynamics of high latitude tree populations at or near their alpine or

polar limits has been the. subject of numerous studies employing various

methodologies. The majority of these studies can be classified as either

dendroecological, which here includes the use of radiocarbon and

dendrochronologically dated dead tree remains on the ground surface and from

sedimentary deposits, and palynological, which involves the analysis of fossil

pollen from sedimentary de~sits~ often supplemented by terrestrial plant

macrofossils such as needles and seeds. Asumm~ of Holocene treeline dynamics



at high latitudes is given in Table 1.1.

1.3.1 Dendroecological studies

Intensive dendroecological research programs investigating "igh latitude

forest-tundra and treeline dynamics at timescales ranging from millennia! to decadal

have been carried out at the upper tree-limit in central and northern Sweden, and

at the latitudinal tree-limit in northern Quebec. Five species of trees, fi!ll!Ji

sylvestris, Picea~,~~, Sorbus aucuparia, and ~i.nsd!m!.reach

their altitudinal limits in the forest-tundra ecotone of central and northern Sweden

(Kullman 1990). These species have different ecological requirements and

therefore respond to climatic fluctuations in different manners, making this region

appropriate for retrospective studies of treeline dynamics. Radiocarbon dating of

preserved wood from locations above the current treeline has indicated contrasting

histories for the Holocene dynamics of Pinus sylvestris and~ i.nsd!m!., which

are consistent with the orbital forcing (Milankovich) model of climate change

(Kullman 1990, 1992, 1993). ~ limits have decreased linearly during the last

8000 years, probably in response to declining seasonality, and in particular lowered

summer temperatures.~ and possibly~ tree-limits increased altitudinally

until about 4000 yr BP, and ~~ough they have since declined have remained above

the upper limits of~. This shift is consistent with a reversion towards a

moister climate with milder winters. Similar results have been obtained from the

alpine treeline in southern Norway (Kvamme 1993). Climatic fluctuations on

shorter timescales have also impacted on treeline populations in Sweden (Kullman

1986a, 1986b, 1987a, 1987b, 1990). Little Ice Age cooling (c. AD 1550-1880)

resulted in lower levels of regeneration in the forest-tundra and drops in the upper

limits for all species. Subsequent warming trends have resulted in the increased

density of populations within the forest-tundra, and increases in the altitudinal tree

limits of all species on the order of 30-50 m.

The forest-tundra ecotone of northern Quebec is dominated by~

mariana and Larix laricina, with~~ achieving local domin~ce in some

areas (payette and Gagnon 1979). Extensive fires within the forest-tundra during

the last 3000 years have led to a widespread retrogression of~ mariana and

Larix laricina populations, since a concurrent cooling trend has limited regeneration

at many sites (Payette and Gagnon 1985; Gagnon and Payette 1985; Payette and

Morneau 1993). The density of forest-tundra has therefore undergone striking

reductions in response to climate-fire interactions in the late Holocene, although

shifts in the position of the treeline have been less significant. Further studies at

shorter timescales ha~e demonstrated the complexity of climate-vegetation

interactions in northern Quebec. Altitudinal and latitudinal shifts in respo~se to

climatic variation over the past several hundred years have been ~f low magnitude,

and the primary response of~ mariana, L1!!:il>. laricina,and~~

treeline populations has been in tl!e form of changing tree densities and shifts in

. growth forms (payette an~ Filion 1985; Payette ~~. 1985, 1989; Lavoie and

Payette 1992). The most significant change has been one of increasing ·forest-

TABLE 1.1: Summary of Holocene treeline dynamics at high latitudes (for

references see text).

Region
Early Holocene Mid Holocene Late Holocene

(10-7 ka) (7-3 ka) (3 ka - present)

Quebec
maximum foteSt- deaeasiDg density

tundra density

northward

Central
extension of treeline retreat;

Canada
treeline; greater retrogression of

forest-tundra forest-tundra
density

North
America maximum northward treeline retreat;

Northwest extension of treeline; retrogression of
vegetation similar

Canada greater foteSt-tundra to present

density
foteSt-tundra

higher treeline, higher treeline
,. SE Alaska S2S0 yr BP, 3600-

3000 yrBP
2100-1200 yr BP

deaeasiDg 5!!!!§

montane
higher Pinus, Betula, limits; maximum vegetation similar

Alnus limits ~~ to present

limits

sCandinavia maximum northern treeline retreat

northero extension of Pinus, commencing c.
vegetation similar

Betula SOOO yrBP
to present

montane
higher Larix limits

c. 800 yr BP

Russia
maximum northward treeline retreat vegetation similar

northero extensionof~ commencing c.
Betula (and Picea?) SOOO yr BP

to present

10

tundra density during the last 100 years. The main response of Picea~ and

~ mariana populations to recent warming at the latitudinal treeline in central

Canada (Scott ~~. 1987; MacDonald and Szeicz 1994) has also been manifested

as an increase in forest-tundra density, with little change in species limits.

Dendroecological studies in Alaska (Denton and Karlen 1977) and the polar

Urals of Russia (Gorchakovsky and Shiyatov 1978; Shiyatov 1993) have

reconstructed shifts in the altitude of alpine treeline of 50 to 80 m during the

Holocene (Table 1.1), although in some areas such shifts may have been enhanced

by gradual isostatic uplift (Kullman 1993). Data on the response of treeline

population density to climate is unavailable from these sites. Northward exte~sions

of treeline in 'northernmost Scotland between 4400 and 3800 yr BP (Gear and

Huntley 1991) and northern Russia between about 9000 and 5000 yr BP (Khotinsky

19~4) have also been reconstructed using radiocarbon-dated wood from beyond the

current tree limits.

1·3 2 Palynological studies

The Holocene dynamics of the latitudinal treeline in northern Canada has

been the focus of a number of palynological studies. Fossil pollen records from

lake sediment~, supported by radiocarbon-dated spruce macrofossils, indicate that

on the Tuktoyaktuk Peninsula of northwestern Canada~ mariana and Picea

~ limits were at least 70 km to the north of the current treeline between about

9500 and 5000. yr BP (Ritchie and Hare 1971; Ritchie ~~. 1983; Ritchie: 1984;
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Spear 1983, 1993). Similar evidence from central Yukon (Cwynar and Spear

1991) documents a concurrent, widespread expansion and subsequent retrogression

in spruce poulations within the forest tundra. The timing of treeline/forest-tundra

expansion in these regions coincides with the period of maximum solar radiation

at high latitudes as predicted by the Milankovitch theory of global climatic change.

This provides direct support for the Milankovitch hypothesis, although the support

is limited by the fact that the Holocene is short with respect to the l~ngth of

Milankovitch cycles.

The results of early palynological studies on peat deposits north of treeline

in central Canada were interpreted as evidence for several advances and retreats of

treeline during the mid to late Holocene (Nichols 1967, 1975), but sampling

methods were crude, and the interpretation was questionable and unsupported by

macrofossil" or sedimentary evidence" (Ritchie 1985). More recent work on

lacustrine deposits (Moser and MacDonald 1990; MacDonald ~~. 1993) provides

reliable palynological evidence, supported by sediment, geochemical, isotope and

diatom analyses, of a northward movement of treeline in central Canada between

about 5000 and 3500 yr BP. Pollen evidence from northern Quebec (Richard

1981; Gaje:-.vski and G.arra1la 1992; Gajewski·~~. 1993) suggests treeline position

~as changed little since spruce populations first expanded about 4000 yr BP,though

forest-tundra density has decreased over the past 3000 years. These data

corroborate the results from dendroecological studies in the same region.

Fewer palynological data are available on Holocene dynamics of the
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treeline in this region (Lamb 1985), although supporting macrofossil evidence was

not available. Palynological studies have also been made on the Holocene treeline

history of montane regions in nothern Finland (higher treeline c. 8000 - 4000 yr

BP; Hyvarinen 1993) and northern Norway (higher treeline c. 8000 - 4500 yr BP;

Vorren ~~. 1993). Interpretation of fossil pollen records in these regions is aided

by the availability of extensive dendroecological records of treeline dynamics.

1.4 RESEARCH OBJECTIVFS

The objectives of this thesis are to investigate climate change, treeline

dynamics and vegetation-elimate relationships at the subarctic alpine treeline in

northwestern Canada, with a focus on the Mackenzie Mountains of the western

Northwest Territories. In addressing these objectives, two points became evident.

Firstly, treeline dynamics are dependent on processes within the forest-tundra

ecotone as a whole, and thus should not be examined on their own, but rath~r

should be examined within the broader context of forest-tundra dynamics.

Secondly, ecological patterns and processes operate at different spatial and temporal

scales (De1court and De1court 1991). The"resolution of issues such as vegetation-

climate equilibrium or the causes of vegetation dynamics depend to a large degree

o~ the scale of investigation (prentice 1986; Ritchie 1986; Delcourt and, Delcourt

1991). An investigation of forest-tundra dynamics should therefore be carried out

at several spatial and temporal scales. With these points in mind, three hypotheses

12

latitudinal treeline outside of Canada. From about 9000 to 5000 yr BP, when

treeline expanded north of its current position in northwestern Canada, both Betula

~ and~~ tree-limits were located well north of their current

positions in northernmost Scandinavia (Hyvarinen 1976). Paynological data from

northern Russia (Khotinsky 1984) support the dendroecological evidence for a

northward extension of treeline at 9000 to 5000 yr BP. The northern limit of trees

in Alaska coincides with the altitudinal treeline on the south slopes of the Brooks

Range, and does not appear to have extended northwards or upslope of its current

limits at any time in the Holocene (Brubaker ~~. 1983; Edwards ~~. 1985).

Spruce dynamics in this region may have been complicated by the presence of the

east-west trending Brooks Range.

Fossil pollen-based investigations of subarctic alpine treeline dynamics are

available from a small number of regions in Canada and Scandinavia. Such

records are more difficult to interpret than those from the latitudinal treeline, owing

to the overrepresentation of pollen from lowland vegetation in spectra from tundra

and forest-tundra, and the altitudinal compression of vegetation zones (Markgraf

1980; Fall 1992). Corroborative evidence from plant macrofossils is therefore

even more critical in palaeoecological studies of alpine treelines. At a site in the

central Mackenzie Mountains of northwestern Canada, MacDonald (1983) provided

pollen and macrofossil evidence for a treeline which was higher than at present

from 7700 to 5000 yr BP. Declining spruce pollen concentrations at several sites

in Labrador during the past 3000 years are suggestive of a late-Holocene drop in

14

were developed in order to resolve climate change, treeline dynamics, and climate-

vegetation relationships at the subarctic alpine treeline of northwestern Canada on

a variety of spatial and temporal scales:

1) Postglacial treeline change in the Mackenzie Mountains was driven by

changes in the seasonal and latitudinal distribution of solar radiation.

Substantial northward migration of treeline andlor increase in forest-tundra density

has been reconstructed for the period -9500-5000 yr BP in the Mackenzie Delta

region (Ritchie gt~. 1983; Ritchie 1984; Spear 1993) and for the period - 5000

3500 yr BP in central Keewatin (Moser and MacDonald 1990; MacDonald ~ ~.

1993). The northward movement of treeline in the Mackenzie Delta region has

been attributed to the northward displacement of the arctic front in summer. This

displacement may have in tum been a response to a period of maximum summer

radiation in the early Holocene, as predicted by the Milankovitch model (Ritchie

and Hare 1971; Ritchie~~. 1983). The later timing of treeline advance in central

Canada may be due to the influence of residual ice masses, or to shifts in the

summer position of the arctic front caused by long-wave frontal characteristics

(Moser and MacDonald 1990; MacDonald ~ &. 199?). An examination of late

Pleistocene and Holocene forest-tundra and treeline dynamics in the Mackenzie

Mountains allows for study of the influence of orbital forcing on climate and

"vegetauon in an area well removed from the mean summer position of the arctic

front, and the location of residual ice masses during the Holocene. Since treeline
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position is sensitive to summer insolation (Ritchie~ l!!. 1983), and highest summer

insolation in northwestern Canada occurred between 10,000 and 5000 yr BP

(Kutzbach 1987), treeline in the Mackenzie Mountains may have reached its

maximum elevation at this time. The lack of evidence for treeline advances and/or

shift in forest-tundra density between about 10,000 and 5000 yr BP would lead to

rejection of this hypothesis.

2) Establishment and mortality patterns of trees. at treeline are episodic,

controlled by dimate variations. The importance of climate and disturbance in

driving treeline and forest-tundra dynamics has been demonstrated by numerous

studies, although information from the subarctic alpine treeline in northewestern

Canada is lacking. There is little evidence for widespread disturbance by non

climatic factors at or near treeline in the Mackenzie Mounains, allowing for

evaluation of the role of climate in determining treeline and forest-tundra dynamics

in a disturbance-free environment. Evidence for establishment and/or mortality

patterns. which do not correlate with recorded or reconstructed climate records

.would lead to rejection of this hypothesis.

3) The position of the treeline in the Mackenzie Mountains is in equilibrium

~th current dimatic conditions. Some researchers have suggested that spruce

populations at the treeline in central Canada are currently unable to reproduce and

are therefore out of equilibrium with the present climate (Larsen 1965; Elliott-Fisk

17

temperatures for northwestern Canada, and in Chapter Five this record is combined

with establishment and mortality data to address the second and third hypotheses

outlined above. The final chapter summarizes the major findings and outlines the

conclusions of the study.
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1983). These studies, however, were carried out during a climatically

unfavourable period in the 1960's and 1970's and may therefore only be valid

when climate-vegetation equilibrium is considered on very short timescales

(MacDonald and Szeicz 1994). Research in other regions suggest treeline is often

in a dynamic equilibrium with climate when considered on all but the shortest

timescales (payette ~ l!!. 1985, 1989; Scott ~ l!!. 1987; MacDonald and Szeicz

1994). Knowledge of the current state of vegetation-elimate equilibrium at treeline

in the Mackenzie Mountains will aid in determining its possible responses to any

future climate changes. This hypothesis would be rejected if there is no evidence

for recent tree regeneration at treeline or in marginal forest-tundra stands in the

Mackenzie Mountains.

These hyr-otheses will be addressed in this thesis using a combination of

fossil pollen and dendrochronological tec1Uliques. In Chapter Two fossil pollen

d~ta from three lakes are used to reconstruct the vegetation history of the central

Mackenzie Mountains on a millenial timescale in order to test the first hypothesis.

Before the second and third hypotheses could be addressed, it was. necessary to

devel~p an annually resolved proxy record of climate variation for the region

extending back several centuries. In Chapter Three the suitability of forest-tundra

~ ~Jor dendroclimatic reconstruction in this area is investigated by \'

examining the relationships between radial growth and climate. Chapter Four

outlines the development of a 35O-year dendroclimatic record of summer

CHAPTER TWO

LATE QUATERNARY VEGETATION mSTORY OF
THE CENTRAL MACKENZm MOUNTAINS 1

2.1 INTRODUCTION

Postglacial vegetation development in the Mackenzie River basin of the

Northwest Territories (N.W.T.) has been the focus of several studies (Ritchie 1984

and references therein; Slater 1985; MacDonald 1987; Spear 1993). However,

published palaeoecological research from the adjacent Mackenzie Mountains is

restricted to an 8600 year pollen and macrofossil record from a peat profile

(MacDonald 1983; Fig. I). The Quaternary palaeoecology of the Mackenzie

Mountains is of interest for a number of reasons. Firstly, part of the region was

unglaciated in the late Pleistocene, and formed the southeastern limit of the ice free

area of Beringia (Dyke and Prest 1987). Lake basins within the mountains, west

of the maximum Laurentide ice sheet limits, have the potential to provide long

sedimentary records extending well into the Pleistocene.' ~e basins within the

limits of Laurentide ice should provide minimum dates for final retreat of the ice

;:;.
IA modified version of this chapter, authored by I.M. Szeicz, G.M. MacDonald
and A. Duk-Rodkin, has been accepted for publication in Palaeogeography
Palaeoclimatology Palaeoecology.
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at its northwestern margin. Secondly, the ice-free area and regions which were

deglaciated early may have played a role in the late glacial and postglacial

migration ofanimals, plants and humans (Ritchie 1984; MacDonald 1987). Lastly,

there have been substantial but asynchronous fluctuations in the Holocene position

of the northern treeline in central and western Canada. In the Mackenzie Delta

region, treeline was up to 50 kIn north of its present position between about 9500

and 5000 yr BP (Ritchie 1984; Spear 1993). In central Canada a northward

extension of treeline and/or an increase in density of forest-tundra occurred from

5000 to 3500 yr BP (MacDonald ~ m. 1993). It has been suggested that the

asynchronous nature of these treeline events is due to interactions between long

term variations in the seasonal distribution of incoming solar radiation

(Milankovitch orbital forcing), the geometry of the arctic front, and the influence

of residual ice masses (Ritchie 1984; Moser and MacDonald 1990; MacDonald l:1

m. 1993). Palaeoecological studies at the subarctic alpine treeline of the

Mackenzie Mountains offer the potential to examine the influence oforbital forcing

on climate in an area well removed from both the mean summer position of the

arctic front and the location of residual ice masses during the Holocene. As

treeline is sensitive to summer insolation (Ritchie ~m. 1983) and highest summer

insolation in Northwestern Canada occurred between 10,000 and 5000 yr BP

(Kutzbach 1987), it is expected that treeline in the Mackenzies would have reached

. maximum elevation at that time. Pollen and macrofossil data from Natla bog

(MacDonald 1983) suggest treeline may, have been locally higher than present

~
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between about 7700 and 5000 yr BP.

In this chapter the fossil pollen records from the sediments of three lakes

along an e1evational gradient through the open forest, forest-tundra, and tundra

zones of the central Mackenzie Mountains are presented. These data are used to

provide a minimum deglaciation date for the western edge of Laurentide ice and

to document the vegetation history of the central Mackenzie Mountains. Emphasis

is placed on (1) early postglacial environmental conditions, as these might have

influenced the migration of humans and fauna through the region; and (2) treeline

variations, in order to test the hypothesis that treeline changes in the region were

controlled by changes in the seasonal distribution of solar radiation.

2.2 STUDY AREA

2 2 1 Geology and Glacial Historv

The central Mackenzie Mountains (Fig. 2.1) are composed of the inner

Backbone RangeS (2000 to 2400 m elevation) and the outer Canyon and Redstone

Ranges (1500 to 2000 m elevation), and incised by the Mountain, Carcajou, Keele

and Redstone river valleys. The mountains are composed primarily of Silurian and

Devonian limestone,' dolomite and calcareOus shales, with some Precambrian

quartzites (Aitken and Cook ,1974). Permafrost is discontinuous in the central

Mackenzie Mountains. Regional ice retreat dynamics during the late Wisconsin are

illustrated in Figure 1.1. Much of the Backbone Ranges were glaciated by
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Cordilleran ice and/or large montane glaciers in the late Wisconsin and previous

advances, though many interfluve areas remained ice-free. The Canyon and

Redstone Ranges have been less affected by glaciation (Duk-Rodkin and Hughes

1992). During advances, ice extended along major valleys from sources in the

Backbone Ranges to the west, and smaller cirque glaciers expanded from higher

peaks within the Canyon Ranges (Duk-Rodkin and Hughes 1991). Although

absolute dating 'of glacial dynamics in this region is poor, a relative chronology has

been established (Table 2.1; Hughes ~ m. 1981; Duk-Rodkin and Hughes 1991;

1992, in press). The earliest event for which evidence is available is a penultimate

advance of montane glacieril, locally named the Mountain River Glaciation, whic

correlates with the Dlinoian phase (Reid in the Yukon) and dates to >80,000 yr

BP. The maximum expansion of Laurentide ice in the late Wisconsin occurred at

25-30,000 yr BP. At this time, the ice sheet abutted the eastern and northern front

of the Mackenzie Mountains up to elevations of 1100 to 1400 m, and extended up

major valleys. Following the maximum Laurentide advance, montane glaciers

and/or Cordilleran ice advan~ to their maximum late Wisconsin limits. This

advance, locally termed the Gayna River Glaciation (correlating with the

McConr.eU phase in the Yukon), occurred <23,000 yr BP. Finally, are-advance

of Laurentide ice, the Katherine Creek Phase, took place after 22,000 yr BP.

2 2 2 Climate and Veg~tation

The Mackenzie Mountains are located within the Boreal Climatic Region
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TABLE 2.1: Age relationships of Laurentide and Montane glaciations, Mackenzie

Mountains, N.W.T. (Hughes~~. 1981; Duk-Rodkin and Hughes 1991, 1992, in

press).
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(Hare and Thomas 1979). Norman Wells (Fig. 2.1), on the Mackenzie River, has

mean January, July and annual temperatures of -28.7"C, l6.loC and -6.3OC

respectively, and mean annual precipitation of 335 mm (Environment Canada,

unpublished station data). In the mountains, temperature seasonality decreases;

mean January temperatures range from -20 to -26°C and mean July temperatures

from 9 to 14°C (Bums 1973). Annual precipitation is also greater in the

mountains, varying from 400 to 750 mm (Bums 1973).

The Mackenzie Valley north to about Norman Wells is occupied by the

Montane

Mountain River Glaciation

(lllinoianlReid)

> >80,000 yr BP

Gayna River Glaciation

(Late-Wisconsin/McConnell)

<23,000 yr BP ?

retreat

Laurentide

maximum Laurentide advance

25-30,000 yr BP

retreat

Katherine Creek Phase re-advance

22,000 yr BP ?
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Upper Mackenzie Section of the boreal forest (Rowe 1977). Well-drained sites are

dominated by Picea g@yg (white spruce), Betula~ (paper birch) and

~ tremuloides (aspen). Picea mariana (blackspruce)-~muskeg and

~ lm:i£ini (larch) occur on poorly" drained surfaces, and Populus balsamifera

(balsam popular) is found throughout the region on a variety of substrates. With

increasing altitude the forest opens up and grades into alpine forest-tundra.

Scattered individuals and groves of~~ and to a lesser degree Picea

lllMiaml grow amongst~~ (shrub birch)-dominated tundra. Treeline

is rtiached at 800 to 1200 m, depending on aspect, substrate and drainage. Picea

~ is the dominant treeline species, with Picea mariana, Larix laricina and

~~ Occuring sporadically. Upslope of the treeline, shrub tundra

dominated by~.~and heaths such as~ decumbens, Va~inium

Yim-~ and y. uliginosum predominates, with extensive areas of hummocky

~ (cotton grass) meadows in more poorly drained locations. Salix
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(willow) and herbs become prevalent at higher elevations on thin, rocky soils.

2.2.3 Study Sites

To examine the influence of elevation on Late Quaternary vegetation

development in the Mackenzie Mountains, and to reconstruct Holocene treeline

fluctuations, three small to moderate sized lakes at varying elevations were sampled

(Fig. 2.1). Smr1l1ake basins « 10 ha) are preferred for palynological studies of

treeline, since they collect greater proportions of local pollen than large lakes

(Jacobson and Bradshaw 1981). This is particularly true in montane environments,

where the pollen from lowland forest communities can dominate samples from .

tundra and forest-tundra sites (Markgraf 1980; Lamb 1985; Fall 1992).

Bell's Lake (65001'N, l27"29'W; all lake names are unofficial) is located

at an elevation of 580 m at the edge of Katherine Creek Canyon. The lake has a

surface area of 1.2 ha and maximum depth of 2.0 m. Bedrock is of the dolomitic

Lower Devonian Little Bear Formation (Aitken and Cook 1974). Bell's Lake lies

in a depression within a ground moraine, and is within the limits of the Katherine

Creek Phase re-advance of Laurentide ice (Duk-Rodkin and Hughes 1991). The

surrounding vegetation is an open forest of Picea mariana muskeg in lowlying areas

and~~ on uplands. Closed boreal forest grows downslope in the

Mackenzie Valley; 5 km to the northeast. Keele Lake (64°lO'N, l27OJ7'W) lies

at 1150 m at the headwaters of a small tributary of the Keele River. The surface

area of Keele Lake is 9 ha and maximum depth is 1.7m. This lake lies in bedrock

of the quartzite, dolomite and shale dominated Katherine Group. Laurentide ice

extended up the Keele valley to a point a few kilometres northeast of Keele Lake,

damming a proglaciallak~ in the valley west of Keele Lake (Duk-Rodkin and .

Hughes 1991). The lake is dammed by a moraine deposited during the Mountain

River Glaciation. Keele Lake is located in tile upper forest tundra a. few tens of

metres below treeline, and is surrounded by scattered Picea g@yg with upright

growth forms. More extensive spruce stands grow in the Keele River valley about

3 km to the north. Andy Lake (64OJ9'N, 128005'W) is a moderate sized lake

(surface area 50 ha; maximum depth 2.9 m) at an altitude of 1360 m at the

headwaters of Andy Creek. This lake is larger than optimum, but was the only

lake cored above treeline that produced a full Holocene sediment record. Bedrock

is dominated by quartzites and dolomites of the Katherine Group, Franklin

Mountain Formation, and Little Dai. Formation. Andy Lake is located beyond the

limits of Laurentide ice, and is dammed by a moraine of the Mountain River

Glaciation. The surrounding vegetation is shrub tundra, and Picea occurs within

4-5 km in valleys to the north and northeast.

2.3 METHODS

Cores were raised in April, 1990 from the central, deepest part of each of

the lakes using a modified Livingstone piston corer (Wright ~~. 1984); The

cores were wrapped in plastic and aluminum foil, and stored at 4°C until sampled.
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Subsamples of 1 cmJ of sediment were taken at 2.5 to 10 cm intervals for pollen would indicate the simplest solution of a consta.'1t sedimentation rate. If a linear

and loss-on-ignition (LO!) analyses (Dean 1974). Calibrated~ tablets

were added to pollen samples to allow calculation of pollen accumulation rates

regression line did not achieve an adequate fit, a curve was hand-fit through the

dates, and sedimentation rates were calculated by determining the slope of the line

(Maher 1972). Sample preparation followed Faegri and Iverson (1975) and

Cwynar mm. (1979). Counts of ~400 terrestrial pollen grains were made at all

levels except the base which had very low pollen concentrations. Morphological

tangent to the curve at each sampling interval. Sedimentation rates were calculated

using both calibrated and uncalibrated dates. Pollen accumulation rates were

calculated using the calibrated dates owing to the divergence of radiocaIbon and

characteristics were used to distinguish~ cf.~ and~ cf. mariana calibrated dates in the early Holocene-late Pleistocene. For comparison with

pollen (Hansen and Engstrom 1985). Following subsampling, cores were split in

half and contiguous 5 to 10 cm long half-core sections were washed through a 0.6

published records, however, pollen stratigraphies are described with respect to

uncalibrated radiocarbon ages.

mm screen to recover plant macrofossils. The comparative rates and directions of vegetation change over time at the

Chronological control for the cores was provided by I·C dating. Due to the three sites were assesed using Detrended Correspondence Analysis (DCA; Hill and

calcareous nature of much bedrock in the Mackenzie Mountains, AMS dating of

terrestrial macrofossils was carried out wherever possible to avoid the potential of

Gauch 1980). Ordination techniques such as DCA reduce the dimensionality of

pollen percentage data and thereby aid in their interpretation. DCA was carried

old carbon contamination (cf. MacDonald mm. 1991). One basal AMS date was out on simplified pollen percentage records for 13 taxa at 500 year intervals. All

obtained on mollusc shells as no other datable organics were present. Bulk samples within 150 years of each 500 year interval were averaged for the analysis.

sediments were dated at levels in which macrofossils were not available, and were Taxa were selected if they occurred in two or more contiguous samples at a

used only if no reaction occurred with HCI.' A total of 9 AMS and 7 bulk minimum of 2 % relative frequency, and included Picea cf. ~, Picea cf.

, sediment dates were obtained.
~, P<wulus, I!!m!lg,~, Salix, ,Myrica, Ericaceae, Artemisia, Cruciferae,

All I·C dates were converted to calendar years BP using the calibration Gramineae, Cyperaceae,and~. Samples from all three sites were

program CALm3 (Stuiver and Reimer 1993). Sedimentation rates were estimated ordinated together to allow direct comparisons of sites.

by taking the slope of lines extrapolated through the radiocarbon dates. At each

site it was first attempted to fit a linear regression line through the dates, which
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2.4 RESULTS

2.4.1 Sediment Stratigraphy and Radiocarbon Chronology

A 440 em core was recovered from Bell's Lake, 265 cm core from Keele

Lake, and 271 cm core from Andy Lake (Fig. 2.2). The lowermost I·C date at

Bell's Lake was 10,230±150 yr BP (Table 2.2). Sedimentation rates obviously

increased from the early to late Holocene, and so were estimated by hand-fitting
o 2 4 6 8 10 12 14

curves through the five dates (Fig. 2.2). It is possible that the very low early

Holocene sedimentation rates are actually the result of a hiatus in deposition, but

the pollen stratigraphy (Fig. 2.3a,b) is consistent with continual sedimentation. A

date of 1l,990±80 yr BP was obtained on shells at the base of the Keele Lake core

{Table 2.2). Although aquatic mollusc shells may be prone to 'old carbon' error,

comparison of the pollen spectra associated with this date and other similarly dated

"~.
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spectra for the Mackenzie Basin (MacDonal, 1987; Ritchie 1987) suggests the date Bell's Lake

calibrated 1't dates

rejected date@

gyttja
_ gyttja with

inorganic bandi~g

.. moss or peat layer ~ clay or marly clay-
11:1 ~I

:"":""''0 20 40 60 80 0 2 4 6 8 10 12

% LO! age (103 yr BP)

uncalibrated 14C dates

is reliable. Sedimentation at Keele Lake for both calibrated and uncalibrated dates

from the same level as one of the bulk dates (Table 2.2) suggests that they are

reliable.

bulk sediments. We reject the date of IOA60±390 yr BP at 165 cm as

interface (assumed to be 0 yr BP). Three of the upper dates in the core were

Wood near the base of the Andy Lake core was dated at 12,060±80 yr BP

(Tab. 2.2). The four upper dates at Andy Lake were all based on the analysis of

was modelled by linear regression through the six dates and the sediment-water

obtained on bulk sediment, but a similar AMS date on a terrestrial macrofossil

Figure 2.2: Radiocarbon dates and sedimetit characteristics for the three sites.
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TABLE 2.2: Radiocarbon dates (13C corrected) for Mackenzie Mountains sites.

Lab no.'
depth I4C date (yr. BP) calibrated date

material
(em.) ± 111 (calendar yr. BP)l

Bell's Lake

T0-2379 108 234O±6O 2340 wood frags.

T0-2378 240 4430±70 5020 wood frags.

T0-2377 319 5600±70 6360 wood frags.

TO-2376 395 874O±80 9770 wood frags.

TO-2375 406 1O,230±150 12,030 wood frags.

Keele Lake

B-65289 50 2610±80 2750 gyttja

B-65290 80 3290±70 3480 gyttja

B-63539 141.5 6460±9O 7330 gyttja

TO-3988 142 6120±70 7000 wood frags.

T0-3989 195 956O±70 10,710 wood frags.

TO-2298 260 1l,990±80 13,980 shells

Andy Lake

B-54929 25 234O±2oo 2340 gyttja

B-54930 90 48oo±70 5530 gyttja

B-5493I 125 6290±loo 7200 gyttja

B-54932 165 1O,460±390' 12,370 clayey gyttja

'"T0-2295 240 12,060±80 14,070 wood frags.

1 Laboratories: TO, IsoTrace Laboratory (University of Toronto); B, Beta Anaiytic

1 Calibrated using SlUiver and Reimer (1993)

3 rejected date
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anomalously old for two reasons. Firstly, the sediments at this level are highly

inorganic; LOI is less than 15%, as compared to 25 to 30% for the other bulk

dates in this core and 40 to 50% for those in the Keele Lake core (Fig. 2.2).

Secondly, including the date in age-depth calculations results in a date for the rise

of~ pollen at 10,000 to 11,000 yr BP, which does not fit with the records of

other published sites in northwestern Canada (Ritchie 1984; Ritchie and MacDonald

1986; MacDonald 1987) or the other two sites in this study. Excluding this date

from age-depth calculations (Fig. 2.2) gives a nearly linear sedimentation rate and

a date for rise of~ pollen which agrees very closely with that of other sites in

the region.

2 4 2 Pollen Stratigraphy

Pollen percentages and accumulation rates are presented in Figs 2.3-2.5.

Pollen zones were determined visually using the percentage data for major taxa

~,Cyperaceae,~,~,~,~.The pollen stratigraphies of

the three lakes were very similar, and therefore are described here as regional

pollen zones. Temporal boundaries of zones varied to a small degree between

sites, so boundaries of regional zones were derived by averaging those at each site.

Zone 1, at the base of all cores, is dominated by pollen of herbs (Artemisia,

Cyperaceae, Gramineae), and shrub£ ~,S!!W. Zone 2 is characterized by

veryiugh proportions of~ pollen. Zone 3 is characterized by increases in

~ pollen, and in the uppermost zone at all sites, Zone 4, Alnus increases to
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Figure 2.5b: Pollen accumulation rate diagram, Andy Lake, N.W.T.
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Figure 2.4a: Pollen percentage diagram, Keele Lake, N.W.T.
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become a co-dominant pollen type with Betula and Picea. A detailed description

of the zones follows.

Lake trends in PAR correspond closely to pollen percentages. At Keele and Bell's

Lakes, the rapid rise in Betula percentages which delineates this zone is greatly

diminished in the PAR records.

Zone 1: Artemisia - Graminoid - Betula Zone (c. 11,800 to 10,200 yr BP)

This zone is characterized by high percentages of herbs and graminoids Zone 3: Picea-Betula Zone (c. 8000 to 6300 yr BP)

(Artemisia, Gramineae, Cyperaceae and others) and shrubs ~, ~. A sustained increase in Picea marks the beginning of this zone. Total Picea

Artemisia pollen reaches 10-20% at all sites. Gramineae percentages reach 3-12%, pollen maintains values of 20-30% at Andy and Keele Lakes and 35-40% at Bell's

and Salix 5-10%. Betula rises from the base of the zone to reach 70-80% at the Lake. ~ cf.~ is more abundant than ~. cf. mariana at the two higher

zone 1/2 boundary. Cyperaceae pollen is much more abundant in zone 1 at Keele altitude lakes, whereas nearly all~ pollen in zone 3 at Bell's lake is Picea cf.

Lake than at the other two sites, reaching levels of 30-50%. PAR in zone I is mariana. Concurrent with increases in Picea are decreases in Betula. Cyperaceae

consistently low, averaging less than 500 grains.cm·2.yr·l at all of the sites. pollen maintains values of 5-10% throughout zone 3 at all sites. MYrica occurs

consistently at Bell's Lake and to a lesser degree at Keele Lake. Alnus pollen rises

Zone 2: Betula Zone (c. 10,200 to 8000 yr BP) from negligible proportions at the base of the zone to 10-20% at the zone 3/4

Very high proportions of Betula pollen, 70-85 %at all sites, characterize this boundary. At Bell's Lake and Andy Lake, PAR follows very similar trends to

zone. Cyperaceae occurs at 5-10% at Andy and Bell's Lakes, and 10-25% at pollen percentages. PAR at Keele lake increase dramatically at the zone 2/3

Keele Lake. Populus attains its highest values for each site within this zone, boundary to reach a postglacial peak at c. 8000 yr BP. These increases are evident

averaging 2-3%. Salix and Artemisia decline in zone 2. At Andy and Bell's Lakes

Picea cf.'~ and Picea cf. mariana percentages rise near the top of this zone

for ~, ~, ~, Artemisia, and Cyperaceae and are not reflected in the

-percentages records.

to reach 15-20% total Picea pollen, but subsequently drop to 6-10% before the

main Picea rise which delineates the zone 2/3 boundary. No such initial~ Zone 4: ~~.lkt!!l!l-~zcne (c. 6300 yr BF to present)

increase is seen at Keele Lake. PAR is in the range of 1000-1500 grains.cm·2.yr-l

at Bell's and Andy Lakes, and 500-1500 grains.cm·2.yr-l at Keele Lake. At Andy

~,~ and Alnus pollen maintain consistent and high ~roportions

throughout zone 4 following the~ rise that delineates this zone. Myrica peaks
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range limit of Pinus banksiana lies in the Mackenzie Valley to the southeast of

Norman Wells. PAR for most taxa decrease throughout this zone at Andy Lake,

changes not reflected in pollen percentage records. Total PAR at Keele Lake

~. cf. mariana PAR declines during this time, despite fairly stable percentage

records. PAR at Bell's Lake follows similar trends to percentage data.

proximity have similar' taxonomic composition. The relative importances of

2.4.3 Detrended Correspondence Analysis

The results of DCA were plotted in two manners. Taxon ordinations (Fig.

remains relatively constant throughout the zone. However, Picea cf.~ and

2.6a) indicate groupings of taxa which demonstrate similar trends through time.

Distances between taxon ordications represent ecological similarity (points in close

proximity) or ecological dissimilarity (points well separated). On the time-trend.

ordination of samples (Fig. 2.6b), the locations ofsamples from each site are

plotted in ordination space at 500-year intervals; Samples which plot in close

from the base of the zone until about the 80 cm level, where ~. cf.~

increases. ~ pollen percentages and PAR increase at all sites over the past

6000 years, but this pollen is assumed to be extra-regional, since the northern
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in the early part of the zone at Bell's Lake, but subsequently disappears.

Cyperaceae rises from 5% to 10-15% in the upper 15 cm at Andy Lake.~ cf.

~ is consistently more abundant than ~. cf. mariana at Andy Lake, whereas

the reverse is true at Keele Lake. At Bell's Lake Picea cf.~ is dominant
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different taxa within each sample can be determined by comparison with the taxon

ordination diagram. The time-trend ordination thus represents the changing

composition of vegetation (as inferred from pollen percentages) over time at each

site. The trends can be compared between sites to determine periods in which

vegetation types were similar and periods in which they were dissimilar.

In the DCA ordination of taxa (Fig. 2.6a), the first axis appears to separate

taxa typical of tundra pollen assemblages (Cruciferae, Artemisia, ~,

Cyperaceae; high scores) from taxa typical of forest and forest-tundra~ cf.

~,~ cf. mariana, Myrica, Sphagnum, ~, Ericaceae; low scores).

Taxa having intermediate first axis scores are found in both forest and tundra

(Gramineae, Betula) or are poorly represented in the late Holocene pollen record

~opulus). Taxa indicative of muskeg or bog forest~,~ cf. mariana,

Sphagnum, and Ericaceae) have relatively high second axis scores.

Sample ordinations plotted over time (Figs. 2.6b) show at all sites a

progression from high first axis scores in the basal levels to minimum scores at

4000-5000 yr BP, followed by slight reversions toward tundra taxa up to the

present day. The ordination for Bell's Lake is well separated from those of Andy

and Keele Lakes along the second axis throughout the length of the records until

1500 'yr BP, at which time there is a trend towards lower second axis scores.

Andy and Keele Lake are well separated on the second axis before 10,000 yr BP

and after 6500 yr BP, but converge during the early to mi~~Holocene. Rates of

change, approximated by distance in ordination space over time, are most rapid at'
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Some site specific differentiation of vegetation is apparent in Zone 1, as

evidenced by the DCA ordination (Fig. 2.6b). Most significant are the very high

percentages of Cyperaceae pollen at Keele Lake, compared to sites in the central

and northern Mackenzie basin (Slater 1985; MacDonald 1987). Several sites in

both lowland and mountainous regions of Alaska and the Yukon have late

Pleistocene spectra with high proportions of Cyperaceae pollen (Brubaker ~ 1l1.

1983; Edwards ~ l!l. 1985; Anderson 1985; Ritchie 1987). Moist sedge meadows

were probably more abundant in the region around Keele Lake than at most other

previously studied sites in the western Northwest Territories.

2.5.2 Zone 2: Betula Zone (c. 10200 to 8000 vr BP)

Between about 11,000 and 10,OOOyr BP shrub birch became increasingiy

important in the"central Mackenzie Mountains. Decreases in .ArteJnilis and

Gramineae PAR suggest Betula glandulosa tundra replaced herb tundra on upland

sites, while stable or increasing Cyperaceae PAR indicates sedge meadows still

dominated wetter areas.

Poplar woodlands occurred with the shrub tundra near these three sites, and

throughout eastern Beringia, at about 10,500 to 10,000 yr BP (Ritchie 1984;

Anderson ~~. 1988).. Pollen morphological and macrofossil data from several

other sites in Alaska and the Yukon (Brubaker ~ M. 1983; Cwynar and Spear

1991; Hu ~~. 1993) suggest this Populus pollen probably represents.~

balsamifera...~~ occurs in isolated stiulds as the north~~mosttree
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all sites between the beginning of the sequence and 5DOO-6000 yr BP. Rates of

change subsequently decreased significantly, although in the last 2DOO-3000 years

there have been minor rate increases towards higher first axis scores at Andy and

Keele Lakes, and towards lower second axis scores at Bell's Lake.

2.5 VEGETATION RECONSTRUCTION

2 5 1 Zone l' Artemisia-Graminoid-Betula zone (c. 11 800 to 10 200 vr BP)

The initial tundra vegetation at all three sites was similar to that found

throughout northwestern Canada and adjacent Alaska in the late Pleistocene

(Brubaker~ ai. 1983; Ritchie 1984, 1987; Edwards~ l!l. 1985; MacDonald 1987;

Lamb ~d Edwards 1988). Upland areas supported Artemisia-dominated herb

tundra with some low~ shrubs. Sedge meadows dominated by~ and

~, with some ericaceous shrubs, occurred in wetter areas. Betula

became increasingly. abundant throughout this period. Grain-size measurements

and macrofossils at a number of other sites in northwestern North America suggest

this early~ pollen represents shrub birch, 1l. glanduiosa (Brubaker ~ sl.

19~3; Ritchie 1984; Edwards ~ l!l. 19~5; MacDonald 19~7; Hu ~ l!l. 1993). Low"

pollen accumulation rates «500 to 1000 grains.cmo2.yrl
) and low organic content

of sediments at all thIee sites may; in part, reflect inwashed mineral soil and

'suggests the late Pleistocene vegetation of the central Mackenzie Moimtains was

quite sparse. .In addition, lake productivity may have been low.
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species in the Brooks Range of northern Alaska (Edwards and Dunwiddie 1985),

and is occasionally present in association with white spruce at treeline in the

Mackenzie Mountains.

The first evidence of~ in the Mackenzie Mountains comes from the

continuous appearance of~ cf.~ and~ cf. ma:iana pollen at Andy

and Bell's Lakes at about 8500 yr BP. However, due to the overrepresentation of

lowland pollen types in montane terrain (Fall 1992) such changes can only be used

to indicate regional presence of~. Scattered~ mariana and Picea~

were therefore probably present at lower elevations in the regions around Andy,

Bell's and Keele Lakes by -8500-8000 yr BP.

2 5 3 Zone 3' Picea-Betula Zone (c 8()()() to 6300 yr BPl

Widespread expansion of~~ and ~. mariana occurred at about

8000 yr BP in the central Mackenzie Mountains. Picea forest and forest-tundra

rapidly replaced shrub tundra up to the elevation of at least Keele Lake. At Bell's

Lake, high proportions of~ mariana, Sphagnum and Mvri£!! pollen and spores

and the presence of Ericales suggest the establishmeni of~ mariana-dominated

muskeg around the site, with only minor amounts of Picea~ DCA scores

reflect the relative predominance of muskeg at Bell's Lake during Zone 3; sample

ordinations trend towards ,lower first axis and higher second axis scores between

8500 yr ~P and 6500 yr BP, separating this site from the two higher elevation

sites.
















































































