
















































































Mariana Lake - Wild Spear Lake Difference Diagram 
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is greater at Lofty Lake throughout the Holocene except at 

around 10 000 yr BP and between 7 500 and 5 000 yr BP. 

Populus is greater at Mariana Lake for about 2 000 years 

during the mid Holocene. Greater herb values are present at 

Lofty Lake through this same zone. 

Mariana Lake vs Eaglenest Lake: 

Picea, Populus, Betula and Salix are significantly 

greater at Eaglenest Lake in the basal zone (Figure 8). By 

10 500 yr BP, these differences end. Likewise, Artemisia 

and Gramineae are greater at Mariana Lake during this 

initial zone. Between 9 500 yr BP and 7 500 yr BP· Picea is 

far more predominant at Eaglenest Lake, but Betula is 

greater at Mariana Lake. Beginning at -7 500 yr BP and 

continuing to the present, Pinus pollen is more abundant at 

Eaglenest Lake. Abies values are greater at Mariana Lake, 

but Abies is almost nonexistent at Eaglenest Lake, so there 

is little significance to this. Populus is greater at 

Mariana Lake from about 8 500 to 4 500 yr BP. Alnus is 

greater at Eaglenest Lake between 9 000 and 7 500 yr BP. 

Sphagnum values are greater at Eaglenest Lake in the late 

Pleistocene and at -7 000 yr BP. 

Mariana Lake vs Wild Spear Lake: 

Artemisia and Gramineae values are greater at Wild 

Spear Lake (Figure 9). These differences exist until 

approximately 8 500 yr BP. During this zone Betula, Salix 

and Picea values are greater at Mariana Lake. From about 8 
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ooo to 5 ooo yr BP Populus values at Mariana Lake are 

considerably higher than those at Wild Spear Lake. From 

-1 500 yr BP to present, Pinus is consistently higher at 

Mariana Lake, while during the same time, Sphagnum and Picea 

are greater at Wild Spear Lake. Larix is more abundant at 

Mariana Lake from 8 500 yr BP onward, but this is a 

reflection of the virtual complete lack of Larix at Wild 

Spear Lake. 

Vegetational and Climatic Reconstruction 

Zone 1: Artemisia - Gramineae - Cheno-Am: 707 - 692 cm 

(11 856 (base) - 10 434 yr BP) 

The vegetational cover around Mariana Lake during 

this time is sparse. The high Pre-quaternary values, and 

very low organic concentrations in the sediment indicate 

that the eroding runoff (the source of the Pre-Quaternary 

palynomorphs) is sufficient at this time to wash 

considerable numbers of the Pre-Quaternary palynomorphs into 

the lake and that there is little ground vegetation present 

to prevent the erosion of the mineral soil. This pattern is 

seen at two of the three lakes Mariana Lake is compared to 

(Wild Spear Lake and Eaglenest Lake). Previous 

interpretations of this initial zone vary greatly, from 

tundra like (Schweger et al., 1981) to parkland/grassland 

(Vance, 1986a). The differentiation is difficult because: 

a) the pollen taxa typical of the two vegetational types are 
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similar; b) there does not exist a modern analogue for the 

pollen assemblage at this widely observed zone; and c) the 

genera and families contain many species that are widespread 

in distribution. For example, Ritchie (1987) noted that 

there are 22 widespread species of Artemisia in Canada, 

making the palaeoenvironmental information provided by 

Artemisia pollen minimal. However, this zone clearly 

represents a sparse, herb dominated landscape with some 

Salix shrubs. No reliable conclusion can be drawn 

concerning whether it more resembles tundra or parkland. If 

the assemblage is predominately herbaceous because . of 

environmental conditions, then the climate was probably 

drier. However, as discussed earlier, it is possible that 

arboreal vegetation has not been able to migrate into the 

area yet in which case we cannot draw any climatic 

conclusions. 

Zone 2: Picea - Betula: 692 - 660 cm (10 434 - 9 100 yr BP) 

This zone has no modern analogue. The region is now 

forested with Picea, with E. glauca being the primary 

component. The high E. glauca values indicate mesic, but 

not peaty, soil conditions. This is consistent with modern 

ecology as peat bogs, which typically produce high£. 

mariana percentages, would not have had a chance to develop 

yet; nor are there many indicators that the cool, moist 

conditions needed for peatland development existed through 

this zone. The organic content of the sediment has risen 
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significantly from zone 1, but remains rather low - between 

20% and 40%. This indicates a more productive lake 

ecosystem and less mineral inwash than zone 1 but since 

inorganic deposition is still high vegetative cover must not 

be thick. Interestingly, the delineation of the zone 

coincides with briefly maintained high Betula frequencies, 

occurring just before the rise of Picea. As Picea rises, 

Betula falls. The Betula may be shrub Betula, decreasing 

both because the climate is ameliorating and because of the 

increased competition from arriving Picea. Moist conditions 

are indicated by the increased frequencies and influx levels 

of ~hagnum. 

Kutzbach (1987) predicts sightly cooler temperatures 

and similar precipitation for this period, compared to 

today. The Picea dominated assemblage that has developed 

indicates climatological conditions similar to modern 

levels, though we cannot conclude this based on the 

palynological evidence alone because the assemblage zone has 

no modern analogue. 

Zone 3: Betula - Picea: 660 - 605 cm (9 100 - 7 638 yr BP) 

Betula increases rapidly at the beginning of this 

zone, both as a percentage and in absolute terms. This is 

accompanied by a decrease in Picea percentage values, though 

Picea accumulation rates remain constant. This increase in 

the total amount of vegetation is seen by the small increase 

in the total pollen influx. The LOI results also record 
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this increased level of productivity around Mariana Lake as 

the organic composition of the sediment increases to ~60%. 

If the absolute decrease of Betula that is observed in zone 

two is caused by competition from Picea, then it is hard to 

see how the zone 3 increase in Betula could occur without 

the canopy density decreasing, causing a decline in Picea 

accumulation rates, which have not occurred. The more 

likely interpretation, therefore, is that fL_ papyrifera is 

now invading the area for the first time. This creates the 

impression, by examining the pollen percentage diagram, that 

Picea is decreasing, but the PAR diagram shows Picea has 

remained constant. The slow decrease in Betula and 

increasing levels of Populus and decreasing Sphagnum levels 

indicate the climate is slowly warming and/or becoming drier 

(Betula seedlings are sensitive to low soil moisture 

conditions (Fowells, 1965)). This is consistent with the 

conclusions drawn by MacDonald (in prep) for this period of 

widespread Betula decline. 

Zone 4: Picea - Betula - Populus 605 - 495 cm (7 638 - 5 623 

yr BP) 

This assemblage zone is interpreted as reflecting 

the influence of the Hypsithermal. Both species of Populus 

increase to their Holocene maximums. This is seen on the 

percentage and PAR diagrams, though the increase is not as 

marked on the PAR. Betula values slowly decrease through 

the zone and Picea remains constant. Pollen influx 
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decreases slightly, especially at the beginning of the zone, 

as expected if the canopy is opening up. Artemisia 

percentages increase slightly from zone 3. Significantly, 

Sphagnum does not appear in the pollen record for most of 

this zone; its disappearance can only be explained by 

significant decreases in the water budget - ie. decreases in 

precipitation and/or increases in temperature. The increase 

of Populus and Artemisia signal the opening of the forest, 

in response to warmer conditions; both species increase with 

increased in light levels. Larix, too, a shade intolerant 

conifer (Ritchie, 1987; Moss, 1955), experiences its maximum 

levels during this zone, further suggesting the canopy 

density has decreased. The Hypsithermal effect on the . 

vegetation around Mariana Lake, however, is slight compared 

to sites closer to ecotone boundaries, such as Lofty Lake. 

This is expected since Mariana Lake is so much farther into 

the Boreal Forest. The lack of any appreciable rise in most 

of the herbs (in fact, Gramineae decreases slightly) 

indicates the Parkland did not reach Mariana Lake during the 

mid-Holocene, but it is close enough to the southern 

boundary of the Boreal Forest to be influenced by the 

Hypsithermal. 

Zone 5: Pi nus - Picea: 495 - O cm (5 623 . yr BP - present) 

The beginning of this zone, coincident with the 

arrival of Pinus to the area, is interpreted as the 

beginning of modern conditions at Mariana Lake. The record 
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is somewhat hard to read as the total accumulation rates 

become very noisy. Sphagnum returns, and paralleling Picea 

mariana, increases slowly throughout the zone, reflecting 

the peatland development in the area. This is consistent 

with the peatland study by Nicholson and Vitt (1990). The 

beginning of modern conditions in the area occurs between 5 

500 to 6 000 yr BP in both their study and this thesis. All 

taxa show little change during the entire zone as do the LOI 

results, though again the results are noisy. The exception 

to this stability is the rise in Abies that occurred at the 

end of zone 4 and is maintained for about one half. of zone 

5. Abies is often associated with Populus balsamifera 

stands (Ritchie, 1987) and the pattern of Abies and Populus 

balsamifera changes are similar on the pollen percentage 

diagram, but this does not explain what bioclimatic factor 

is acting to limit Abies during this zone. However, if the 

annual water budget were increasing, it could be explained. 

Abies does not grow well on gravelly sands or peat swamps 

(Fowells, 1965). The area immediately surrounding Mariana 

Lake is gravelly; At the same time (approximately 2 228 yr 

BP) as the final decline in Abies, Sphagnum experiences 

significant increases in its percentage values and in its 

accumulation rates; the PAR increases are particularly 

striking. This indicates increased moisture conditions 

(through increased precipitation and/or lower temperatures) 

at this time. This increased peatland development, combined 
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with the gravelly soil substrate, is probably limiting 

Abies. However, such a change must have been subtle as it 

does not register itself in any other taxa. Such a 

hypothesis is also difficult to test against other sites 

since Mariana Lake is in a moist part of the Boreal Forest 

that contains no other lacustrine based published sites. 

Ecotonal Development and Change 

All four sites (Lofty Lake, Mariana Lake, Eaglenest 

Lake and Wild Spear Lake) are "in the Boreal Forest; the 

first three are in the mixedwood subregion while W1ld Spear 

Lake is in the lower foothills (Rowe, 1972). The first 

three sites lie in an almost straight north-south transect, 

with a total longitudinal variation of only 0°28'. The 

latitudinal change is 3°03'. Wild Spear Lake is another 

1°29" north of Eaglenest Lake, but its elevation gives it a 

more northern climate still. Thus, the four lake transect 

provides an excellent chance to study the development of the 

modern Albertan Boreal Forest. 

The remarkably consistent timing of vegetational 

changes across the four sites (see Table 2) demonstrates 

that the Boreal Forest is an area of shared characteristics 

and responses not just in modern times but throughout the 

Holocene. Following deglaciation, which varied from site to 

site (Dyke and Prest, 1987), the independently established 

pollen zone boundaries are very similar to each other. This 
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indicates that the most plausible causal agent of 

vegetational change through the Holocene in Alberta is 

climate. Other explanations such as disease, individual 

site characteristics, fire, or interspecific competition are 

unable to explain the synchronous changes occurring in such 

a wide spatial area without resort to ad hoc explanations. 

Table 2 - Pollen Zone Comparisons 

s I T E 

Zone Lofty L. Mariana L. Eaglenest L. Wild Spear - L. 

1 base to base to base to base to 
1 1 000 10 434 1 1 000 10 000 

2 1 1 000 to 10 434 to 1 1 000 to 10 000 to 
9 200 9 100 9 532 9 000 

3 9 200 to 9 100 to 9 532 to 9 000 to 
7 500 7 638 7 500 6 000 

4 7 500 to 7 638 to 7 500 to 6 000 to 
3 500 5 623 present present 

5 3 500 to 5 623 to 
present present 

Lofty Lake is the most southern site. Its basal 

zone is unique because of its very high Populus values. 

This zone contains much higher arboreal values (Populus and 

Salix) than Mariana Lake, which has higher herb values. 

Whether this reflects earlier vegetational development 

because of its southerly position or unique site 

characteristics cannot be answered because of dating 

uncertainties and the uniqueness of the vegetational 

assemblages of this time period. Eaglenest Lake, like Lofty 
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Lake, has higher arboreal percentages and lower herb 

percentages in the basal zone than Mariana Lake. However 

problems with the dating of the Eaglenest Lake core (see 

Vance, 1986a) make detailed comparisons uncertain at the 

basal level. The Wild Spear Lake core is not as old as the 

others, so comparing the basal zone between it and Mariana 

Lake creates apparent differences on the difference diagram 

which reflect differences in the timing of the vegetational 

development, not the composition itself. Common to all four 

lakes, however, is the brief period of low productivity with 

sparse vegetational cover. Artemisia, Gramineae, . 

Cyperaceae, Cheno-Am, Salix, and Populus are the predominant 

taxa represented. The differences in the start of lake 

formation (and subsequent pollen deposition) are created by 

differences in glacier retreat (Dyke and Prest, 1987). 

Above the basal zone, the difference diagrams reveal 

the latitudinal position of each lake within the transect. 

Populus and Betula levels are greater at Lofty Lake than 

Mariana Lake through most of the Holocene; both taxa do well 

in warmer more open conditions which they are more likely to 

find in the southern Boreal Forest. During the 

Hypsithermal, however, this lower conifer canopy density 

shifts northward, and so we see the Populus and Betula 

become more common at Mariana Lake than Lofty Lake. At 

Lofty Lake, the herbaceous taxa increase as Lofty Lake 

becomes Parkland - this, too, is reflected in the difference 
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diagram. During modern times the greater levels of 

coniferous taxa at Mariana Lake reflects the cooler 

conditions. 

Just as deciduous taxa were greater at Lofty Lake 

than Mariana Lake because Lofty Lake was farther south, we 

see the levels of Populus and Betula at Mariana Lake being 

generally greater than the levels at Eaglenest Lake. For 

example, the Betula zone occurs at both lakes but it is 

stronger at Mariana Lake, as seen in the difference diagram. 

The Picea level at the same time is greater at Eaglenest 

Lake during the same period. During the Hypsithermal, 

Populus and Betula are much greater at Mariana Lake, while 

Sphagnum levels are greater at Eaglenest Lake, reflecting 

the differences in aridity. Eaglenest Lake is too far from 

the Parkland ecotone (or, equally correct, the Hypsithermal 

was not strong enough) for mid-Holocene, Hypsithermal 

induced vegetational changes to occur. 

The differences between Mariana Lake and Wild Spear 

Lake often reflect the large latitudinal distance between 

them. The great differences in Picea at the beginning of 

the core is because Picea has not yet . arrived at Wild Spear 

Lake. Once Picea does establish itself, it accounts for a 

larger percentage of the vegetational community than at 

Mariana Lake - this is due to the dominant Picea mariana -

Sphagnum muskeg that is located around Wild Spear Lake 

(MacDonald, 1989) while Mariana Lake can support a more 



41 

mixed vegetation with its more southern location. Like 

Picea mariana, Sphagnum values are virtually always higher 

at Wild Spear Lake. The effect of the Hypsithermal is 

reflected in the Populus differences between the lakes. 

Populus values are greater at Mariana Lake for most of the 

Holocene, but this difference is greatest during the 

Hypsithermal. Wild Spear Lake, like Eaglenest Lake, is too 

far from the southern forest limits to be significantly 

affected by the Hypsithermal. 

Conclusions 

Hypsithermal warming occurred during the mid­

Holocene, pushing vegetational boundaries northward. 

Southern Boreal Forest sites, such as Lofty Lake, became 

parkland, while sites further north experienced 

progressively fewer changes, until no Hypsithermal effect is 

recorded in the pollen record at northern sites; this is the 

case at Eaglenest Lake and Wild Spear Lake. Mariana Lake, 

about 225 km north of the present Parkland boundary, was 

influenced by the Hypsithermal, ~ut did not become parkland. 

Given the rapid vegetation gradients that occur across the 

modern ecotone border, the Parkland - Boreal Forest boundary 

must have approached close to the Mariana Lake region to 

begin to open up the canopy of the vegetation surrounding 

the lake as it did. The Hypsithermal peak appears to have 

occurred between 6 000 and 7 000 yr BP at Mariana Lake. 
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This is supported by the peatland research of Nicholson and 

Vitt (1990) who found major peat development near Mariana 

Lake only occurred after 6 000 yr BP. The declining 

vegetational effect of the Hypsithermal on the postglacial 

pollen records of the 4 sites shows the limits to the 

strength of the Hypsithermal and the resiliency of the 

Boreal Forest. This first order estimate of the extent of 

mid-Holocene Parkland advance in Alberta should prove to be 

a useful contribution to other research. 
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