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ABSTRACT 

This study was undertaken to determine changes in the vegetation 

of southern Alberta since European settlement. Palynological and 

limnic sediment analysis of nine short cores show the impact of settle-

ment on the vegetation. Secondary work with extra-regional pollen or 

wind transported pollen from long distance, indicates the carrying 

distance and volume of such pollen types. 

An analysis of modern regional pollen spectra identified the four 

vegetàtión formations of the study area: 1) the Short Grass Prairie, 

2) Mixed Grass Prairie, 3) the Groveland Belt of the Aspen Parkland, 

and 4) the Aspen Parkland proper. Subsequent analysis of prsetlernent 

pollen spectra identified the first three vegetation formations and a 

Fescue Grassland; however, their boundaries were not all located in the 

same areas as the modern vegetation. The Short Grass Prairie has 

expanded at the expense of the Mixed Grass-Prairie.-The Fescue Grassland 

is represented in modern times by the grassland component of the 

Groveland Belt of the Aspen Parkland, while the presettletnent Groveland 

Belt has developed into the modern Aspen Parklánd proper. 

The expansion of the Short Grass Prairie has been attributed to 

increased grazing pressure, whereas the Aspen Parkland appears to have 

expanded as a result of fire control. The response individual types of 

plants were varied, but marked increaes were observed in Chenopodiaceae/ 

Amaranthaceae and Taraxacum Selaginella densa and. Artemlsia in the 

Mixed and Short Grass Prairie, and Cyperaceaes .in the Aspen Parkland. 
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Study of the gediment grain sizes suggests a change in the mode 

of erosion. The Aspen Parkland showed statistically significant 

increases in sand and clay, indicating a change from wind erosion to 

water erosion, in the form of increased runoff. In contrast, the 

Groveland Belt sediments increased in silts, indicating greater wind 

erosion associated with the breaking of the prairie sod. The modern 

Mixed and Short Grass Prairie lake sediments tended to follow the 

trends of the Parkland proper, although not statistically different 

from presettlement sediments. This increase in sand and clay is thought 

to be the result of sparser vegetation allowing a larger runoff. This 

condition may have been brought about through increased grazing pressure 

and exposed mineral surfaces. 

Pollen spectra were dominated by extra-regional pollen with Picea, 

Pinus and Betula composing from 40 to 80 percent of the pollen. The 

data-indicates Betula and Picea could be carried 300 to 400 and 400 to 

500 kilometers, respectively. Pinus could be transported by wind more 

than 1000 kilometers from its source, if a linear rate of decrease could 

be assumed. However, preliminary analysis indicates the decrease of 

pollen from its source occurs at a curvilinear rate. 

In summary, settlement in southern Alberta has, resulted in 

vegetation composition and formation changes with alterations in the 

mode and rates of erosion. 
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CHAPTER I 

INTRODUCTION 

Changes have occurred in the grassland vegetation of southern 

Alberta since European settlement, but questions exist as to the degree 

and type of change (Hardy, 1971). Little is known about the.composition 

of the prai±ie prior to settlement. Early explorers kept few notes on 

plants, making the study of man's influence difficult (Warkentin, 1964). 

Other sources of information such as palynological orpaleobotanical, 

studies are limited or nonexistent. Knowing the composition of pre-

settlement, vegetation may allow abetter understanding -of man's effect 

on the "natural" environment. 

Objectives  

The objectives of this study are: 1) to determine, through the 

use of pollen analysis techniques, the major components of the grassland 

prior to European settlement; 2) to determine the spatial distribution 

characteristics of extra-regional pollen; and 3) to examine the composition 

and mineral texture of pre- and postsettlement liinnic sediments. 

Presettlemen.t vegetation is defined as the "natural" vegetation 

prior to major European, influences on the landscape. The principal 

plants occurring in the modern grassland probably composed the presettlement 

grasslands as well, but the proportions are unknown. It is known that 

exotic weed species have been introduced to Alberta (Bird and Halladay, 

1971), but the response of native species to settlement can only be 

speculative. 
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Most pollen profiles contain pollen originating frbm outside 

the expected source region (50 to 100 kilometers). This pollen can 

create problems in iñterpretatidn and result in false conclusions.- - As 

grasslands have adistinctive type of vegetation, this allows for the 

separation of extra-regional (wind transported ol1enfr6in long distances) 

and regional pollen, providing clues to the distahcé of transport and 

volume of which such pollen types are carried. 

It is hypothesized that changes in land-use and terrestrial 

vegetation have resulted in changes in the rate of production of organic 

sediments and in the grain size of sediment deposited. The increase in 

grain size and. mineral input would be the result of sparser vegetation 

and increased exposure of the mineral surface, whereas increased 

organic productivity would be a response to nutrient input. 

Observations of Presettlement Vegetation  

Although many explorers traversed southern Alberta prior to 

settlement, John Palliser (1863) was one of the few who explored and 

inventoried tlie 'geology and vegetation. Mention is made throughout his 

journal and reports of unusual plants encountered and effects of fire 

and wildlife. 'However, specific notes on plant composition were lacking. 

Palliser did recognize three vegetation formations: the "Palliser 

Triangle" or modern Short Grass Prairie which he described as a near 

desert; the true prairie or Mixed Grass Prairie; and the northern prairie 

or Fescue Grassland which was described as a rich area of grasses and 

Carex (Palliser,, 1863).. A more detailed botanical study was conducted 

by Bourgeau (Palliser, 1863). Commissioned to collect and identify 
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plant species found in British North America, his collection numbered 

in the hundreds, but his publications consisted only of species lists. 

Other botanists, such as Macoun and Dawson, made extensive studies of 

prairie vegetation. However, few quantative values are available for 

comparison with modern vegetation (Macoun, 1882; Dawson, 1875) 4 

After 

increasingly 

Observations 

the late 1870's, changes in both flora and fauna were 

influenced by European ranchers and farmers in the region. 

of the "natural" vegetation after this time period may not 

necessarily be representative since some important changes may have 

already taken place. 

Palynological Review for Alberta  

and Related Presettlement Pollen Studies  

Work using' pollen analysis has been limited in southern Alberta. 

Hansen (1949 a,b), analyzed several bogs near Edmonton in central Alberta, 

attempting to study postglacial forests for the purpose of making 

paleoclimatic interpretations. Two of Hansen's conclusions were that 

the climate in postglacial times was drier and warmer in southern Alberta 

than the present, and that Pinus contorta was an important invasion 

species after déglaciation (Hansen, 1949 a,b). Hansen's work prepared 

the ground work for future study but little effort was spent until the 

1970's. 

The record of a 'full length, carbon dated core from central Alberta 

was published on Lofty Lake in 1970 (Lichti-Federovich, 1970). This core 

provided a continuous record from 11,400 years ago to the present, making 

it one of the more important contributions to pollen analysis in Alberta. 
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Since the publication of Lofty Lake's data, only three'studies have, 

been completed: Callum Bog, Alley (1972); Linnet Lake, Christensen and 

Hills (1971); and Goat and Lost Lakes, Bujak (1974). 

Alley (1972) concluded from his work that the climate, at,, his 

particular site, had warmed and dried after deglaciation but reversed 

its trend approximately 5,000 years before the present (B.P.). 

Christiansen and Hills (1971), in studying the sediments of Linnet Lake 

(Waterton Lakes National Park), provided basic information on the 

paleoecology and vegetation' history of the area. A major conclusion 

of this study was that Pinus contorta and fire were an intricate part 

of Waterton Park's history. Büjak's (1974) work indicated that a 

cooling and moistening of the 'climate occurred approximately 1,600 years 

B.P. She showed Picea engelmann.i and Abies lasiocarpa were cd-dominant, 

and added evidence to support Christiansen's and Hills' conclusions that 

fire has played an important role in Waterton Lakes National Park's 

history over a long period of time. 

A considerable amount of work has been done outside Alberta using 

pollen analysis in North America. Many of these studies were concerned 

with the movement and depression of forests before, during and after 

glacial retreat and/or climatic interpretation. 

Recent work by Webb (1973a,b,c) has taken a different approach 

from previous work; Webb, using short cores taken the mud-water inter-

face, has been able to study presettlement vegetation, its spatial 

distribution, and man's effect after settlement (Webb, 1973a,b,c). In 

the lower peninsula of Michigan, Webb (1973b) demonstrated that since 

settlement a relative increase has occurred in herbs, Betula, tJlmus  



5 

and Salix with decreases in Fagus, Acer and Tsuga, but concluded that 

the basic spatial patterns of pre- versus postsettlement vegetation 

were similar. Additional studies in Iowa and northern Wisconsin by 

Webb (1973a,b) and in Indiana by Bailey (unpublished data) had results 

showing similar changes in the vegetation, priiiiarily increases in herbs: 

Ambrosia, Rumex and Chenopodium. Such studies illustrate man's influence 

on the environment, though little work has been conducted 

Another researcher, McAdrews (1967, 1968), ha6 used early survey 

records and iaotes in addition to pollen stratigraphy to determine the 

presettlement vegetation pattern. However, such an appràach. is not 

possible if adequate records and notes are lacking. 



CHAPTER II 

STUDY AREA 

The area under consideration is located in the southern portion 

of the province of Alberta (Figure 1). Alberta's eastern boundary 

serves as one border for the study area, whereas the remaining three: 

sides are based on latitude and longitude: 490 50' and 52 ° 30' north 

and 114 ° 15 west.. Comprising approximately 98,000 square kilometers 

(40,000 square miles), the area can be described as a plain, grading 

frdm 60.0 to 1200 meters in an east-west direction. This slope influences 

climate and dictates the regional drainage pattern. The Bow, 01dman, 

Red Deer and Battle Rivers, all part of the Saskatchewan drainage basin, 

comprise the principle draihage system. 

Bio-physical Environment  

Three vegetation formations cover southern Alberta: the Short 

Grass Prairie s Mixed Grass Prairie and Aspen Parkland (Figure 1). Each 

of these formations is characterized by a particular soil type, climatic' 

conditions and species composition. All show distinctive changes, in 

the vegetation as a result of cultural use. 

Geology 

Situated in the Interior Plateau physiographic region, this 

province lies between the Canadian Shield and the Rocky Mountains. 

Geological strata within the study region dips gently southwest to west 

and is of Cretaceous and Lower Cenozoic age (Stalker, 1960). Paleocenè 

6 
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formations are found 111 the western portion of the study region, while 

older Cretaceous rocks are exposed in the eastern two-thirds, with both 

composed of alternation sandstone and shale beds. Overlaying the bedrock 

is glacial debris from Pleistocene glaciations that ended approximately 

12,000 years ago. The area is predominantly covered with Laurentian 

glécial ice, deposits, although the western fringe is Cordilleran 

(Glendinning, 1974). Laurentian ice movements occurred from north-

northeast to south-southeast with Cordilleran ice moving from a no ' 

direction. Laurentian deposits, with many of these 

deposits dissected by meltwater channels (Douglas, 1979). 

Climate 

Koeppen's climatic classification system rates the Short Grass 

and Mixed Grass "Ptairie formations as "Bsk" or mid-latitude steppe 

climates which are semiarid and cool. The Short Grass Prairie 'receives 

approximately 25 to 36 centimeters of precipitation annually with most 

occurring during the summer months (Lodge et al, 1971). Maximum summer 

temperatures occur in July and August, two months after the maximum 

precipitation period (Figure 2). Late summer temperatures reach an 

average maximum of 20 degrees centigrade and when combined with low 

precipitation, a precipitation/evaporation ration (P/E) 'of 0.4 results, 

indicating a moisture deficiency. Such deficienôies are characteristic 

of grasslands and produce dormancy in the vegetation in late summer.' 

The Mixed Grass Prairie has a climate similar to the Short Grass, 

but precipitation is three centimeters greater, with average temperatures 

one degree centigrade cooler. TheP/E ratio is also lower, ranging 
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from 0.5 to 1.0 (Lodge et al, 1971). This slightly moister situation 

is the result of increased elevation reducing evaporation, thus making 

more moisture available for plant growth. 

The Aspen Parkland has been classified as a ttDfbtt climate or a 

humid continental climate with adequate moisture year around, short 

warm summers and severe winters (Critchfield, 1966). Precipitation 

ranges from, 46 to 56 centimeters per year with 60 percent falling during 

the summer growing season (Figure 2). Annual temperatures parallel 

those experienced by the aforementioned vegetation formations, but are 

consistently lower year around. This combination of increased precip-

itation and lower mean temperatures. is responsible for a P/E ratio of 

1.0, indicating a balance between factors (Lodge et al, 1971). 

The physical environment can modify moisurebudgéts through 

variations in asject, exposure, and soil texture. North-facing aspects 

receive less solar radiation due to their protected position, resulting 

in less evaporation and increased available moisture. Aspen generally 

require moister conditions than that provided by the grassland environ-

ment, but can successfully colonize in microclimatic situations. This 

is evident in many areas of the Aspen Parkland,. 

Winds 

Wind directions are controlled by atmospheric circulation patterns 

and pressure systthns, and play an important role in the movement of 

pollen. Wind readings from Coronation, Calgary, Lethbridge, and Medicine 

Hat indicate the mid-latitude storm track determines wind directions in 

this region (Figure 3). Air masses moving from the Pacific High pressure 
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system eastward, down the mid-latitude storm track, produce the majority 

of summer winds in the southern portion of this region. The majority 

of winds are from a westerly direction, but 54 and 40 percent of all 

winds at Lethbridge and Medicine Hat, respectively, are from a west to 

southwest sector (Department of Transport, 1968). Winds in the northern 

portion are primarily from a northwesterly direction. Calgary and 

Coronation both receive40 percent of their winds from a sector on.thé. 

west side of north to west. Air moving from the Polar High southward to 

the mid-latitude storm track is an important factor in producing these 

winds, with Calgary under the direction influence of winds moving over 

the Rocky Mountains. 

Soils 

Soils in this region, based on the Canadian Soils Classification  

System, are Brown, Dark Brown, and Black chernozeins, and correspond 

closely to the Short Grass Prairie, Mixed Grass Prairie, and Aspen 

Parkland formations, respectively. These soil types are very similar 

in their morphology except the darker soils are better developed in 

terms of depth.whlch is controlled by available moisture. Four horizons 

are characteristic of Chernozemic soils: 'Ah", "Be 11)3t" or "Btj", 

"C" and occasionally a "Cca" (Canada Dpartment of Agriculture,. 1974). 

An "Ah" horizon develops from the recycling of decayed organic 

matter by grasses near, the surface of the soil. Less than 30 percent 

of the "Ah" is composed of organic matter, but this results in the 

high nutrient availability and cation exchange capacity that makes 

these soils very fertile. The annual water deficiency inhibits the 
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development of an.eluviated horizon characteristic of most soils. 

The underlying "Bin" horizon is illuviated with developed prismatic 

structure and varying amounts of calcium carbonate. The quantity of 

and depth to which calcium carbonate is found within-this horizon varies 

inversely with the precipitation/evaporation ratio. Under maximum 

conditions a caliche layer (Cca) develops beneath the "Bm" horizon 

(Foth and Turk, 1972). A second variation is the weak development of 

a clay horizon (Bt) at the base of the "B" horizon (Canada Department 

of Agriculture., 1974). 

Chernozem boil degradation occurs in the southern -fringe of the 

Aspen Parkland. The Black Chernozems developed under Festuca may 

become podzolized after Populus tremuloides is established in èuitable 

microclimatic situations (Moss, 1955). Podzolization results from the 

moister andcooler conditions produced under the canopy of the Populus  

clone. Morphologically, these degraded Chernozems are similar to the 

true Black Chernozems, except an "Ae" horizon is developed and a slight 

reduction in alkalinity occurs (Canada-Department of Agriculture, 1974). 

Vegetation 

1. Short 'Grass Prairie 

The Short Grass Prairie and its species within the study area 

reflect the severe summer moisture deficiency present in this region 

(Figure 1, Table 1). Bouteloua gracilis and Stipa comata are the 

dominant vascular plant species, accounting for approximately 69 percent 

of the total herb cover. Carex (9 percent) and Artemisia (12 percent) 

comprise the majority -of the remaining vegetation. Selaginella densa, 
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Table 1: Plant Composition in Percent 

Grassland ,Coiiiponent of 
Short Grass Prairie Mixed Grass Prairie the Aspen Parkland  

Agropyron 3 . 7 

Anternaria - - - 

Artemisia . 12 7 2 

Aster 

Boutaloua 52 - 25 - 

Carex 9 15 23 

Cerastium arvense - - 1 

•Pestuca scrabrella - - 36' 

Koeleria 3 7 6 

Phlox hoodij 2 4 - 

Solidago missouriensis '  1 

Stipa 17 30 . 12 

- Selaginella densa 13* 15* - -* 

- indicates a low percentage * percent ground cover not percent composition 

Based on Coupland, 1950; Moss and Campbell,. 1947. - 
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a club moss, was not included in the determination' of percent composition; 

the rationale being that this life form is different from the other 

grassland plants and thus uncomparable. Nine percent of the ground cover 

is occupied by this species whith represents one-third of the total cover 

in this region (Coupland, 1950). 

Stipa, is a decreaser species, meaning it is eliminated by' •costant 

grazing, whereas Bouteloua, Koeleria, Seläginella, Phlox., and Artemisla  

are increaser 'species (Smoijak, 1965; Lodge etal., 1971). Overgrazing 

of the Short Grass Prairie can result 'in the invasion, of exotic weeds 

such as members of the Chenopodiaceae (Russian Thistle and Goósefoots) 

and Compositae (Goatsbeard, Gumweed, Dandelion, Canadian Thistle) 

(Wroe et al,, 1972). 

2. Mixed Prairie 

The species composition of the Mixed Grass Prairie is similar to 

that of Short Grass Prairie, the dominant species being Stipa rather 

than Bouteloua (Table 1). Domestic grazing produces a decrease in 

Stipa and an increase of Bouteloua (Sinoliak, 1965). Other responses are 

similar to those seen in the Sho±t' Grass Prairie. 

3. Aspen Parkland  

The most northerly and westerly vegetation formation in the study 

area is the Aspen Parkland (Figure 1). This formation represents a 

transitional zone between dry grassland to the south and more mesic 

boreal forests to the north,. The Aspen Parkland formation can be sub-

divided into the Grovelànd Belt and Parklandpioper, but the latter is 

a more mature stage.  
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The Groveland Belt is represented on the landscape by Populus  

tremuloides which occupies aspects and depressions where adequate 

moisture is available to sustain tree growth. Grasses such as Festuca  

scabrelia form the matrix on dry and more exposed sites. Predoinnantly, 

the. matrix is composed of grases (65 percent) and Carex (23 percent), 

with herbs and shrubs occupying only a small percent of the total 

composition (Coupland, 1961) (Table 1). 

Popu1ustreiuloideè dominates the wooded and clonal areas with 

secondary quantities of shrubs (Table 2). Bird (1930) suggested that 

these shrubs existed prior to the establishment of the Popitlus and 

provided a suitable environment for succession. 

Table 2: Common Species Composing Wooded Patches and 
Depressions of the Aspen Parkland. 

Populus tremuloides 
Salix spp. 
Rosa spp. 
Calium boreale 
Solidago spp. 

Based 

Symphoricarpos occident jails 
Eiaeagnus argentea 
Rubus strigosus 
Lathyrus ochroleucus 
Anemone spp. 

on Moss, 1932. 

The expansion of Populus since settlement has been attributed to the 

elimination of bison and the control of prairie fires that restricted 

shrub community development (Bird, 1930). 

The relative species composition changes when Festucascabrella 

grassland is domestically grazed. Mowing resulté in the increase of 

Agropyron, Koeleria, Stipa, Carex and some forbs. Heavy grazing 
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eliminates Festuca scabreila but hastens the expansion of Potentilla, 

Rosa, Artemisia, Carex and Lupinus (Moss aridCampbeil, 1947). 

A small area located near the town of Red Dear in the northwest 

corner of the study area has been classified by Moss (1932) as a 

Populus area, now commonly referred to as the Aspen Parkland proper. 

The Aspen Park1andproper and Groveland Belt are similar in vegetative 

composition, except the Parkland Proper contains a greater proportion. 

and a more dontinuous cover' of Populus than the Groveland' Belt (Moss, 

1932). 

Local and Regina1 Vegetation 

The regional vegetation within the vicinity of a lake influences 

the pollen rain collected in limnic bediments as does the local or seral 

vegetation. In many situations the change from prairie vegetation to 

open water is abrupt, limiting the influence of the local vegetation. 

However, in the Aspen Parkland a much wid'er band of ecotone vegetation 

was observed. 

The regional vegetation surrounding Twelve Mile Coulee, Chappice, 

Eagle and Little Fish Lakes was similar. "A very narrow transition 

zone (less than .one meter) existed between the lake and prairie vegetation. 

Twelve Mile Coülee and Eagle Lake possessed scattered patches of Typha  

latifolia and an occasional shrub bordering the lake, as did Little 

Fish and Chappice. The land use consisted of grain farming and grazing 

of native grasslands. The presence of Populus was an' additional element 

in the area of Eagle Lake. The Chappice Lake vicinity was represented 

by extensive areas of grassland with approximately 20 percent of the 
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land use for farming. The total quantity of agricultural land was 

greater in the Eagle Lake, Little Fish Lake, and Twelve Mile Coulee 

areas, although much of the area was still native grassland used for 

the grazing of cattle. 

The Keiver Lake area was the most disturbed of the areas under 

consideration. Over 90 percent of the area surrounding the lake was 

used for grain farming with very little native prairie remaining. As 

the lake is part of the Aspen Parkland, the ecotone consisted of Populus  

and various shrubs. 

Red Deer, Bellshill, Gooseberry and Lloyd's' Lake, were similar 

in regional vegetation and located in the Aspen Parkland or marginal 

to this formation. Populus in the areas of Gooseberry and Bellshill 

Lakes has invaded depressions and north facing aspects where adequate 

moisture is available for growth. Populus within these areas occupies 

approximately. 20 percent of the landscape. Moss (1932) found Salix, 

Alnus, Rubus and Juncus were common genera within the ecotone areas of 

sloughs and depressions and would contribute to the pollen rain of 

these areas. In the vicinity of Lloyd's, Bellshill and Gooseberry Lakes, 

much of the land (less than 40 percent) wasused forfartning, with 

forested and native grassland occupying. the remaining area. However, 

in the Red Deer area wooded Populus areas were more predominate and 

extensive than grassland. 

In most situations, the local or ecotone vegetation is not an 

important component of the vegetation, except in the Aspen Parkland 

where Populus occupies ecotone situations and is thus an important 

constituent. 
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Settlement  

Europeans first entered Alberta in i754-with the Henday expedition 

(Warkentin, 1964). A period of exploration and fur trading existed in 

the prairie from this time until the mid-1870's (Bird, 1961). Although 

fur trading predäminated farming and grazing were scattered throughout 

the study area during the latter part of this period (MacGregor, 1972). 

These activities probably produced few changes in the, "natural" vegetation. 

However, the elimination of the bison from 1860 to 1878 and the development 

of the Canadian Pacific Railroad in the early 1880's, may have aided 

in changing the vegetation through the removal of a natural grazer and 

by increased settlement (Nelson, 1973; Gershaw, 1956). The eiimiüation 

of bison and the slow encroachment of agriculture may also have allowed 

the grasslands to develop a lusher vegetation than would be normally 

expected. Nelson (1973) illustrates this point, 

"Many early ranchers and set1ers in the grasslands 
and parkland ... remarked on the richness and length 
of the grass, which some said reached 'the horse's 
bellies' " (p. 139). 

This extract is in contrast to the description by Palliser in 1857 which 

indicates the grass was heavily grazed (Nelson, 1973). 

Following the completion of the railroad, grazing and ,grain 

farming became increasingly important (MacGregor, 1972). By 1906, the 

western half of the study area had been settled, and during the 1910's 

agriculture advanced into the eastern portion, but later declined 

(MacGregor, 1972). It appears the study area by this time was largely 

under the control of European settlers. Much of the prairie had been 

broken by the plow and large areas of native grass were grazed by cattle. 



CHAPTER III 

I€THODS 

The initial problem of the study wag the cllétion of sediment 

that contained preserved pollen. Only limnic sediments from permanent 

lakes were. used. The length of time the lakes under, study continuously 

contained water may be quetiond, but based on interviews with local 

residents as well as map and aerial photograph interpretation, they 

appear to have contained substantial amounts of water' for at least 50 

years. Additional criteria used in selecting sample sites was: the 

depth of water, indications of'disturbance, and the presence of pres'erved 

pollen. Deep lakes (over nine meters) could not be cored from the 

water surface, whereas shallow waterbodles (less than, 1.5 meters) were 

avoided for reasons of possible sediment disturbance. Lakes containing 

coarse textured sands were not used because of associated poor polynomorph 

preservation. 

Nine lakes were selected to study the pre- and postsettlement 

vegetation pattern. A minimum of two sites were located within each 

vegetation formation. Nine lakes may appear too fewto itudy such 

patterns, but it has been estimated that regional pollen originates 

within 50 to 100 kilometers of its deposition site (Davis and Goodlet, 

1960). This suggests large portions of each formation will be represented 

by the lakes under study. 

20 
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Field Methods  

Coring or sampling of lake sediments involved using a hand 

operated Livingston stationary piston sampler. Samples were. taken from 

the central portion or deepest area in. the lake basin, with these two 

factors normally coinciding. Seventy-five centimeters was the maximum 

penetration depth of the sampler, although much more sediment existed. 

Once filled, the core barrel was held in a vertical position to avoid 

stratigraphic disturbance until frozen. Freezing was accomplished by 

surrounding the cote barrel with dry ice (solid cO2) that froze the 

sediment quickly. Freezing by dry ice appears to produce less 

disturbance from ice crystal formation than conventional freezing 

methods which are much slower, and produce ice crystals that displace 

the sediment, destroying the stratigraphy. After freezing the core 

was extruded, wrapped and refrigerated. 

Laboratory Methods  

Palynoinorph Processing 

A relative time series was produced by subsectioning individual 

cores into one centimeter slices, starting from the mud-water interface 

and proceeding down the core. These subsections were used as strati-

graphic units and provided the basis for analysis of sediment, pollen 

and texture. 

Processing of palynomorphs involved the removal of one cubic 

centimeter sample from each stratigraphic level. Palytiomorphs were 

then concentrated by the chemical elimination of excess organic matter, 
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Table 3: Palynomorph Processing Procedure. 

Step 

1. 

2. 

3. 

Potassium hydroxide 

Hydrochloric Acid 

Hydrofluoric Acid 

6 minutes 

C-) 

(-) 

X 

x 

X 

X 

. X 

X 

4 minutes 

4 minutes 

4 minutes 

3800 ± 5% 

3800 ± 5%. 

3800 ± 5% 

4. Hydrochlàric Acid 10 minutes X X 4 minutes  3800.± 5% 

5. Glacial Acetic Acid  X 4 minutes 38,00 ± 5% 

6. Acetolysis Solution 60 seconds , X X 4 minutes 3800 ± 5% 

7. Glacial Acetic Acid X 4 minutes 3800 ± 5% 

8. 'Calgori Solution* X 45 seconds 2700 ± 5% 

9. Water and Safrain . . X 4 minutes 3800 ± 5% 

10. Water 

Chemical Time 
Hot Water 

Bath Stir Centifuge RPM's 

(-) continued until mineral is removed 

* repeated as needed. 
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carbonates and silicates through the use of potassium hydroxide and 

acetolysis solution, followed by hydrochloric and hydrofluoric acid 

(Table 3). 'This procedure was followed by differential centrifuging 

that removed excess organic matter. Safrain 9 was added as the final 

step to stain and improve the visibility of'the individual grains and 

their structure. 

Counting slides were prepared by placing a small quantity of 

pol'ln residue on 22,X 40 milimetercoverslips with Evanól, mixing 

thoroughly, and spreading over the entire coverslip surface. After 

drying, coverslip was inverted and bonded to a 25 X 100 inilimeter micro-

scope slide 'with Lakeside 70. These slides provided the basic inform-

ation for pollen analysis. A preset number of 400 pollen .gains and 

spores were identified at each stratigraphic level examined, except 'for 

very sparse levels where 200 grains were counted. 

Identification of pollen and spores were to the family level for 

difficult to separate types such as Gramineae, Cyperaceae, Chenopodiaceae/ 

Amaranthaceae and Polypodiaceae, but most were taken to genus. 

Pollen Diagram Construction 

A 'pollen profile is a diagram indicating regional pollen per-

centages in relationship to depth or time. Included 01thin the pollen 

counts under consideration are local, regional and extra-regional (wind 

transported from long distances) pollen. To obtain a more representative 

picture of the true vegetation, local and extra-regional pollen were 

excluded from the percentage calculations (Wright and Patten, 1963) as 

in Formula 1: 
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Formula 1: 

PPV = .  -* 100. 

PPV = Percent Prairie Vegetation 
Xj = Number of Pollen Grains for 

each Prairie Pollen Type. 
EX = Total Number, of Prairie Pollen 

Grains and Spores. 
j = 1, 8 or each Pollen Type. 

To: j1lustrate other pollen types, percentages were calculated on the 

total number of grains counted at each stratigraphic level (Formula 2). 

Formula 2: 

PEP ='. * 100. 
ZY 

PEP = Percent Extra-Regional and 
Local Pollen.' 

Yj = Number of Pollen Grains per 
Type. 

ZY = Total Number of Pollen Grains 
and Spores Counted at Each 
Stratigraphic Level. 

j Each Individual Pollen Type. 

The exclusion of these pollen types from the regional pollen rain .can 

be justified as they are not representative and obscure the regional' 

pollen which is more important. Extra-regional pollen sometimes composes 

from 30 to 60 percent of the pollen counted. 

Regional pollen was selected by analyzing vegetation studies 

characteristic of Prairie vegetation, identifying habitat and geographic 

ranges (Moss, 1959) (Table 4). 

Absolute pollen frequencies or grains per cubiccentimeter were 

determined by adding a known quantity of Eucalyptiis'pollen' to each 

stratigraphic level prior to processing (Formula 3). 
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Table 4: Major Identified Pollen Types. 

Regional Pollen  

Ambrosia 
Artemisia 
Chenopodiaceae /Amaranthacee 
Cyperaceae 
Gramineae 
Populus 
Taraxacum 
Triletes 

Extra-Regional 
and Local Pollen 

Alnus 
Betula 
Monoletes 
Picea 
'Pinus 
Salix 
Elaeagnus 

Formula 3: 

Yj = .Rc:j * NJ 

Yj = 

EX = 

EYj = 

NJ 

3 = 

Number of Grains per Cubic 
Centimeter.• 
Total Number of Exotics 
Added. 
Number of, Eucalyptus Counted 
at each' Stratigraphic Level. 
Number of Pollen Grains Counted 
per Type at Each Level. 
Each Individual Pollen Type. 

This method functions as an independent method of determining the 

absolute number of pollen grains per cubic centimeter., irrespective of 

other pollen types (Bonny, 1972). 

Sediment Analysis  

Volumetric samples (1 - 2 cc.) for determining percent organic 

matter and carbonate content were removed from each stratigraphic level 

and oven dried at 105 ° centigrade. Organic constituents of. the sediment 

were removed by igniting the samples in a muffle furnace for one hour 

at 5500 centigrade. Subsequent burning at 9500 centigrade for two and 

a half hours resulted in the loss of carbon dioxide held chemically 
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bonded to carbonates. The weight loss due to carbon dioxide removal 

was then multiplied by 2.273 to compensate for the'-weight of calcium 

and magnesium which were not removed by burning (Bailey 1972 and 

personal communication, Prey 1960). 

- Non-organic constitutents of limnic sediments:were textured for, 

grain size by pipette mechanical analysis (Kilner and-Alexander, 1949). 

Samples for mechanical analysis were prepared by extracting a- constant 

volume of sediment from each stratigraphic level above and below the 

settlement rise. Levels were then combined to form a pre- and post-

settlement sample for each lake with an equal number of levels in each 

sample. Organic components were eliminated by:subierging samples in 

hydrogen peroxide. A twenty gram dry, organic free sample was measured 

and combined with ten ni1iliters of 38 percent Calgon solution, which 

was mixed thoroughly with 1000 mililiters of distilled water in a 

measuring cylinder. 

The proportion of different grain sizes was determined by taking* 

two 25 mililitèr samples for a liquid suspension as described by Kilner 

and Alexander (1949) at present depths and time intervals: 46 seconds 

for silt and day (0.5 - 0.002 mm in diameter) and 8 hours for clay 

(less than 0.002 nun in diameter). After oven drying, the percent sand, 

silt and clay was calculated by subtracting the Calgon residual weight 

from each sample, the weight of clay from sample one, and dividing the 

final weight of each sample by 0.005. This fraction repiesents one 

percent-of the mineral matter when subdivided into 40 parts of the 

original 1000 inililiter liquid suspension (i.e. -((20 lop) -1 (1000 25)) 

= 0.005). - 
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Statistical Methods  

Cluster Analysis 

Cluster analysis is a statistical method for grouping sets of 

variables. Ward!s (1963) Error Sum of Squares method was used as the 

technique for grouping and can be generally described as the grouping 

of sets of variables that produce the least error when combined 

(Formula 4): 

Formula 4: Error Sum of Squares = E (X 25 - (EX.),2 

X = the variables 
N = number of variables 

Once sets of variables were paired, the mean of eah variable was used 

to represent that newly formed group. Grouping was continued until all 

sets of variables were combined to form one cluster (Everitt, 1974). 

However, unless all sets of variables are identical, the error produced 

by clustering will increase as clusters are formed. Variables that were 

mathematically similar produced low quantities of error when grouped, 

and clustering was stopped when the error became excessive. This cut-

off point can be evaluated graphically by plotting the groupings and 

error; where a sharp break occurs clustering is stopped. If the error 

does not increase sharply, the selection of the break point may be 

subjective, but under the existing situation this was not a problem. 
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Trend Surface Analysis 

Trehd surface analysis is a technique for determining the general 

direction of flow or pattern of spatially distributed variables. Three 

variables were used in the quadratic analysis of extra-regional pollen: 

1) an X coordinate, 2) aY coordinate, and 3) a pollen percentage for 

the location marked by the X and Y coordinates. By solving for the 

parameters, a, b1, b2, b3, b4 and b5, a regression model (Formula 5), 

a regression coefficient (r), and coefficient of determination (r2) 

were determined. 

Formula 5: 

X = a + bY + b 2 Z + b3Y2 + bYZ + b5Z2 

X - Coordinate 
Y - Coordinate 
Z - Pollen Percentage' 
a - Y intercept 

b. - Slope j = 1,5 

Chorley and Haggett, 1968. 

The coefficients "r" and "r2" were used to indicate the degree of 

explanation produced by the three variables, X, Y and Z, The validity 

of such an analysis was then tested by an F ratio (Formula 6). 

Formula 6: 

Sum of Squares Due to Regression* Calculated F ratio 
Sum of Squares Due to Residues*. 

* These are interchanged so the largest occurs as the numerator. 
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If statistically significant, the calculated F ratio exceeds the expected 

F value which was determined from an F Ratio Table. 

t - Statistic Test 

A t - statistic test was used to determine if a significant 

difference existed between pre- and postsettlement pollen deposition 

rates., Formula 7 represents the method used for calculating the 

t - statistic. 

Formula 7: 

s2 S2 
t - statistic + 

n n 
x •y 

S = variance 

x = a variable 
y = a variable 
n = number of variables in each set 

(Freund, 1967). 

To test for significance of the t - statistic, the number of 

degrees of freedom (n + n - 2) were determined and compared with a 

t - value at 0.025 level. If the t - statistic exceeded the. t - value 

the two samples were considered statistically different. 



CHAPTER IV 

LINNIC SEDINENTS 

Limnic sediments are the result of an accumulation of organic 

and inorganic materials. Clastic sediments originating from the action 

of wind and water are the most frequeitly encountered inorganic component 

of sediment. Streams and runoff are frequent movers of elastic material 

which is transported mechanically as bedload, in saltation or in 

suspension. Coarse elastics are lost immediately when a standing water-

body is entered, but finer materials are carried until they settle to 

the bottom in deeper, quieter waters. Clays are the last to settle and 

are carried furthest from the source. Dissolved carbonates and salts 

are carried in solution and become incorporated into the sediment when 

a saturation point is reached in the solute, forcing exdess quantities 

to be precipitated (ICrumbein and Sloss, 1963). Winds aid in the 

accumulation of sediment by picking up loose minerals from the ground 

surface and carrying them diiectly to a lake basin. Silt is the 

predominant grain size moved by wind, though lesser quantities of other 

separates may be moved. 

Organic matter is contributed to the sediment annually as a result 

of seasonal plant' cycles. The type of plants found in an aquatic 

environment range from vascular to micro-organisms but all eventually 

become incorporated into the sediment. The productivity of.a lake is 

a function of available nutrients and suitable growing conditions. 

Organic decomposition itself adds nutrients for additional plant 

development (Allen and Kramer, 1972). ' 
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Lake Dimensions  

Lake size and depth, varied between lake basins (Table 5)... Water 

depths ranged from 1.8. to 7.2 meters in the central portions of the lake 

basins. However, measurements were taken during early summer and seasonal 

variations may result in fluctuating depths. Surface drainage which 

maintains the water level is restricted to local surface runoff, except 

Twelve Mile Coulee which is stream fed. Lake size based on contour map 

calculations ranged from 0.7 to 14.0 square kilometers. All lakes except 

Red Deer were less than 5.8 square kilometers in area. 

Sediment Composition 

Organic Content 

Organics comprised from 0.3 to 1.3 percent by weight of the 

sediment. However, the low bulk density of organic matter produces a. 

misconception: by volume, organic matter would represent between 10 

and 15 times its weight. In many samples, the organic component was 

fine algal matter that formed a matrix around minerals which predominated 

in most sediments. Twelve Nile Coulee and Lloyd's Lake were exceptions 

to this genera]. statement. These two lakes contained abundant multi-

cellular aquatic plants that were well represented in the sediment. 

Reducing conditions, represented by dark bluish - black sediments which 

oxidized to a grayish color, suggest that the preservation of organic 

matter was high due to a limited oxygen supply. 

The quantity of organic matter present in the sediment has 

decreased since settlement (Table 6). Several possible factors may 
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Table 5: Lake Site Characteristics 

Lake Location 
Vegetation Formation Area in Square Water Depth 
Based on Moss, 1955. Kilometers in Meters 

Belishill 52°36'N Groveland Belt of the 2.2 1.8 
111033?W Aspen Parkland . 

Chappice 50°10'N Short Grass Prairie 1.4 2.7 
llO°23'W 

Eagle 51°O0'N Mixed Prairie (or 5.8 3,9 
,113 °18'W Groveland Belt of 

the Aspen Parkland) 

Gooseberry 52°08'N Mixed Grass Prairie 2.4 
110°45'W 

Keiver 51042TN Marginal Mixed Grass 0.7 
113°34'W and Aspen Parkland 

Groveland Belt 

2.6 

1,8 

Little Fish. 51°23'N Mixed Grass Prairie 5.2 7.2 
112°15'W , 

Lloyd's " 50°53'N ' Aspen Parkland , ' 1.4 2.1 
114°lo'W  

Red Deer ' ' 52944'N Aspen Parkland 14.0 ' 4.8 
113°05'W Proper 

12 Mile Coulee 50°08'N Short Grass Prairie 1.2 2.0 
111°55'W. 
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Table 6: Percent Limnic Sediment Composition and Changes Since Settlement 

- Aspen Parkland  

BeU.shiU. Lake 

Eagle Lake 

Keiver Lake 

Lloyd's Lake 

Red Deer Lake 

Mixed Crass Prairie  

Gooseberry Lake 

Little Fish Lake 

Short Grass Prairie  

Chappice Lake 

Twelve Mile Coulee 

Carbonate Content Organic Content  

Pre- Post 

2.00 1.08 

1.30 0.86 

1.20 0.47 

2.10 1.20 

2.00 1.30 

Change 

-46 

-34 

-61 

-43 

-38 

Confused by salt 

0.06 0.03 -50 

1.95 1.08 

0.50 

-39 

0.18 -7.5 

Pre- Post Z Change 

0.65 

0.33 

0.45 

1.10 

0.30 

0.54 -17 

0.44 +33 

0.29 -36 

0.73 -34 

0.24 -20 

Confused by salt 

0.37 0.32 -14 

0.82 0.65, -21 

0.67 0.62 -8 

Grain Size  

Sand Silt 

Pre- Post Z Change Pre- Post Z Change 

65.7 

73.0 

42.5 

12.1 

19.1 

39.0 

47.6 

22.8 

12.3 

31.5 

2.0 8.4 

51.0 63.0 

75.3 81.7 

29.9 31.2 

-28.5 

-25.4 

-19.7 

+ 0.2 

+12.4 

+ 6.4 

+12.0 

+ 6.4 

+ 1.3 

16.5 

16.9 

27.9 

67.6 

70.1 

45.3 

37.3 

59.2 

65.9 

52.4 

61.9 36.2 

36.1 24.3 

10.0 4.5 

18.7 55.1 

+28.5 

+20.4 

+31.3 

- 1.7 

-17.7 

16.0 

10.1 

29.5 

20.3 

10.8 

-25.7 36.1 

-11.8, 12.8 

14.8 

+36.4 51.4 

'Clay  

Post Z Change 

15.7 

15.0 

18.0 

21.8 

16.1 

-0.3 

+4.9 

-11.5 

+ 1.5 

+ 5.3 

55.4 +19.3 

12.7 - 0.1 

13.8 - 1.0 

13.6 -37.8 

- indicates a decrease in volume - Percent change in Grain Size was determined by subtracting Postsett-lement £ ran 

+ indicates an increase in volume Preaettlement Percentage. 
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explain this decline: an increased inorganic sedimentation rate, and . 

constant rate of organic production; an increased inorganic input but 

with a much higher rate of sedimentation of inorganics; or the rate of 

organic production has decreâsèd while the inorganic input has remained 

similar. The second possibility seetrig the moat plausible. Eagle Lake 

is the only site which did not show to a decreased organic content. 

Itmy represent an increasedrate of organic input, although.'the 

inorganic input may be higher than in presettlement times as well. 

Carbonates 

The quantity of carbonates present in the liinnic sediment has 

decreased since settlement (Table 6). Carbonates are significant in 

the nutrient cycle of aquatic plants and represent one of the easier to 

measure nutrients (Carpenter, 1928). This compound is poorly represented 

within the sediment, composing a maximum presettlement content of two 

percent by weight. Other studies in the eastern United States show 

limnic sediments have a carbonate content of 20 to 30 percent (Past 

and Wetzel, 1974; Murray, 1956). The low quantity 'in Alberta may be 

the result of less of solution action due to reduced 'precipitation. A 

decline in carbonates is evident in all lakes under study, with carbonate 

contents following the same pattern-of decrease as organic matter. 

Clas tic Content 

Marked changes have occurred in the texture of liinnic sediments, 

although this has not affected the total quantity present. All nine 

lakes cored contained a mineral content of not less than 97percent by 
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weight, with quartz the dominant mineral. 

Mixed Prairie Lakes, Little Fish and Gooseberry show increases. 

in sand since settlement (Table 6). This increase may be associated 

with sparser vegetation which would allow increased runoff. Gooseberry 

Lake may follow more closely the trends of Little Fish Lake, but the 

pipette results are influenced bya high salt content in the sediment. 

The two lakes within the Short Grass Prairie, Chappice and Twelve 

Mile Coulee, exhibit increases in meditim and coarser grain sizes since 

settlement. Presettlement sediments in Twelve Mile Coulee contained 

51 percent clay, whereas postsettlement contained only 14 percent. The 

higher presettlement clay content originated from suspended stream load 

carried by Twelve Mie Creek, but with settlement and the development 

of an irrigation system that empties into Twelve Mile Coulee, the size 

of material' deposited increased. Posteettlement sediments are composed 

of silts and lesser quantities of sand. 

Bellshill, Keiver and Eagle Lakes, all located in the Groveland 

Belt of the Aspen Parkland, show increases in the silt content ranging 

up to thirty percent higher than that in presettlement sediments (Table 6). 

A change from water to wind erosion, associated with the breaking of land 

and the resulting increased mineral exposure, may account for this change. 

Silt showed the greatest increase and is the most frequent separate 

carried by wind (Pecsi, 1968). 

.Both Red Deer and Lloyd's Lakes have had an increase in sand 

and clay since Cettlement began. Prior to' settlement, these areas 

possessed appràximately 55 percent silt, indicating water erosion has 

replaced wind erosion in these particular areas. 
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Evidence for an Increased Sedimentation Rate  

Evidence that indicates an increased sedimentation rate since 

settlement is varied. If a constant rate of pollen production arid 

deposition existed in the study area, changes in the number of grains 

per cubic 'centimeter should indicate changes in the sedimentation rate. 

All the lakes within the Aspen Parkland, except Lloyd's Lake, show 

statistically significant decreases, in the number of pollen grains per 

cubic centimeter. This indicats an increased sedimentation rate. 

This change in sedimentation rate is illustrated by the pollen deposition 

rates of Keiver and Red Deer Lakes (Figure 4). . Sedimentation rates of 

lakes in the Mixed and Short Grass Prairie may have also changed, but 

not substantially. The sedimentation rates of Red Deer and Keiver Lakes 

appear to have increased by 100 to 150 percent, whereas Belishill. and 

Eagle Lakes have only increased by 35 &nd 15 percent, respectively. 

These different rates of increase maybe directly related to the 

quantity of exposed mineral surface within each area. 

Changes in the deposition rate and mode of sediment transport 

have also produced proportional decrease in the carbonate and organic 

components. For example, the carbonate content of postsettlernent 

sediments has decreased by half as the result of an apparent doubling 

of the sedimentation rate. This increased sedimentation rate may have 

been the result of a change from water to wind erosion. However, changes 

in sedimentation rates can not be positively proven without adcurate 

dating. ,. 
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CHAPTER V 

EXTRA-REGIONAL POLLEN 

Wind transported pollen is a common phenomenon and essential for 

palynological studies, but when carried beyond the areáthat it represents, 

problems are created. This is referred to in this paper as extra-. 

regional and can be defined as wind transported pollen originating out-

side the expected source region. The problems created are.those of 

interpretating the pollen spectrum and vegetation; however, if pollen 

were not transported by wind, pollen sequences would be very, limited. 

Few studies have been directed toward the examination of extra-

regional pollen or its carrying distance., During the early 1900's 

European workers showed that certain pollen types were capable of being 

carried long distances (Faegri and Iverson, 1966). Recently, McAndrews 

and Wright (1969) analyzedpollen samples collected aIng two tran-

sections, from the Rocky Mountains eastward, and suggested Pinus was 

capable of being carried to a distance of 300 kilometets at a volume 

of 20 percent. Ritchie and Lichti-Federovich (1967), in their study 

of pollen spectra of the Arctic and Subarctic regions of northern Canada, 

observed Quercus, Jugulans and other deciduous forest pollen types. 

As these species are not normally found in these regions it indicates 

pollen can be transported long distances. However, Andersen (19.67) 

found the inajority of deciduous tree pollen was restrièted tothe 

local forest. . 

A better knowledge of the distance travelled by extra-regional 

pollen and the volume carried may aid in producing a dearer picture 
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of fossil pollen spectra. An attempt was made to descr•ile or model the -

extra-regional pollen rain by trend surface analysis (See Chapter III). 

This analysis proved not to be statistically significant as a result of 

too few sample sites. However, a description of the results is appropriate 

and provides: some basis for future work on the subject. 

Extra-regional Pollen Typs  

Extra-regional 'ppllen is usually produced by anèmophiloUs 

pollinators which transfer pollen by wind, as opposed. to entomphilóus 

pollinators which are dependent on insects and hence less commonly 

transported long distances by wind. Anemophilous pollinators are 

characteristically prolific pollen producers with grains adapted to 

wind transfer. 

The lakes under consideration contained from 40 to 80 percent 

extra-regional pollen.. Pinus, Picea and Betula were the major 

contributors with Pinue dominating over the others in volume deposited. 

These three pollen types should be accurately represented spatially due 

to similar sediment types and good preservation qualitié (Paegri and 

Iverson, 1966). 

Pinus, Picea and Betula composed, respectively, a maximum of 

seventy, nine and .three percent of the extra-regional pollen in' surface 

samples. All three species tend to decrease as they move out from their 

sources. Source directions, in relationship to the study area, are 

west and northwest for Pinus and Piceaand west for Betula. Picea  

(glauca and englemannii) appears to decrease at a rate of approximately 

30 percent of its volume per hundred kilometers, whereas Betula decreases 
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at a rate of approximately 25 percent of its volume per hundred kilo-

meters. Pinus (contorta) appears to have the greatest carrying capacity,: 

with a fallout rate of approximately 10 percent of it volume per hundred 

kilometers. The significance of these carrying rates is in the distances 

the pollen grains can be transported. By ,using Formula 8, as follows, 

these rates of decrease can be extended to discover the potential 

carrying distance. 

Formula 8: 

100 percent  100 
Potential Carrying Distance Carrying Rate in Percent * Kilometers 

Thus, Picea, Betula and Pinus should be carried a minimum distance of 

300 to 400, 400 to 500, and 1000 kilometers, respectively. Figure 5 

graphically illustrates the carrying distances of these three types, 

based on distance and rate of loss. The graph assumes the relationship 

between these variables is linear, although it is probably a curvilinear 

function. 

McAndrews and Wright (1969), in their study of wind transported 

pollen, showed results similar to those above. However; in the present 

study lower rates of fallout were observed for Pinus and higher for Picea 

than those found by McAndrews and Wright. 

Observed Pollen Carrying Rates  

As anemophilous pollen types are carried further from their 

source, a general trend of decreasing extra-regional pollen is evident, 

Rates of decrease are not cdnsistent within this study, and may be the 
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result of variations in determining the percent pollen composition and 

varying distances from the source region. However, a description of 

the actual pollen fallout rates will be given to provide a basis for 

additional work in the future. 

The fallout rate of Picea from Bellshillto Goosebe±ry Lake was 

36 percent over a distance of 80 kilometers, which is greater than the 

previously suggested carrying rate of Picea.. Figure 6c illustrates 

Picea's fallout rate as opposed to other pollen types such as Pinus  

and Betula. Betula shows a much lower rate of fallout than the predicted 

25 percent per hundred 'kilometers. However, a transect from Lloyd's 

Lake east to Eagle and Little Fish Lakes shows .a decreasing rate for 

Betula of 30 percent per hundred kilometers from west to east, which is 

similar to the pxedicted rate (Figure 6d). Pinus shows' various fallout , 

rates (Figure 6a and b). A transect from Lloyd's Lake to Eagle Lake 

has a Pinus decrease of 86 percent per hundred kilometers, whereas a 

transect from Keiver Lake to Little Fish and Twelve Nile Coulee has a 

20 percent decrease. Although variable, the fallout rates do indicate 

a curvilinear rate of decrease. 

Two problems are evident in the study of extra-regional pollen. 

First, a large spatial data base is needed to produce an adequate picture. 

of the distribution of extra-regional pollen. Secondly, a method for 

measuring the percentage of extra-regional pollen is ndd because 

the pollen productivity of the local and 'regional vegetation can 

influence the percentage of extra-regional pollen counted. For example, 

a highly productive regional vegetation would contain fewer extra-

regional elements than a low pollen-producing vegetation., if a constant 
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extra-regional pollen rain existed in both situations. These variations 

in regional pollen productivity could also affect the relative quantity 

of extra-regional pollen found in the pollen profile over time. 



CHAPTER VI 

VEGETATION AND POLLEN STRATIGRAPHY 

The identification of vegetation at particular sites over time 

has been employed bypalynologists and ialeoecologists for many years,. 

but the identification of the spatial distribution of vegetation only 

started in the sixties. A few palynologists (Davis and Goodiet 1960, 

Lichti-Federovich 1965 and Ritchie 1963, Bright 1966, Mott 1969, 

Janssen 1966 and Webb 1973a,b,c) have attempted to relate pollen rains 

to vegetation distribution patterns. Most of their results indicate 

a general relationship between these variables. However, if pollen 

sratigraphy is to be used for the interpretation of prehistoric plant 

distributions and chànge, pollen should clearly differentiate .vegetation 

types. Recently, Webb (1973a,b,c) has shown vegetation formations can 

be statistically, separated and has attempted to use this principle to 

study changes in the vegetation resulting from European settlement. 

Identification of the Settlement Boundary' 

To study the presettlement vegetation using pollen spectra, a 

settlement boundary must be located. The location of the. pre- and 

postsettlemeni yegetation boundary was ,based on changes in the pollen 

deposition rate and pollen percentages that generally coincided with 

changes in the texture of clastic sediments and carbonate and organic 

content. Taraxacum officinale, an introduced weed, was an important 

indicator. This weed has a distinctive morphology, making it easily 

identified. ' Being entomphilous, the occurrence of its pollen is under 

45 
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represented and limited but conclusive. , The increase in Chenopodiaceae/ 

Amaranthaceae (Cheno/Am) and Selaginella densa spores was also considered 

an indicator of settlement and land-use change. Cheno/Ams tend to be 

more abundant' in areas of disturbance, and Selaginellá densa and Artemisia  

increase as' a result of grazing. Changes in the absolute pollen frequency 

were not considered direct reponse by the vegetation but possibly the 

result of, an increaed sedimentation rate (See Chapter IV). 

The Ore-'and postsettlement boundary was based on no sitzgle factor. 

Lloyd's, Bellshill, Keiver and Eagle Lakes ere marked by the appearance 

of Taraxacum (Figure 7). Another change included the: sharp increase in 

Chen9/Ams at Lloyd's and Keivr Lakes. This increase was interpreted 

as an increase in disturbance. Keiver Lake also showed a corresponding 

decrease in the absolute pollen frequency after 'settlement. Eagle Lake 

is an exception to the increase in Cheno/Ams, showing instead a 

consistantly lower percentage after settlement. 

Little Fish, Twelve Mile Coulee, .Gooseberry and Chappice Lakes 

demonstrated similar changes at the time of settlement. All showed 

increases in Cheno/Am pollen. Chappice exhibited a decrease in Artemisia, 

whereas Twelve Nile Coulee, Little Fish and Gooseberry Lakes increased. 

The absolute pollen frequency decreased in Gooseberry Lake after settle-

ment and also in Red 'Deer Lake, where the settlement rise was conclusively 

dated using Taràxacuin as an index pollen (Figure 7). Changes within the 

pollen profile of Red Deer Lake were not' as,, distinct as those found in 

other lakes. A general increase in Chetio/Am pollen and a decrease in 

Artemisia was evident, and was used to indicate settlement. Changes in 

the pollen percentages appears to be the result of theexpansion or 
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reduction of plants in response to settlement. 

Pollen Identification of Present Vegetation Formations  

Modern vegetation formations in southern Alberta. can be identified 

from pollen percentage by using surface samples (0-1 centimeter levels 

in sediment cores). Ward's Error Sum of Squares Method of Cluster 

Analysis was used to identify each formation (Wishart, 1968). Cluster 

Analysis has the advantage of grouping comparable sets of variables 

(pollen percentages) in a step-by-step fashion until all lake sites are 

grouped toform one cluster (Everitt, 1974). Clustering or grouping was 

stopped when the error incurred became excessive-or a discontinuity 

occurred in the quantity of error resulting from grouping. 

Figure 8a represents the successive groups developed by cluster 

analysis; Figure 8b illustrates graphically the error resulting from the 

fusing of simila± lakes. Clustering was stopped after the fifth step -due 

to the change from a low two digit increment increase to athree digit, 

which represents a severe increase in error (Rummel ', 1970). The groups 

occurring to the left of the break in slope will provide the basis for 

the following discussion of modern pollen in relation to vegetation 

formations. - - - - 

Modern Vegetation Formations 

Four 'vegetation formations were identified, based -on nine lake 

sites and eight variables, and correspond closely to the vegetational - 

boundaries drawn by Moss (1955) and modified by Bird (unpublished data). 

The variables included were considered representative of the prairie 
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vegetation: Artemisia, Ambrosia, Chenopodiaceae/Amaranthaceae, Cyperaceae, 

Gramineae, Populus, Taraxacum and Selaginella. The four groups identified 

were: 1) the Short Grass Prairie, 2) the Mixed Grass Prairie, 3) the 

Groveland Belt of the Apen Parkland, and 4) the Aspen Parkland proper 

(Figure 9). 

The modern Short Grass Prairie represented by Chappice Lake and 

Twelve Mile Coulee occupies an area mapped by Moss (1955) (Figure 8, 

Table 7). Artemisia (25 to 30 percent) , Cheno/Ains (15 percent), Gram neae 

(20 to 25 percent), and Selaginella (20 to 30 percent) are the predominant 

pollen types; with secondary quantities of Ambrosia '-and Cyperaceae. 

(These figures were obtained following the removal of extra-regional 

pollen from the prairie pollen spectra). These pollen types and quantities 

are similar to those obtained by Mott (1969) in a study of the palynoi,ogy 

of Saskatchewan. However, Mott did not consider or recognize the pre-

dominance 

excellent 

of Selaginella densa. Selaginella spores appear to be an, 

indicator of Short Grass Prairie when 

percentages. These percentages of palynomorphs 

composition are not proportional. For example, 

occurring in high 

and percent vegetation 

Gramineae and AttenrLsia  

are under represented approximately three times, whereasSelaginella  

is under represented by four times based on the vegetation comppsition 

(Table 1). 

The Mixed Grass Prairie pollen 6omposition is similar to that of 

the Short Grass except Artenrisia is twice as abundant, Gramineae is 

slightly higher in percentageand Selaginella is under represented 

approximately ten times. The higher composition of Arteisia pollen 

relative to the actual vegetation composition indicates a very high 
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Table 7: Pre- and Postsettleuient Pollen Percentages 

AMBROSIA ATEMISIA CHi!N0/AM CYPERACEAR GRAnINEAR POPULUS SELAGINELLA PARAXACUM 

Pre- Post Pre- Post - Pre- Post Pre- Post Pre- Post Pre- Post Pre- Post Pre- . Post  

Aspen Parkland  

eUshil1 Lake 

Eagle Lake 

Keiver Lake 

Lloyd's Lake 

Red Deer Lake 

2.8 3.2 32.4 31.7 11.1 12.7 12.0 21.4 35.2 26.2 0.0 1.6 6.5 2.4 0.0 -0.8 

1.7 1.7 30.8 33.3. 23.9 17.4 0.0 4.5 41.0 34.3 0.0 7.3 2.6 1.1 0.0 0.6 

3.4 1.0 15.3 29.4 5.1 20.6 18.6 14.3 49.2 31.4 0.0 1.0 8.5 1.0 0.0 1.0 

2.3 1.4 22.1 24.3 - 8.1 8.6 16.3 11.4 51.2 48.6 0.0 1.4 0.0 2.9 0.0 1.4 

1.5 1.6 33.8 15.6 6.9 11.5 6.2 , 13.1 44.6 48.4 1.5 6.6 5.4 3.3 0.0 0.0 

Mixed Crass Prairie  

Gooseberry Lake 0.9 2.8 59.3 45.4 2.7 7.4 8.8 9.3 21.2 233. 00 0.0 7.1 11.1 0.0 0.9 

Little FishLake 2.4 0.0 51.8 54.1 4.8 15.6 10.8 3.0 24.1 24.9 0.0 0.0 6.0 3.0 - 0.0 0.0 

Short Crass Prairie - - 

Cbappice Lake 2.7 1.9 27.4 31.1 6.8 17.5 1.4 - -  2.9 24.7 25.2 0.0 0.0 37.0 214 0.0 0.0 

Twelve Mile Coulee 3,4 - 1.8 14.2 25.6 ' 2.8 13.0 13.6 - 6.7 449 22.4 0.0: 0.0 21.0 30:5 0.0 0.0 

Pre- presettleasnt Pollen Percentages Post - Postsettlement Pollen Percentages (Surface Samples) 
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degree of disturbance from grazing and agriculture. The slight Increase 

in Gramineae may be the result of more pollen-productive grasses replacing 

native species. The sharp drop in the composition of Selaginella spores 

in the Mixed Grass Prairie when similar to the vegetation content of the 

Short Grass Prairie, suggests the Mixed Grass Prairie is two and half 

times more productive in terms of pollen than the Short Grass Prairie. 

This was confirmed by absolute pollen frequencies at Teive 'NJe Coulee 

and Little Fish take.  

The Groveland Belt of the Aspen Parkland is composed of Gramineae 

(25 to 35 percent), Arteinisia (30 percnt)', cheno/Ams (10 to 20 percent)', 

Cyperaceae (5 to 20 percent), and Populus (0 - 10 percent) pollen 

(Table 7). The major diferences between the Mixed Prairie and Groveland 

Belt are the thirty percent' decrease in Artemisia, the slightly higher 

Gramineae composition, and the more abundant Populus aiid Taraxacum. 

Populus seems to demarcate' the Aspen Parkland, although the quantity' 

of pollen is under represented. 

The presettlement Aspen Parkland proper 'was idehtlfied as existing 

in the area of Red Deer Lake and L16yd's Lake (Figure 9, Table 7).. The 

vegetation composition is marked by higher Gramineae' and lower Arteinisia  

pollen.values. The presettlement Groveland Belt, now the Aspen Párkland 

proper, contained Populus pollen percentages comparable to the modern 

Groveland Belt' pollen spectra, although under represented in both time 

periods. This reduction may be the result of poor Populus preservation 

during early stages of deposition.  

Sangster and Dale (196,1, 1964), Ritchie (1963), Lichti-Pederovich 

(1965), and Havitiga (1967) have show Populus pollen is "destroyed in the 
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sediment by oxidation and microbial activities during the early stages 

of deposition. However, the degree of Populus preservation after it 

becomes incorporated into the sediment is unknown. Lichti-Federo,vich 

(1970) identified a Populus maximum (60 percent) approximately 11,400 

years ago in Lofty Lake. If Populus were not preserved after becoming 

invorporated into the sediment, this maximum probablyotild not have 

been identified. Most of the sediments under study show evidence of,, 

reducing conditions, suggesting minimal oxidation and 'microbial activity 

with maximum Pdpulus preservation, after it is incorporated into the 

sediment. In addition, most lakes under study' within the Asen Parkland 

conlained sediments Cushing (1967) considered best for the preservation 

of pollen. 

It is evident from the preceeding discussion that different 

vegetation formations can be separated by using pollen analysis, and 

their geographic distribution confirmed, so long as the true regional 

pollen spectrum is represented. Applying the techfiiques used with 

modern vegetation and pollen spectra to presettlement fosil pollen 

should simulate the presettlemént vegetation with reliable results. 

Pollen Identification of Presettlement Vegtation Changes. 

Changes in Vegetation Composition 

Grantineae or grasses show fluctuating pollen percentages 

throughout their profiles (Figure 10). Actual changes inthe prairie 

vegetation are confused by varying responses to grazing and by cultural 

grasses replacing native species. In general, a slight increase has 
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occurred in the percentage of Gramineae pollen, since -settlement. However, 

Twelve Mile Coulee shows the greatest change with a 50 percent decrease  

in the Gramineae composition. 

In contrast Chenopodiaceae/Amaranthaceae have increased since 

settlement (Figure 11). Occurring onlyin disturbedateas, these plants 

have increased up to four times their prsettlement' .coiñposition. Prior 

to settlement the variation in species of Cheno/Am was limited, but pore 

frequency and grain diameter observations show an increase in introduced 

species has occurred rather than an increase in native species. One 

exception to an increase in Cheno/Am is Eagle Lake, which possessed a 

higher than normalcount prior to settlement and decreased only slightly 

after settlement. If Chno/Ams are indicators of' disturbance, then the 

area of Eagle Lake was highly disturbed prior to settlement. Such 

disturbance could have been created by bison. 

Artemisia frigida was an important herb in the presettlement 

prairie but was alèo over represented in the pollen spectrum. Since 

settlement, Artemiia absinthium, A. cana, A. frigida and. others have 

increased in the. Aspen Parkland and Short Grass Prairie but deáreased 

in the Mixed Prairie (Figure 12). Artemisia tends to increase with 

grazing. Therefore, the reason for its decrease in the "Mixed Prairie 

is not clear; possibly 'the plant is being destroyed by farming. The 

greatest quantity of Artemisia pollen occurs in the Mixed Prairie, 

although the greatest vegetative composition occurs 'in, the. Short Grass 

Prairie. This may indicate Artemisia is better suited to the Mixed 

Grass Prairie environment and flowers more frequently than in the 

Short Grass Prairie. - - 
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Most lakes in the southern portion of the study area show increases 

in Selaginella densa after settlement, whereas northern areas are similar 

to their presettlement quantity .(Figure 13). Such an increase indicates 

a more intense use of the grassland areas since settlement. 

All lakes except Keiver. and BellshiU Lake show an overall decrease 

in Cyperaceae pollen since settlement (Figure 14). The reason for' this 

change is not obvious. The reduction could be due todisturbance of the 

plant's habitat, , while the increases at Keiver and Bellshill Lakes may 

be the expansion of wetlands. ' 

Ambrosia composed only a small percent of the regional pollen 

rain in presettlement times and appearb to, have changed little in 

composition after set1ement (Figure 15). This is a complete reversal 

of observations in eastern Canada and the United States where Ambrosia  

increases abruptly as a result of forest clearance and settlement 

(McAndrews 1968, Webb 1973a,b,c). The absence of change in Ambrosia  

after settlement may be the result of Alberta's dry climate not providing 

an adequate moisture regime for its expansion. 

Populus has gradually increased since settlement in the northern 

regions of the study area which is associated with the migration of 

Populus. Populus i's an important component at Rdd Deer, Lloyd's, Keiver, 

Bellshill , and Eagle Lakes (Figure 16). The latter four have changed, 

from grassland to groveland through the invasion of Populus since 

settlement. This' change was. not abrupt but a gradual increase. The 

Red Deer Lake area contained Populus for a period of time prior to 

settlement, suggesting it was part of the Groveland Belt or near a source 

of Populus pollen. 
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Twelve Mile Coulee show the occurrence of Populus just after 

settlement. This is interpreted as Populus growing along the. Bow River 

and local tributaries. 

Changes in Vegetation Formation 

Presettlement vegetation formations were identified from pollen 

samples taken directly below the settlement boundary. Identical 

clustering procedures were employed to identify presettlement vegetation 

formations as in the study of postsettlement formations. However, only 

seven of the eight variables in the ppstsettlement study were used: 

Ambrosia, Artemisia, Cheno/Ams, Cyperaceae, Gramineae, Populus, and 

Selaginella. Taraxacum, an introduced species, was excluded from the 

analysis. The-various groups formed by cluster analysis are represented 

in Figure 17a and the resulting error is illustrated in. Figure lTh. 

Clustering was stopped after the fifth grouping due to severe increases 

in error. These clusters are spatially represented in Figure -8. However, 

the boundaries between each grouping should not be considered fixed as 

they were subjectively determined. 

Prior to settlemen, the vegetation within the study area consisted 

of four vegetation formations: 1) the Short Grass PraJrie,2) the Mixed 

Grass Prairie, 3) the Fescue Grassland, and-4) -the Groveland Belt of 

the Aspen Parkland. 'The first most obvious change is. the inclusion of 

a-Fescue Grassland which was not identified in the modern vegetation. 

The.Fescue Grassland does exist in the modern-vegetation, but only 

as a component of the Aspen Parkland. The Aspen Parkland proper was not - 

identified in' the presettlement vegetation but may häve existed north 
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and west of the study area. 

At present, the Short Grass Prairie occupies the southern quarter 

of the study area. In presettlement times it consisted of an area 

approximately one-third its present size, based on the Twelve Mile Coulee 

sample (Figure 9). The expansion moved in a northwesterly direction at 

the expense of the Mixed Grass Prairie. The area of expansion was 

chairacterized by, an increase in Artemisia and Selaginella with a.decre'ase 

in the Gramineáe composition. 

The modern Mixed Prairie is, located in the same position that it 

occupied prior to settlement, although reduced in areal extent (Figure 9). 

Its northern boundary appears to be located in the same area, 'although 

Populus may be encroaching. The presettlement Mixed Grass Prairie was 

similar in composition to. the modern version but contained fewer Cheno/ 

Ams. 

The Fescue Grassland, located north of the Mixed Prairie in 

presettlement time, is represented today by the grassland component of 

the Groveland Belt of the Aspen Parkland. The largest change in the 

vegetation was the migration of Populus into the area after settlement. 

Other changes included an increase in Artemisia and Cheno/Ams and a 

decrease in Gramineae and Selaginella. Other changes that occurred in 

the Fescue Grassland included a decrease of Artemisia and an increase 

of Cheno/Ams and Cyperaceae. , 

The presettlement Groveland Belt occupied an area to the north 

of the -Fescue Grassland and bordered the north and west edges of the 

study area (Figure 9). The justification for identifying this region 

as Groveland and not Parkland is the low incidence of Populus pollen 



67 

in the stratigraphic profiles of this area, indicating this tree was 

not a major component of the vegetation at that time. Although Populus  

does not preserve well, the pollen profiles indicate this Is not a 

severeproblern (Figure 16). The gradual increase in.Populus pollen 

illustrates a continueal increase in the frequency of Populus trees 

within the area. 

Eagle Lake is an unusual case in both pre- and postsettlement 

periods with respect to the general arc pattern of the vegetation 

formations (Figure 9). The Eagle Lake area was'classified by the author 

(using pollen analysis) as Groveland in pre- and postsettlement times, 

although Moss (1955) and Bird (unpublished data) classified the area 

as Mixed Prairie. Figure 8 illustrates the strong statistical relation-

ship which exists between Eagle Lake and other Aspen Parkland pollen 

spectrums. 

Major- Factors Influencing Vegetation Change  

European settlement. appears to have had a major effect on the 

vegetation of southern Alberta. Fire control, elimination of the bison, 

grazing and ag±iculture were the basic, factors which modified vegetation. 

Disturbance appears to have increased and has resulted in changes 

in vegetation composition and formation. Weed species such as Taraxacutn 

and Cheno/Ains increased as a result of this greater dish.irbance since 

settlement. Webb (1973a,b,c) and Bailey (unpublished data) observed 

similar changes in Cheno/Ams with marked increases in Ambrosia. However, 

Ambrosia, has not changed significantly in southern Alberta. Selaginella  

and Artemisia, both indicators of overgrazing, have also increased in the 
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Mixed Grass Prairie, suggesting this area is much more intensively 

grazed than it was before settlement. Chappice Lake, the only sampling 

site in the presettlement Short Grass Prairie, decreased in Selaginella, 

suggesting less grazing pressure exists here.-.This cdmpletely. contradicts 

Watts (1969) who states that the Short Grass Prairie has been "radically 

altered by present day grazing" through modification of the vegetation 

composition. 

A large areal expansion of the Short Grass Prairie at the expense 

of the Mixed Grass Prairie was interpreted in the southeastern portion 

of the study area. It is hypothesized to have' occurred due to from 

Mixed Grass to Short Grass Prairie and was characterized by a decrease 

in Gramineae and an increase in Selaginella and Artemisia pollen, all 

of which are indicators of increased grazing pressure. Overgrazing 

may have allowed the expansion of what appears to be a Short Grass 

"type"; however, if left undisturbed for a period of time, the area 

may revert to the original Mixed Grass Prairie. 

The concept of more intense grazing in modern times is in contrast 

to that of Nelson (1973), who contends that the bison "grazed the grass 

very heavily" and Palliser's (1863) description of the grass as heavily 

grazed. Englaici and de Vos (1969) speculate that oveigrazing was only 

a localized phenomenon. Such speculation seems to be more probable than 

widespread overgrazing. The Eagle Lake site may be representative of 

such localized disturbance, prior to settlement. The presettlement Cheno/ 

Am pollen content of 24 percent decreased only slightly after settlement, 

indicating severe disturbance prior to settlement, possibly by bison. 

The greatest and most obvious change in the vegetation after 
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settlement was in the northern portion of the study area, where Populus  

migrated southward into the Fescue Grassland. Such an expansion is 

attributed, to fire control which allowed Populus to'invade areas of 

undulating topography that provided mdist microclimatic conditions. 

Fire is believed to have been an integral part of maintaining the 

interface between the grassland and Populus invasion prior to settlement 

(Bird, 1961). It does not appear that climatic fluctuations to moister 

conditions have resulted in the migration of Populus as Moss (1932), and 

Moss and Campbell -(1947) have suggested. If this were the situation, 

the Short Grass 'Prairie probably would not have shifted northward and 

expanded. Other than the invasion of Populus, only decreases in 

Arteinisia and increases in Cheno/Amth have occurred in the Fescue Grassland 

Formation since settlement (Table 7). , 



CHAPTER VII 

SUMMARY 

This study was conducted in an effort to determine the effects 

of European settlement on the native vegetation of southern Alberta. 

The changes observed were varied and consisted of floristic and 

environmental changes. The study area was composed of three major 

vegetational formations: 1) the Short Grass Prairie, 2) the Mixed Grass 

Prairie, and 3) the Groveland Belt of the Aspen Parkland with a small 

area of Aspen Parkland proper in the Red Deer Lake area. In addition, 

extra-regional pollen and limnic sediments were studied. Limnic 

sediments provided evidence that indicates changes in erosion rates 

and increased sedimentation rates while extra-regional ,pollen analysis 

indicated the potential travelling distance of Betula, Picea and Pinus. 

The study of limnic sediment composition and grain sizes indicates 

changs have occurred in the erosion rate and subsequently influenced 

the sedimentation rate found within lakes. Prior to settlement, sediments 

were composed of a minimum of 97 percent clastic material, a maximum 

of two percent carbonate and one percent organic matter content. A 

decrease in the nonclastic fraction took place after settlement. The 

reduction was approximately 20 percent in organic matt and 40 percent 

in carbonate content. The only exception to a decreased organic content 

was Eagle Lake which increased in organic productivity. 

Changes in grain size were also observed. The Mixed Grass Prairie, 

Short Grass Prairie and Aspen Parkland proper show increases in sand 

content associated with increased runoff from agricultural land breaking, 

70 



71 

and sparser vegetation which is the result of increased grazing pressure. 

The Groveland Belt of the Aspen Parkland has shown a change from sandy 

to silty lake sediments and an increased sedimentation rate. These 

changes are thought to be caused by increased wind erosion related to 

the high incidence of exposed mineral matter following the breaking of 

the prairie sod. 

The prairie pollen rain was composed of 40 to'80 percent extra-

regional pollen.. The analysis of extra-regional pollen suggests 

anemophilous pollen types can be carried long distances; however, a 

much larger data base is needed to develop accurate generalizations. 

The data indicates Betula and Picea could be carried 300 to 400 and 400 

to 500 kilometers, whereas Pinus could be transported by tind more than 

1000 kilometers from its source.. 

The greatest changes found to have occurred were the shifting of 

the major vegetation formations. The Short Grass Prairie appears to 

have expanded to approximately three times its presettlement size, 

resulting in the reduction of the area occupied by the Mixed Grass 

Prairie. It is hypothesized that this expansion was caused by increased 

grazing pressure. The second major shift noted was the migration of 

the Groveland Belt of the Aspen Parkland south and eastward into the 

area formerly occupied by the Fescue Grassland.' The data indicates 

this migration was not climatically induced,' but possibly the result of 

fire control combined with the existence of available moist sites. If 

the expansion of the Groveland Belt were the result of moister conditions, 

the Short Grass' Prairie probably would not, have expanded. Such adaptive 

sites are the result of undulating terrain and the lack of severe 
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disturbance or land clearance by man. 

Changes in the vegetation composition due to settlement were 

varied, depending on the vegetation formation. The Short Grass Prairie, 

still consisting of large areas of native grassland, increased in Cheno/ 

Ams but decreased in Selaginella densa. This change in plant composition 

is thought to be a response to decreased grazing since settlement. The 

present day Groveland Belt was formerly Fescue Grassland, but with 

settlement and fire control, Populus invaded the area and secondary 

increases in Cheno/Ams and decreases in Artemisia were observed. 

Gramineae were an important component of the grassland prior to settle-

ment but did not show drastic, changes in percent composition as a result 

of settlement. The only exception is in the area where Mixed Prairie, 

was, replaced by Short Grass Prairie and a sharp decrease occurred. The 

major change was in species composition, an exchange of native grasses 

for cultural grasses. The introduction of weeds such as Taraxacum 

of ficinale and members of the Cheno/Ams have also contributed to changes 

in the vegetation composition. 

Palynologically, this study has confirmed the idea that modern 

and past vegetation formations can be identified by regional pollen rains, 

although the extra-regional pollen must be, removed from the pollen 

spectrum. The removal of extra-regional pollen provides a much clearer 

picture of changes within the prairie vegetation. Cluster analysis was 

found to be an excellent tool for the separation and identification of 

formations and avoided the problem of multicollinearity common with 

principle component and factor analysis (Webb, 1973b). 

Settlement can be identified in the prairie pollen spectrum of 
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southern Alberta by increases in Cheno/Ams and the introduced weed, 

Taraxacum officinale. Grasslands are composed of high percentages of 

Gramineae and Artemisia pollen while Short Grass Prairie, in particular, 

can be separated by the presence of a high,concentration of Selagineila  

densa spores. However, these pollen types are not necessarily proportional 

to the vegetation composition. 

Several limitations and short comings are present within this' 

study: 1) the arid climate of southern Alberta minimized the number of 

'potential sampling sites and restricted the intensity of the sampling 

pattern; 2) the identification of pollen was at times limited to the 

family level because of the difficulty of separation; and 3) accurate 

dating of sediments was not possible for technical and financial reasons. 

A more intense pattern of sampling may allow a more detailed 

picture of vegetational changes such as the migration of the Aspen 

Parkland and the expansion of the Short Grass Prairie. In addition s 

refined identification of pollen types may provide a more detailed idea 

of the actual species changes. The lack of accurate dating methods 

will always bring the identification of the settlement boundary and 

sedimentation rates into question. The results from the analysis of 

extra-regional pollen were limited because of the lack of an adequate 

data base. Also, a method for accurately determining the quantity of 

extra-regional pollen must be developed before precise analysis of 

extra-regional pollen from sediments is possible. ' 
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