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ABSTRACT

This study was undertaken to determine changes in the vegetation

of southern Alberta since European settlement. Paiynological and

limnic sediment analysis of nine short cores show the impact of settle~
ment on the vegetation. Secoqdary work ﬁith“ektrarreéienal lelen.or
wind transported_ﬁolleﬁ from 1oﬁg distance,'indieatee:the carryiﬁg
distance and vqiume of such pollen types.

An analysis.of modern“regional bolleﬁ spectra identified the fouf
vegetation formations of the study area: 1) the Short éress Prairie,
2) Mixed Grass Prairie, 3) the Groveland Belt of the Aspen Parkland,
and 4) the Aspen Parkland proper. Subseéuent analysis of presettlemeqt

pollen spectra:identified the first three vegetation formations and a

'Fescue Grassland; however, their boundaries were mnot -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 presettlement Groveland
Belt has developed into the modern Aspen Parkland proper.

The expansion of the Short Grass Prairie has been attributed eo
increased grazing ﬁressuye, whereas the Aspen farkland appears to have
expandea as a result of fire control. The respbnse individual typesrof,
ﬁlants were varied, but marked increaes were obser%ed in Chenoéodiaceae/

Amaranthaceae and Taraxacﬁm, éelaginella densa and Artemisia in the |

Mixed and Short Grass Prairie; and Cyperaceaes in the Aspen Parkland.
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Study of the dediment grain sizgs suggests a change in the méde
of erosion. The Aspen’ Parkland shoWed‘statistically éignificant
increases in sand and clay, indicating:a'chanée froﬁ‘wiqd erbsion téf
water ero;ion,:in fhe form‘of increased:rﬁnoff. In ebntrast, the

Groveland Belt sediments increased in silts, indicating greater wind

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

Mixeé and Shgrthfass Prairie lake sediments tended to fbllow_the
trends of the Pérkland proper, although not statistiéally‘aifferenf
from presettlement sediments. This increase in sand and clay is tﬁought_
to be the result of sparser vegetation aliowing a largeg runoff. :This
conditionlmay have been broughﬁ about through increased grazing pressure
and exposed minéral surfaces.

Pollen‘spectra were dominated by extra-regiénal pollen with Eiggg,

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

data-indicates Betula and Piceé 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. waeyer, 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 compbsition and formation changes with alterations in the

mode and rates of erosion.
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CHAPTER I
INTRODUCTION

Changes havé occurred in the grassland:vegetatiqn of southern'
Alberta sincé European settlement, but questions exist:as to the degree
and type of change (Hardy, 1971) Litﬁle is known about the,cqmposition.
of the pralrle prior to settlement. Earlyrexplorers kept few notes on
plants, maklng the study of man's 1nfluence difficult (Warkentin, 1964).
Other sources of information such as palynological or-paleobotanical
studies are limited or nonexistent. knbwing theicompositién of pre?
segtlemeﬁt‘vegetatidn‘may aliow a,bétter understanding'of man's effeé£

on the "natural" environment.
Objéctives

The objecfives ofithis study are: 1) to determine, through the
use of pollen analysis techniques, the major compbnents of the grassiénd
prior to Europeén settlement; 2) to detérmine the sbatial distribution
characteristics of extra-regional pollen; ;nd 3) to examine the composition
and mineral textﬁre‘of pre—- and ﬁostsettlement liﬁnié sediments.
Presettlement'Vegetation is defined as the "natﬁral" Vegetatiqn
prior to méjor Europgan‘influences on the landscapé, 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 Halladéy,
1971), but the reépdnse of native species to séttleﬁent can only be

speculative,
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Most pollen profiles contain pollen originating from outside

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

~ create problems in interpretation and result in false conclusions. As

grasslands have a‘diStinctive type of vegetation,'this allows for the

separation of extra—reglonal (wind transported pollen from long dlstances)

and reglonal pollen, providing clues to the dlstance of transport and

volume of Whlch such pollen types are carrled

- It is hypothe31zed that changes in land—use and terrestrlal
vegetatlon have resulted in changes in the rate of production of organic
sedinents and in the grain size'of sediment deposited ' The increase in’
grain size and mineral 1nput would be the result of sparser vegetatlon'
and increased eyposure of the mineral surface, whereas 1ncreased

organlc productlvity would be a response to nutrient 1nput.

- Observations of Presettlement Vegetation

Although many explorers traversed Southern Alberta prior to
settlement, John Palliser (1863) was one of therfew who'explored and
inventoried thelgeology and vegetation. Mention is made throughout,his
journalrand reports of unusnal plants eneountered and effects of fire
and wildlife. However, specific;notes on plant eompositlon.were laeking.

Palliser did recognize three vegetation formations; the "Palliser
Triangle" or nodern Short Grass Prairie which he_descrihed as a near
desert; the'truérprairie or‘Mixed Grass Prairie; and the northern prairle

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

Carex (Palliser, l863)m A more detailéd botanical study was conducted

by Bourgeau (Palliser? 1863). Commissioned to collect and identify



plant species found in British North America, his‘co;lectioﬁ numbered
in the hundreds, but ﬂis publications comsisted only of species lists.
Other’botanists,féuch gs Macoun and“Dawson, made éxtensive studies qf
prairie vegetation. However, fewlquantativervalues are avaiiable for
comparison with modérn vegetation (Macoun;‘1882; Dawson, 1875)E

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

- increasingly influenced by European ranchers and farmers iﬁ the region.

Observations 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‘intérpretations. Two of Hansen's conclusions were that

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

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

species after deglaciation (Hansen, 1949 a,b). Hansen's work prepared
the ground work for future‘séudy but little effort was spenf until the
1970"s. ' | '

The réqord of a full length, carbon dated coré from éentral Alberta
was published Qh Lofty Lake in 1970 (Lichti-Federovich, 1970). This core

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

- it ome of the more important contributions to pollen’analfsis 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

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

Alley 61972) 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.).
Christiénsen and'Hiils (1971), in studying tﬁelsediments‘of Linnet ﬁake
(Waterton Lakes Natiéﬁa; Park), provided basic information on the .
paleoecology and vegetation'history of the area. A maior cpﬁclusion‘

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

of Waterton Park's history. Bujak's (1974) work indicated that a
cooling and moistening of the climate occurred approximately 1,600 years

B.P. - She showed Picea engelmannii and Abies lasiocarpa were co-dominant, -

and added evidence to support Christiansen's and Hilis"conclpsions that
fire has played aﬁ important role in Waterton Lakes National Pafk's
history over arloné period of time.

A considérable amount of work haé been done outside Alberta using

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

~with the movement and depression of forests before, dufing and after

glacial retreat and)or climatic interpret;tioﬁ.

Recent work by Webb (1973a,b,c) has taken a different apptoach
from previous work. Webb, usingz short cores taken the n.lud—-water inter-
face, has beeﬁ able to study presettle@ent végetatibdt its spatial
distribution, and man's effect‘ after settlement (Webb, 1973a,b,¢). In
the lower peﬁinsula of Michigan; Webb (1973b) demonstfétedfthat siﬁce

settlement a relative increase has occurred:in herbs, Betula, Ulmus




and Salix with decreasgs in Fagus, Acer and Tsuga, but conclu@ed that
the basic‘spa;;gl patterns of pre- versus postsettlement ﬁegetation .
were similar. Additional studies in Iowa and northern Wisconsin by
Webb (l973a,b).and in indiana by Bailey (unpublished daﬁé) had results
showing similar‘changes in the vegetation, primarily increéses in herbs:

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

on the envirohment, though little work has been conducted.
Another researcher, McAndrews (1967, 1968), has used early survey

records and notes in addition to pollen stratigraphy to determine the

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

possible if adequate records and notes are lacking.



CHAPTER II
STUDY AREA

The area under consideration is iogated in the soutﬁerﬁ,ﬁortion
of the provinge of Alberta (Figure 15. Alberta's eastern boundary
serves as oﬁe?border for the study area, ﬁhereas the'remaining three
sides are based on latitude and longitude: 49f 50" and 52° 30' no&th
and 114° 15'west.‘ Comprising approximately 98,000 sqﬁare kiiometers
(40,000 square miles), the area can be descriﬁed as a piain, grading
from 600 to iZdO meteés in an east-west'dirgctioq.‘ This slope influences
cliﬁate and dictates the regional drainage pattern. ‘The Bow, Oldmén,
Red Deer and Battle Rivers, all part of the‘Saékatchewan drainage baéin,

comprise‘thé principle drainage system.

Bié-physical Environment

Three Vegétation formations cover southern Alberta: the Short
Grass Prairie, Mixed Grass Prairie and Aspén Parkland (Figure 1). Each
of these formations is characterized by a particular soil typé, climatic
conditions and species coﬁposition; All show distinctive changes in |

the vegetation as a result of cultural use.
Geology

Situated in the Interior Plateai 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 1s of Cretaceous and Lower Cenozoic age (Stalker, 1960). - Paleocene
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formations are found in the western portion of tﬁe-sfudy region, while
older Cretaceous rocks are exposed in the ea;tern two-thirds, with both
composed of altefﬁation sandstone and shale beds. ‘Overlaying the bedroék
is glacial debfis f*om éléistocene glaciations that eqded approximately
12,000 years age. The area is bredoﬁinantly covered with Lau?entian
glacial ice. deposits, althougﬁ the western fringe is Cordilleran
(Glendinning, 1974)} Laurentiaﬁ ice mbvemeﬁts gccgrred fromrnorth—
northeaSt torééufh—southeast with Cordilleran ice.mofiﬁgrfrém a north~
northwesterly‘diréétion; Laurentian déposits, with many oflthesé

deposits dissected by meltwater‘channelsV(Douglas, 1970).
Climate

Koeppeﬁfs_ciimatic classification s&stem rates"the‘Shoff Grass
and Mixed Grass Prairie formations as “BSk“ or mid~1atitudé sﬁeppe
climates Wﬁich are sémiarid and cool.__The Shoft Grass'frairie receives
approximately 25 to 36 cehtimetersséf precipitation anﬁﬁally with most
occurring during thé summer months (Lodge.gg_gi,'l97l). Maximum summer
temperatures occur in July and Aﬁgust, two months after‘the maximum
precipitation pé;iod (Figure 2). Late'summer temﬁeréfurés reach an
averagé maximuﬁ df:ZQ degrees centigrade and wheﬁ combined with low
precipitation, a precipitation/evaporation ration (P/E)Fof 0.4 results,
indicating a moisturé deficiency. Such deficiengies‘are“chéracteristic
of‘grasslands and p;oduce dormancy in the vegetation in late summer.

The Miked:Grass Prairie has a cl@mate‘siﬁilar to .the Short;Grass,
but precipitation is three centimeters‘greater, with éverage temperatures

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

is the result of 1ncreased elevation reducing evaporation, thus making

more moisture available for plant growth.

The Aspen Parkland has been classified as a "be" climate or a
humid contihentalfclimate 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). hnnual temperatures parallel
those experienced‘by the aforementioned vegetatidh tormations, but are
consistently‘iower year‘arouhd. This combination:of‘ihcreasedrprecip-
itation and lqwer:hean temperatures.is'responsibie forla.P/E ratio‘qf
1.0, indicating'a balance between factors (Lodge gt_al;‘l97l):

The physieal environment can modify mqieture:budgets thrpugh

variations in aspect, exposure, and soil texture. ‘North—facing aspects

receive less selar radiation due to their protected position, resulting
in less evaporatien and ihcreased avaiiahle‘moisture. . Aspen generally . .
require moister cenddtiohs than that proVided by the érassland environ- -
ment, but can suCCesefplly'colenize in mictoclimatic situations. This

is evident in many areas of the Aspen Parkland.

Winds

Wind'directdoﬁs afe eontrolled by atmospheric circulation patterns .
and pressure systeme, and play an impertant role in‘thewmovement‘of
polleh. Wind readings from Coronatlon, Calgary,‘Lethbrldge,‘ and Medicine
Hat indicate the mld—latltude storm track determines wind directions in

this region (Figure 3). Air masses moving from the Pacifie High pressure
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system eastward, down the mid-latitude storm tréck,!produce the ﬁajority
of éummer winds in the southern portion of this fégion. 'Thenmajbrity
of windé are from a westerly direction, bu? 54 and 40 percent of all ,
winds at Lethbridge and Me&icine Hat, respegtively, aré from a west to

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

portion are prlmarily from a northwesterly direction. Calgary and

Cdronation both'rgceive;40 percent of their=winds from a sector on.the-
west side of nbrth to west. . Air moving from the Polar‘High southward to

the mid-latitude storm track is an 1mportant factor in producing these

winds, with Calgary under the dlrection influence of winds mov1ng over

the Rocky Mountains.

Soils

- Soils in this region, based on thg Canadian Soils Claséificatioﬁ
sttem,rare Brown, Dark‘ﬁrown, and Black Chernozems, and correépgnd
closely to the Short Crass Prairie, Mixed Grass Prairie, and Aspen
Parkland formations, respectively. These soil'types éfe very similar

in their morphology excepﬁ the darker soils are better developed in

terms of depfh:whiéh is controlled by available moisture. Four horizons

are characteristib;of Chernozemic soils: "Ah", "Bm", "Bt" or "Btj",.
"C" and occasionally a "Cca" (Canéaa Départment of Agriculture, 1974).
An "Ah".horizon develops from the-recycling of decayed organic
matter by grasses hea: the surface of the soil. Less than 30‘percent .
of the "AR" is c;mposed of organic matter, but thisfresults in the
high nutrient a&aiiability and cation exchange capacity -that makes

these soils very -fertile. The annual Water deficiency inhibits the

t
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development of an.eluviated "Aﬁ horizon characteristic of most soils.
The underlying th"~horizon isrilluviated 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
1nversely with the pre01p1tatlon/evaporation ratio. Under maximum
conditions a caliche layer (Cca) develops beneath the "Bm" horizon

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

-a clay horizon (Bt) at the base of the 'g" horizon (Canada Department -

of Agriculture, 1974y, ' ;
Chernozem s0il 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 suitable

rmicroclimatic eituations (Moss, 1955). Podzolization results from the

moister and cooler 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 (CanadarDepartment 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

domlnant vascular plant spec1es, accounting for approximately 69 percent
of the total herb cover. Carex (9 percent) and Artemlsia (12 percent)

comprise the majority-of the remaining vegetation. . Selaginella densa,




Table 1: Plant Composition in Percent

Grassland Component of

Short Grass Prairie - Mixed Grass Prairie the Aspen Parkland

Agropyron 7 3 , 7 -

Anternaria - ' - o 7~; I o 1

Artemisia | g 12 : 7 ' -2

Aster . - ‘ - ‘ , : 'i,. - ;j ) 1 _ g
Bouteloua 52 ) : :.‘25 - d .
Carex ‘ | 9 ' 15 23

Cérastium arvense : - o - | ’ 1

Festuca scrabrella : - - - 36"

Koeleria : | 3 ‘ 7 : 7 6

Phlox hoodii 2 - " 4 -

Solidago missouriensis - ' . | - C “ 1

Stipa o o 17 ©30 12

Selaginella Aensa , 13% ) ) ‘ 15% A v i' : -%

— indicates a low percentage -‘ 7*.percenf ground'cover not peréent composition =

' Based on Coupland, 1950; Moss and Campbell, 1947.



15

a club moss, was not included in the determination'ot peteent‘cbmbosition;
the rationale being that this life form is different from the other
grassland plahts‘end‘thus uncoﬁpareble; ﬁine peteent‘of the}grqpna cover
is occupied by this species which reptesents one-third of the tqtal cover
in this region (Coupland, 1950).

§Eigg‘is a decreaser species, meaniﬁg it is elihineted'hy egnstaht

grazing, whereas Bouteloua, Koeleria, Seldginella, Phlox.and Artemisia

are increaser‘species,(Smoliak, l965§‘Lodée gt_gl., 1971); :Overgrazing
of the Short érass Prairie can result 'in the inﬁasien.of exotie weedsﬁ

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

and Compositae (Goatsbeard Gumweed, Dandelion, Canadlan Thistle)

(Wroe.gtggl., 1972).

2. Mixed Prairie

The sbecies coﬁposition of the Mixed'érass Prairie is Similat to
that of Short Grass Prairie, the dominant speeies beiné §512g rather
than Bouteloua (Table‘l). .Domestic grezing'producés a decrease in
§Eig§‘an& an increase of Bouteloua (Smoliak,‘1965).n Other responses are

similar to those seen in the Short. Grass Prairie.

3. Aspen“Parkland

The most northerly and westerly vegetatlon 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 me31c
boreal forests to the north. The Aspen Parkland formatlon can be sub~
divided into the Groveland Belt and Parkland proper; but the latter is

a more mature stage.
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The Groveland Belt is represented on the landscape by Populus
é{ggg}gi§g§ which occupies ;spects‘and depressioné where adequate
moisture is available to éustain tree growth. Grasses such asﬂFéstuca
scabrella fbrmithe matrix on dry and more exposed sites. VPrédominantly,
the matrix is composed of grasses (65 percent)‘and Carex (23 percent),
with herbs and shrubs océupying only a'smali percénﬁ of the total
‘composition:(Coupland, 1961) (Table 1). .

Populus ' tremuloides dominates the wooded and clonal areas with

secondary quantities of shrubs (Table 2). Birdl(léBO) suggesfed that
these shrubs existed prior to the estdblishment of the Populus agd

provided a suitable enviromment for succession.

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

Populus tremuloides Symphoricarpos occidentialis
Salix spp.- Elaeagnus argentea
Rosa spp. Rubus strigosus

" Galium boreale Lathyrus ochroleucus
Solidago spp. Anemone spp.

Based 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 Festuca  scabrella

grassland is domestically grazed., Mowing results in the increase of

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

Rosa, Artemisia, Carex and Lupinus (Mbss and . Campbell, 1947).

A small area located near the town of Red bear 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 Parkland proper and Groveland Belt are 31mllar in vegetatlve

compositlon, except the Parkland Proper contains a greater proportion

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

1932).

Local and Regional Vegetation

The regional vegetation Withih the vicinity of e‘lake influences
the pollen rain collected in limmic Sediments as does the local or seral
vegetation. In many situations the change from‘prarrie vegetation to
open weter is abrupt, limiting the influence of the local vegetation.
However, in the‘Aspen Parkland a much %ider band of ecotone vegetation
was observed.

The regional vegetation surrounding Twelve Mile Coulee, Chappice,
Eagle and Little Fish Lakes was similar. A rerf narrow transition .
zone (less than one meter) existed hetweeh the lake and prairie vegetatioh;

Twelve Mile Coulee and Eagle Lake possessed scattered patches of Typha

latifolia and an occasional shrub borderlng the 1ake, as did Little

Fish and Chappice. The land use consisted of grain faroing and grazing
of native grasslends; The presence of Populus’was an -additional element
in the area oﬁ Eagle Lake. The Chappice Lake vicinity was represented

by extensive areas of grassland,withzapprokimately 20 percent of the
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land use for farming. The toral quentitn of aéricultur;l land was
greater in the Fagle Lake, Little Fish Lake, and Twelve Mile Coulee
areas, although much of the area was still native graseland used for
the grazing of cattle. |

The Keiver Lake area was the most disturbed of rhe areas under
consideration. Over 90 percent of thearea surrounding the lake was
used for grain farming with very little native prairie'remaining. As
the lake is nart'of the Aspen Parkland,‘the eootone consioted of Populus
and various shrubs. | |

Red Deer, Bellshill, Gooseberryfand Lloyd'é‘Leke‘were similar
in regional vegetation and located in the Aspen Parkland or marginal
to this formation. PoEulus in the areas of Gooseberry and Bellshill
Lakes has invaded depressions and north facing aspects where adequate
moisture is available for growrh. Populus uithin these‘areas oceupiesr-
approximarelyjzo‘percent of the landscape. Moss (1932) found Salix,

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

sloughs and depre531ons 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) was‘used for farming, with
forested and native grassland occupying-the remaining aree.‘ However,
in the Red ﬁeer area wooded Poﬁumus areas uere'more predominéte and
extensive than grassland. |

In most situations, rhe local or‘eootone VegetationAis not an
important component:of the vegetation, except in tbe‘Aspen Parkland
where Populus occupies ecotone situetions and is thus an inportant

constituent.
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Settlement

Européans first entered Alberta in 1754 with the Henday expedition
‘(Warkentin, 1964). A period of exploratioﬁ an&»fur tféding existed in
the.prairie from this time until the mid-1870's (ﬁird, 19615. Although
fur trading predeinated; farming and grazing were séattered thrdughoug
the study area during thg latter part of this period (MacGregor, 1972).
These activitiés pfobably produced few.changés‘in.fhe‘"natufal" vegétatioﬁ.
However, the elimination of the bisoﬁ from 1860 to 1878 and thé development
of the Cénadiaﬁ‘Pacific Railroad in the early 1830'5; ;mi ﬁave aided
in changing the végetatign through the removal of a qaturél grézer and
by increaéed seftlemént (Nelson, 1973; Gershaw, 1956). The elimiﬁatién
‘of bison and the slow encroachment of agriculture may also have aliowed
the grasslands to develop a lqshef vegetation than would be normally
expected. ' Nelson (1973) illustrates this point,

"Many early ranchers and settlers in‘the gfasslaﬁds

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 thergrass was heavily grazed (Nelson, 1973)7-

Féilowiﬁglthe completion of the railroéd, grazing and' grain
" farming becéﬁe increasingly important (MacGregor, 1972). By 1906, the
western half of the study area had been settlea, and dgring the 1910's
agriculture advanced into the easterﬁ portion, but later declined
(MacGregor, 1972). It appears the study area by this time was largely
under the control of Européan settlers. Much of the prairie had been

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



CHAPTER III
METHODS

fhe initial problém of . the study waé‘thé colléqtiég of sediment
that contained preserved.pqllen. Only limmic sedimentsvf¥om“permanent
lakes were used. .The léngth of time the lakes under study cbﬁtinuously'
contained water may be queétiénd, but based on intéryiews with local
residents aé wéll as map and aerial photograph inte;pfetation; they_
appear to havé contained substgntial ;mounts of Waterffor at least 50
years. Additional criteria used in seleéting_sample sites was: the
depth of wafer, indications of disturbanée, and tﬁe presence of présérVedr
pollen.: Deep lakes (over niné meters) could not be cored from the
water.surface; whereas éhallow waterbodies (1ess thén_l:S meteré) were
avoided for reaséné of possible sediment disturbance. ‘Lakes containing
coarse textured sands were not used because of asgociated poor poiynomorph
ﬁreservation.

Nine lakes were selected to study the pre- aﬁd“postsettlement
vegetation pattern. A minimum of two sites Weré located within each
vegetation formation. ‘Nine lakes may appear too few to study such
patterns,‘but:it has been estimated that regionéi polleﬁ originates
within 50 to 100 kilometers of its deﬁosition site (Davis and:Goodleta
1960). This suggests large ﬁortions ofle;chlformation 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—fiVefcentimeters was the maximﬁm
penetration depth'of the sampler, aléhough much more sediment existed.
Once filled, ﬁhe cere barrel was hel& in a'vertical‘position to avoid
stratigrephic disturbance uﬁtil frozen. Freezing was:aécomplished by
-eurrounding the core barrel with dry iceﬂ(éolid COZ) Fhat froze the
sediment quickly. Freezing by dry ice appeare'to produce less .
disturbance from ice crystal formation tﬁan‘conventional freeging
methods which are much slower, and produce ice crysta}s that displace
the eediment, destroying the stratigraphy. After freezing the core

was extruded, wrapped and refrigerated.

Laboratory,Methods

Palynbmorph Preéeseing

A relafiVe'time series was prodeced b& eubsectiening individual
cores into one centimeter slices;'sta;ting“from the mud-water inperface
and proceeding down the core. These subsections were ueed as stratiﬁ
g;aphic units and provided the basis for analysis of sediment, pollen ‘H
and texture.

Processing‘of palynomorphs involved tﬁe removai of ene cubic
centimeter sample from each stratigraphic level. ;Palyﬁoﬁorphs were

then concentrafed‘by the chemical elimination of excess organic matter,



Tabie 3: Palynomorph Processiiig Procedure.

. Hot Water :
Step Chemical Time Bath Stir Centifuge RPM's
1. Potassium hydroxide 6 minutgs . X X . 4 minutes | 3800 % 5%
2. . Hydr‘oct}iorig Acid ) o > S | X 4 miputes | 3800 % 5%.
3. Hydrbfluéric Acid > X X 4 minutes | 3800 = 5%
4. Bydrochloric Acid | 10 minutes X X 4 minutes | 3800 % 5%
5. Glacial Acetic Acid L x 4 minutes 3800 * 5% )
6. Acetolyéis Solution | 60 seconds X X | 4 minutes 3890 * SZ‘
7. Glacial Acetic Acid X ‘ 4 minutes 3800 = 5%
8. Calgon Solution* | . | X 45 seconds | 2700 % 5%
9. Water and Safrain 8 o X | 4 minutes 3800 * 5%
10. Water |

(=) continued until mineral is removed

* repeated as needed.

[44
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carbonates and silicates through the use of potassium hydroxide and 7

acetolysis solution, followed by hydrochloric and hydrofluoric acid

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

that removed excess organic matter. Safrain e was,éddea as the final
step to stdin énd improve the visibility of "the individual graiﬁs and
their structure.

Céunting;slides wére prepared by placing a small quanﬁityiéf'
pqlléﬁ residueton 22 X 40 milimeter:coversiips with Eyaﬁoi,imixing 7
thoroughly?‘and;sbreading over the entire coverslip surface. Afte;
drying, coverslip was’invérted and bonded to a 25 X 100 milimeter micro-
scope slide with Lakeside 70. These slides provided the basic inform-~

ation for poilén analysis. A preset number of 400 pollen .grains and

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

very sparse levels where 200 grains were counted.
Identification of pollen and spores‘wefe 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'polleﬁ profile is a diagram indicating regibnél‘polien pér—
centages in reiationship to depth or fime. Included within the ppllenr
éounts under éoﬁsideration are local, regiohal and gxtra—regi&nal (wind
transported from long distances) pollen. $o obtain a more répresentafive
picture of fhe trﬁe végetation, local and extra-regional pollen were
excluded from the percentage cglculations (Wriéht and Patten, 1963) as

in Formula 1:
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Formula 1:

PPV = Percent Prairie Vegetation
Xj = Number of Pollen Grains for
ppv = 3 % 100. "each Prairie Pollen Type. o
‘ X : X = Total Number of Prairie Pollen -
: Grains and Spores.
j ='1, 8 or each Pollen Type.

To:illustfate other pollen‘tyﬁés, percentages were calculated on the

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

Formula 2:
PEP = Percent Extra-Regional and

Local Pollen.-

- Yj - = Number of Pollen Grains per
PEP = J- * 100. Type.

1Y = Total Number of Pollen Grains
- and Spores Counted at Each
Stratigraphic Level.

i = Each Individual Pollen Type.
The exclusion of these pollen types froﬁ the regional pollen rain can
be justified as they are not representative and obsgurerthe régional'
pollen which is more important. Extra~regional pollen sopetimes~composes
from 30 to 60 percent of the pollen counted.

Regional polien was éelected by analyzing vegetation studies
characteristic of Prairie vegetation, identifylng habitat and geographlc
ranges (Moss, 1959) (Table 4).

Absolute‘ﬁollen frequencies or‘grains pef‘éubic‘centimeter were
determined by addiﬁg a known quantity of Eucaletdslpoilen'to each

stratigraphic¢ level prior to processing (Formula 3).
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Table 4: Major Identified Pollen Types.
Extra-Regional
Regional Pollen ; and Local Pollen
Ambrosia ‘ ' Alnus
Artemisia ' - Betula
Chenopodiaceae/Amaranthaceae Monoletes
~ Cyperaceae Picea
Gramineae Pinus
Populus Salix
Taraxacum Elaeagnus
Triletes
Formula 3:
Yj = Number of Grains per Cubic
Centimeter.
LX = Total Number of Exotics
£X. ) Added. _ o
Yi = E?j % Nj ZYj = Number of Eucalyptus Counted

_ at each Stratigraphic Level.
Nj = Number of Pollen Grains Counted
per Type at Each Level.
j = Each Individual Pollen Type.
This method functions as an independent method of determining the

absolute number of pollen grains per cubic centimeter, irfespective of

other pollen types (Bonny, 1972).

Sediment Analysis

Volumetrig samples (1 E 2 cc;) for determining pércent organic
matter and carbonate content were removed frbm each stratigraphic level
and oven dried at 105° centigrade. Organic constituents qf.thé sediment
were removed by igniting the samples in a muffle furnace for one hour
ét 550° centigrade. Subsequent burning at 950° centigraﬁe for two and

a half hours resulted in the loss of carbon dioxide held chemically
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bonded to cérbonates‘ The weight loss due to carbon dioxide removal
was then multiplied hy 2.273 tq compensate.for the weight of calcium
and magnesium &hichlwere not removed by burning (Bailey 1972 énd,
personal communicatio;, Ffey 1960). | |
Non-organic constitutents of limnic sédiméntsiwérg textured for
grain size by pipette mechanical analysis (Kilner andrAieianﬁer, 1949).
Samples for mechanical analysis were prepared by extfacting_a'cpnstant
volume of sediment frém each stratigraphic level abo&é and.bélow the

settlement rise. Leveils 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.Submerging sampiés in -
hydrogen peroxide. ‘A twenty'gram dry, organic free éémﬁle was measured
and combined witﬁ ten mililitefs of 38 percent Calgon solutiongbwhich
was mixe@ thoroughly with 1000 mililitérs of distilled water in a .
measuring cylinder. ‘

The proportion of different grain'sizes was deferminéd by taking -
two 25 mililitér'samples for a liquid suspension as described by Kilner
and Alexander (1549) at present depths and time interyals: 46 seconds
%or silt and clay'(O.S - 0.002 mm in diameter) and 8 hours fdr‘clay
(less than 0.002 mm in diameter). After oven drying, the pefqent sand,
silt and clay was calcuiated by subtracting the Calgon rééidual weight
from each sample, fhe‘weight of clay from sémple one,- and dividing the
final Weight Qf;each sample by 0.005. This fracﬁion represents one
percent of the mineral mattef wheﬁ subdivided into 4d parts of the
original lOdO mililiter liquid suspenéion (i.e.'((ZO'%‘lOO) * (1000 + 25))

= 0.005).
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Statistical Methods

Cluster Analysisz

Cluster analysis is a étatistical method for grouping sets of
yariables. Ward's (1963) Error Sum of Squares ﬁethod 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 = .Z (Xi) —'% (ZXi)z

- X = the variables
= number of variables

=
|

Once sets of variables Wererpairgd, thé mean of eééh variable was used
to represent that newly fofmed group. Grouping ﬁas continued until all
sets of variableg were combined to form one cluster (Eﬁeritt,a1974).
However, unless all sets of variables are identical, the error produced
by clustering will increase as clusters are fbrmed. Vafiables that were
mathematically similar produced low quantities of error when grouped,
and clustering was stopped when the error became excéséiﬁe. fhis cut-
off point canrﬁe'evaiuated graphically by plotting fhe'g£oupings and
error; where a sharp break occurs cluétering is stopped. If the error.
does not increase sharply; ﬁhe 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

Trend surface analysis is a technique for determining the general -

direction of flow or pattern of spatially distributed variables." Threé

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

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

‘the location marked by the X and Y coordinétes. By solving for the

pafaméters,‘a, bl’ bZ’ b3, b, and b5, a fegression model (Formula 5),

4

. . . . . 2 .
a regression coefficient (r), and coefficient of determination (r")

were determined.’

Formula 5:

. ‘ 2 L 9
= +
X =a-+ blY‘+ bZZ + b3Y + baYZ , b5Z
X - Coordinate
Y - Coordinate
Z - Pollen Percentage
a - Y intercept '

b, - Slope j = 1,5

.

-Chprléy and Haggett, 1968.'

.1

. : ) ‘ ‘
The coefficients "r" and "r™ 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).

Fofmula 6:

-, .Sum of Squares Due to Regreésion*_
Sum of Squares Due to Residues*i

#,Calculated F ratio

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

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 poilen deposition
rates.  Formula 7 represents the method used for calculating the

t - statistic.

Formula 7:

sf{ szl
t - statistic = —= 4 X
n n
X Yy
2 . -
§” = variance
X = a variable
y = a variable
n =

number of variables in each set

(Freund, 1967).

To test for significance of the t - statistic, ihe number’ of
degrees of freedom (nX + ny - 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.
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CHAPTER IV
LIMNIC SEDIMENTS

’ Limnié sediments are the result of an accumulation of ;rgaﬁic

and iﬁorganic‘materials, Clastic sediments oriéinating from the action
of wind and water are the most freqﬁeﬁtly encpunfered inorganiq‘component
of sediment. Streams and runoff are frequent moveré,of clastic material
which is transpoftéd mechanically as bedload, in'saltation or in
suspension. Coarse ciastics are lost imﬁédiately when a standing Water-:
body is enteréd, but finer materials are carried until they settle‘to
the.bottom in deéper, qﬁieter waters, ' Clays are the last to settle and
are carried furfhest from the source. -Diséolved carbénatés and salts
are carried in solution ana becoﬁe‘incbrporated into the sediment when
a saturation point is reached in the solute, forcing excess quantities
to be precipitated (Krumbein aﬁd Sloss, 1963). Winds aid in the
accumulation of sediment by picking up loose minerals from the ground
surface and'carrying them directly to a lake baéiﬁ. ‘silt is the
predominant graiﬁ size moved by wind, though lesser qﬁaﬁtities of other
separates may Be‘moved. |

Organic matter is contributed té the sedimgntigﬁnually as a result
of seasonal‘plént‘cycles. The type of plants found in an adﬁatic
environment range from vascular to micro-organisms but ail eventually
become incorpopéted into the sediment..,The productivity of.a lake is
a function of available nutrients and suitable growiﬁé:cohditions.

Organic decompbsifion itself adds nutrients for additionalfplant

development (Allen and Kramer, 1972).

30
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Lake Dimensions .

Lake .size and depth varied between lake tasins (Table 5). Water
depths ranged from 1.8. to 7. 2 meters in the central portions of the 1ake
ba31ns. However, measurements were taken during early summer. and seasonal
variations may. result in fluctuating depths. Surface drainage which
maintains the water level is restrlcted to 1ocal surface runoff except

elve 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
misconceptlon. by volume, organic matter would represent between 10
and 15 times its weight. In many samples, the organic component was
fine algal metter that forﬁed a matrix around minerals whioh,predominated
in most sediments. Twelve Mile Coulee and Lloyd's Lake nere exceptions
to this general statement. These two lakes contained abundant multi-
cellular aquatic plants that were well represented in'the sediment.
Reducing conditions, repreSented ty dark bluish - biack sediments which
oxidized to a grayish color, suggest that the preservation of organic
matter was high due to a limited oxygen suoply.

The quantity of organic matter present in the éediment has

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

. Vegetation Formation

Area in Square

Water Depth

Lake Location Based on Moss, 1955. Kilometers in Meters
Bellshill - .52°36"'N Groveland Belt of the “2.2 1.8
: .o lll°33'W Aspen Parkland :

Chappice 50°10'N Short Grass Prairie 1.4 2.7
110°23'w ) )

Eagle 51°00'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 2.6
110°45'W ’

Keiver - 51°42'N Marginal Mixed Grass 0.7 1.8
113°34'w and Aspen Parkland

‘ - ‘Groveland Belt

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°10'W - :

Red Deer - .52°%44'N Aépen 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. - ‘ . . -

ze.



Table 6: Percent Limnic Sediment Composition and Changes Since Settlement

VCarbonate Content Organic Content-. ' . . o . Grain Size
Pre- Post -z Change Pre- Pogt % Change ‘ Pre-~ Post % Change Pre- " Post % Change - Pre- Post Z Change
- Aspen Parkland
Bellshill Lake 2.00 1.08 ~46 0.65 0.54 -17 65.7 39.0 -28.5 16.5 45.3  +28.5 6.0 15.7 -0.3
Eagle Lake 1.30 0.8 ~34 0.33 0.44 w3 | 73.0 47.6 =25.4 16.9 37.3 +20.4 10.1 15.0 +.9
Keiver Lake .20 0.47 -61 0.45 0.29 -36 42.5 22.8 - -19.7 27.9 59.2 +31.3 29.5 18.0 -11.5
Lloyd's Lake 2.10 120 ~43 1.10 0.73 ° -34 12.1 12.3 +0.2 67.6 65.9 - 1.7 20.3 218  +1.5
Red Deer Lake 2.00  1.30 -38 0.30 0.24 =20 19.1 31.5 12.4 70.1 52.4 -17.7 10.8 16.1 +5.3
Mixed Grass Prairie
Gcoseber:'ry Lake Confused by salt Confused by salt 2.0 7 8.4 + 6.4 61.9 36.2‘ ' ~25.7 *36.1 55.4 +19.3
Litcle Fish Lake 0.06 0.03 -  -50 0.37 0.32 -14 51.0 63.0 +12.0 36.1 2.3 -11.8. 12.8 12.7 - 0.1
Short Grass Prairie ‘ N
Chappice Lake i 195 1.08 © -39 0.82 0.65. ~21 75.3 81.7 + 6.4 10.0 4.5 5.5 14.8 13.8 - 1.0
Twelve Hile Coulee [ 0.50  0.18 ° ~7.5 '0.67 ° 0.62 -8 © 99.9 31.2 - + 1.3 18.7 55.1 436.4 51.4 13.6 -37.8
+ = dindicates a decrease in volume - Percent change i;n Grain Size was determined by subtracting Postsettlement from
+ indicates an increase in volume . Presettlement Percentage.
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explain thisldécline: an_increasea inorganic sedimentation rate, and a
constant rate of organic production; an increased inorganic input but

with a much higher rate of sedimentation‘of inorganiés; or the.fate~9f
organic proaucfion has decreased while the inorganic inpdt has rémained

similar. The second possibility seems the most plausible. Eagle Lake

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

It may represent an increased. rate ofjorganic inp@t, although.the

inorganic input may be higﬁer than in presettlement times as well.
Carbonates,

Thélquantity of carbona;es preéent in‘fhe limnie sediment hag
decreased sincg settlement (Table'65. Carbonates aré.éigﬁificant in
the nutrient cycle of aquatic plants aﬁd represent‘one of the easier to
measuré nutrients (Carpenter, 1928). This compound is poorly represented
within the sediment, composing a maximum presettlement content of two
percent by weight. Other'studigs in the eastern Unitéd States show
limnic sediments have a carbonate contént of 20 to 30 percent (Fast
and Wetzel, 1974; Murray; 1956). The low quantity in Alberta may be
the result of less of‘soluéion action due to reduced precipitation. A
decline in cérbonatés is evident in all lakes under study, with carbonate

content following the same pattern.of decrease as organic matter.
Clastic Content

Marked changes have occurred in the texture of limnic sediments,
although fhis has not affected the total quantity present. All nine

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

Mixed Prairie Lakes, Little Fish“and Gooseberry show increases
in sand since settlement (Table 6). This iﬁcrease‘may bé associated
with sparser vegetation which would allow increaséd runoff. Goosébérry
Lake.may follow more closely the trends of Littie Fish Lake, but the |
pipette results‘are influenced by a high salt content in the sediment.

The thrlakes within the Short Gr;ss Prairie, Chappice'and Tﬁelve'
Mile Coulee, exﬁiﬁit increases in medium and coarsef éraiﬁ sizes since
settlement. Presettlement sediﬁents in Twelve Mile Coulee contained
5l‘percent:clay, whereas postsettlement containeé only 14 percent. The
higher presettlement clay content originated from suspended stream load
carried by Twelve Miie Creek, but with setflemgnt andnthe'devélopmenﬁ
of an irrigation system that empties dinto Twelve Mile Qoulee, the sizé
of materia1'deposited incfeaéed. Post;ettlement sediments_;re comédsed
of silts and lesser éqantities of sand. | 7

Bellshill, Keiver and Eagle Lakes, all located in the Gro#elandu
Belt of the Aspen Pérkland, show increéses in the Silt‘content rénging
up to thirty percent higher than that in presettlement sediments (Table 6).
A change frém:Water to wind‘erosion, a?sociaﬁed with the breaking of land
aﬁé the resulting increased minefal exposure, may account for tﬁis‘change.
Silt showed the‘grgatest increase and is ghe most fre&uent‘separate j
carried by wind tPecsi, 1968).

,Both Red Deer and Lloyd's Lakes have had an incréaée in sand
and clay since‘éettlement began. Prior to settlement, these areas
possessed appréximatély 55 percent silg, indicating water e?osion has

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

Evidence that indicates:an increaéed sedimentation fa;e‘since
settlement is va¥ied. If.a éonstant rate of éollen production and
deposition existed in the study area, changes in the number qf grains
pef cubic centimeter should indicate changes in the sedimenta;ion raté.
All the lakes within the Aspen Parkland; except'Llof&'s Lake, show

statistically significant decreases. in the number of pollen grains per

_cubic centimeter. This indicates an increased sedimentation rate.

This change in sedimentétion rate is illustrated by the‘pollen depséition
rates of«KeiQér and Red ﬁeer Lakes (Figure‘4). . Sedimentation rates of
lakes in the Mixed and Short Grass Prairie may have aisorchaﬁged, but
nbt substantially. The sedimentation rates of Red Deer and Keive¥ Lakes
appear to ha&e increased by 100 to 156 percent, whereas Bellshill and
Eagle Lakes have only increased by 35 énd 15 percent, respectively.‘
These different rates of increase may be directly relatea to the
quantity of exposed minéral surface wi£hin each area.

| Changes in the deposition rate and moderof‘sedimént transportz
have also produced proportional decrease in the carbonate and organic
components. For example, the carbonate content of postsettlement
sediments has decreased by half as the'fesult 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 accurate

dating.
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CHAPTER V
" EXTRA-REGIONAIL POLLEN

Wind transported pollen is a common phenomenon and essential for

palynologlcal studies, but when carried beyond the area that it represents,

problems are created This is referred to in this paper as extra- .
regional and can be defined as Wlnd transported pollen origlnating out-
side the expected source’ region. The problems created are -those of
interpretating the pollen spectrnm and:vegetation; however, if pollen
were not transported b& wind, pollen sequences would-be-very limited.

Few studles have been directed toward the examination of extra-
regional pollen or its carrying d1stance.‘ Durlng the early 1900'
European workers showed that certain pollen types .were capable of being
carried long distances (Faegri and Iversonm, 1966); Recently, McAndrews
and Wright (1969)‘analyzed*pollen samples collected along 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 (19675; 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 spec1es are not normally found in these regions ‘it indicates
pollen can be transported long distances. However, Andersen (1967) p
found the ﬁajorityuof deciduous tree pollen was restrieted to the
local forest. | | |

© A better knowledge of the distance travelled by extra-regional

pollen and the volume carried may aid in producing a clearer picture

38
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of fossil poilen spectra. An attempt was made to descriﬁe or model the
‘ extra—regioﬁal pollen rain by trend surface analysis (See Chapter‘III).
This analysig proved not“to be statistically significant as a result of
too few sgﬁplé‘sifés. However, a deécripéion ofxfﬁe resuitS'is apfropriéte ]

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

Extra—regional Pollen Types

Extra-regional pollen is usually pro@uced by ;néméphilous
pollinators Wﬁich ?ransfer pollen 5y wind, as oppoééd,£o entomphilous
péllinatoré wﬁich';re dependent on inseéts and heﬁce 1éss coﬁmdn;y
transported iong distances by wind. ‘Anemophilous pollinators-are
characteristicaily“prolific pollen producers With.gfaiﬁé:adapted'to
Wind transfer. ‘

The lakes under consideration contained from 40 to 80 percent

extra-regional pollen. Pinus, Piceaxand Betula were Fhe major
contributorsjwitﬁ Pinus dominating 6ver the others in vblumé deposited.
Thése three ﬁollen types should be accurately represenﬁéd spatially due
to similar sediment types and good preservation'qualitiéé (Faegri and
IVerson, 1966y. | | |

Pinus, Picea and Betula compoée&, respectively, a maximum of

seventy, nine and three percent of the extra-regiondl pollen in surface
samples. All three species tend to decrease as they mo&e out from their
sources. Source directions, in relationship to the study area, are

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

(glauca and engleﬁannii) appears to decrease at a rate 6f 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,f
with a fallout rate of approximately 10 percent of its!Volume‘per hundred

kilometers. The significance of theése 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 éerbent . 100 _
Carrying Rate in Percent Kilometets

Pdtential Carrying Distance =

Thus, Picea, Betuia and Pinus shoﬁld be carried a minimum distance of
300 to 400, 400 to 500, and 1000 kilometers, respectively. Figure 5
graphiéally illustrate; the .carrying distancéé of these three types,
based onidistance and rate of loss. fhe graph assumes' the relatiénship‘
between‘thesé‘Qariabies is linear, although it is'érobably 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

i

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 consistent w;thin this study, and may be the
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Figure 5. Potential Pollen Carryin_g Rates.
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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 Bellshill.to Gbosébeﬁry Lake was

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

previously suggésted carrying rate of Picea.. Figure 6c iilustrateg

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

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

25 percent per hundredzkilqmeters. However, a transect from Lloyd‘s

Lake east to Eagle and Little Fish Lakes shows:é decreasing rate for

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

similar to the predicted fate (Figure 6d). Pinus shows various fallout
rates (Figure 6a and b). A transect from Lloyd's Lake to‘Eagie Lake
has a giggg_décreése of 86 percent per hundred kiiomeﬁeis, wheféas a
transect from Keiver Laké to Little Fish and Twelvé Mile Coulee has a |
20 percent deérease. Although vériabie; fhe fallout rates do indicate
a curvilinear rate’ of decrease. |

Two pr;blemé are evident in the study of extra—fegioﬁal polleq.
First, a large spatial data base is neede@ to producé éq adequate piéture,
of the distribution of extra-regional pollen; Sgéondiy; a method for
measuring the percentage of extra—regionél pollen is néédéd because
the pollen'producfivity of the local and ‘regional vegetétion can
influence the percentage of extra-regional pollen coﬁn;ed. For exémple,
a highly productive regional vegetation would contain fewer extra-
regional elements than a low polien—broducing vegétapioﬂ, if a goﬁstant

i
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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<extraﬁregiona1 pollen foﬁnd in the pbllen profile over time.



CHAPTER VI
VEGETATION AND POLLEN STRATIGRAPHY

The ideqtifiqation of vegetation ét particularfsites over timé
has been employéd by‘palynélogists and paleoééplogisﬁéjfor many-ygaré;,
but the identification of the spatial distribution of végetation only
started in the sixties. tA few palynologists (Davis and Goédlet 1960{
Lichti-Federovich 1965 and Rifchie 1963, Bright 1966; Mott 1969,
Janssen 1966 . and Webb 1973a,b,c) have attempted to relate éolien rains
to vegetation distribution patterns. :Most of their resﬁlté indicate
é general relationship between these variables. VHoweQer, if pgllen‘f
stratigraphy is to be used for the interpretation of prehistoric plapt
distributions and chéngeé, pollen should clearly differeﬁtiate Vegetatioﬂ
types. Recently, Webb (1973a,b,c) has shown vegetation formations can
be statistidally‘separated‘and,has attempted to use this principlé to

study changes in the vegetation resulting from European settlement.

Identification of the Settlement Boundary

To study Fhe presettlement vegeﬁatiOn using pollen spectra, a
settlement boundary must be located. The,location of the. pre- ané “
postsettlemeht‘vegeﬁation boundary wasaﬁésed on changééjin the.pollen
de?osition rate andipollen percentages that gene£a11§ éoiﬁcided with
changeé in the texture of dlastic sediments and carbongtg and organic

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

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

identified. ' Being entomphilbus, the occurrence of its polleh is under

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

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

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

more abundant”iu areas of disturbance, and Selaginelld -demsa and Artemisia
increase as‘arresult of grazing. Changes inﬁthe'aosolutenpollen frequency
were not considered dlrect response by the vegetation‘but possibly the
result of an increaed sedimentation rate (See Chapter IV);

The'pre—‘and'postsettlement boundary was based on no:srngle factor.
Lloyd's, Bellshill, Keiver and Eagle LakeS‘ﬁere marked by the appearance
of Taraxacum_(Figure 7). Anorher change included the snarp increase in
Cheno/Ams at Lloyd's and Keiver Lakes. This increase‘was interpreted
as an increase in disturbance. Keiver Lake also showed a corresponding
decrease in the aosolute pollen frequency_after settlement. .Eagle Lake‘
is an exception to rhe increase in Cheno/Ams, showing instead a
consistantly lower percentage after settlement.

Little Flsh, Twelve Mile Coulee, Gooseberry and Chappice Lakes
demonstrated 31mllar changes at the time of settlement._ All showed
increases in Cheno/Am pollen. Chappice exhibited a decrease in Artemisia,
whereas Twelve Mile Coulee, Little Fish, and Gooseberr§ Lakes increased.
The absolutelpollen frequency decreased in GooseBerry Lake after settle—

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

“dated using Taraxacum as an index pollen (Figure 7).._Changes Wifhin the

pollen profile of Red Deer Lake were not' as. distinct as those found in
other lakes. A general increase.in Cheno/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 the expansion or
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reduction of plants in response to settlement.

-Pollen Identification of Present Vegetation Formations

Medern veéetatioa formations in southern Alberta can beaidentified
from pollen percentage by‘using‘surface samples (0,-'1’eentimeter levels
in sediment cores). Ward's Error Sum of Squares Methodaof Cluster
Analysis was used to identify each formationﬂ'(Wishart,r1968)T Cluster
Analeis has the advaatage of grouping comparable sets of variables‘
(pollen percentaées) in a SFep—by—step fashion:unpil all lake sites are
grouped ;o,foﬁm one‘clﬁster.(Everitt, 1974). Clustering er grouping was
stopped when fhe error incurred became exceesive~or a discontinuity
occurred in the quaﬁtit§ ofeerro% resulting from groﬁping.‘

Figure -8a represents the successiQe groups developed by cluster
analysis; Figure 8b illustrates graphically the efror,resulting from the
fusing of similaf lakes. Clustering was stopped after the fifth step due

to the change from a low two dlgit 1ncrement increase to a- three dlglt

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

occurring to the left of the break in_slope‘willAprovide 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 cloéely to the Vegetational

boundaries drawn by Moss (1955) and modified by Bird (unpubllshed data)

The variables included were con51dered representatlve 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 Aspen Parkland, ;nd‘4) the Aspeﬁ 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/Ams (15 pércent), Gramineée
(20 to 25 percent), and Selaginella (20 to 30 percent)Aare the predéminént

pdllen‘types; with secondary quéntitiesnof Ambrosia -and C&peracege.

'(Theée figures were obtained following the removal of extra-regional

pollen from the prairie pollen spectra).r These pollen typesrand quantities
are similar to those obtained by Mott (1969) in a study of the palynology
of Saskatchewan. However, Mott did not consider or recbgnize the pre~

dominance of Selaginella densa. Selaginella spores appear to be an

excellent indiéator of Short Gfass Prairie when occurring in high
percentages. These percentages of paiynomorphs and pe?éent vegetation -
composition are not propo£tiona1. For example, Gramineae and Artemisia
are under représeﬁted approximateiy three'times,lwheréaS'Selaginella
is under #eprgsénted by four times based on the vegeggtion:comppsition
(Table 1). | |

The Mixed Grass Prairie pollep éompo§ition ié éimilér to.that of
the Short Grass except Artemisia is twice as abundant, Gramineae is
slightly higher in percentage,and Selagiﬁella is undér fgpreéented
approximately ten timeé.r The higher cgmposition.pf Arteﬁiéia pollen

relative to the actual vegetation composition indicates a very high



Table 7: Pre- and Postsettlement Pollen Percentages

AMBROSTA | ARTEMISTA CHENO/AM CYPERACEAR (CRAMINEAE  POPULUS | SELAGINELLA ~  TARAXACUM
. Pre- 'fosc Pre- Post ) Pre- Po.at: ' Pre- Post  Pre= Post ’ Pre- Postv Pre- Post Pre:- . Post
Aspen Parkland ‘

" Bellshill Lake ©2.8 3.2 32,4 31.7 1.1 12.7 12,0 21.4 35.2  26.2 0.0 1.6 6.5 - 2.4 0.0. .0.8
Eagle iak:a 1.7 1.7 30.8 33.1 23.9 17.4 0.0 . 4.5 41.0 34ﬂ.3 0.0 _7.3 T 2.6 1.1 0.0 O.é
Keiver Lake 3.4 1.0 15.3  29.4 5.1 20.6 - 18.6 14.3 49.2  31.& 0.0 1.0 8.5 1.0 0.0 1.0
Lloyd's Lake . 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
Red Deer Lake “ .15 1.6 °33.8 15.6 6.9 115 6.2  13.1 44.6 43.4 1.5 6.6 5.4 3.3 0.0 0.0

. - . Mixed Grass Prairie -
Gooseberry Lake 0.9 2.8 59.3 45.4 ' 2.7 7:4 8.8 9..3 T21.2  23.1 0.0 . 0.0 7.1 11.1 0.0 0.9
Little E::Lsh.l.ake 2.4 0.0 51.8 54.1 4.8 15.6 10.8 3.0 24.1 V 24.9‘ 0.0 0.0 6.0 T 3.0 . 0.0 0.0
Short Grass Prai;:ie

. Chappice Lake _- 2.7 . 1.9 27.4 311 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 COuleer 3.4 - 1.8 14.2 25‘.6_ ' 2.8 13.0 13.6 6.7 &9 22,4 ’ 0.0_- 0‘.0 21.0 30.5 O:OV c.o
Pre-~ presettlement Pollen Percentagéé Post - Pc.ast:.aettlement: Pollen Per;cenéages (Surface Samples)“

1¢s
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degree of disturbance from grazing and agriculture. The slight increase.
in Gramineae may be the result oflmore pollen—productine grasses replacing
native species. The ‘sharp drop in the composition of‘éelaginella 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 confirned by absolute pollen frequencies at_TwelvehMile Coulee
and Little Fish Lake. |

The Groveland Belt of the Aspen Parkland is composed of Gramineae:
(25 to 35 percent) Artemisia (30 percent), Cheno/Ams (10 to 20 percent),
Cyperaceae (5 to 20 percent), and Populus 0 - 10 percent) pollen
(Table 7). The maJor differences between the Mixed Prairie and Groveland
Belt are the thirty percent decrease in Artemisia, -the slightly higher

Gramineae composition, and the more abundant Populus and Taraxacum.

Populus seems to demarcate the Aspen Parkland, although the quantity

of pollen is nnder represented.

| The presettlement Aspen farkland proper was identified as .existing
in the area of Red Deer Lake. and Lloyd's Lake (Figurer9, Table 7)F The
vegetation compos1t10n is marked by higher Gramineae and lower Artemisia
pollen values. The presettlement Groveland Belt, now the Aspen Parkland
proper, contained Populus pollen percentages comparable to the modern
Groveland Belt pollen spectra, althoughrunder represented in both time
periods. lhis'rednctionlmay be the result of poor Popnlus preservation
during early staées of deposition. f

Sangster and Dale (1961, 1964), Ritchie (1963),‘Lichti—FederoVich

(l§65), and Havinga (1967) hane 'show Populus pollen isfdestroyed in the
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sediment by oxidation and microbial activities du;iné the ea;ly stages
ofrdeposit}onv However, the degrée of Populus presgfvation after it
becomes incorporated into the sediment is unknown. Lichti«Fe&erqvich
(1970) identified a Popﬁlus maxiﬁum (60 percent) appéoxiﬁatélyril,460
years agé in Lofty Lake. If Populus were not preset#ed»after beéoming .
invorpéfated into the sediment, this‘maximum‘probably:%pﬁld not have
been identified. Most of the sediments uﬁdér éfudy shéﬁﬂevidencekof]e
reducing condifioné, éuggesting minimal.oxidation and‘ﬁichbial acfi&itf
with maximum Pdpﬁ1us preservation, after it is incorporafed into the
sediﬁent. In éddition, moét lakes under study'witﬂin the Aspen farkland

contained sédimeﬁts Cushing (1967) considered best for_the pr§serVation

of pollen.

It is evident from tﬁe preceeding discussion tﬁéﬁ’different
vegetation: formations can be éeéafatéd by using pollen analysis, ;ﬁd
their geographic distribution confirmed, so loné aé the true regional
pollen spectfum iérrepresentgd,A Apﬁlying the techhique§ used with
modern vegefation'and pollen specéra to presettlement foésil ﬁollen

should simulate the presettlement vegetation with reliéble results.

Pollen‘Identification_ég Presettlement Vegétation Chaﬁges-

Changes in Vegetation Composition

Gramineée or grasses show fluctuating pollen.perCentages
throughout their‘ﬁrofiles (Figure 10). Actual changes in the prairie
vegetation are confusgd by varyiﬁg responses to grazing‘éndrby cultural

grasses realacing 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 ?ercent decrease

in the Gramineae composition.
In contrast Chenopodiaceae/Amaranthaceae'havg increased since
settlement (Figure 11). Occurring oﬁly“in disturbed'éfeas;'fhese plants

have increased up to four times their presettlement composition., Prior

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

frequency and grain diameter observations show an increase in introdﬁced
species has occurred rather than an increase in native‘speciés. One
exception to an increase in Cheno/Am is Eagié‘Lake, which possessed a
higher'thén normallcounf prior to settlement and decfeaégd only slightly

after settlement. If Cheno/Ams are indicators of“disturbance, then the

.area of Eagle Laké was highly disturbed prior to séttlement. Such

disturbance could have been created by bison.

Artemisia frigida was an important herb in the presettlement

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

settlement,'Aftemiéia absinthium{ A, cana, A. frigidé and.- others have
increased in the.Aspen farkland énd Short Grass Praifie but decreased
in the Mixed ?fairié (Figure 12),‘ Artemisia tends to iﬁcreasé with
grazing. Theréfore, the reason for its decrease in‘ﬁhe“Mixed Prairie
is not clear; poésibly-the plant is being destroyed by‘farming. The
greatest qﬁantity of Artemisia pollen ogcurs‘in the Mixed Erairie,
although the greatéét vegetative composition Qccursfinithe-Short Grass
Prairie. Ihis ﬁay iﬂdicate Artemisia is better suifedfto fhe Mixed
Grass Prairie énvironment and flowers more frequently than in the

Short Grass Praifie.
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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 similatr

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

a more intense uéé of the grassland areas since.seftlement,

All lakes except Keiver.and Bel}shill Lake éhéw an overéll decrease
in Cyperaceae pollen since settlement (figure 14). Thé reason for‘tﬁié
change is not obviéué. The reduction could be due_to dis£urbanc; of the
plant's habitat, whi1e the increaées at Keiver and Beliéhill ﬂakes may
be the expansion of wetlands. |

Ambrosia composed only a small percent of thé regional pollen
rain in presettlement times and appeafs to have changed‘little in
cpmpositian after seﬁtlément (Figure 15). This iska.compiete reversal
of observations in'eastern Canada and the United States where Ambrasia
increaées abruptly as a result of forest ciearance and settlement
(McAndrews 1968, Webb i973a,b,c). The absence of change in Ambrosia
after settiemenf may ﬁe the result of Alberta's drj climate not providing'
an adequate moisture regimé for its expansion. |

Populus has gradually increased since settlement in the northern

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

Populus. Populus is an important componént at Red Déer, Lloyd's, Keiver,
Bellshill ,aﬁd 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 6ccurrence of Populus just after
settlement. This is interpreted as Populus growing along the. Bow River

and local tributaries.
Changes in Vegetation Formation

Presettiémént vegetation formationsrwefe ideﬁgifigd‘frbm pollen
samples takenjdirectly below thessettlementrboqndary."Identical'
clustering pyocedu;es were employed to idéntify presett}eﬁent vegetation
formations as in tﬁe study of postsettlement formatiqns; However, qﬁly

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

Ambrosia, Artemiéia, Cheno/Ams, Cyperaceae, Graﬁineaeg‘PoEulus‘and .

Selaginélla.‘ Taraxacum, an introduced gpecies, was excluded from the
anélysis. The various groupé formed by cluster‘analyéis are represented

* in Figure 17a and the resulfing error is illustrated in Figure 17b.
Clustering was étoﬁped after the fifth grouping due tg severe ‘increases
in error. These clusters are sp?tially represepted in Figure’8; However,
the boundaries between each grouping should not:be coﬁsidered fixed as
they were subjectively deterﬁined.

Prior to settlement, the vegetation“withinwthe study area consisted
of four vegetation;formations: 1) the Short Grasg Prairie,-?) the Mixed
Grass Prairie: 3) the Fescue Grassland, and'4)'therGrovéiand Bélt'of
.the‘Aspen Parkland. - The first most 6bvious change is.thé inclusioﬁ of
a Fescue Grasslénd which wds not identified in the @odern vegetation.

The.Fescue Grassland does exist in'the moaern~ﬁegetation, but only
as a component of the Aspen Parkland.’ ThevAspen Paﬁklénd proper was not

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

At présent, fhe Short Grass Prairie,occupigs—the southern quarter
of the study area. In presettlement times it consisﬁed‘of an area
approximately one-third its present size, based on the‘Twelve Mile Coulee
sample (Figure é).' The expansion moved in a northwesterly direction at -

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

characterized by‘én increase in Artemisia and Selaginella with a.decrease
in the Graminede 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,‘althoughr
Populus may be enéroaching. The presettleﬁent Mixed Grass Prairie was
similar in compositién to. the modern version but con£ained'fewer Cheno/
Anms, |

The Fescue Grassland, located north of the Mixed Prairie in
presettlement ﬁime, is represented today by the grassland component of
the Groveland Belt‘of the Aspen Parkland. 'The-largest change in the
vegetation was'thé‘migration of éopulus into the area after settlement.
Other changes inclﬁded an increase in Artemisia and Cheno/Ams and a
decrease in Gramineae and Selaginellé, Other.changes that bcgurreﬂ in
the Fescue Graésland include& a décrease of Artemisia aﬁd an increase
of Cheno/Ams and Cyperaceae;

The presettlement Groveland Belt occupiéd 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 identifjing ﬁhis region

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

severe problem (Figure 16). The gradual increase ianoEulus pollen

illustrates a continueal increase in the frequency of PoEulﬁs'trees

ﬁithin thé area.

Eagleliake ié an unusual casé in both pre- and postsettlemeﬁt‘
periods with respect to the general arc pat;ern of the vegetation
formations (Figure‘9). The_Eagle L;ke area was'classified by the author
(uéing pollen analysis) as Grovelané in pre—'and'pqstéettlement times,
although Moss (1955) and Bird (unpublished data) classified the area
as Mixed Prairie. TFigure 8'illﬁstrates‘the strong'staﬁistical relation-

éhip-which exists between Eagle Lake and other Aspen Parkland pollen

. spectrums.

Major Factors Influencing Végetation Change

European settlement appears to have had a major effect on the
vegetation of southern Alberta. Fire control, elimination of the bison,
graziﬁg and agficuiture were the bas;c,féctors which modified vegetétion.

Distufbance éppears to have increased and has rgéulted in changes
in vegetation‘gbﬁposition and formation. Weed species such as Taraxacum
and Cheno/Ams ihéréased as a result of this greater.disturbance since

settlement. Wébb (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 aréa is mucﬁ mére intensively
grazed than it was before settlemeﬁt. Chappice Laké, the'only sampling
site in thecﬁresettlemént Short‘Grass Prairie, dgcreaéed in Sélaginella,
suggesting less.graéing pressure exists hére.: Tﬁis'cdmpietely.contfadicté,
Watts (1969) who states that the Short Grass Prairie has:been "radically
altered by present day grazing" through modification of the végetafion
composition. |

| A large areal expansion qf the Short Gfass Prairie at the éxpénse
of the Mixed“Grasé Prairie was inﬁerpreted in the s&utﬁe;stern portion
of the stﬁdy aréa. It is hypothesized to- have occurred due to frop

Mixed Grass to‘Short Grass Prairie and was characterized by a decfease

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

of which are in@icatérs of increased grazing pressure. Overgrazing
may have allowed the expaﬁsion of what.appeags to be a Short Grass
"type'"; however, if 1ef£ undisturbed for a perioq of time, tbe area
may revert to éhe original Mixed Grass Prairie. | |

The coﬁcept éf more intense grazing in modefh timeé is in contrast
to that of Nelson (1973); who contends that the bison ''grazed the grass
very heavily" and Pailiser's (1863) description of thg grass as heavily
grazed. England and de Vos (1969) speculate that ovefgfazing was only
a localized phenoﬁenon. Such épeéulation seems to be more probable than
widespread overgrazing. The Eagle Lake site may be'fepresentativé of
such 1ocalized disturbance prior to settlement. The presettlement Cheno/
Am pollen céntent of 24 percent decreased.onlykslightif dfter settlemeﬁt,
indicating sevére disturbance prior to'settlement, possibly by bison.

The greatest and most obvious change in the vegetation after

s
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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 firelcontrol.which allowed Populus to {nVaée areas of
uﬁdulatiﬁg toéograghy fhat provided moist microclimatic conditions.

Fire is believed fo have been an integral par£ of maigfaininé the
interface between the grassland aﬁd Popuiu; invésion”érior tolsettlément
(Bird, 1961). It does not appear that élimatic fluctuation;'t; moister .
conditions have:resulted in tﬁe migration of Populus éé Moss (1932), and
Moss and Camﬁbell'(l947) have suggesﬁed. If this wefé phe siéﬁation, |
tﬁe Short Grass Prairie probably would not have shifted northwardrand -

expanded. Other than‘the invasion of Pbgulus, only decreases in

Artemisia and increases in Cheno/Ams have occurred in the Fescue Grassland

Formation since settlement (Table 7).



CHAPTER VII
SUMMARY

THis‘stugy!was conducted in an effoft to 4e£érminé fhe effects
of European settlement on the native vegetation of southern Alberta.
The changes observed were varied and consisted of  floristic and“ir
envifonmental‘chéngés. The study area was composed éfzthreerﬁajor
vegetational formations: 1).the Short Grass Prairie,'Z) the M;xed Grass
Prairie, .and 3).the Groveland Belt of ‘the Aspen Parklaﬁd with a small
area of Aépen Parkland pﬁopéf in the Red beer Lakexarea; In addition,
extra~regional pollen and limnic sediments were stp&ied. Limnic
sediments provided evidence that indicates cﬁanges in erosion raées

and increased sedimentation rates while extra-regional pollen analysis

indicated the potentialrtravelling distance of ﬁetulé, Picea and Pinus.
The study of limnic sediment composition and grain sizes indicates‘

changes have occurred in thé erosion rate and sqbseduently influeﬁcéd

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

were composed of a ﬁinimum of 97 percent clastic ﬁaterial, 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:aﬁprqximately 20 percent in organic maftéf and 40 percent
in carbonate content. The only exception to a decreésed organic content
was Eagle Lake which increasgd in orgénic productiéity.‘

Changes in grain size We£e also observed. The Mixed Gfass Prairié,
Short Grass Prairie and-Aspén‘Parkland‘propér show indréases in sand

content associated with increased runoff from agriculturél land breaking,’

70
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and sparser vegetation which ie the result of increased érazing pPressure.
The Groveland Belt of the Aspen Parkland has sho&n a chenge from sandy
to silty lake sedimente and an increased sedimeﬁtatiog rate. These
changes are thought to be caused by increased wind erqsion‘related to

the high ineidence of exposed mineral matter following the bfeaking-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; hewever, a

much larger data base is needed to develop accurate generalizationms.

The data indicates Betula and Picea could be carried 3b0 to 400 and 400

"to 500 kilometers, whereas Pinus could be. transported by wind 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 tlmes its presettlement size,
resultlng in the reduction of the area occupled by the Mixed Grass
Prairie; It is hypothesized.that this expansion was caused by increased
grazing pressure. The second major shift neted wae the migration of
the Groveland Belt of the Aspen Parklend south and eastward into the
area formerly oEcupied by the FescuerGrassland{ The data indicates
this migratien was not climatically‘iﬁduced;,but pessibly the result of
fire control eombined with the existence of available ‘moist sites. If
the expansion 6f the GrovelandrBelt were the resulf of'ﬁoister:coﬁditions,
the Short Crass'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 grazihg since settlement. The
present day Groveland Belt was formerly FescuerGrasslahd? 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 decreasé occurred. The
major change was in‘species composition, an exchange: of native grasses
for cultural grasses. The introduction of weeds éuch as Taraxacum
officinale and members of the Cheﬁo/Ams have also cbqtributed to changes
iﬁ the vegetation composition. 7

Palynologically, this study has confirmed the idea that modern
and past vegetation formations can be identified by_reéional pollen rains,
although the e#tra«regional pollen must be‘removed‘from‘fhe polien
spectrum, The removal of extra-regional pollen provides a much clearer
picture of changes within the prairie vegetation.r Cluster analysisfwas
found to be an éxcellent tool for the geparation‘and identification of
formations éndrévoided the problem of multicollinéarit§ common with
principle componént andrfactor analysis (Webb, l973b); |

Settlement can be identified in the prairie pblleﬁ 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 Selaginella

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 southérn Alberta minimized the number‘éf

-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 difficultj of separation; and 3):accurate
dating of sediments was not possiﬁle fof technical and financial reasons.
A mare intense pattern of sampling may allow a more detailed
picture of vegetational changes such as thé migration of the Aspen
Parkland aﬁd the expansion of the Short Grass P;airie. In addition,
refined identifiéation of pollen types may provide a more.detailed idea
of the actual-spécies,changes. The lack of accurate &ating methods 7
willhaiways bring the identification of the settleﬁent béundary énd
sedimentation ?ates into question. The results from the analysis of
extra—regionai pollen were limited because of the lack of an adeéuate
data base. Also, a ﬁethod for accurately determiniﬁg the quantity of
extraéregionél‘pollen must be developed before precise analyéis of

extra-regional pollen from sediments is possible.
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