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ABSTRACT

To provide a basis for Èhe interpretation of 1ate-

Pleístocene fossil data, pollen spectra v/ere tabulated from

72 sites in the forest-grassland transitlon of Manitoba.

The area under study was divided into B landform-vegetatJ-on

zones¡ f. Main Boreal Forest (with upland and lowland sub-

groups)l II, Southern Borea1 Forest, primaríIy on uplands¡

rrr, Decíduous Forest on uptrands¡ rv. Deciduous Forest on

lowlands and arruvium¡ v. Aspen parkland on tíll pIaíns arrd

lacustrine deposits; VI, Grasslands on till plainsi VII.

Pine Forest on upland sand plains¡ vrrr. spruce parkland on

a sandy glacial delta, Dl-stínct di,fferences in the pre-

ponderance of main pollen types \^rere recorded across the

forest-grassrand transitíon, and between the main regions

I-VIII. The 52 atmospheric spectra demonstrated that Populus

is represented proportionalty, while it is absent or rare Ln

the 19 sediment samples. lhe results were applied to a

specifÍc problem of ínterpretation of lIolocene pollen spectra

from Manitoba, confirming the t,entatÍve reconstructions

suggested earlier.
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TNTRODUCTION

This investigation was conceived as an integral pre-

límfnary step in a general study of Lhe Holocene paleoecology

of west-centrar canada. The larger enquiry is designed to

elucidate the nature of envíronmental change in west-central

canada sínce deglacíation, prfmarily by the apprication of

pollen analysÍs and macrofossil study of rl-mnic sedÍments

(nitcrrie L964).

Vühile po1len and spores preserved ín limnic and bog

deposits have been studied and recorded sínce the ratter part

of the 19th century, von post (rg16) i" generalty accredited

with first transforming thís paleoecological tool into a

systematlc, quantitatíve disclprine. Neishtadt (tgSz) craims

however, parenthetically, that Dokturovsky (rgrA) íntroauced

the quantltatíve method of anarysís of sub-fossíI porlen and

spores, contemporaneously with but índependently of von post,

The application of the method to studLes of euaternary

vegetation history, glacial history and paleoclimatology, the

development of bog vegetation and archaeology t has spread

rapídty, and the frequent demonstratíons of regíonal

parallelism ín pollen diagrams have establÍshed a general
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acceptance of the validíty of the method.

Bríef1y, the application of pollen analysis to the

problems of paleoecology involves three successive steps.

First, the relatíve amounts of pollen types l-n close-interval

samples of appropríate sediments are calculated as percentages

of the total pollen in each sample. (netative rather than

absolute numbers of polIen are used, since the sum of pollen

in a unít volume of sedl-mentary matrix is a function of the

rate of sediment,atíon which ís an unknown variable). The

separate pollen spectra from each sample are arranged in

stratigraphic sequence and depÍcted diagrammatically to yleld

the familíar polIen díagram. The diffLcutties and sources of

error encountered at thls initial stage are due largely to

samplíng and human errors (cf. Faegri and lversen 1950),

The second phase entails the interpretation of the

diagram in terms of vegetation. That Íso the pollen assem-

blages comprising the varLous spectrum types dístínguished

in a diagram are translated int,o putatíve patterns of plant

communíty. Unfortunately, there ís an intrinsic varLability

in poI1en spectra which precludes a dírect correlatÍon between

the relative amount of poIlen of any particular type and its

relative abundance in the vegetation.



f\po important sources of variability have been

recognized in spectra from west-central Canada (nrdtman

1943, and Ritchie and Lichti-Federovich L963) - tfre first

is wide varíation in the relative amounts of pollen

produced by the various components of the vegetation, varying

from the hígh producj-ng anemophilous types (piguso Betula,

Artemísia) through moderate and low producing anemophilous

genera (Quercus, Ulmus, Corvlus) to extremely low producers

among amphiphilous and entomophilous types (fifig, prunus,

Rosa and many herbs). Secondly, Erdtman (f. cit. p. 190-1)

found strong evidence that one of the most important genera

in the forest vegetation of Alberta, &pulus-, although it is

anemophilous and apparently produces copious polIen, is

absent or very rare in pollen spectra from present-day sites

where it is abundant in the surrounding vegetation. It has

been assumed that this ís due to either "the difficulty of

recognizing Populus pollen in the deposits" (Faegri and

Iversen L95Or p. 85) or to the strong susceptibility of its

exine to oxidation or decomposition by micro-organisms

(nrdtman, Lg43r p. fg5). Faegri and ïversen (f. cit.) suggest

that the difficulty can be overcome by "careful examination",

but this is clearly erroneous. There ís lit,tle difficulty
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ín detectíng poplar pollen when it. ís present in a sample,

and recent studies of late-glacíal and early post-glacia1

sites ln mld-western North America have revealed relatively

high values for poplar (".g. McAndrews L963, Ritchíe L964,

Vfrlght et al L963). But all top sediment or bog surface

samples recorded so far show very small amounts or no poplar

polIen, indícating that Erdtman's suggestion ís correct that

the erratÍc regist,ration of this type is related to its poor

preservation.

The third and final step is to make paleoecological

inferences from the reconstructed vegetation sequence. Thus

the basl-c merit of paleoecological studies using po1Ien

analysis is dependent directly on the validity and acctrracy

of the interpretation of pollen spectra.

This thesis ís concerned with the prerequisÍtes for

adequate ínt,erpretation of pollen spectra, wÍth particular

reference to the transítion from grassland to forest in west-

central Canada.

The primary prerequisíte ís a knowledge of the

relation , Lf any., between the composition of present-day

vegetatlon and the pollen spectra produced. This need was

recognized at the very outset of the development of polIen
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analysis, when von Post, (Wrc) stated that. it was necessary

to assess Èhe relat,ion between present day vegetation and

contemporary pollen spectra, to facilitate the interpretation

of Quaternary pollen assemblages. However, very little

attempt was made to pursue such ínvestígatíons, largely

because pollen analysís was developed in N. W. European

countries where int,ensíve índustrialisatíon and farming had

removed or drastícaIly altered most of the regional nat,ural

vegetatJ-on. Thus, the wídely accepted, almost classical

sequences of late- and post-glacial vegetation in N. W. Europe

have been elucidated ín large part by the subjective Ínter-

pretation of poIlen diagrams. An essentially simílar

procedure Ì\ras adopted in N. America, where the early findíngs

(".g. Sears 1932, Hansen 1938, Potzger 1946) were completed

and J.ncorporated lnto the scientific literature before any

serious attempt, was made to examine the críterÍa of inter-

pretatJ-on. However, recently more systematíc attempts are

being made to relate contemporary pollen spectra to the

quantitative compositíon of vegetation (oavis and Goodlett

L96O, Pott,er and Rowley L96O, and ogden 1962) .

In rigorous crLtiques of the theory of polJ-en analysis,

Fagerlind (tgSZ) and more recently Davis (tg6Z) trave stressed



the need to derive factors or constants for individual pollen

types by which their relative values ln fossil assemblages

might be adjusted or calíbrated before interpretation Ís

attempted. These constants, R-values, are derived by

dividing the relatíve proportion (%) of po11en of a type by

Èhe relative (/") amount of 1t Ín the surrounding vegetation.

Then the R-values for all types recorded are expressed as

ratios, with the least value as uníty. In applying such

factors to a New England post-g1acial spectrum, Davis (f.

cit.) tras concluded that the oríginaI Ínterpretatíon (Oavis

l95B) in terms of a Pine PerÍod is entirely spurious, and

the new interpretation assigns PÍnus a maximum of B% of the

forest composítion, wíth fLr, maple and poplar as the

domlnants, However, there are several limitations to this

correctLon method:

a) The available methods of samplíng vegetatíon quantíta-

tively seldom account for the totality of plant communitíes

in an area, and ít is doubtful íf the labour involved in over-

coming this difficulty would be worthwhlle.

b) Perhaps the most serj-ous weakness, overlooked by Davis,

is that there ís no method available at present to determíne

the areal extent of the vegetation conÈributing pollen to a



particular sampling site. Thus, there is no way of decf-ding

the síze of area to be sampled for vegetation composition,

c) R-values can be applíed to Holocene data with very

limlted confídence, As Davís (f. cit. ) points out, it, ís

not at all certain that R-values have remained constant in

time. Furthermore, R-values are seldom available for actual

species, but for genera whích might include specíes of very

díverse ecology (",g. .Piffi.r Betula, ArtemísLa) .

d) Present-day vegetation and pollen spectra include a

mixture of natural, semi-natural and artificía1 communities,

díffícult to assess quantitatively, and almost certainly

glving distorted R-values.

An alternative to this approach has loeen proposed

(nitcfrie and Lichtí-FederovÍch f9æ). It rests on the

initial proposition that the leveI of present-day knowledge

about vegetation which gives the most balanced and accurate

picture of vegeÈatl-on Ls geographical.

More specifically, this approach can be enuncLated as

follows:

1. West-central Canada, and for the particular purposes

of this thesÍs, the southern half of Manitoba, can be dlvided
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Lnto certaín discrete, essentially geographícal areasr oñ

the basís of the predomínant vegetation type (defined in
terms of structure and composition) attd the prevatent rand-

form. This ís an ord notion, whlch is in fact the essence

of the Russian approach to both the classifícation of

vegetatJ.on and the study of contemporary pollen spectra in

relation to vegetatíon ("f. Grichuk L942, Ma1'gína ]?5Z,

Neishtadt l95T and zaklinskaya ]?5]-). rt is an approach

"from the top" rather than ',from below',, by separaÈing

landscape lnÈo major geographical units, further divided onry

to the lever of knowledge where balance ís mafntained. This

is the level of the landform-vegetation type or the landschaft-

phytocenose. Further, this approach is closely related to the

t,otal sÍte crassif LcatÍon of land, such as RirLs (ryfg, 196r)

has proposed and implemented Ln Ontario,

2. Lf the theory of pollen analysis has even partJ-al

vaIídlty, lt should be possible to characterize landform-

vegetatlon reglons ín terms of po1len spectra.

3. If it proved possJ-ble in fact to establish correlatíons

between pollen spectra and landform-vegetation types, a less

subjective entry mJ-ght be possible into the interpretation of

sub-f ossí1 spectra.
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There is adequate information in the existing

literature to classÍfy southern Manitoba ínto landform-

vegetatíon zones. In fact, the forest classifl-cation by

Rowe (L959) aistinguishes between the component sections

of the maín forest regions in terms of landforms. This work,

together wlth those of Bírd (t96t), Ellis (fgSB), Rítchie

(lgøZ) and weir GgeO), was used to draw the landform-

vegetatlon map shown in Figs. J and 4. (ffre Manitoba Forest

Inventory Reports and the Manitoba Soil Survey Reports were

also consulted, referred to specÍfically in the chapter on

Results ) . vühile these zones certaínIy incl-ude small areas

of atypical landforms and/or vegetation, the subdivísíon used

here is probably adequate to explore the relatíon of pollen

spectra to vegetatíon. If ft were possible to characterLze

these zones ln terms of pollen spectra, then it would be of

ínterest to refíne further the grouping and make more

íntensive studies of pollen spectra in smaller areas. The

area under study spans the transítion from grassland Ín the

southwest to forest in the northeasÈ, and provídes a regJ-on

suítabIy dLverse and yet reasonably compact.

For the purposes of this study, atmospheric samples

were collected for f963 at meteorological stations in
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Manítoba, and surfl-cíal limníc sediments rr,zere sampled from

a number of suitable lakes Ín the forest-grassland

transítion area (rig, 3). The main purpose of studying

atmospheric samples is to assemble the evídence necessary to

examine the proposition that dlfferentLal decomposítíon of

pollen takes place after it has settled out on lake bottoms,

More specifically, the problem of Populus should be studied

"If Populus pollen is poorly represented Ln Holocene

sedíments then we should at least be a\^rare of the

probable ext,ent of this gap in the fossÍl record" (RLtchie

and LÍchti-Federovích 1963 p. 96). By gainíng knowledge of

the assemblages of pollen types from both air and lake mud

samples, particularly those involving substantial amounts of

poplar poIlen, it might prove possible to avoid too serious

a ml-sinterpretatíon of fossil spectra because of the erratíc

registraÈ,ion of poplar po1len.
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II. METHODS AND PROCEDURES

A. Samplíng Problems

Ear1y sampling of atmospheric pollen and spores in

North America was dLrected towards the det,ectLon and

measurement of allergy types, and the unmodífÍed Durham

sampler (wodehouse 1945, Ðurham L946) fraa been adopted

throughout the contínent. Ilo-rarever, this gravity sampler

has shortcomings, which have been reviewed recently by

Gregory (tg6t) fn a general consLderatl-on of samplers and

samplíng problems. He offers data from wlnd tunnel studies

to support hLs conclusLon that an automatic, volumetrLc

trap of the tlpe desLgned by Hirst (WfZ) f= the most

efficient wÍthin the límíts of practicabJ-líty. A Hírst,

Spore Trap was used Ln a study related to the present

investJ-gation, to examine the spora of one season at Tnlinnípeg

(nitcfrte and Lichti-Federovlch J]æ), However, the Hirst and

Durham samplers are unsuitable for an extensive survey of the

type proposed here, since they require daily attention.

Furthermore, HLrst Traps could not be used con.currently at

many stations because of the considerable capit,al expense

involved and the need for a continuous source of electrical
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POï/er.

The desideratum l-s a device which collects a

cumulative sample for one season with mínlmum cost and

operation. lhe open dish type, which has been used by

rlesselman (t9t9), I,üdt and vareschl- (tgS6), and others, is

consldered t,o be a slmple method of collectlng efficiently

samples of potlen through natural aerial sedimentatLon ("f,

FaegrJ- and lversen 1950 p. 34). It,s only limítation is

that Lt must be covered during raLn to avoíd overflov¡ and

loss of spora. Unfort,unately, this introduces another

source of loss., ês it excludes from the sample those spora

removed from the atmosphere by rain. Leopold GgAZ) nas

suggested that the standard rain gauge can be used as a

sampler to include the spora removed by raJ-n, but her pre-

llminary data Índlcate that its effl-cl-ency at other t,inres

l-s guestl-onab1e.

As a compromLse: â[ open dish type was used for

this investlgatl-ono placed inside a standard weather screen

(rig, ¿ )
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Fig. ?. A view of an open Stevenson Vfeather

Screen, showl-ng the positf-on of the Petrí

df sh sunk in a pl11vood board on the base.

To test its efficiency, such a sampler was set up alongside

a Hirst Spore Trap on the roof of the Bul-Ier BJ-ological

Laboratoríes, durÍng the season of 1962, The results are

summarized Ín Tab1e 1. They show reasonable consLstency in

the proportions of the main pollen types between the Èwo

samplers, and suggest that the open dish in a weather screen
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TABLE 1

The main pollen types, expressed as percentages of the sum of
all types recorded, in samples from a Hírst Spore Trap and a

Iileather Screen Petri disho for the year 1962

Hírst Petri dish HLrst petrÍ dish

Pfcea L.T 2.4 A1nus 4.2 3.4

Plnus f3.6 t5.T Corytus O .Z O.5

Betula 4,6 T .O salix !.9 L.7

Populus 29 .l ZT .T Shnrb Total 6.4 5.6

Quercus 3 .0 4 ,1 Gramineae 7 .3 B .D

Ulmus 7.O 10.3 Cheno-Amar, Z.L Z.O

Fraxinus L.5 2.O Ambrosieae T.T 4"7

Acer 4 .f 4,9 ArtemisÍa 3 .Z Z.B

Total Ap 65.6 T4 -I Tora1 rn'p 2T ,4 Lg .T
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míght be sufficiently accurate for an extensl-ve survey of

the kínd proposed here.

Also, l* 1962, Petri díshes \^rere placed in weather

screens at 54 iqeteorological stations in ManLtoba. (ttrÍs,

and Ëhe 1963 study, were made possible by the co-operatíon

of the Regional Meteorologist for Manitoba), The L962

project served to explore the feasibility of such an

J-nvestJ-gation, and the results are nót used l-n thís thesis.

For the L963 season, a Ç cm Petri dÍsh cont,aJ.nlng

25 mL glycerJ.ne \Àras placed ín each Weather Screen at 58

I{sfse¡slogJ-cal St,ations in Manítoba, (gig. 3¡ Table 2).

Í\rvo drops of dl-lute mercuric chloríde \^rere added to the

glycerlne to ínhtbit, fungal and bacterial actJ-vity. Each

dish was placed in a circular hole, 9"4 cm ln diameter,

cut int,o a píece of l-plyrrood I.9 cm thick and 18 x 18 cm

in slze. ThLs was attached to the base of the Weather

Screen so that the PetrL dLsh rested on the bottom piece

(rfg, 2). The purpose of the plyøood board was to reduce

the edge effect of the dísh, whlch has been shown to cause

differentlal sedímentatLon at hJ-gh wLnd speeds (eregory

L96t).

The lLmitat,ions of this sampler are as follows:
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A list of the locat,ions
samples, grouped

TABLE 2

of atmospheric
according to

and top sedímentx
zonal type.

Zonal
llype

Sample Stat,Íons Reference
Number

Long. Lat.

Lynn
FIin Flon
Cranberry Portage

6030 t

2 101002, 56051'
3T r01o45' 54o45,
49 101023' 54o36,

Tb

ülabowden
Guy Hill
The Pas
The Pas
Berens RLver
Hodgson
Clear Lake
Píne Fa1ls

II Great I'aLls
Seven Sisters
Catherine Lake*
Moon Lake*
E LakerÊ
F Lake*
R Lake*
Moose Lake*

5t
5O
44
4B
35
31
5B
14
3o
L5
To
TL
T2
T3
74
T5

gBo3B ¡

101005'
101015',
101015'
gTooy
9To34',
ggoST'
960t5'
)6oOtl
g60ot'
990521

loooo3'
ggo39'
ggo57'
99039'
950]-9'

54oJZl
53058'
53050',
53050'
52o2]-t
51013 ¡

50044 '
50034'
5Oo2B I

50007'
5Oo41 '
50053'
5Oo43 r

50044 ¡

50043 t

49otz,

III

¡tax Lake* Z9 1OOoO9' 4oo04'

ilulíus Bo
InglJ-s
Russell
BLrtle
Strathcl-aír
Hamiota
Rivers
Baldur
Peace Lake*
Bower Lakex

Portage-1a-PraLrLe
VüLnnipeg

IVa Vtínnipeg
Roland
MorrÍs
Emerson

4o
11
20
46
25
5õ
34
TT
7B

9
6o
54
10

Õo
28

o13'
101015,
101017 |

101002',
100023 |

100036'
1OOo14'
ggor4'

100003'
roooo4'

g8ol7,
97008'
9TOL3'
9TO5T'
o70D7 |tt

9Tolz'

50057'
50046l
5Oo25t
5Oo24'
5Oo11'
5OoO2 '
49o23'
49001'
49o04'

49058'
49049'
49004'
4goz7'
49o2r'
49ooo'
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TABLE 2 contrd

Z'onal-
rype

Sample Stations Reference
Number

Long. Lat.

T\Zb

Portage-1a-PrairLe
Nl-verví1le
Steinbach
Altona

5T
a

tT

ggotT
9Too4'
9go4t'

49o52'
49o36,
49o3zr

4T
3B
)¿
39
43
53
L2
Bo
Br---7

O

5
2L

V

Swan River
Gilbert PlaÍns
Ðauphfn
Gypsumville
Moosehorn
Brandon
Vírden
North Shoa1 Lake*
oak Lakelê

101015'
100029 |

100003.
gBo3T'
98o25 t
ggo5T'

1OOo55 I

97038'

4gooz'

51009 ¡

5loo9 t

5Lo4T t

51018 '
49o5t'
49o52,
5Oo29'

VI
Reston
Pierson
Boissevain
Goodlands

100045'
101005,
101015'
100003 |

40,
4go32l
49ot1'
49ot4'

VIT
VTII
Boundary'Stations

I-II

TI-V

TI.VII

ÏTI-ÏV

III-V

III-VI
V-VTII

Marchand Lake*
V$et Lake*

Rennl-e
Falcon l,ake*
Erlksdale
Gimll-
McCreary
Sprague
Graysvllle
Morden
Morden
Lake Clementi*
V Lake*
W. Lake*
Nínette
Pelican Lake*
Camp Shllo

Bz
B3

96023 '
99o35'

95034'
950]-5',
7BOOT'
gTooo'
ggo3T'
9503T'.
g8oog'
gBoo6'
9$o06'
99o56'
990tT',
99o4:-'
ggo37'
ggo35'
ggo3T'

49o26'
49o50'

49o03'
49o4t'
5Oo52l
5oo38'
5)o4z,
49o05'
¿+9o30 |

49010'
49oto'
49o43'
49o24t
4903t'
4goz4,
49o2o'
49o49'

13
B4
22
44
59
L6
24

3
T

Bl
B6
BT

4
BB
19
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1) Po1len removed from the aír by rain is not recorded,

unless ít happens to be re-floated.

2) The effícÍency declines Ln calm or scarcely moving

air. However, a survey of wínd-speed data for several

statíons ín ManLtoba showed that the incídence of calm or

almost calm periods Ls extremely Iow. Thus ít appears to

be a reasonable supposition that there is an adequate

circulation of aír lnslde the screen - this assumption is

also shared by the meteorologists of course, whose temperature

and relative humJ-díty ínstruments are placed Lnside the

Weather Screens.

3 ) The locations of meteorologícaI statÍons are J.nvarJ.ably

asssciated wíth human settlemenËs, and the ínfluence of dl-s-

turbed and planted elements in the flora is likely to be

present in varying degrees. On the other hand, by regulatíon,

the Lmmedl-ate precincts of the weather statíons must be open,

cleared of arboreal veget,ation, so that direct loca1 effect,s

míght be somewhat reduced ln polIen spectra.

The dishes were placed Ln the screens several weeks

before the earliest expected flowering of 1ocal plants and

removed after the latest autumn floweríng ceased. In practice,

these studies, and the earlíer work of Vüalton and Dudley
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(f94O, I94T), indicate that sampling need not be starLed

before mid-March nor extended beyond mLd-November. At the

end of the season the glycerlne and contents were washed

with distilled water into plastJ-c bottles and returned to

the laboratory for analysis.

Top sediments from 19 lakes (locations shown on FÍg.

3 and Ín Table 2) were sampled by one of the following two

methods:

a) The upper meter of sedíment was taken from a number

of lakes, either through late wlnter ice or from a boat,

using a piston sampler designed according to Livíngst,one

(L955) with modifications suggested by RowJ-ey and Dahl (W>n).

Only the top sample was used for the present investigatLon.

b) In other lakes, partícu1arly those deeper than 10 m, a

weÍghted cup sampler (designed after Vfelch 1948) was employed

to draw up about J0 ml of sediment. Six samples were taken

from approximately the center of each lake basÍn and mixed

together thoroughly before processing.

The choice of lakes was governed by their accessibllity

and by the time aval1abIe for thÍs study. Several large

areas in southern Manftoba lack entJ-rely permanent water

bodies.
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B, Laboratory Methods

Atmospheriq samples. Each suspensJ-on of pollen ln

glycerine with water was brought to a fíxed volume (fOO mf)

by the addition of 95% ethyl alcohol, This was used for

dilutíon to overcome the Èendency of vesículate conlferous

pollen to float on the surface even after prolonged centri-

fugation at high speed. After thorough mixing, 10 ml

aliquots Ìtere taken from each sample and processed in the

following way:

t, Centrifuge (ín all cases, 3OOO rpm for ! mínutes) and

decantr suspend the resfdue in 10 ml of cold hydrofluoric

acid (SO/") for 24 hours, This removes silLceous material.

2. Centrlfuge and decant. Add 10 ml of glacial acetíc

acld and ml-x thoroughly,

3. Centrifuge and decant. Add 10 mI of acetollrsís

mixture (p parts acetic anhydrJ-de to 1 part concentrated

sulphuric acid) "nd place in a water bath at lOOo c for J

minutes. rhls removes cellulose, and while it is not

entirely necessary for atmospherJ-c samples, it was included

so that the pollen could be compared wlth reference material

which is prepared by acetolysis.
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4. Centrifuge and decant. Wash ín distil-Ied water.

Centrffuge and decant completely, Add 0.O25 ml glycerine

with safranin, mJ-x thoroughly, place on a microscope s1íde

and apply a coverslip.

This procedure is used for all contemporary and

st¡b-fossil samples in tfie Paleoecology L'aboratory of the

UnLversÍty of Manitoba, and ft is based on the recommendations

of FaegrJ. and rversen (tg>O) .nd Brown (f96O).

Top sediment samples. The above procedure was used

for limnic sediment samples, after they had been boiled for

10 mlnutes Ln Jfr polassíum hydroxlde to deflocculate the

col1oids.

C, Recordinq of Ðata

IdentLfication and counting of pollen was accomplished

vtith a compound light mLcroscope at, 600 magnificatíons, with

a X J425 oil ímmersl-on objective for critícal examination"

All pollen and spores of Tracheophyta were recorded, For

each sample, countLng was stopped when the pollen sum (totat

poIlen and spores mLnus pollen types of primarily aguatlc

plants) reached IOOO. A total of TI samples slas recorded,
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The absolute numloers of pollen grains in sediment

samples are a function of the rate of sedímentationo and

of course statistÍcal methods can not be used t,o analyse

the varl-ation of the data. However, the atmospheric

samples yleld absolute numbers of pollen types, since they

are derlved from the pollen rain of a single season

collected in a standard volume of glyceríne and processed

ín standard volumes of liquld. To provide a more objective

assessment of the degree of similarity between the spectra

from Lndívidual stations than Ís possible by direct

inspection of the data, correlation coeffLcients were

calculat,ed for the 52 atmospherlc stations, considering

only the 16 main pollen tlpes, The correlatLon coeffícient

of each statíon with all of the others was calculated from

the following formula:

s ("-*) (v-i)
sV(x - x)' (v - v)'

correlatíon coeff icient

The data $¡ere punched on to cards for a Fortran programme,

and computed by an fBM 1620 digit,al comput,er, The results

are presented in the Appendíx and wÍll be referred to at

the appropriate point Ln the text.
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TII. RESUI,TS

A- Zonal Types

As intímated in the Introduction, the study area has

been divided Lnto general landform-vegetatlon regions,

dÍstinguished by the physiography and dominant vegetation

type. These bnoad, geographÍcal zones form the schematíc

outline for the arrangement and presentatíon of the results,

For each zone¡ âr account wÍlI be given of the pollen spectra

recorded, after a brief statement of the characterístic land-

forms and veget,ation.

Zone fa. Maín Boreal Forest - I-,ow1ands tvpe

The only st.atfon Ïrere, at Bird, is Ln the Gillam

Section of the l,owlandsr âs desígnated by Ritchie (1962), and

the following descriptJ-on pertains only to that section. The

area lacks almost entirely relief, characterfzed by extensÍve,

flat marine and glacial clays capped by peat mantles of

varying depths, Deeper peats (approximately I m) bear an

open PÍcea mariana-sphaqnum bog¡ shallower peats have con-

tínuous fen communLties characterized by Larix laríci¡ê and

Betu1a qlandulosa with prominent sedge and hypnoid moss ground
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vegetation. Fragmentary alluvía1 deposits

seral communities of shrubs (chiefly Salix

are occupJ-ed by

and A1nus ) "nd

trees (populus tremuloLdes,. P, balsamifera and Picea qlauca).

The atmospheríc pollen spectrum for Bírd (Appendix,

Table 1) ís quíte distínctive ("f" correlatLon coefflcients

in Appendf-x, Tab1e 2l-) showíng consLderable representat,íon

of those types characteristLc of the lowlands vegetatLon -

þ!gþ, Larix, Alnus, Cyperaceaè and Sphaqnugt,

Zone Ib. Mai-:r Boreal Forest - Uplands trzpe

Thís ís an upland reglon, domínated by patternless

glacJ-a1 drift p1aJ.ns to the north and east and bedrock

controlled relief in the southwest and extreme southeast

(nitctrie 1962 and vüelr o l-960). The characteristÍc vegetation

of undisturbed sítes is a closed spruce forest, dominated by

Picea maríana, Bottomlands and alluvium have mlxed forest

types wíth PLcea qlauca, Abíes balsamea (rare in the northern

part), populus tremuloides and P. balsamLfera. The majority

of upland sites bear secondary conmunities as the result of

fire and fellíng, with SalLx, Alnus, Betula papvrifera,

Populus tremuloides and ^Pinus. banksiana being the chíef seral

dominants. Pine also domínates open communities on bedrock
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rJ-dges and sand plains; thLs is espectally common in the

Llmn Lake and Flin Flon regíons.

The pollen spectra reflect thl-s disturbed, northern

boreal character of the zone, wíth the h1-gh values for

conLfer pollen showing a preponderance of Pinus. A1der,

birch and lesser amounts of poplar comprise the remal-nder of

the woody types. The proportion of non-arboreal types is

small, With the exceptíon of a few boundary statÍons (Rennie

and McCreary Ín part,icular ) and the Pl-ne Falls Statf ons, the

correlation coeffícients between these Ib stations and all

others are Iow or negative.

Zone II. Southern (MLxed) Boreal Forest

The greater part of thÍs region - the modLfied Pre-

Cambrian plalns to the east and north of Lake Vfinnipeg and

the modl-fl-ed ttll plaJ.n of the Interlake area - Ls a lowland

p1aJ-n with slight relief . Both areas have extensive lacu-

strine deposÍts from Glacfal Lake Agassiz. Included in thís

regJ-on, although they are topographically somewhat different,

are the Ridlng Mountaín, Duck Mountain and Porcupine Mountain

uplands, Ðata are available from only the Ridtng Mor¡ntaLn
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and as íts vegetation is very simílar to that of the area as

a whole, they are included here.

The typical vegetatl-on of mesíc sites lacking recent

disturbance is a closed mixed forest, domínated by Piceg

qlauca, P. mariana, Populus balsamifera, with lesser amounts

of Abies balsamea and Betgla papvrifera (nowe 1956, Manitoba

Forest Resources Inventory Reports l-6, 1956). Plnus

banksLana, Sepgf,gs tremuloídes and Betula papvrífera are the

maÍn sêcondary domÍnants, I,ocal peat bogs, partlcularly

common on the lacustríne clays between bedrock ri.dges along

the east side of Lake Wlnnipeg, bear a black spruce muskeg

vegetation.

The sruilnary tables Ln the Manitoba Forest Resources

Inventory Reports indicate that the most abundant tree

specíes of this area, in order of total relatLve volume, are

Populus t,remuloLdes, Picea qlag.ca, P, mariana and Pinus

banksl-ana. fhe atmospheric poIlen spectra (AppendJ-x, Tab1e

2) show a general conformity with thÍs gross forest composi-

tíon, being domÍnated by poplar, píne and spruce. Birch is

probably under-represented in the atmospheric spectra

because of its low pollen production in 1963, The sediment

spectra shor¡r low poplar values and are characterized by pine,
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birch, spruce and alder. Referring to the table of

correlation coeffícients (Appendix, Table 2l-), statÍons

5-L4 show reasonably high positíve correlations withln the

group. Hotrtrever, they also show high correlations with

st,ations from the Ðeciduous Forest on Uplands reglon. The

probable explanatJ-on Ls that conifers, particularly spruce,

have been planted throughout the settled part of Manitoba

and their contribution to the pollen spectra of deciduous

forest regions is responsible for Èhe partial resemblance

between these spectra and those from mixed boreal forest

areas

Zone III. Deciduous Forest, on Uplands

This zor:e ís discont.inuous, consisting of several

discrete upland areas (rig. 3). of these, the Turtle

Mountain and Pembina Hll1s are Cretaceous uplands \,üith

glacial drift and undulatlng topography. The Tiger Hi1ls

and the Newdale TÍ11 Plain are regions of terminal and

recessional moraíne wlth knob and kettle topography prevalent

fn the former and undulatJ-ng boulder tiII plains in the

latter. (Ufre l,ower Assíniboine Delta has not been mapped

separately ín Fig, $, because there were no pollen data
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available from this area),

Upland sl-tes are covered by closed decÍduous forests,

dominated by Pgpulus tremuloides, Betula papvrifera and

Quercus maerocarpa (ittoir and Potter, 1961, Lowe in E1ll-s and

Shafer 1940). ul8us aFericana, Fraxlnus pennsylvanåca and

Acer nequndo form locaI stands on bottomland soíls and

alluvium,

The atmospheric pollen spectra for Zone III (AppendÍx,

Table 4) show two notable discrepancies from what might be

expected and from the sediment sample spectra. The first is

the low relative amount of birch and oak, due to poor polIen

production and dispersal caused by cold and wet weather at

the time of anthesLs, The second is the relatively high

proportion of herb pollen, orlginating i.:: all probabillty from

the cul-tivated lands whích often surround these forested up-

lands, The correlatíon coefficíents (appendf-x, Table 2l-)

lndícat,e a high correlation between all Zone III statíons

except No, I5t at Ba1dur, Thís station is located Ln a region

where there ís a greater proportion of cultivated and dís-

t,urbed land than elsewhere in Zone III. Statíons L5-2L show

high posítive correlations with stations 35-3T of the Aspen

Parkland region, and this illustrates the predictable point
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that the effects of clearing and agriculture reduce the

distinguÍshing features of the pol1en spectra of certain

areas. ConsíderÍng both the atmospheric and sedíment

samples Ln Zone III, the dominant pollen types are Populus

(absent or grossly under-represented in sedJ-nrents), Quercus

and Betula. This conclusion ls corroborated by the results

of the pilot study of atmospheric pollen for 1962, ãt whích

tlme the weather was favourable at anthesis of the deciduous

trees, gÍving consLderably hJ.gher relat,ive values for birch

and oak.

Zsne IV. Deciduous Forest on Alluvia1 and Lacustrine ÐeposLts

Zone IV is represented by a single area, the Red RLver

valley, a flat lowland plaLn of GlacÍa1 Lake Agassiz sedíments

wLth very local uplands. The 10 stations withfn thLs reglon

have been separated into two groups: IVa, which includes the

stations on or very near rLver systems, where alluvium is the

prevalent suJostratum; and f\Ib, whLch groups together those

located on the interfluvial plaf-ns of lacustrine clay.

The alluvial deposíts of IVa are occupÍed by mixed

deciduous forest communLties, related floristically to the

Decíduous Forest Region of adjacent Mínnesota, dominated by
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Ulmus amerLcana, !€pgfgs tremuloides, Ì. dgltoides, Fraäilg_s

pennsvlvanica, Quercus macrocarpa, Acer nequndo and 1ocally

Ti1ía americana. The pollen spectra from IVa (Appendíx,

Table 6) are characterízed by decíduous trees, particularty

poplar, oak, e1m, ash and maple, a distinctLve poIlen

assemblage found Ln no other zone. The local high relative

values of non-arboreal pollen types register the proxtmíty

of agrlcultural land. Lorv posJ.tive or negative correlations

are shown betr¡rreen these spectra and all others recorded,

wíth the exception of a few stations Ín the Aspen Park1and"

Such a findLng 'ls not fncompatíble wlth the pattern of

regíonaL vegetatJ-on, since there are areas to be found of

predominantly aspen parkland vegetation wíth local stands of

rJ.parían forest, typJ-ca1 of Zone IVa.

The interf IuvíaI plaJ.ns (Zone I\ñc ) are less readily

defined in terms of natural vegetatíon. The influence of

fire and grazíng Ln pre-settlement times and that of post-

settlement clearJ.ng, draínage and cultivation, has produced

an array of highly artífícial communities (eJ.ra W6L).

Residual poorly draLned areas are occupied by marsh vegetation,

related to the taIl grass prairíe of central Minnesota ("f.

Btrd l.96l-), Better draLned sftes ín relatively undisturbed
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areas, partiaularly in the northern part of the plaJ-n, bear

secondary stands of aspen poplar wLth oak on coarser soiIs.

The pollen spectra accord reasonably well wlth this

vegetation of semL-natural and artifícíaI communíties; the

chLef element ís non-arboreal, with high relatíve values

for cereal grasses, natLve grasses and adventives (partíc-

ularly Chenopodíaceae-Arnaranthaceae and Ambrosiae) . Thl-s

region has the greatest amount of weedy members of Ambrosiae

and the representatfon of these types Ln the spectra fs

hígher here than in any other zone. The four spectra from

thÍs zone are only moderately correlated wíth each other

(eppendix, Table 2l), but they are poorly correlated (tow

posÍtive or negatLve values) with the spectra from other

zones with the exceptíon of the Aspen Parkland zone, as

mlght be expected.

Zone V. Aspen Parkland on Modífíed TiIl Plains and

Lacustrine DeposLts

The zorre consists of the southern Lnterlake region

of high lime tills varJ-ably modifLed by Glacia1 Lake

AgassJ-z ¡ the msdíf ied ttll plain between Lake ManLtoba and

the northwest escarpment¡ and the G1acial Lake Sourl-s P1ain
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with lacustrine deposits, gently rolIÍng t,í11 plains and

local dune systems. The typical vegetation consists of

aspen dominat,ed forests on moderately drained clay soils¡

oak-aspen forest on coarser soils, partícularly beach ridges ¡

mixed praírLe communítíes on treeless mesíc and xeric sitesi

and marsh, domínated by rushes, grasses and sedges in swales

and depressfons, A large portÍon of the land ín this zone

Ls under cul-tivat,l-on.

The atmospheric polIen spectra show about 4ofu ot

arboreal types, dominated by Populus. The Oak Lake spectrum

ís reasonably concordant with this, resemblíng closely the

mean values from atmospheric samples calculated after

excludíng poplar from the pollen sw, The high pine pro-

portíon l-n the N. Shoal Lake sample is presumed to be due to

the proximtty of the site to the boreal foreãt region and to

a relatively low tot,al polIen raín for this statLon. Poplar,

the maLn anemophflous plant of the southern lnterlake region,

is under-represented because of poor preservation, The

correlatl-on coeffLcíents within this zone are all posÍtive

and moderately high, but, as pointed out above, several of

the Zone V spectra are correlated closely with spectra from

Zones III and IV.
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Zone VI, Grasslands on Tí11 Plains

Thls zone conslsts of two discrete areas, the

Waskada TtIl plain and the o:<lcow TÍ11 plain ("f.811ís and

Shafer 1940 p. l-T). These are gently undulating plains of

t,í11 and ground moraÍne with loca1 depressÍons harbouring

salíne soíls and pothole lakes. According to 811Ís and

shafêr (f. cft. ) .nd Bird (tg6t), the natural vegetation

is grassland, related to the mixed prairie assocíation of

adjacent Saskatchev¡an and Alberta (cf, Coupland l95O and

L96f). Because of the widespread ínfluences of pre-

settlement and post-settlement disturbance, it Ls scarcely

possíble to delimit precisely the grassland area from

contíguous Aspen Parkland. The mesfc sítes which bear

vegetatLon types used to characterize zorLe groupíngs are

LnvarLably cultivatedo while lake margin and alluvia1 sites

are often relatíveIy undísturbed but might bear veget,atíon

markedly different from the potentJ-aI communities of well

drained situations, For example, local stands of poplar are

found in Zone VI around small kettle lakes (so-caIled

potholes) of till plains¡ oak occurs occasLonally wíth

poplar in stands on coarse, generally gravelly soilsi and

Ulmus, Fraxin,us and Asgr, are present discontinuously on



36

alluvíum. Thus, this zorre is distinguishable in Ivlanitoba

from Zone V by the shíft in the relative amount of grassland

as compared with forest vegetatíon.

The poIlen spectra reflect thís change, from a

primarily arboreal assenblage in V to a herb-domínated type

in VI. The exclusÍon of poplar from the pollen sum (raUte

3) yields an average spectrum for these grassland stat,ions

with about fJft non-arboreal poIlen types. The grassland

stations show hÍgh posítJ-ve correlation coefficLents with

each other, and low or negative correlation with stations

from boreal regfons. The occasíonally high positive corre-

lations with stations outsl-de the grassland region, in the

aspen parkland or decíduous forest on upland zones, are

explÍcable in terms of the relatively extensive areas of

treeless (under crops) tand in the vícínLty of some of Èhese

stations.

Zone VII. Sand Upland wíth Píne Forests

This Lsolated hJ-ghland ís a glacio-f1uvial deposit

of sLliceous sands and gravels, localIy overlying calcareous

tills. The dominant forest tree ís Pinus banksiana, forming

maín1y secondary stands in a regíon wÍth a híst,ory of
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frequent forest, fires.

Only one statíon was available - the top sediment

sample from a small pond near the Marchand Forest Ranger

Station. The polIen spectrum is overwhelmíngIy domínated

by Plnus (Appendix, lable 10 ) ,

Zgne VIII. Spruce Parkland on the Upper Asslnl-boine Delta

Thís area of outwash and lacustrl-ne materÍaI, formed

as a delta of the Assíníboine Ríver ín Glacial Lake Agassi.z,

constítutes an Lsolated region of dl-stínctíve landform and

vegetation. The substratum Ís composed of coarse, medium

and fíne textured materials, locally modified by wind Ínto

dunes,

The level topography with medium sands in the western

part is occupÍed by mfxed prairíe. Ehe rolling dune areas

have a spruce parkland vegetatJ.on, wíth clumps of PÍcea

glauca surrounded by a lichen-prostrate shrub herb community

(dominated by Juniperus horÍzontalís and Ar tostaphylos

uva-ursi); Ín hollows and more frequently towards the

escarpment, groves of poplar and oak prevail.

The only sample available comes from a small lake on



3B

the north sfde of the area, where the coarse soils are

replaced by heavier clays of the adjacent till plain. Here

Betula is associated wíth Picea, Populus and Quercus. Also,

ín the vícinity are large plantat,lons of PLnus.

The pollen spectrum shows a Picea-P:L4gs-Betu1a-

Quercus arboreal assembJ-age, with hlgh values of natíve

grasses and ArtemisÍa. A spectrum from a mosspolster,

collected Ln this area, near Melbourne, and reported by Vüest

(t96t), shows hLgher values for spruce. The fact that the

polster sample was collected from a spruce community accounts

for thls difference in spruce values.

B. General Zonal SumrnAsl¡

For purposes of summlng up the above data, the mean

values for each of the sÍxteen maLn pollen types have been

calculated for each zone" In additlon, the values for the

atmospherJ-c samples have been recalculat,ed as percentages

of the polIen sum after subtraction of the poplar Èotal.

This facilitates a direct comparison of the atmospheric and

sedÍment spectra, since it is apparent, that the gross under-

representation of poplar Ln sediments ís related to poor



39

preservation

Inspectíon of Table 3 shows a fair agreement withl-n

zones between the mean spectra for sediment and atmospheric-

without-poplar samples. A closer simílarity would be

unlikely for the followLng reasons:

a) The weather stations and lakes are located within a

zone índependently of each other, and seldom occur ín close

proxlmíty.

U) as mentíoned earlier, the data for atmospheríc

samples are for only one season and express varLation

related to partícular weather condítions, whereas ín sedí-

ment samples the seasonal effects are dJ-minished, as they

contaín pollen of several years. In particular, ít was

observed that the floweríng period of oak and birch at low

latitudes colncíded with periods of cool and wet weather.

It, is likely that thfs accounts for the low relative values

of these types ín Zones III and IV.

The zonal means for atmospheric spectra have also

been summarized diagrammatically, showíng theír relative

spatlal positíon in Manitoba (rfg. 4).
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Fig. 4. A map of Manitoba showing the approximate

boundaries of the landform-vegetation zones: Ia - Main

Boreal Forest on Lowlands¡ Ib - Main Boreal Forest on

Uplandst II - Southern Boreal Forest on Uplands¡ III -

DecLduous Forest on Uplands¡ IV - Decíduous Forest on

Lowlands and AlluvLum¡ V - Aspen Parkland on Till Plains

and Lacustrine Depositst VI - Grasslands on Till Plaínsl

VII - Pine Forest on Sandy Uplands ¡ VIII - Spruce Park-

land on Upper AssÍníboine Delta, [he circular diagrams

show the average proportions of the polIen types

designaüed ín the legend.
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C. Boundarv Cases

The data from a further 14 stations have been

excluded from the above regions because they are located

at or near the transltion between two or more adjacent

zones, They are referred to as Boundary Cases.

If the origÍna1 proposítl-on is va1ld, that land-

form-vegetation zones can be characterized ín terms of

pollen spectra, then it ls likeIy that these boundary cases

wLll yíeld pollen spectra l-ntermedLat,e between the zonal

types

Between Zones I and II

v{hile the two statfons lncluded here¡ at Rennle

and Fa1con Lake (Appendj:c, Table I2o 13), Iíe on the

boundary between Zones Ib and If , theJ-r spectra are closer

to the mean values of I, The atmospherlc s¡rectrum from

Rennie shows a high positíve correlation coefficient with

the Lynn Lake and Cranberry Portage spectra of Zone I, and

the Pine Falls spectrum of Zone II (AppendJ-x, Table 2l-).

Ihese st,ations, Iíke Renníe, are situated in areas of
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Pre{amlorían

The sediment

Betula than

outcroppíng bedrock dominated by pine forests.

sample from Falcon Lake shows relatively more

the Renníe spectrum, but, âs suggested above

and later in the thesís, the contributíon of birch to the

L963 potlen rain was impal-red by unfavourable weather.

Between Zones II and V

The three st,ations in this category, êt Gim1i,

Erlksdale and McCreary, lie near the boundary between Èhe

Southern Míxed Boreal Forest and the Aspen Parkland.

The Gimli and McCreary spectra (eppendix, Tab1e 14)

fit conformably an intermediate position, with high pine

values confering a stronger resemblance to the Zone II

than Zone V mean spectrum. Both statíons have high

positive correlation coeffícients with stations in Zone II

and V, and generally low or negative correlatíons with

other statíons (Appendix, Table 2L). lhe Eriksdale

spectrum shows moderately high positive correlations (O.SO

to 0.90) wlth Zone II stationsr âs well as several from

Zone III, and from Zone V. Due to the loca1 preponderance

of Populus groves at Eriksdale, this spectrum is entirely
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dominated by poplar.

Between Zones II and VII

A sÍngIe spectrum, from Sprague (Appendix, Table

l-5), falls more or less between the mean values for Zone

II atmospheric stations and the síngle sediment spectrum

from Zone VII, alt^hough, of course, a dJ-rect comparison

of atmospherlc and sediment spectra has certaín limítations,

as discussed elsewhere in the thesis.

Between Zones III and IV

The atmospheric spectra for these stations (Appendíx,

Tab1e 16) are not entirely intermediate between the mean

spectrum types for Zones III and IV, but there ls a strong

resemblance between the Graysvílle statíon and Morden No. f ::

and the mean spectrum for Zone I\nc. Morden No. 13 is ',
tì;

located at the experimental farm, which probably accounts

for the relatLvely higher values for cereal grasses and

Chenopodiineae, The correlation coefficients show

generally negative values between these statÍons and boreal
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spectra (zones I and II), and no clear groupíng of co-

efficients with stations from Zones III to VI can be

established.

Between Zones III and V

These three spectra (appendix, Table LT) from lake

sediments in the Tiger and Brandon Hills, ftt conformably

into the Zone III group of sedíment spectra, except that

they have relatively htgher values for non-arboreal types.

In general, it is dífficult to establish a characterlsÈic

Aspen Parkland spectrum from sediment samples alone.

Between Zones III and VI

These statíons, NJ-nette and Pelícan Lake, are Ín close

proximity, The sediment sample from Pelícan Lake (appendíx,

Table 18) is very símllar to the mean spect,rum type for Zone

III sedíments. The NLnette spectrum correlates poorly with

those of Zones I, II, III, I\fJc, V and VI, and reasonably well

wíth some of the IVa stations. Thus, it does not express íts

intermediate geographícal posJ-tJ-on, but Èhis is not unexpected,
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sínce Ninet,te is situated ín oak-aspen gallerie forests on

the north side of a large glacial channel, with cultivatíon

and aspen parkland on the adjacent uplands.

Between Zones V and VIII

The only station here, ât Camp Shilo, 1íes on the

west side of the Upper Assiníboine Delt,a. To íts immedÍate

west is an extensive area of prairie; to the east and north

extend large plantations of jackpine and scots pine¡ further

east is the open spruce parkland areai and the regions to

the north and south bear aspen parkland. All these dífferent

elements contribute to the spectrum (Appendíx, Table 20) with

a preponderance of Art,emisia and Pinus. Ihe correlation

coefficients show high positive values among Zone I, II and

V stations, reflecting the heterogeneous, somewhat artiffcLal

conditions of the vegetatíon.

The main dÍscrepancíes between the Camp Shílo spectrum

and the sediment sample from Zone VIII (eppendix, Table 11)

are explicable in terms of the depressed birch production ín

1963 and the proximíty of the Camp Shílo station to contínuous

pine plantat,ions.
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TABLE 4

A comparíson of the relative amounts of the main pollen types
J-n pet,ri dish samples from successive years. The sampler was
Iocated on the roof of the Buller BÍo1ogíca1 Laboratoríes

during the seasons L962 and L963.

Pícea

Pínus

Betula

Populus

Quercus

Ulmus

Fraxinus

Acer

Total AP

rg62

2.4

15.T

T.o

2T.T

4.r

10.3

2.O

4.9

74,L

r-963

¿.¿

18.2

1.8

B.z

12.o

9.5

6.7

(.v

65.6

tg62

3.4

o.5

L.T

).o

B.l

2.O

4.7

^aa..v

19,T

L963

0.3

1.3

4.2

6.6

B.z

6.t
L\ (J

1.8

2T.B

Alnus

Corylus

Salix

Total shrub

Gramineae

Cheno-Amar.

Ambrosieae

Artemisia

Total IBP
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D. Seasonal Varíation

Before attempting to draw conclusions from the above

results, some attention should be given to one of the main

sources of varíabtlity in atmospheric poIlen spectra, As

other pallmologists have observed (".g" Hyde 1952), and as

earlier studíes at VüLnnípeg have shown. (nitctrte and

I,ichti-FederovLch Lg68), met,eorological conditíons during

floral development and at the time of anthesís may produce

signíficant fluctuatl-ons in poIlen production and dispersal.

Thus the seasonal total polIen count of one or more types

may vary from year to year, and of course the relatÍve

amounts of the other components of a spectrum are altered,

IIyde (f . cit,) suggest,s that a minimum of five successive

seasons are requíred to deríve an accurate average spectrum.

On the basfs of previous studles (in 1962 and earlier,

RítchLe and LíchtÍ-Federovích L963) it was suspected that the

relative amounts of Betula and Populus ín f963, particularly

at statíons Ln the DecLduous Forest and Aspen Parkland zones,

were inordinately low. More specifically, a comparison of

the relative amounts of the main components of the V'Iinnípeg

spectrum for 1962 and L963 (rafte 4) shows a discrepancy for
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the poplar and birch values, suggestÍng that the L963 season

was less favourable for these species., or that the conditÍons

governíng floral development durlng the prevfous surnmer, had

been adverse. An ínspectíon of the meteorological records

for the periods of bLrch and poplar anthesis sr¡bstantfates

tl.e former suggestíoni the tLmes fn questi-on v¡ere character-

J-zed by low temperatures (Uelow freezing l-n the case of

poplar) wíth high precipit,ation. A símíIa:i phenomenon has

been demonstrated for Quercus during the J-962 season (nftctrie

and Lichtí-Federovich L963) .

It is likely, of course, that these seasonal

írregularLtfes l-n pollen production are insignificant for

spectra from surfl-cial sedfment samples, since annual Lncre-

ments of pollen for not less than 10 years are represented Ln

I ml of sediment,
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IV. CONCI,USIONS

The most direct evaluation of the above results is

obtained by applying them Èo a re-examl-nation of the funda-

mental problems of polIen analysís in thís area. This con-

cludíng sectíon wilt be arranged accordínglY, Ln an attempt

to answer the three critíca1 questions:

1. Is there a relation between vegetation-landform

and pollen spectra?

The most general comparLson of the pollen spectra

with change ín vegetation is between grassland and forested

areas, and in f act there is strong evfdence for a not,able

shift in the preponderance of the maln polJ-en types from

grassland to forest. Grassland spectra, corrected for poplar

(ralfe 3), are characterized by the followÍng composite

totals: herbs 6O-TO%, composed chl-efly of Gramineae,

ChenopodLineae, ArtemLsia and Aribrosieae¡ shrubs, aboaL Jy'o,

and trees 20-25%. The chíef elements ln the arboreal sum

are accor,rntable l-n terms of long-dístance dJ-spersal (ptnus),

plantings (Acer, FraxLnus.. Pl-cea, PLnus) and local rlparian

forests (rraxLnus, Ulmus and Populus). By contrast,

continuously forested landscapes are characterLzed by spectra

with less than 4Ort neras and more than JOy'o Eree types,
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Considering the more specifÍc differences between

the major landform-vegetation zones, and with due regard

to the several sources of variability discussed above, âil

inspectíon of the data reveals generally positJ-ve results.

It is likely that an extension of this study over

several years, with a greater number of stations, would

yield less variable data showing more marked differences

between zones, and be adequate for a more critical

statístical analysis. However, the results here indicat,e

that suffícient data are at hand from atmospheric samples

and that future efforts should be concentrated on surficLal

limnic sedíment samples, The atmospheric studies reported

here, together wlth earlLer investigations (nttctrie and

Lichti-Federovich 1963), have served the purpose of

clarJ-fying the nature and extent of the problem of poorly

preserved poIlen types in west-central Canada. It is

concluded that only Populus of the more ímportant tylges ís

subject to such excesslve decompositÍon that its represen-

tat,ion in contemporary spectra, if present at all, is

ent,irely unreliable. The role of poplar in Holocene land-

scapes can be suggested only from macrofossil records ("f.

Rltchie and de Vrles f964) o= from the plant assemblages
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indicated by certain pollen spectra. In partícular, ít

would be reasonable to suggest for west-central Canada that

the vegetation yielding pollen spectra domLnated by birch

and oak with less than JOy'o herbaceous types probably

contaíned substantíal amounts of Populus. These three trees

are associated consístently in deciduous forests on upland

sites ln Manitoba Èoday, It, would be more difflcult, l-n

the absence of macrofossíls, to distinguísh between the

fossil spectra from mixed spruce-poplar forests and pure

spruce forests.

The problem of poplar polIen preservatíon would merit

further study, partÍcuIarly sLnce certain htghly laml-nated

late-glacial limnic sediments show relatívely high Populus

values (".g. RitchÍe and de vríes 1964, vüright et al. l-9æ).

A comparl-son of poplar po11en frequencÍes between surficial

sedLments from shallow and deep, thermally stratifled lakes

mlght be a useful beginning to such an investJ-gation.

2. V{hat is the relevance of the fíndings to the

interpretation of lIolocene polIen spectra?

It might be useful t,o stat,e brlefly the llmitations

l-nvolved in applying knowledge of present-day phenomena to

the reconstruction of the past.
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a) The basis of paleoecological reasoníng

uníformítarianism - is only partly tenable. It assumes

(ager L963, p. 33) that partícular species have remained

largely unchanged in their ecological amplJ-tudes, so that

knowledge of contemporary forms can be applied directly

to reconstruct past environments. There is an apparent

conceptual paradox involved here, since unLformítarianl-sm

ln its strict applícaüion precludes the possíbílity of such

well known evolutionary processes as ecotyplc differentiatíon.

However, it is Iíkely that for Quaternary floras, the

migratory responses of plants to environmental change have

outwel-ghed their adapt,ive responses.

U) es others have suggested (".g, Davis f963), it, is

possible that there are no modern communíties analagous wÍt,h

certain late- or post,-glacial assemblages.

However, the present LnvestJ.gation now permíts a direct

comparLson of contemporary spectra with those from late-

PleÍstocene deposÍts. Apart, from a reþort by Iviartin and

Gray (tg6Z), working ín southwestern Unfted States, this

approach has not been attempted in North America. There are

now avaÍlable for west-central Canada the flrst Holocene

polIen data, reported by RLt.chie GgA+) , who has reported
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four distinctive poIlen assemblages in chronological sequence,

from limníc sediments in the Ríding Mountain area. It Ls

possible to examÍne hís prelimínary int,erpretatíons in the

líght of the results of this thesls

His uppermost poI1en zone (fv) has remained constant

t,o the present day, so there is no problem about the re-

construction of vegetation. The pollen zone III, shows the

following assemblage (main types only): Picea I-2%, Pinus 1!-

20%, Betula zo-4oy'", Quercus 5*LO%, A1nus I-4%, corvlus 4-6%,

Salix l-5y'", and 3O-4Oy'o non-arboreal types. In Table 3 of

thÍs thesís, the spectrum whl-ch fLts thís assemblage most

conformably is that for the DecÍduous Forest on Uplands, Thus

Ritchie's (fg6+ p. 191) interpretation of the type III spectra

in terms of "a deciduous forest dominated by Populus, Quercus

and Betula" is strengthened by the result,s obtained here,

Pollen zone II from the Rldíng Mountain deposits is

characterized by "a preponderance of non-arboreal pollen types,

making up about two thirds of the pollen sum, represented

mainly by Artemisía, Chenopodiaceae-Amaranthaceae, Ambrosiae

and Gramineae". The maÍn tree types are recorded as PLcea (t%),

Pinus (S-tS%), gg¡¡þ. (z-4%) . The shrubs are Alnus (t-z/p) ,

corylus çt-S%) and Salix (Z-4/"). The closest símilarLty to
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thls spectrum type in Table 3 is the atmospheríc-mínus-poplar,

from grassland areas. ThÍs again corroborates to some extent

the conclusion that the spectra of zone II represent grassland

vegetation.

Regardíng the lowest pollen zorre (r) from the RidJ-ng

Mountain, also found in a late-glacial deposit from the

MissourÍ Coteau, (nttctrie and de Vries l-964), and with sIlght

variations, from southern Minnesota (wrtgfrt et al. L963),

there Ís no closely simílar spectrum among those reported ín

this thesis. These late-glacial spectra are domLnated by

Pícea with considerable quantíties (|O-SO%) of ArtemLsia. It

ís noL entJ-re1y surprísing that no regional analogue can loe

found at present, since the potentially d ominant spruce

element of the boreal forest has been reduced by dfsturbance

f act,ors (f ire and felling ) wíth a concomitant increase l-n

secondary dominants, partícuIarIy Betula, Populus and Pinus.

The effects of forest fires Ln the boreal regions of Manitoba

(nitcfrie l-95B) .ttd elsewhere ín western boreal North Ameríca

(t,utz 1956) tras been to increase the frequency of these

secondary dominants and reduce the abundance of spruce.

3. IIow ís the pollen sum determíned?

The total of pollen types to be included for calculatlng
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percentages has been the subject of a continuíng debate ("f.

Faegri and Ïversen l95O). Recently,wright and Patten (fg6¡)

have suggested that pollen diagrams might show curves

calculated from two or more pollen sumsr so that the reader

might choose whatever curve he considers most relevant or

accurate. However, as the adoption of this proposal wíIl

ent.aíI consíderable publication costs, it is líke1y that many

diagrams will continue to be based on one pollen sum.

one group, the Cyperaceae, is included by some workers

and excluded by others. The former contend that whíIe

Cyperaceae are prJ-marily aquatic or lake-margin plants, some

are found on uplands, and they should be included if one

seeks a complete registratLon of upland vegetation. The

results reported here (appendix, Tables 1-20) are relevant to

thl-s díscussíon. In those areas where upland Cyperaceae occur

most frequently - the Aspen Parkland and Grassland Zones

the proportion of pollen is consistently low (t-Z%) itt

atmospheric samples, ês it is ín forested areas where there

are fewer upland forms. However, sediment samples in the

Aspen Parkland and Grassland Zones have 4 to LJ/o cyperaceae

pollen, suggesting strongly that the majority of Cyperaceae

are derived from local aquaÈic or lake-margin communities. A
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notable except,ion to this generalization is the Bird station,

where the Cyperaceae pollen amounts to about 2Jfr of. Ehe

total. However, thís accords with the composJ-t,ion of the

regional vegetation, in which there Ls a large element of

lowland bog and fen communÍties with abundant Cyperaceae.

Thus, it is concluded that Cyperaceae pollen should be

recorded but excluded from the poIlen sum ín Holocene studies

from west-central Canada.
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SUMMARY

The aLm of this study is to characterize the maín

landform-vegetatlon zones in the forest-grassland transitLon

region of Manitoba. This ís necessary to provide a basís

for the objectJ-ve ínterpretatlon of poIlen spectra from

Holocene deposfts in the area. ','

On the basis of exLstJ-ng published information, the 
.,,

southern two thírds of Manitoba was dívided lnto large units,

each distinuíshed in terms of the prevalent landform and

plant communLtLes.

A simple sampler for atmospheríc pollen vTas devised,

after initial testíng wlth an automatic, volumetric spore

trap. Atmospheric samples for the 1963 season were collected

at each meteorological station in the province, a total of 52

statíons yíeIdíng suitable samples for analysis . ''.

Surficial sedíments rrùere taken from lp lakes scattered ,l '

'

across the grassland-forest transítLon. For each atmospheric

ar¡d sedLment sample a polIen sum of 1OOO \^ras recorded.

The results from the TI samples confirm the initial ,"

hypothesis that the landform-vegetation zones can be

dJ-stingul-shed in terms of pollen spectra. Conclusive evidence
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ís offered to support the earlier suggestion that poplar

pollen ís largely destroyed ín sedlments, Discrepancíes

caused by planting and dísturbance and by seasonal fluctu-

at,íons in pollen productÍon related to weather conditions,

are assessed. Ihe atmospheric sample data are further

analysed by calculating correlation coeffícients between

the spectra from each statíon.

The sígnífícance of the results is illustrated by a

bríef comparJ-son of Holocene spectra wLth the general

spectrum types deríved from this study.
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APPENDIX



Complete data
samples of the

IN,BLE 1

of pollen percentages from
Main Borea1 Forest Region

Stations

Picea
Pinus
Al¡ies
LarLx
Betula
Populus
Ulmus
Fraxínus
Juglans

Total AP

Alnus
Corylus
SalLx
Myrica
iluníperus-Thuj a

Total shrub

Gramineae (")
Gramineae (.)
Cheno-Amar.
Arürrosieae
Artemisía
I,tgulíf1oraê
Tubuliflorae
Plantago
ThalicÈrum
Rumex
I,egumlnosae
Cruciferae
CaprJ.foliaceae
.Eìp].IOþtum
Rosaceae
Urticaceae
Equisetum
I,ycopodJ.um ann.
L. clavatum
I,. compJ-anatum

Total IIIAP

Cyperaceae
Erícaceae
Sphagnum

1

3.8
8.4

3,3
13,4
0'.9

o'1

29.9

4z

12.o
46.6
0,1

the atmospheric
(zones Ia and Ib)

3T

4.7
22.5

o.B
L6.I
L2,2
0.1
t.9
0,1

58.4

23.7
1.1
3.2

0.3

28.3

3.9
1.4
1,2
o.T
2.2

o.2
0,1

o,T
O.T

2.O
0.1

0,1

13 .3

1,1

t.6

68

10.3
2.5

4g

6.9
6T .t
0.3
0.5
7,5
4.4
o,2

35.7
0.1
5.0
o.9
1.4

43.r

LT.3
0.8
I,2
o.2
I,6

0.9

o.2
0.1
0.1
0.1

o.I
I,O
3,r
0.1
o.2

2T.o

25.3
1.0

25.4

Tt.5

19,0
0.6
2Ã
0,3
0,1

23.5

3.L
o.2
0.1
0.1
0.3

0,1

o'l

0,1

0.3
o.5

0.1

5.o

2.9
0.1
9.o

86.9

4,9

1.1

o.2

6.2

2.9
o,6
o.9

o.5
o.2

o.2

o.5
0.1

o,6
0,4

6.9

r,T

0.4



TABI,E 2

Complete data of polIen percentages from the atmospheric
samples of the Southern (ivtixea) noreal Forest RegJ-on (Zone II)

Picea
Pínus
Abies
Larix
Betula
Populus
Quercus
Ulmus
Fraxinus
Acer
iluglans

Stat.ions

Dt 50 44 48 35 31 58 14 30 LD

:4.6 2,9 z.z 4.9 7.2 2-3 ro,5 10.2 3.8 3.0
23,3 13.8 9,6 L5.T 26,2 t2.6 9.2 4t.5 2L.6 26.2

0.1
o.5 0.3 0.4 0.1 0,3 0.1

6.! 9.4 4.4 5.2 10,9 3.0 T,T B.f 8,1 4.0
30,0 19 .6 rU .T ar,3 16.4 $ .6 4t.9 r1,4 23 .B B . o

o.2 o,5 2.4 0.9 3.0
o.2 0,3 g.o o.2 4,3 1.0 2.8

o.2 0.1 0,3 1.0 T.g 10.4
0.3 o,2 o,5 8,3 0.6 1.4 2.9 0.4

0.1

rorat Ap 74.5 46.6 3r.B 64.8 6t,T 3D.T To,3 8z.6 67.6 jT.9

Alnus 5.4 3.4 1,4 L,6 L.5 r.t I,r 0.6 z,L o.9
corylus 0 .9 o ,6 o .2 0,4 l,T 0,3 o .5 o .2
salix 3.4 B.B 3.9 3.0 6,4 4.4 L.T 2.4 4.0 z.B
MyrLca O.5 0.6 0,1 0.4 0.1
ilunJ-perus-Thuja 2.6 0,5 0.1 0.1 0.3 0.3 0.3 O.7
Viburnum 0,1
RÍbes O,1

Ão

Total shrub B.B t6 ,2 7 .L 5 .o 8.3 6 .O

GramLneae (")
Gramíneae (")
Cheno-Amar.
AmbrosLae
Arteml-sia
Líguliflorae
Tubullflorae
Plantago
ThalLctrum
Rumex
Galíum
I,egumÍnosae O.2
Umbelliferae
Crucíferae O*1
Caryophyllaceae
Labíatae
Epllobium 0.1

..,. Rosaceae O ,1

6.9 rr.6 r3.3
4.4 5.o 29.o
L.6 2.5 r.B
o.6
o.5
0,1
o.6

o.2
3.5
0.6
1.8
0.4
0.1
0.1
0.1
4,¡

o.2
0,1
o.2

j Cannabinaceae
i urtícaceae
Equisetum
Lycopodlum clavatum
L. complanatum

Total NAP

trÃ
12.2
3.5
o.2
t.6
0.4

2.6
2.O
o.6
0,4

l4.z 3r.6
5.7 9.r
o.B 2,7
o.2 1.4
1,1 3 .0

i

lcyperaceae 2.7 9.3 4.0 3.3 1.6 L.6 1,3 o.5 !.6 r.6
lsphagnum L.2 2,4 O.3 1.0 1.2 O.5 O.5 O,2 0.6
i

¡

I

4.9 3.7 6.9 4.6

9 .3 4,r r1.o 6.6
L.5 5.r 2.5 7.5
r.B t.z 2.4 z.B
o.g 0.6 3.3 3.4
2.9 0.3 1.4 2.7
o.2 0.2 0,1
r.6 0,1 o.1 o.7
o.2 0.3 0,3 0.4
o .2 0.1

0.1 0 ,2

0.1 0.4 I,o 9.2

0,1 0 .2 0.6

o.9
o,6 0,1

0.1
0,3 2.2

7.r o.2 1.8
r.3

2.t 0.1 0,1 0.3

0.1

o.1 0.4
0,1 0.2
1.4 4,9 3,r 0.6o.5 o.5 0.1 0.1

0.1

0.4
0.1
1.0

o.B

o.6 5,6o.g o.B
0.1

t6.T 3T.z 6t.t 3o,z 30*0 58,3 24.8 L3.7 25.5 37.5

0.3 0.1 0.3
0,1 0.1
4.9 1.3 2.6 D.9
o.T 0,1 0.2 o.1

0.1



TABI,E 3

Complete data of pollen percentages from the top sediment
samples of the Southern (tuixea) eoreal Forest Regíon (zone II)

Statíons

Pícea
Pinus
Abies
Laríx
Betula
Populus
Quercus
Ulmus
Fraxl-nus
Acer
,Iuglans
Carplnus-ostrya
TLlLa

Total AP

Alnus
Corylus
SaIíx
,Tuniperus-Thuj a
Víburnum
Lonfcera

Total shrub

GramÍneae (")
Gramíneae (")
Cheno-Amar.
AmbrosLae
ArtemLsl-a
Ligultflorae
Iubuliflorae
Thalictrum
Rumex
Leguminosae
Urnlcelliferae
Crucl-ferae
Epllobíum
Rosaceae
Ranunculaceae
Urticaceae
Equísetum
l,ycopodLum clavatum

, fotal tlRP

, Cyperaceae
ErLcaceae
Sphagnum

', Polypodíaceae
;

l

To

24.6
14.4

T,6
tg.4
t.6
o.6
0.4
0.4
0.4

TL T2 T3

26.6 ro,4 18. 6
12.2 23 .2 g .4

0.b
L4.6
ca)
o.2

1,0
0.4

To

0.3
26.t 32.2

1.0
r.6 1.3
0.4 0.3
0,1

74 75 76

L6.7 10.4 10.9
24.t 3r.6 40. r
o.2 o.2 o.9
o.5 0.6 t.T

26.o 25.6 L4.5
L.6 L.6
1.4 1.0 O .2
o,2 2.O
o,B 1.2

0.4 o. B
0.6
o.2 0.2

æ.4

5.8
'¿.o
2.8

DT.6 6r.B

L2.O 22.r
o.B 3.9
3.0 1.0

o.2

16.0 2T.O

D.B 2.6
L.2 O.T
4.4 o ,T
L.6 r.6
g.B 5.L

l-.4 0.4
0.4
o.2

0.1
o.2
o.2

1.0

o.2

26.4 LL.2

1.8 0. B
o.2

0.1
0.3

tr.2

5.6

1,4
o.B
OD

3.2
o.6

o,2
o.2

63 .t TL.5

15. O t2 .4
1.0 1.3
2.8 2.4

o.2

75.4 69.3

8.4 ro.4
0.4 1.1
1. B o.B

o.2

10.6 t2.5

4.6 1.3
o.2

o. B 1.1
2.2 t.9
5.2 10.6

o.6 t.7

rB.B L6.3

2.3 3 .1
o.5
3.0 o.B
1.3 1.1
B.z D,T
0.3
2.5 o.B

0.6

3.6

25.4

2.3

o.2

o.2

0.3

o.2

0.4 o.z
o.2 0.2

0.4
0.4

14.o 18.2

o .T 0.4
35.5

0.3 many

rB,1 t2 .2

o.b



TABLE 4

Complete data of pollen percentages from the atmospheric
samples of the Upland Ðeciduous Forest Region (Zone III)

Statíons

4o 11 zo 46 25 56 34

Picea 1.3 0.1 O .2 O .9 0 .3 1 ,0 O .6
Pinus 5.9 1.6 3.3 T.T o.B L2.5 2.8
Betula 0,4 2-o o.7 1,1 O.2 O,7 0,1
Populus
Quercus O ,2 L.6 0.1 2.9 3 .6
Ulmus 5.T 0.3 O-2 0,3 0.3 L.2
Fraxínus o.9 0.5 0.6 0.1 o.2 0.6 5.6
Acer 2.5 L:-,T O,5 1,4 4.4 2.O 2.9
Juglans

rorar Ap 44 .9 46 ,6 4r, r 44.3 63 ,5 4o .6 23 .B

Alnus O.5 0.1 O.T 0.3 O.T 0.3
Corylus
salLx 3 .9 3.6 4.6 B.B 2.5 4. r 2.9
Juniperus-Thuj a
Symphoricarpos occ.
Cornus
Elaeagnus
VLburnum

2B.o 3o.3 3D.B 3r.3 5T .2 20.6 6.9

7t

Sanibucus 0.1
Syrínga

Tot,a1 shrub 5.5 4,z 5 ,4 :10,6 3 .o 6.o 5,o

0.1

Gramineae (")
Gramineae (")

o.7 0.3 0.3 o.T 0.1 o.6 o.2

cheno-Amar. J 5.8 8,1 3.8 7.2 L.9 6.8 18,9
Ambrosiae 1,0 I,O 1.7 1.0 1.0 3,3 T.B
Artemisía 4 .f T .L 5.3 5.2 1.4 9 .9 6.6

0.4 0.1 o.2 0.1 0,6 1,3

Llguliflorae
Tnbulif lorae O .2 ! .2 2 .3 O,4 0.3 O .6 O .5
Plantago
Thalictrum O.l- O.2 0.4 O.2
Rumex 0.4 0.5 0.3 0.4 0.1 0 ' 1

0.1

0.3
o.2

LegumLnosae
Cruciferae O .9 0.3 2 .T 0.3 O .7 O . 6

0.1

I.,abiatae
Fagopyrum
Rosaceae O .5 0,1 1 .3 O .2

lt.B 9.824.2 B.T ro.5 11.4 10"3
t5,2 L4.g 5.2 rT .9 16.8 9.2 20,6

Ranunculaceae
,", Urticaceae
,Cannabinaceae

0.1

0.1 o.5 !.T 0.6 0.1 0.3 0.5

Equisetum
LycopodJ.um complanatum

o.2

0.1

0,1 0,2 0.1 0.1 0.9

roral NAp 4g.6 49,2 53.5 45.t 33.5 53,4 Tr.2

cyperaceae 4.1 3 , 1 2.5 2 .L o .T r.5 L.T
Sphagnum O'1 0.1 0.4 0.1
Other Pt,erJ-dophyta 0.1

1.3 2.t O.6 O.7 0.3 7.9 1,4

0,1 0,3
6"6 2.3 3.2 1.5 0.3 1,0 o,B

0.1 0 .2
o,9 1,0 O.T 0.9 O.5 !,9 1.4

0.1 0,1

0.1
0,1

0.1



TABI,E 5

Complete data of pollen percentages from the top sediment
samples of the Upland Ðeciduous Forest Region (zone III)

St,ations

Picea
Pínus
Bet.uIa
Populus
Quercus
UImus
Fraxinus
Acer
'Juglans

Total AP

Alnus
Corylus
Salix
Viburnum

Total shrub

Gramineae (")
Gramineae (.)
Cheno-Amar.
Ambrosíae
Artemísia
Ligulíflorae
Tr-rbulif lorae
Thalictrum
Rumex
I,eguminosae
Lilíaceae
Rosaceae
Ranunculaceae
Urticaceae
Cannabinaceae
Equísetum
Lycopodium complanatum

Total \IAP

Cyperaceae
Polypodiaceae

TT

2.2
6.8

23.6
o.B

t5 .2
o.B
1.0
o.2
0.4

51 .0

2.8
2.2
2.8
o,2

B.o

7.4
o.6
4.8
4.0

L5.4

5.6
0.4
o,2

0.4
0.8
0,4

1.0

4r,o

D?

7B

r.T
B.l

¿¿. (

L,6
12 .8
2.O
2.O
1.0
0.3

52,6

2.8
3.7
3.2
o.2

9.9

tL.2
0.3
?Ã
J')
2ç.J.)

15 .0
o.2
J".5
o.B

72

T9

o)t
B.z

16. B

o,B
14,8
L.2
2.8
o.2

4T.z

L.6
?L
3.6

8.6

14.¿t
o.6
)r )-L

3.8
18 .0

2.4

ar?

o.2
o.5
0.3
o,2

o.2
o.2

37.5

a2
J.J

o.2

44.2

1.8
0.1



TABLE 6

Complete data of pollen percêntages from the atmospheric samples
of the Lowland and Alluvial Deciduous Forest Regíon

(Zones IVa and I\fJc )

Stations

Picea
Pínus
Tsuga
BetuIa
Populus
Quercus
Ulmus
Fraxinus
Acer
Juglans
CarpJ-nus-Ostrya
Tilla
Pterocarya

AP Total

AInus
Corylus
Salix
MyrJ-ca
iluniperus-Thuj a
Symphoricarpos
Vlburnum
L,onícera
Cornus
Sambucus

Shrub Total

Graml-neae (" )
Gramineae (.)
Cheno-Amar,
Ambrosieae
Artemfsla
I,tgulif lorae
Tt¡bulíf lorae
Plantago
Thalictrum
Rumex
Legumínosae
Umbe1lÍfeïae
Cruciferae
I,ablatae
Caryophyllaceae
Rosaceae
Ranunculaceae
Polygonaceae pp.
Fagopyrum
Polygonum
Cannabínaceae
Urt,l-caceae

9605410BzB5T2t733
2.7 2.2 1.1 1.0 1.0 L.2 O.2 2.2 0.3
7.4 rB.2 10.6 6.T B.g z.o r0.6 4.6 zB.9 L2.5
0.1
2.6 r.B 3.3 0.5 o.B 0,6 L.T r.5 0.8 o.5
T,B 8.2 1o.r 7.4 ro.r to.T 6.t T.B t6.T B.z
8,1 t2.o to,A 4. r 1, D 30. o 6,L 3 .2 2.o 1.1

Lg.3 9.5 3.9 2.7 7.6 6.t 1.4 o.B 2.5 o.B
8.0 6.7 3.9 Lz"9 3.8 2.5 4.5 r.5 3.6 5.8

zL.o T.O 2.7 9.3rT.t 10.6 2.6 1.4 7"2 5.5
0.1 0.2

0.1 0.1
o.4 0.1 o,2 0.3 0.1
0.3

TT.B 6n.6 46.t 44.6 50.8 62.6 34.5 21.0 64.e 35.o

0.3 0,3 0.4 0.3 0.1 o.2 o.5 o.5 0,3 0.1
o.2 1.3 L.2 0.4 o.2 1.0 t.9
o"9 4.2 z.B o.9 z.o 0.9 43 2.o 2"8 r.6

0.1 0.1
o.2 o.2 0.4 o.5 o.7 0.3 0.3 0.3 0.1

0.1
0.3 0.3

0.3
0.1

0.1 o.2 o.2 , 0.5

2.t 6.6 5.t t.2 '3.0 r.9 5.3 3.9 6.t 1.8

6.9 3.8 Lz.T 6.3 3,g 2.o22.5rr.2 7.9 T.L
z.D 4.4 T.T LT.T B-B 4,0 8.7 L9.5 3.6 2r.6
3.4 6.t 9.3 ro.4 1o.Z t4,5 6,0 t5.7 4,5 t5.6
2.L 5.9 7.8 LL.T L3.5 8.3 6.3 L6.4 4.8 T.T
r.B r.B 4.r r.3 z.t 1.9 6.5 3.4 o.9 3.1

0.1 o.2 o.2 o.2 0.3 0.3 0.4
o.T o,2 o.5 o.2 0.1 1.4 0.4 o.6

1.0 0.6 2.2 0.3 O.2 3.2 O,2 1.0 0.4
0.1 0.1 0.1 0.6 0.2 0.1
0.1 0.4 0.3 0.3 L.2 0.1 t.2 0.1 t.2
o.5 L':2 O.6 0.4 O.6 O.B 1.1 t.2 0.8 9.9o.1 0.1 0.2
o.2 0.4 o.B o.2 !.9 o.6 o.T 0.9 0.3'2.9

0.1

73

EguisetgL _

Lycopodium arfn,
L, clavatum

NAP Total

0.1
0.1
0.1

o. I 0.1 0.3
o,2 o,2 o.5 0.1 o.T 0.5 L.6 o.2

o.2 0.1 0.3 0.4 0.3 0.1
o.2 0.1 0.4 0.1 0.2

0.1 0 .2 0.1
0.3

0,1 0.2 0"1 0.2 0.1
1,0 2.O !.2 4.8 1.0 r.5 2.2 2.L r.9 O.7
0.1 o.6 o.2 0.5 o.2 0.4 1.0 o.6 0.9

20.1

0.1 0.1
o.2

2T .B 4B,B 54.2 46.2 3D .5 60,2 T5,L 29 ,T 63.2



TABI.E 7

Comptete data of pollen percentages from the atmospheric
samples of the Aspen Parkland Region (zone v)

Statíons

Picea
PLnus
Betula
Populus
Quercus
Ulmus
FraxLnus
Acer
Juglans
Carpinus-Ostrya

Total AP

Alnus
Corylus
Salix
Myrica
'Juniperus-Thuj a

Tota1 shrub

Gramineae (")
Gramineae (.)
Cheno-Amar.
Ambrosiae
ArtemLsía
Llgultflorae
Tr¡bulif lorae
Plantago
Thalictrum
Rumex
Leguminosae
Umbelllferae
Crucíferae
I.,abiatae
Campanulaceae
Polygonaceae
Fagopyrum
Rosaceae
Ranunculaceae
Cannabinaceae

,Urticaceae
Equisetum

Tota1 I\IAP
I

j

i cyperaceae
Sphagnum
Polypodiaceae

4r 38

2.5 1.1
20. O 8.3
2.2 l.T

2L.4 rT.T
o.5

2.O
o .5 0,1
4.2 ro.9
0.1

52.9 40.3

52 39 43

o.7 2.t 0.6
4.4 T "z 4.9
3.2 r.2 1.4

25 .6 37.0 L9 .3
2.9 0.4
1,0 0,1
2.4 0.1 1.1
2 .3 0.3

0.1

4z,D 4f .f 28.1

T4

o,5
0.1
o.T

53

0.3 o.2
4.i 3.7
L.T 0.1

!!.7 34.8
3,3 3.8
0"3 0.6
1.0 o .T
1.0 t3 .6
0.1 0.1
0.1

24.o 57 .6

o.T o.2
o.T o.2
3.5 r.7

0.1 0.2
o.5

4.6 3"2
o.2

0.4 0.3

5.L 4.4

25.8 B .2
t5.2 B,B
2.t 5,5
0,8 3.5
2.L 13,3
0,3 2.3
0,3 0.7
0,1 0.1

0,3 0,1
o, B L.T

o.2 4. r

0.1
0.1 0.3

0.3
0.1 0.4

0"1
0.1 o,3
5,5 2rT
o.B 0.6

54.6 53.t

o.B

12

1.3

10,9
11,5
10.0
0.3
2.9
o.5

o.6

o.2
o.6
1.8

o,2

0,4

0"1
5.2
0.6

45.8

0,5
o"B

0.1 0.1
0,3 0.1
3.2 2.6
0.1

3.7 2.8

12,0 57 .9
2.O 2,1
2.2 1.4
o.6 o.T
0.3 2.7
o .2 0.1
L.6 o.j
o.2 0.1

0.1
5,4 0"7

9.L O.2
6,T o.l

4.9 2.L

L3.g 6.t
10.0 11.6
L6.2 7 .2
5.5 3.4

11 .0 6.2
0.1 0,4
1.3 O.2
0.3 0.1
o.2 0.2
o.2 0.3
3.9 L.6
o.t
0.8 o.6

6.8 o. t
o.2

0,1
o.g 2.o
0,4 0.3

48.6 69;t

L,6 0 .9

0.1
o.2
0.1 0.1
3.8 1.3
3.3 1.0

Tl.l 40.3

1.1 1.4
0.3 o.2

0.1



Complete data
samples

TABLE B

of pollen percentages
of the Aspen Parkland

Stations

Pícea
Pínus
Betu1a
Populus
Quercus
Ulmus
Acer

Total AP

Alnus
Corylus
Salix

lotal shrub

GramLneae (")
GramLneae (")
Cheno-Amar.
Ambrosiae
Artemisia
Líguliflorae
Tubultflorae
Plantago
Thalictrum
Unücelltferae
Rosaceae
Ranunculaceae
CannabLnaceae
EquLåetum

Total NAP

Cyperaceae

BO

9.4
4j.B
3.8
L.2
L.6
o,2
0.4

62.4

1.8
1.0
DD

5.o

!4.2
0.4
72
1.0
5.8
o,2
2.8

Br

3.4
t2.4
t.2
o.2
1.4
U.O

L9 .2

J.O

L.2

4.8

26.O
1,0

17 .8
6,'4

t6.4
o.6
5.2
o.2
o,2
0,4
o.6
0.8
0.4

T6.O

7.6

from the top sediment
Region (zone v)

75

0.4
0.4
o,2

32.6

aR



Complete data of
samples

Picea
Pinus
Lari-x
Betula
Populus
Quercus
UImus
Fraxinus
Acer
Juglans
LarLx

Total AP

Alnus
Corylus
Salix
Junl.perus-Thuj a
SymphorLcarpos occ,
Viburnum
Sambucus

Total shrub

Gramíneae (")
Gramineae (.)
Cheno-Amar.
Ambrosieae
Artemisia
Ltguliflorae
Tr¡buIlf lorae
Plantago
Thalictrum
Rumex
Galium
I,eguminosae
Crucl-ferae
Caryophyllaceae
Campanulaceae
Malvaceae
LLnum
Daasa¡aa

TABT,E 9

pollen percentages fro¡n
of the Grassland Regíon

Stations

o.g o.6
3,7 5.3

0.3 0,1
11 .4 5.8
0.4 0.2
2.4 I,O

15.1 r..O
9.8 24,6

o,2

44.0 3B,B

the atmospherJ.c
(zone vr )

21 23

0.1 0,7
5.1 5,O

0.1
0.1 0.4
3.6 6.0
o.5 I,B
3.0 2.3

13 ,9 t.7
2.6 L.6

0.4
0,1

28.g 20 .O

76

o,6
3.9
o.9

0.1 0,1 0 .2
O;1 0.1
L.2 L.2 2 .9
o.T o.5

0,1
0,1 0.1

o.B

2.L 1.5 4.6

T .L B,T 11,0
16,0 38,4 L4.6
13 ,0 6 ,8 18.4
6,o j.4 7.6
^*9.5 3.5 9.o

L15
o,9 o.g 1,1

0.3 0,1
0,1

o.5 o,5 o.7

L.6 0.9 3,4
o,T o.6 1.0

0,1
0.1

0.1

5,4

14,1
L3.g
7.o
2.5
4.6
0.1
0,1
0.1
o,2
0,4

4,4
0,4

0.1
^?

rì1
^17



Complete data of
sample of

Picea
Pl-nus
Larix
Betula
Populus
Quercus
Fraxínus

Íotal AP

Alnus
Corylus
Salix

TABLE 10

pollen percentages from the
the Sandilands RegJ-on (zone

StatLon

Bz

T.T
65.4
2.3
to1.J

0,4
0.4
o.2

79.3

2.7
o,B
r.5

Total shrub

Gramlneae (")
Gramíneae (.)
Cheno-Amar.
AmbrosLae
Artemisl-a
Tubuliflorae
Thalictrum
Ranunculaceae
CannabLnaceae
Equisetum
Lycopodíum clavatum
L. lucidulum
L. complanatum

Tota1 l\AP

Cyperaceae
Sphagnum

top sedlment
vrr )

T7

5.o

ÃD
0.4
1.3
3.9
o,B
0,4
0.4
0,4
0.4
1,9
ô?
0.1
o.2

L5,T

2,8
0.1



TABI,E 11

Complete data of po11en percentages
sample of the Spruce Vüoods Regíon

Picea
Pl-nus
Betula
Populus
Quercus
UImus
FraxÍnus
Acer
iluglans

Total AP

Alnus
Corylus
Salíx
Víburnum

Total shrub

Gramineae (")
Gramfneae (.)
Cheno4mar,
Ambrosiae
ArtemLsLa
Tubuliflorae
Thalíctrum
Ranunculaceae
Equlsetum

Total NAP

Cyperaceae
Sphagnum
Polypodiaceae

Statíon

B3

4.0
LO .2
2t.6
L.2
4.0
o,B
o.2
o.B
o.2

43 .0

4,2
1.4
5.o
0:4

11,6

11.2
DD
2.8
2.Q

2L.6
3,0
0,4
0,4
1,8

4n.4

3,8
o.I
0,1

from the top sediment
(zone vIII)

TB



Complete data
sample of

TABLE 12

of the poIlen percent,ages from the
the Boundary Regíon between Zones

StatLon

13

3.7
83.6
o.2
1.4
2.3
0,4
0.1
0.5
0.1

92.3

Pl-cea
Pinus
Abies
Betula
Populus
Quercus
Ulmus
Fraxlnus
Juglans

Tota1 AP

Al-nus
Corylus
Sall-x
Juniperus-Thuja

Total shrub

Gramíneae (")
Gramíneae (")
Cheno4mar.
AmbrosLeae
Artemisia
Líguliflorae
Tubullflorae
Plantago
Urticaceae
Equlsetum

ToIal ITTAP

Cyperaceae

atmospherlc
I ANcl II

79

I.5
o,2
0.2
o.6

2,5

2.O
o.B
0.3
1,1
0.3
0.1
0.1
o.2
0,1
o.2

5,2

0,8



Complete data
sample of

TA.BI,E 13

of the pollen percentages from the
the Boundary Regíon between Zones

Statíon

B4

13.4
Ào lL

tJ. I

0.4
5.O
l-.8
2.O
o.2
o.6
o.6

73.4

Pl-cea
PLnus
Abl-es
Betula
Populus
Quercus
Ulmus
Fraxínus
Acer

Total AP

AInus
Sa1íx

Total shrub

GramLneae (")
Gramineae (")
Cheno-Amar.
AmbrosLeae
Artemfsia
Tubuliflorae
Uribelliferae
Rosaceae
Ranunculaceae
Urticaceae
Equisetum
I,ycopodlum clavatum

Tota1 IüP

Cyperaceae
Other Pteridophyta

top sedJ-ment
I and II

Bo

7.4
0,4

T.B

4.6

¿-¿
2.6
3.2
o.B
o.2
o.6
nJr
o,2
3.0
o,2

18,8

o.9
0,1



Complete data
samples of

TABT,E 14

of the poIlen percentages from the
the Boundary Region between Zones

StatLons

PÍcea
PLnus
Larl-x
Betula
Populus
Quercus
Ulmus
FraxLnus
Acer

Total AP

Alnus
Corylus
SaIix
Juniperus-trhuja

Tota1 shrulc

Gramineae (tt )
GramÍneae (")
Cheno-Amar.
Ambrosieae
ArtemLsLa
Liguliflorae
Tubuliflorae
Plantago
Thalictrum
Rumex
Legumínosae
Cruclferae
Umbellif,erae
Polygonaceae
Rosaceae
Urticaceae
Equisetum

Total lü.P

Cyperaceae
Sphagnum
Dal rrnaÁ { =^o=o

22

0,4
L,2

1,1
T2 "5
1-3
0.3
0,3
9.r

86.P

0,4
o.5
r.2

2.L

4.2
o.B
3.4
0.4
(.).o
0,3
0.3
0.1
0.1
o.2
0.4
0.1

55 59

3.9 2.2
4P.B 24.9
o.2
3.8 rz.B
6.2 t2.o
1,3 1 .3
0.4 0,1
1,3 0.1
o.5 o.2

6o.4 33,6

r.4 18.6
L.2 0,5
4.2 o,B

0.1

6.8 zo .a

L5.6 18,B
3.4 t.9
2.9 1.6
2.8 o.6
!.6 1,4
0.4 0,2
o,6 0.1
1.9 0,7

0.3
o ,T 0.3
o.B

o.2
0.1

1.1
o .9 0,3

32 -B 26 "4

2.5 O.2
0.5 0"3

ôtr

atmospherJ.c
II and V

Br

o.2
0,3
0.3

]L,T

0,4



Complete data of
sample of the

TABI,E L5

the pollen percentages
Boundary Reglon between

Statíon

t6

3"0
32,2

r_ "3
2.6
r.4
o.5

16.9
7,O

64,9

o,7

2.7
0.4

3,8

10,6
3.0
4,0
3.4
2.r
0.1
o.2
1,6
o,2
0.3
0.1
o.5
0"r
o.2
/Lat aJ

^/u.o

31.3

2.3
o.2

Pfcea
PLnus
Betula
Populus
Quercus
Ulmus
Fraxinus
Acer

Total AP

Alnus
Corylus
Salíx
'Juniperus-Thuj a

Total shrub

Gramlneae (")
Gramfneae (")
Cheno-Amar,
Ambrosl-eae
ArtemLsia
Ligultflorae
Tubuliflorae
Plantago
Thall-ctrum
Rumex
LegumJ-nosae
CrucLferae
Umbelliferae
Cannal¡Lnaceae
Urtfcaceae
Equisetum

Total t{AP

Cyperaceae
Sphagnum

from the atmospherJ-c
Zones II and VII

Bz



Complete data of
samples of the

TABTE 16

the pollen percentages
Boundary Region between

StatLons

Pl-cea
Pinus
BetuIa
Populus
Quercus
Ulmus
FraxLnus
Acer
Juglans
Carpi-nus-Ostrya
Tilia

Tota1 AP

AInus
Corylus
Salix
JunLperus-Ehuj a
Elaeagnus
Ol-eaceae

Total shrub

Gramlneae (")
Gramineae (")
Cheno-Amar.
Ambrosieae
Artemísía
I,iguliflorae
Tubuliflorae
Plantago
ÍhalLctrum
Rumex
I,eguminosae
Cruciferae
Fagopyrum
Polygonum
Rosaceae
Ranunculaceae
Cannabl-naceae
Urtlcaceae
Elrrlr { srcf rrm

24

0.9
4"8
o.9
q .-/
l.l
L.5

L3.2
z)t
lrl

L3,T

0.3

50,4

o.T
0.8
1.9

o,3 0.1
1.3 7.3
o,g 0.4
4,T T.o
1.0 5.L
3.0 2.7
6 .4 tr,9
o,B B,g
0.1
o,2

18,7 43.4

0.1 0.1
o.2
1.3 L.2
o.5

0,1

2.t 1.4

4.s 4.5
36 "9 24.o
24,L 15.0
5.3 4.7
4,0 3.1
0.3 0,1
o.5 0.4
o.6 0.6
0.1
0.3 0.5
o"5 0.4
0,1 0.3
0.1 0.2
0.1

0,1
0,4 0,3
o.T 0.6
o ,6 c),6

from the atmospheric
Zones III and IV

B3

0,1

3,5

2.8
LO,7
11.1
9,6
5,1
0,3
0,3
o.2

o.2
o.5
o.5

o,5
o.5

2.8
1_O



TABI,E IT

Complete data of the pollen percentages
samples of the Boundary Region between

Stations

Picea
Pínus
Betula
Populus
Quercus
Ulmus
Fraxínus
Acer
Juglans
Ti1ía

fotal AP

Alnus
Corylus
Salfx
Elaeagnus

Total shrub

Gramineae (")
Gramlneae (")
Cheno-Amar.
An[brosLeae
ArÈemfsia
Llgulfflorae
Tubuliflorae
Plantago
Thalictrum
f,egumJ.nosae
CrucLferae
LLllaceae
Caryophyllaceae
Rosaceae
Ranunculaceae
Equísetum
LycopodJ-um complanatum

Total Iü.P

Cyperaceae
^&'L^- 

DJ-^-.1 ,{^^larv# =

B5

5.o
11 .0
5.8
o.B
6,6
0.4
o.6

o.2

30,4

3.6
0,8
2.8

7D
I .L

15.8
4.0

12.B
5,8

19,8

r.6

0.4

o.2
o,2

from the top sediment
the Zones III and V

B6

4.2
t5.4
3,6

32.4
o.6
o,6
0.4

B4

87

3-B
16 .8
)r^
o.2

L5.6
0.4

0.2
o,2
o,2

4e.o

4.0
u.o
<l.i

57.2

2.4
0.4
o.6
0.8

4.2

L.6
?L

14,4
8.4
8,4
o.2
o.6

o.2
o.2
o,2

o.2
o,6

o,2

38,6

0,9

B.z

15 .2
o,2
3.2
2,4

24.Q

3.6
o.2
0.4

1,0
O,2
0,4
o,2

62.4

^o

o.2
o"2
o.2

49.8

4.6



Complete data of
sample of the

TABLE 18

the pollen percentages
Boundary RegJ-on between

Statíon

4

1,0
-/-to.'(
o,7
9.t

35.o
1.0
7.4
5.9

T6.B

ÔD
^^¿.¿
1,1
o.2

Picea
PÍnus
Bet,ula
Populus
Quercus
Ulmus
Fraxinus
Acer

Total AP

Alnus
Corylus
SaIíx
,IunÍperus-Thuj a

Total shrub

Gramineae (")
GramLneae (")
Cheno-Amar,
Ambrosieae
Artemisla
Tubulíflorae
Plantago
Thalictrum
Rumex
Leguminosae
Rosaceae
Cannabl-naceae
UrtÍcaceae
Equfsetum

Tota1 ttB,P

Cyperaceae

from the atmospheric
Zones III and VI

BS

3.7

3,1
4.6
3,r
1,1
3.1
o,6
0,4
0.1
o.2
U.O
0.1
1.0
0,4
1,1

19.5

o.9



Complete data of
sample of the

TABI,E L9

the pollen percentages
Boundary Reglon between

StatLon

BB

5.8
11. 6
T.o
1.8

13.4
1.2
1.4
^aU.O
0.4
o.2

43 .4

2.4
0,4
2,4

5.2

L2,6
0.4
OD
J.L

T'o
l.6.6
2,2
0.4
0,4
1-O
o,2
0.8
o.6

Ã1 /i
)r. I

3'4
0,1

Plcea
PLnus
Betula
Populus
Quercus
Ulmus
Fraxínus
Acer
Juglans
Carpinus-Ostrya

Total AP

AInus
Corylus
Sallx

Tota1 shnrb

Gra¡nfneae (" )
GramÍneae (.)
Cheno-Amar,
-AmbrosLeae
Artemisia
Tt¡bu1if lorae
Thalictrum
Rosaceae
Ranunculaceae
Cannabinaceae
UrtLcaceae
Equfsetum

Total IBP

Cyperaceae
PolypodJ.aceae

from the top sediment
Zones III and VI

B6



Complete data of
sample of the

TABI,E 20

the pollen percentages from the
Boundary Region between Zones V

Station

19

L.2
34.7
1.0
T,l
L.5
o.2
^vV?l

0,1

46.5

PLcea
Pinus
Betula
Populus
Quercus
Ulmus
FraxLnus
Acer

Total AP

Alnus
Corylus
Salfx
,IunJ-perus-Thuj a

Total shrub

Gramineae (")
Gramineae (")
Cheno-åmar.
AmbrosLeae
Artemf sl-a
I,igulíf lorae
Tubuliflorae
ThalLctrum
Gallum
Legumfnosae
Rosaceae
Cannabínaceae
Urtlcaceae
EquJ-setum

Total shrub

Cyperaceae
Polypodiaceae

Br

atmospheric
and VIII

0.3
o15
1.4
1.8

4.0

4,r
12.T

trtr

1.2
18.5
o'2
0,4
0,1
0.1
2.4
0,3
0,1
0,1
?o

49.>

o,B
0.1



TABLE 21

CorrelatÍon coeffícients between each of the 52 atmos-

pheric samples, based on the 16 maín pollen types tisted

Ln lable 3. The stations are grouped according to the

landform-vegetatLon zones (u." in Table J). (Negat,ive

correlations are underll-ned; each value is a decimal),

BB



TT TII TVa Ttrb
Boundary cases

7 B 9 10 11 12 17 UIl5 ß U 18 19 20 21'22 21 24 25 26 2128 29 ltz tt 74 5D 
=6 

77 rclzt 40 41 42147 44 4i 46 47 48 4s 50 5r i2

fa Ib

rJ 254i6

79
63

88
60 eo
50 56 78
70 2t 72
84 84 86

69
7t
50
62
4B
50
32

96
68 6r
9I BB
e7 e7
75 79
57 40
æ73
87 BB

76 72

5+
56
19
62
56
54
t2
75
60
60
7t
t4
L2
08
o1
22
L2
02
l_1

?2
22
2l
z2
9å
22
06
ß
!2
fl-
04
07
ot
26
05
22

-u,
22
æ,
56
67
76
.g
27
26
07
39
t2
84

55
55
1B
7I
42
L2
OB

,4
57
87

æ.
v.
¿4.
OB

22
T7
10
08
44
11
70
09
19
09
22
07
67
1g
4L
01

u!-
06
g.
L
æ-
22g-
9o
6r.
69

L
z2u
t5
66

t2
69

62
25
77
46
L6
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