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Analysis of Surface Pollen from Alberta, Canada, by
Polar Ordinalion

Abslracl

Surfacc Dollen asscmblaec! trom 29 vegetatiooal stands located throughout the Province of Alberta

*c.. unilvr..l usinc poiar ordinarion and were then compared to vegetational data analyzed using

the samc icrhniques. The results revealed that a cotrelntioo between thcse sets of data does cxist'
By using rt e techniqu€s of polar ordination, the surface poLlen nsscmblages of rhe 29 stands clustered
irito fivZ groups ruhich were representative not o{ the vcgetational composition of the stand' but of

the domiiant vegetatiooal assciiation in that area Thce results sug8e:r thar polar ordination is a
promislng anaLyiical technique rhat may be panicularly ueful in delimiting fossil pollen assem-

blrgcs.

lntroducl ion

Pollen aoalysts have long beeo interested in the relationships that exist beween the

vegerarional composition of a plant communiry and its constitueot Pollen rain Plevious

investigators approached this problem by a variery of methodological Procedures, in-

cluding the analyses of suiface moss polsters (Hanseo 1946, King and Kapp 1963, Mc-

Andrews and rXrright 1969, Mack and Bryarx 1974, Heusser 1977) and Pollen traPs
(Rowley 1955). More recently, Webb and McAndrews (1976) have used ffend surface

analysis to map the distribution of the pollen lain across broad vegetational zones ro

Canada. These data have proven invaluable as an aid in the interPretation of fossil polten

chronologies, br-rt, unforrunately, the basis for many of these studies are geographically

tesrflcted.

The palyoological record from Alberta is only prxxly known from a few selected

sites ltxated priocipally in the central part of the province (Hanseo 1949a, 1949b:

Lichti-Federovich 197O, 1972; Jackson 1979; Kroker 1979; Holloway et al 198I) '

Hov-ever, in order to precisely interpret these palynological records, it is necessary to

first understand the existing relationships betwecn the vegetatioo and the surface pollen

rain from this region.

Jansseo (1970) has correctly observed that the pollen rain of aoy particular Plaot
community is comprised not only of the pollen rain produced lcrcally, but in addition,

conrains pollen deposited as a rcsult of long distance trans.port from adjacent communities

in the paths of prevailing winds. Thus, in attemptiog to inrcrPret the distributioo of

the major pollen rain, it is necessary to view the spatial distribution of maior plant

asvxiations throughout the region since vegetational parerns and the distribution of

extant plant communities can be easily investigated by using the gradient analysis

approach (\{hittaker 1967)' I decided to apply this methodology to analyses of surface

poilen d"tu collected from communities located throughout the Plovince of Alberta

( F i e .  1 ) .
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Figure 1. Map-of Alberta,.Canada, showing rampling loc.rtions rnd rnajo. vegc{rtionxt assocjations_
l=Montane and Foothills regio;;2-MjxeJwioJ Forcst Reeiool" l-Norrhern Mixc,.l-
wood Fores! Regioo; 4=Spruce-Aspen Ecorone; 5-AsI,€n parlland; 6=Grasslands. Veg
etat iooal  ass(x iar ions are general ized afrcr  Rowe ( lqr)  anJ Nurrh (1916).
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Methods and Materials

The vegerational composition of 29 plant commuoities, which represent the maio! Plant
associations of Alberta (North 1976), q/ere studied using the releve method of Mulle!-

Dombois and Elleoberg (1974). This method allowed for the statistical analysis of

data recovered from several stands of each plant association. A 10 X 10 m Plot from

each stand was used throughout, iffesPective of the vegetatiooal comPoditiofl of the

stand, in order o provide a more nearly accurate comParison berweerr stands (Muller-

Dombois and Ellenberg 1974). The vegetatioo of each plot was described by venical

stratification levels consisting of canopy, secondary canopy, tall shmb, low shrub, herb

and grass. Space limitations Prevent the inclusion of lhe raw vegetational data. These

data may be obtaioed by corresponding with the author. The relative abundance of

each species was determined separately for each stratigraphic level by Daubeomire's

(1974) percent cove! estimates, and all species identifications vrere based on Moss

(1974). Modern surface pollen samples were collected from each stand using the
"pinch" method of Adams and Mehringer (1975). Each composite pollen sample

consisred of 25 sub-samples.

The pollen sarnples were prepared for microocopic analysis following the method

of Faegri and Iverseo (1975). Small sub-samples of the surface "pioch"i samples col-

lected from each stand were first ffeate{ with 10 percent NaOH and screened through

200 ,um scleen. The residue was acetylated ( Erdtmao 1960). After dehydradon, the

conceotlatd pollen residues were transferred to a mounring medium of 1000 cs silicon

oil prior to routine examination at 430X magnification. Horizontal transcects of 1 mm

intervals were used throughout, and the entire slide was scanned to avoid non-random

distribution of pollen on the slide ( Brooks and Thomas 1967). A minimum sum of

200 grains per sample was used throughout (Ba*ley 1934).

Both pollen and vegetatiooal data were then analyzed usiog Polar otdioation Polar

ordination is defined as an arrangemeot of units in a uni- or multi'dimeosional order

( Goodall 1951 in Bray arld Cutis 1957) Ordinatioo, as further developed by Bray and

Curtis ( 1957), is based on the selection of two samples as poles ( endpoints) with all

other samples positiooed along an axis with reference to these endPoints Thtee differ-

ent measures of community similarity are available: Irrceotage distance (PD), Euclidian

distance (ED), aod coefficient of community (CD). The ordination for this study

used percentage distance as the measute of the computarions. The endpoints were

automatically selected by the Ordiflex Program (Gauch 1977) and provide for a

spatial arrangernent of the communities along one of more axes based on the degree

of similariry berween pairs o[ communirics.
Relative polleo frequencies of the 19 most commonly occur[iog taxa from these

samples were used (Table 1). Because of the morphological similatiry of palyoo-

morphs, ideotification and assignment of pollen morphological tyPes to ta'xonomic

categories (e,:<cept in rare instances) require the use of more inclusive taxa, such as

geous or farnily. On the other hand, idendfication of the vegemtiooal comPositioo of

iuch staods is usually to the species or sub'species taxonomic level. In the pasr, studies

such as these have computed the vegetatiooal composition and pollen directly, regardless

of the level of distioction of the taxonomic lwel (Cross et al !980' Fioe 1980, Margraf

e, .tt. 1981) . These comparisons using different taxonomic levels in the data base, have

led to confusion and lack of agreement of the statistical analyses. In older to compare
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,lata from similar taxonomic levels, I collapsed the precision oI the vegetational data

in favor oI the most precise tevel of identification that is available from the pollen

record.

Resulls

Orclination o{ the surface pollen samples from 29 releve plots provided a single dimen'

sional ordering of these stands (Table 2). Pollen percentages of five dominaot taxa

(Pinas. Picea, Betala, Alnus and Gramineae) wele theo plotted in relation to the axis

position of these stands as tielioeated by the ordioadon (Fig 2) The stands were

iiuid",l i.r.n five gtoups (C1 through G5) based on the observed disuibution of these

TlIrT,Il 2. X lxis co-orilirulcs and grotr| Dhcement ol slrnds hl or'dination
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five pollen ta-xa and natural breaks in the axis position These gtoup designations are

delimited in Fig. 2 by vertical dashed lines

As a test for the statistical siAnificance of these groups, the mean frequencl and

ranges of pollen percentages were computed for each of the five dominant pollen taxa

by lroup. 
-a 

66i-rqu"r" test for the streogth of this relationship was performed and

yi"ti"a " Cni-tqu"te vaiue of 222.86 with 24 degrees of freedom This value revealed

that the distriixtion of pollen ta-xa was statistically significant at least at rhe 0'001 level'

A second polar otdination was then performed oo the vegetational data The result-

ing axis posirions of these stands are also preseoted in Table 2 Based on the natural

breaks in the orclioation, four groups were identified (denoted alphabetically in Table

2 ). In an attempt to statistically compare the degree of similariry between the vegeta-

22 Hollouay



l o +  l c s

%il

G R A M I N E A E

60

P L A N T  C O ' i , I M U N I T Y  P L A C E M E N T  B Y  P O L A R O R D I N A T I O N

t o  2 0  3 0  4 0  5 0

G l  T  O  G O  .  P L A N T  C O M V U N I T Y  O R O U P S

Figure 2. Relationship of selecred pollen ta-xa ro communiry placemeot by Polar Ordination.

tiooal and the polleo data, I used a correlation analysis available through the SAS
package (Hedwig and Council 1979). T\e results are p,resented in Table 3.

The correspoodence between the surface pollen spectra and the vegetational com-
position is cloee. Using the groups of staqds delimited by the ordioation of the paly-
nological dat4 the types of vegetariooal stands included within sach group can be
examined.

Gtoup 1, Tbex five stands (oo. 1-5) were all located in the sourheastern portion
of the province, and vegetationally were all described as grasslaod communities. Gram-
ioeae, as expected, domioated the vegetational rccotd. Attemitia sp. was also present
in large quantities. Pinu pnllet was ples€ot in the surface samples io frequencies rang-
io.g ftom 7-24 percent, alrhough it was abseot in the vegetation. Gramineae pollen
was high (13-50 percent) as was that of Artemitia (1-45 perc.ent). Cheno-am (pollen

Analysis of Alberra Surface Pollen lt



TABT,ll L correl&lion coefficienis or veeclational and Fllen alati

ferrson Correlation Coeiricienl
Pollen Plani

I,lnnl

Spearman (--orrelation Coeliicient
t,olt.n I,lanl

1.00000
0 . 6 6 9  3  E

1 . 0 0 0 0 0
0_53135

1 . 0 0  0 0 0
0 . 1 ? 2 3  s

0 . 6 6 t 3 8
1 . 0 0 0  0 0

0 . 5  3 1 3 ;
1 . 0 0 0 0 0

0.3 ?23 t i
I  0 0 0 0 0

Kendall Tau R Correladon (-oclficieni

of the family Chenopodiaceae and the genus Amaranthus) pollen was also present

(2-12 perceflr), but again, no specimens of this taxoo were observed in the stand.

Grotp 2, The five stands in this group (no. 6-10) varied in their vegetational

composition. Pine pollen ranges from 30-37 percent, Picea ftom 5-25 percent, and

Betula lrclt 7-31 petceot. $Chile the vegetational composition was valied, some cofre-

lations were present. Four of the five communities did not have a well developed

canopy. Most of rhe stands in this group were located in the uansitional area betweeo

the parkland and the boreal {orest (no. 7, 9), or were located in the southero boreal

forest region identified by Rowe (1972) as the Mixedwood forest region (no 8, 10)'

Stand no. 6 was an alpine tundra located near Mr. Edith Cavel in the Jasper National

Park. This stand probably clustered with this gouP because of the reduced pine fre-

queocles.
Group j,Ter. stands (no. 11-20) were included within this grouP. These stands

*ere principally dominated by aspen (Pop*lus tretn oidesl and varying Percenrages
of bircb (Berula papyrifeu). Smnd no. 11, 12, 16, 18, and 20 (all small and isolated)

were not dominated by Pop us bur were located within the area described as the aspen

parkland. Pine pollen was intermediate in frequency (45-66 percent) ' atrd Picea

pollen increased ro its highest mean frequency (16 percent). Popalus pollet ratged

from 0-4 percent, but this is not unusual because this taxon is normally underepresented

in pollen assemblages ( Sangster and Dale 1961, 1964; Holloway 1981) due to Poor
pleservarion. Bet a and Alnas pollet are pres€ot in moderate amounts ( l-14 Pelcerrt
and 2-12 percent, respectively ). Rosaceae and Fricaceae pollen ate relatively high

(4 percent), given their dispersion mechanism and low polleo production, and bo'th

indicate the welt developed understory comPooent of these stands.

Gtoup 4. This gloup consistd of stand no. 2l-27, ar'd most were dominated by

black spruce (Picea matiana),larch (I 'atix la cina), ot pir 'e (Pinus con,o a).l i

addition, most sites contained an unde$toly domioated by Ledam and other herbaceous

taxa. This understory was oot as well developed as those in Group 3 stands Pine pollen

perceotalles were quite high, ranging from 70-78 Percent Picea pollen is also high

(5-18 percent) with Betala and Alnas Present bul in lower frequencies. One stand

(no. 26) was dominated solely by Popalu: tremuloicles.
Groap 5,'fhis group consisted of the final two staods (no.28,29), both dominated

by Pintur conrortd, The surface polleo assemblage reflects this vegetatiorul dominance

as Pinus poller, is present in excess of 85 perceot.
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Discussion

The degree of correspondence between the surface pollen rain and the vegentiooal
composition is significanr, as shorvn by the corelatioo coefficient of 0.66 (Table j).
However, other factors may also be responsible for the observed distribution of the
pollen-

Pinu prduces larger quantities of polleo that are easily dispersed by rhe wind.
Over one million grains of pollen are ptoduced by each male strobilus (Erdrman
i969);thus, it is not surprising that pine pollen was recovered from several com-
munities in which rhe raxorr was not physically present.

Many of the undersrory plants of these comrnuniries are insect pollinated and
therefore produce oo.ly small numbers of pollen grains per aother. The preseoce of any
of these entomophilous pollen types in the pollen spectra, even in very low frequencies,
usually indicates a well dweloped herbaceous componenr. Other pollen grains, such as
Iztix and Popalr1 arc thin-walled and do not preserve easily eveo under ideal condi-
tions ( Sangster and Dale 1961, 1964; Holtoway 1981). Thus, the pollen spectra would
not be expected to reflect accurately the precise vegetation composition of the domioant
tree species in a community composed of taxa whose pollen preserved poorly (Mack
and Bryant 1974, Mack et al. 1978)

The results of the ordinatioo have revealed rhar rhe percentages of pine pollen is
an importanr factor in the ordering of the stands. Pine pollen is easily dispersed and
is usually over-represented, especially in communities in which pine was oot preseor.
Thus, the proximity and density of pine stands to other vegetational communities is
largely responsible for the disriburion of pioe pollen in the local ald regional pollen
rain- Pines are primarily domioant in the foothills region of Albena (Rowe 1!72),
located east of the front range along rhe western boundary of the province. Since winds
are primarily westerlies, Pinu pollet is easily dispersed to adjacent, more eastedy
plant communities.

Muskeg communities ( Group 4) are more rypically present in the western portion
of the prwince, or scattered within blocked drainage depressions irregulady disributed
throughout the southern areas of the Boreal Forest ( Rowe 1972)- These are wetter
sites where spruce dominates the canopy. Local stands of pine may be found on drier,
well-drained uplandq but ooly rarely are orher arboreal elements io close proximity
to these stands. The large pollen production of nearby pine srands ofren masks the
lower productioo of Picea poller' distribution in these muskegs. As indicated in Table
1, however, this community-type cart still be recognized by slight iocreases io the per-
centage of spruce pollen. Even though the muskeg community-type is often disconrinuous,
small pine stalrds are sometimes in close proximiry ro rhem. The presence of these
pine sands often effectively obscures the local production of spruce pollen, aod this
over-representatioo of pine polleo virrually eliminates the presence of other pollen
raxa from inclusion vrithin the pollen recotd.

Aspen stands (Populu tremuloider) are common in both the Aspen Grove aod
Mixedwocd forest regions (Rowe 1972). According to the data recovered from the
surface pollen spectra, communities located within each of these fotest areas cao be
identified even though the presence of Popalat pollen is small. The Aspen Grove
region is primarily an €cotone between the forest and rhe grasslands (Moss 1932,
Rowe 1972). Domioant species ioclude Populus trernuloider, wirh sub-dominants of

Analysis of Alberra SLrrface Pollen 25



balsam poplar (P, bal:amea), Bet*la sp, and. Alnus sp. In the westem poltion of this

area, replesentatives of this sub-alpine fotest are ptesent, commonly formiog a spruce-

aspeo ecotone. Sitce Pop*lu pollen preserves poody, larger Percentages of Picea pollen

are ofren pfesent. Pine is also farther removed from these smnds aod contributes less

pollen to the surface assemblage, and therefore the local pollen production is masked

more by Picea pollen than by the pine pollen. The preseoce of other arboreal species in

the Aspen Grove is indicated by smaller Perceltags ol Betula ar'd Alnat pollen Frnally,

since these stands are generally open with a well developed herbaceous level, minor

increases io Gramineae polleo are recorded in stands froln this regioo.

The Mixedwood ( Rowe 1972) is composed ol a vatiay of arboreal species' The

dominance of Betula ard Alnat pollen in these Mixedwood assemblages is interpreted

as a result of rheir high polten productivity and their more successful Preservation Vhile

pine and spruce are Present within this forest region, their distributjon is somewhat

restricted. The restrictive occurrence ol Lr;th Pin*r and Picea in this communiry-rype

act to inctease the relative pollen frequencies of Betula ar'd Alnus pollen, which in

rurn is responsible for clustering of these stands

The gtasslaod communities are far enough removed ftom the pine sources so as

,o ao.r,riboaa little to the surface pollen rain. These stands are clearly dominated,

palyoologically, by taxa that are Present in the vegetational compositiorL Gramineae

and Artemisia, This increase in Gramineae, Cheno-Am, arrd At,e zitia pollen effectively

characrerizes these grassland communities.
As stated earlier. the one stand recovered from an alpine tuodra was an anomaly'

This stand clustered with the Mixedwood stands (Group 2). Its high altitude location

effectively removed it from distant Pinus pllen sources. T'he vegetatioo of this stand

was dominated either by relatively low pollen produciog plants ( such as Rosaceae

and shrub lorms of Picea atd Salixl or by plants whose pollen pro<luction had been

curtailed by local conditions.

Conclusions

Polar otdination is an effective and simple method for differentiating regional plant

commuoity ass<xiations based on their surface pollen min. By reducing rhe tecovered

ve[etational data base to irs lowest common denominatol, a more nearly Precise analysis

of rhe relationships can be obained. Using modern surface pollen frequencies, the

stands were clustered by ordination into groups that corresPooded not to the vegeta-

tional composition of the stand but rather to the vegetational comPooeot of the maior

planr asmciari.rns lcrared wirhin cbe province

The inferred gradient obtained by ordination aPpears to mirror the latitr'rdinal

distribution of these plant associations. These associations follow the decreasing pine

pollen percentages from areas with high pine polleo (the western montane forests) to

those where pioe Polleo is low (grasslands).

Since polar o.din"tion has been effective io delimiting plant associations based on

surface pollen assemblages, it should likewise be useful io grouping fossil pollen

assemblages rhat contain similar compooent taxa While small' local vegetational dif-

ferences will normally oot be identified, the results of this study show that maior plaot

associational differences, as reflc<ted by the regiooal pollen rain, can be identified'

The differentiation of major plant associations as revealed through use of Pollen or-
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dinatioo may, perhaps, also be a beneficial technique for use wirh fossil pollen records.
II fossil pollen samples within a continuum (such as those reco,vere<l from lake or bos
cores) are treated as discrete community samples, much like the surface pollen specrra
discussed in this study, then those levels with similar pollen raio will probably
cluster together. The application of polar ordioation techniques to the fossil pollen
record may reveal additional, quantifiable data concerning changes in major plant
associations and successional parterns rhan are apparent only by use of other standard
techniques.

To test rhis hypothesis, fossil pollen data already available from Central Albeta
( Holloway et al. l)81) will be analyzed using this rechnique. The results of rhis on-
going research should elaborate the successional and migntion patterns of major
plant associations rhroughout this region of central Alberta during the past 16,000
years and should demonstrate the utility of the polar ordinarion technique in fossil
pollen studies.
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