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Abstract
: : , .

Forty*five stands located on well—drained upland sites
in the Boreal Mlxedwood Ecoreglon of Alberta were‘
1nvestlgated Plcea glauca and Populus tremuld/des were the
dominant tree’ spec1e§ present- though Abies belsamea and
Popu]us balsamlfera were 1mportant*1n a few stands Orthlq
Grey ‘Luvisols were the predomlnant 501L5‘

Three groupangs .0of stands, based on canopy
J
evergreeness were recognlzed using Detrended- Correspondence

L

Analy51s These stand grouplngs were related to communlty

N

‘and spec1es attrlbutes. .

.

Canopy ‘cover and the deJelopment of a moss carpet were

Jehe two factors found to be most 1mportant in influencing

-7

-understory structu{e and tomposxtlon. Species richness (R),

'spec1es d1ver51ty (H ) and total vascular plant cover

decreased w1th 1ncrea51ng evergreén ‘canopy cover while

'specles domlnance_(C) and heterogeneity, patchlness,

Yo

increased. : o

Understory evergreen spec1es become more important than
. . [ . C)\ "
‘summergreen spec1es as evergreen canopy cover increases.
Understory evergreeness appears to be related to canopy

’

‘evergreeness and not to stand age. S .

s - g
v . "
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1. gntfoduct{on
The Boreal Mixedwood Ecoregion, the largest écoregion
in Alberta, covers approximately 290;000 km? gxtending from
the A%pen Parkland Ecoregion in the south to the Boreal
Northlands Ecoregion in the north (Strong and Leégat 1981) .
Analogous to the Boreal Mixedwood Section (Bl18a) 6? the .
Boreal Forest (Rowe 1972), the Boreal Mixédwood Ecoregion 1is

dominated by trembling aspen (Populus tremuloides)' a

species well adapted to the frequent fires which occur in

the region. o

The forests of central and northwestern Alberta have

been described in.terms of floristic composition and

°

ecological relationships by Mbss‘(1932,1953); More intensive -
-guantitative studies haVe’been done on the,developmént of

white spruce- balsam f1r (Picea glauca- Ables bal samea)

(Achuff and LaRoi® 1977) and ]ack pine (Pznus banksiana)

Pl

(Qa;;pii and Bliss 1982, purchase and La Roi 1983) forests

- in Alberta but aspen forests have been largely ignored.
_ Research on the development of aspen-white spruce mixedwosd
communitigs has been done in Saskatchewan (Rowe 1956,fDix

“.and wan 1971) as a component of more comprehensive studies

'onﬁfhe dynamics of boreal forest communities.
Overétory—hnderstory relationships’in the boreal forest
"have been studied .in Saskatchewan (Swan and Dix 1966) andv

Ontario (Carleton ahd Maycdék 1980 Carleth and Maycock

o ——— -

‘Vascular plant nomenclature follows Moss and Packer (1983)
:Bryophyte nomenclature follows Crum (1976)

‘ L
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sforests in northern Alberta:

" The primary objectives of this thesis are' (1) to
describe long-term autogenic succession in the understofry

structure and composition of aspen-white sppuce mixedwood

forests in northern Alberta, and (2) to investigate the

BN

effect of shifting tree canopy dominance from broadleaf

deciduous to needleleaf evergreen on the understory
S _ ‘

structure and.composition of aspen-white spruce mixedwood

»

*

- The fqgldlowing hypotheses, proposed by Odum (1969) in

his ecosystem model were tested: A

H,: Species richness is low in the developmental stages of
's%ccession and high in the mature stages.

H,: Species diversity (equitability component) isilow in the

‘early stage of succession énd high in the mature stages.

Hy: Spatial hepefogeneity (pattern diversity) is poorly
organized in "the eérly'stages of succession and well

organized.in phe‘mature.stages.

4
1.1 Definition Sf Terms ' ;
Summergreen spec1es are spec1es which retain their

o - 8

leaves for most of one grow1ng season.

wlmtergreen spec1es are specxes whlch retaln their

A

leaves for a one yea: perlod and then replace them w1th the
1: ';' . i
next annual cohorg . Lo

.

Evergreen spec1es are spec1es whlch retaln thelr”leavesv

e 3 .

. . v . —

fbr two or more years

LN



2. Study Region

2.1 Climate

| The climate of the study region (Fig. t) 1s
continental, humid to subhumid, micrdthermal (Dcf Koeppen
System), characterized by short, cool summers and :~ng, Co;i
winters (Longley 1970). Mean annual precipitation,:meae
vannual&temperature and growing degree-days above 5°C
decreaee from south to Qorth. Climate diagrams\(Figure 2)
from four locations in nb;thetn»Albefte and Ft.iSmith in the
Northwest territories are representative of the regionel
climate.

According to the climate c;assification of Hamet-Ahti
et al. (1974) most 55 the study sites are located in the . AN
southern boreal. The extreme northern sites may be !
considered as marginally southern boreal to middle boreal.

As climate is one ofvthe main determinants of plant species

I

distribution, there may be vegetational djfferences between
northern study sites and southern study sites. However,
nelther fleld ooservatlons nor laboratory analysis of the

Aata reveal any 51gn1f1cant vegetatlonal differences amongst

the, study srtes which could be attributed to climate.

| v
2.2 Geology and Physiography >
| "WThe study region‘(Fig. 1) was last glaciated during the

Wlscon51n age (1 400 B P.) when the Laurentlde ice sheet

ks a

advanced from the northeast (Lichti- Federov1ch 1970).

3 V . ‘ft ’/~if\\
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Figure 2. <(limate diagrams (after Walter and Lieth 1967) of fijve
stations "located irn northern Alberta and southwestern
Northwest Territories. Data from Environment (Canada
1980a and 1980b. . )
Key: abscissa = months of the year, Januarv to December;
ordinate = one unit equals IOOC or 20mm precipitation;
d = station name; b = altitude (m); ¢ = number of vears
of observation (where two figures are given, the first
indicates temperature and the second precipitation);
d = mean annual temperature (OC); e = mean annual
precipitation (mm); f = mean gdailv minimum temperacture;
during the coldest month; g, = absolute minimum temperatnrd;
h = curve of mean monthlv temperature: i = curve of mcan
.o monthlv precipitation; j'=0humid period; k = months with
: mean daily minimum below O C (black): L = months with
ib' absolute mimimum below 0°C (diagomal shading); m = number
days with mean temperature abovS +10°C; n = number of davs
- with mean temperature above -10 C. 3
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number of extensive, short-lived proglacial lakes, which
formed along'the ;etrea&ing ice front, have”resulteﬁ 1n
large areas of the region béing capped %ifh

glacio-lacustrine deposits. Modification of the landscape 1s
” ' s ¥ ;

occurring at the present time by infilling of depressions

¢ F

and lakes by organic materials. _ o
;g Most af the stud} region ismuﬁaeribin by shales and
sandstones deposited during the late E%ééééeous (Kiearsgaaxd
1972, St-Onge 1972, Scheelar et al. 1972, Bayrock 19607
Odyﬁsky et al. 1952).  The predominant parent magerials’aFeA.
t1ll and lacustro-till depos%ts with,gravéliy;éutwash and

t

shoreline materials important in local éreas; Surficial
debosits are unconsolidated materials consisting of (1)
till, (2; lake deposits of silt and clay and (3) glacdial
outwash which is\bompOSed of laké éhd wind deposits of sand

and sand/gravel. A
[ - &




¢ 'i\'Methods

3.1 Field Methods

» Preliminary selection of mf%edwodd forest stands was
made using black—and;white airphotos and Alberta Forest
Cover Type mapsy(scale ?:126,720):‘Criteria for pseliminary
site selectionlwere designethq.oBtain.a wide range of
age—clssses'thrdhghout the Boreal Mixedwood Ecoregion'of
Alber{e. Final selecpion‘involved ground-truthing to locate
sites wh1ch were: (1) dominated by any one or combination of
Picea glauca or Populus tﬁemulo?des, (2) relétively‘
undisturbed by man, (3) relatively uniform in the spatial
distkibutien,of plant species over a 1-2 hectare area, and
(4) located on sites with less than 10° slope angles.‘

. Within each stand one 20 x 50 g macroplot was centfally:
located. In stands which had an é parert slope the macroplot
Qas oriented perpendicular to the slope, i.et paralielAwith X
the contour. Plot boundaries were established by running a
band chain out 50 m and pacing 10 m in opp051te directions
at both-ends of the chain.

Spec1e§"cover estlmates, except for tree species, were-'

‘made u51ng L m? quadrats spaced at 5 m_ﬁntervals along the
chain and 5 m perpendlcular from the chain in an alternating
pattern (Fig.. 3). Tree spec1es cover was assessed over pheﬁy
"_egtire macroplot. Pe;cent cover was estimated by vertieally
projecting thé grodnddéfea éoveted~byfa species, T

disregarding openings in the foliage (Daubenmire 1959).
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1/10 HECTARE PLOT METHOD

&Figure 3. -Diégram of the I_L/ld Hectare Plot Method.
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Cover estimates were made for each species using a
: -
nine-point cover scale: R (rare), + (<1%), 1 (1-5%) 2\

(6-15%), 3 {16-25%), 4 (26-50%),\ 5 (51-75%), 6 (76-95%), 7

(96-100%) . Cover-clas$ mid-points were used to compute mean
cover values. :

The mécroplot was used as a sampling unft to obtain:
(1) tree cover estimates, (2) tree basal area estimates, (3)
t Pee ages, and (4) infsrmation on communi?y’structure. BaSal‘
agﬁa of all t}ees was recorded by spscies for livfng and
dead individuals, atlfive psints.at 10 5—intervals along the
band chain, using the variable-radius method (Biftsriich
‘1948; see Muellsr—Dombois 1974). Two or "‘three trees wé}e
cored in each stand to obtain a stand origin date; cores
were taken ca. 25 cm sbove tree base. The oldsst\core . o
counted was taker as an estimate of stsnd age.‘When datable
cores could not be obtained‘stand—ag? was estihated from dbh
( iameter at 1.4 m above ground) using linear régression
11nes for Picea glauca and Populus tremuloides (Flg \4/) The
problem of obtaining datable cores lies prlmarlly with P, ’
tremuloides and only occasionally with P. glauca.

TStand drainage was assessed u51ng a 7- poznt system-
1-very rapid, 2-rapid, 3- well 4- fresh 5-impeded,. 6-poor,
and 7-stagnant. Stand moisture was‘sssessed dsingla 7-point
scaléﬁ 1-xeric, 2fxéro-mesic, 3—mésié; 4—hygro-mesic, g
5-hygric, 6-hygro-hydric and 7-hydric.» |

A‘soil,bit was-centrally located in the spand and a
profile‘description made folloWing the nomenclature of .The

: L _ N

i



.
;
.
\
. /
-
.
A
N Gy
Vi
A )
€~

Figure 4. Linear.regressiqs

.

.
]
. \_“\,_.. -
Vot 2 N
§ it g .
A : »
\" o



Picea glauca
150 A
e
«» 100
g .
w
L QO
g
60 -
. ) Y=1715 + 217X
r= 81
o ° a ’
3 n=24 ’
0- r - ; T
0 20 aq 60
DBH cm \
150 -
Populus tremuloides . * |
100 .
(7]
s
w
Q
< N
504 : \
L 4
Y=-3.65 + 3.1X
r=83
NP |
» n=14 g
¢
0- ; , '
~ 20 ! K 40 '
.DBH cm . A%

12

N



3.2 Laboratory Analyses -~

v-13
(

Canadian System-of Soil Classification (Canada Soil Survey

\

Committee 1978).

3.2.1 Synthetic Moisture I%déx

The moisture regime of each site was also evaluated

using a weighted ‘Synthetic Moisture Index (SMI) (after Rowe

1956). A SMI value was derived for each stand using the
following formula:

SMI =( 2 (SIV x SC) / N) x 100

where, SIV = species indicator value, SC = species cover and

N = number of ‘species.

Each specles was subjectively assigned to a moisture
class with an associlated indicato; vélue, i.e. Dry - 1,
Fresh - 2, Moist - 4, Very Moist - 8 and Wet - 16 (see
Appendix I1). Species preferring wet habitats generally‘hgbe
a narrower ecological amplitude than species 1in driér
habitats. Thus,'using the preceding geometric‘scale, species
with wet values are given gf@ater welght in calculating the

. . LD . o .
index. Rare species and ubiguiltous specles are omitted when
R

L9
e

evaluating a stand's SMI.

—_—

3.2.2 Classification
A
To discover associations and structure in the data, a
’ " C 7

cluster analysjys (CLUSTAN) and a. two-way indicator sbecies

. \ \
analysis (TWINSPAN) were cohducted~u§ing the '‘Clustan 1C




o | 14

(Wishart 1978) and TWINSPAN (Hill 1979b) gompdter packages,
respectively. ?

Cluster analysis 1s a numerfca} procedure which sorts
individuals 1nto groups based on some similarity criterion.
In this study, a similarity matrix was computed for the 45
stands based on error s%m/of sguares of'individdal stands.
Cluster fusions were made using Ward's meihod (error sum of
squares) (Ward 1963)’;hich fs a sequential, ggglomerative,
hierarchic and non—o?erlapping classification method (Sneath
and Sokal f973).A

Two-way indicator speciles analysis (TWINSPAN) is a
FORTRAN programAfog\arranginé multivariate data in an
ordered two-way table by classif{cation of the individuals
(plots) and attributes (species) (Hill 1979b). TWINSPAN is a
polythetic divisive method of classification in which the
plots are classified f&;st and species are classified
second, usihg the classification of thé plots as a basis.

-

3.2.3 ordination = \

o
Stands were ordinated usiné Detrended Correspondence
Anélysiﬁ (DECORANA);Aa-detrended form of reciprocal |
‘averaging developed by Hillt(1979a). Gauch (1977)
recommended reciproéal averag}ng as the ordinatiohi%f first
choice when éaining familiérjgy with a data set where
underlying envilronmental gradients are not obvious.
"Ordinations werevbased on mean speciéé cover valﬁes. Only

e

the following default'options of DECORANA were invoked to



"

énalyze the data: the data were not transformed, rare

N

specles were not down-welighted, axes were not re-scaled,
twenty-six segments were used 1n detrending subseguent axes
with respect to the first axis, and the default rescaling

-

threshold was used.
2
3.2.4 Canopy Preference Anélysis

To assess the degree of "preference” of a species for

l

an evergreen or deciduous canopy, 1 developed a Canopy
Preference Index (CPI).

N

. N
cpPl = 2(ETC/TTC x S, ) /_Zs, ,

150
where, ETC = evergreen tree cQwer/stand, TTC = total tree

&

cover/stand, S = species cover in stand i, and N = number ¢
stands, 1.e. fiv; stands with highest‘che} of 'S . Mean
cover data fop each of five stands where the cover of the
speciés was highest were examined in relation to the percenf
cover oﬁ evergreen and deciduous species cover in the tree
canopy. FiQe stands were considered to be sufficient to
obtain a reasonable estimate of a.species' cover preference.
A high CPI value indicates preferencevfor an evergreen

canopy while a low &PI value indicates preference for .

deciduous canopy. . T .

3.2.5 Dominance-Diversity Analysis

Dominance—diversity curves (Whittaker 1965) were

‘constructed for each stand and were compared in terms of (1)

species sequen¢es,'aﬁd‘(2) shape. Simpson's Index of



= ‘ .
1949) were calculated for each sta%d based on cover

~ s ¥

Dominan&e Concentration (C; Simpspn 1949) and the

Shannon-Weaver Index of Diversity (ﬁ'? Shannon and Weaver

estimates for all vascular species.

Bszh Simpson's and Shannon- Weaver are equitability

[ 4
indﬁces. They -are measures of the variation in' the
prdportiong*ameng‘species.‘The Siméson index 1is most
sensativerté.humgeqs of'ebUndant species apd gives little
welght to rafe speties. Shannon-Weaver i; mote sensitive to-

R : R . . ;
rare species and ‘thus fs-more.adversely affected by saﬁp}ing

“8 s ' “ _

’ er'rQr. Lo e .

The *variety of species or species richness was

calculated . as the sum of spegies recorded in the 20 x 50 m

macroplot. Species per sqguare meter was calculated as the

mean number of species present 1n the‘10-lm2 uadrats.
P P q

o

To d%termlne the heterogeheity or degree of patchlness

within each stand a Heterogeneity 1q§fﬁ5n1) was calculated

;.v

as follows- ' _— n .

HI = 100 X (Sum of SCV(%) / Number of Species)
where, SCV, tﬁe species coefficient of variation, “is the
etandard error:mean ratio for a -species present in the
10-1m* quadrats. The hygher the'ﬁl value the more patchy the

,
stand T



4. Results

4.1 Soils

The soils of the sgudy region have been’ surveyed either
at the reconnaissance level (kjearsgaard 1972, Scheelar et
al. 1972,1Reeder and Odynsky 1969), to soil series, or at
the exploratory level (Wynnyk et al, 1963, Lindsay et al.
R962,1960,1957, Odynsky et al. 1952), to soil subgroup.
Soils in this study were classified to §reat group or
subgroup levels (Table 1).

Gray Luvisols, on fine-textured clays, silty clays or
"loams, were found at 37 sites. Eleven of these sites had
OrthiéxGray Luvisols ané three siteé had Gleyed Gray
Luvisols. Thirty;one'of the 37 Gray Luwisofs were on well to

W
moderately‘well—arained sites. Three sizeglhad Luvic
Gleysols, two sites had Brunisols, one of which was a
Dysgric Bruﬁisol, onegsite hadba/Ferro-hhmic Rodzol,énd one
site had a Gleyed Regosol. |

&

4.2 Classifiéation
v The cluster anaiysis dendrogram (Fig. Si‘has two major
clusteré. Thé first cluster is cdmposed of 25 stands ana has
two recognizable subclusters. Stands in the first subcluster
are dominatéd by either Picea glauca or P. gladca and
Populus tPemuIOideS. There are‘oniy two stands, Nos. 22 and

26, in the second subcluster (Group 1A), and P. glauca is

co-dominant with Piﬁus;bahksiana in Stand 22 and with Pinus

-

17
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a
TANL Y 1 SEANG Chatacter st~ \

. Soirl lype: ClL o tGray Luvisal), Lo (Luvic Gleysol), GLL (Gleyed Gray
tavisol), Gt (Lleyed tuvisol), B (Hrunisolic), OGL {(Orthic Coay
Luvisol), DB (Dystric Hruntsoll)l, GR {(Gleyed Regosol), tHP (terro-num
podrol); Soil Textuce Class: € (Clay), SC (Silty-Clay), L
(Clay-~toam), SC (sandy-Clay), L (Loam), Sil (Stlty-lLoam), SL
(5andy-Loam), % (Sand); Drainage Class: R (Rapid), W (Well),
(tresnh), [ (lmpeded): Morsture Class: XM (Xecro-Mesic), M (Mesic/),
HM (Mygro-mMesic).

. Slope  sSynthctac
- S ol Soal Dealtnage  HMolsturte AspecCt AnQle MOoisture Stand
Stand  Type Textuce Class Class *) (%) ‘ITndex Aqe

1 GL C F HM 30 b 546 813

2 GL S1L/SL w M 90 5 452 45

3 LG siC w falyl O Q S44 66

4 GGL 51C 1 HM 270 4 504 141

> GL St W M 45 10 593 161

[ GL SicC b HM 340 1 952 L

7 GL S51C - £ 23 11315 2 458 109

8 GGL SCL - [ 0 Q 529 69

9 . 16 C 1 MM 0 0 718 92

10 8 LS F " 180 ‘3 576 S6

1/ GL C w o] 270 3 531 5%

12 GL sic w Xt 25 3 873 1

13 " LG sicC I HM 270 2 528 117

14 GL . sC F M 270 2 423 100

15 GGL 5 [ M 360 1 565 122

16 GL 5C 1 M 45 3 -—- 165

17 GL [ w 3] 315 2 365 89

18 GL C w M 360 1 421 60

19 GL SiC 1 [} 0 [¢] 498 80

20 GL Ct 3 bl 0 0 496 3l

21 » GL C 3 [l 270 2 582 61

22 GL s51C 1 ™ ¢ 0 -—— 38

23 L C R " 0 0 403 106

24 GL C £ M 0 0 561 28 )

25 GL SicC w M 45 4 50S 128

26 GL C 1 o] 0 Q -—- 13

23 oGL L. w ™ 200 1 473 33

.20 GL - F M 180 1 5331 . 1362

29 oGL SiL I M 160 * 1 ~-=- 997

30 GGL L F M 340 27\ 343 1077 )

31 oGL C - - 180 7 547 102

32 oGL Si I ] 180 2 513 112

33 oGL st F " 186. 4 543 1322

34 GL C F. M 20 S 378 46

35 GL sC F M 270 0 572 1202

36 OGl. C ~ M 135 2 582 173

37 oGL - (o I ™M 45 2 652 . 108

38 oGL C w M 90 - 567 46

39 aGL c F M 90 4 452 822

40 pB  _SiL " M % 360 3 213 L 352

a1 - - ¥ M 135 3 525 922~

42 GR ™ s R XM 0 0 306 65°

43 FHP si w ™ 360 - 386 106

aa oGL c ¥ " 360 2 515 892

45 oGL c F n 90 3 538 992

2

3

Soil texture is based on'hand texturlng of materials Erom the top 30 cm of

the soil profilae. C -

Estim*es from Picea glauca or Populus tremuloides regression lines (see
Figure 4).
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contorta in Stand 26.

The second cluster is composed of 20 stands and has éwo
recognizable subclusters. The first subcluster, containing
16 stands, is dominated by Populus tﬁgmuloides while the

second subcluster is Lo-dominated by P. tremuloides and P.

/
4

balsamifera.
Initial trial runs with DECORANA indicated that Stanas
16, 22 and 26 are outliers. Removal of these three stands
from the data gave a less clumped distribution of stands on
the DECORANA-XY ordinatipn (Fig. 7). Only these three stands
had P. banksiana or P. contorta present as co-dominants 1in

?

the ‘tree layer. Therefore, based on CLUSTAN results, wh;ch
seg}egated Stands 22 and 26 as a cluster, and DECORANA ’
results, which suggested Stands 16, 22 and 26 were outliers,
these three stands have been excluded from further analysis.
- - .
TWINSgAN segregates stands into four major groups (Fig.
8. P. tremuloides and P. glauca are co-dominant and Abijes
balsamea is present as a sub-dominant tree or transgressive
in Group 1 and Group la. A. balsamea is generally absent
from Group 2 where P. tremuloides and P. glauca are again
co-dominant. P. glauca and A. baléamea are.largely absent
from Group 3 iQ which P. tremuloides is dominant.
Characteristie understérf species in Group 3 include:
Amelanchier alnifolia, Rubus idaeus, Symphor icarpos albus,
Vicfa'amenicana and Aster conspicuus. Group 4 contains three
P. tPemuloides-aominated stands located in northern Alberta.

Stand Nos. 40 and 42 are in WObd Buffalo National Park while



0y

Stand No. 18 is situated north of High Level &Zig.,l)

Stands in Group 4 are distinguished from stand$ in Groyp 3

by the the absence of such species as Lonicera invgluc ata,
<

Rubus idaeus, Aralia nudicaulis, Mertensia paniculata and

Calamagrost is canadensis.

4.3 Produ)t—Moment Correlations

A product-moment cogrelation matrix was constructed for
the most common plant species and vedetation variables
(Table 2) within tge~§2 stands. Significant r values are
described belpw. |

Stand age is positively correlated ;ith evergreen’
éanopy cover, bryoph§te cover and pteridophyte cover, and
negatively correlated with shrub éover and-graminoid cover.,
Sp%cies positively correlated with stand age include Picea
glabca,MiteIla nuda and Lycopodium annot inum. Populus
tremuloides and Rosa acicularis are negatively correlated
with stand age. |

In order of decteasingfg values, evergreen canopy cover
is: (1).signifiéantiy positively correlated with bryophyte
cover, immature tree cover, gpderstory evergreen and |
wintergreen species, Ledum gPOenIandicum,}Linnaea boreal i$
and Mitella nuda; ‘and (2) significantiy negatiyely
correlafed with shrub cover, graminoid cove§Z>RO§?‘
acicularis, Viburnum edule, Calamagrostis canadensis, Aster
ciliolatus, Aster conspiqyus, Epiiobiqm angustifolium;.

Fragaria virginiana, and Lathyrus ochnoleucus."
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-

A plexus diagram (after McIntosh 1957) (Fig. 6) was,
» Pt

F T

constructed to show interrelationships amongst species
having sigmificant (P>0.95 or P»0.99) positive or negative
product-moment correlations with one another. The |
arrangement of specles on Figure 6 suggests a number of
0verlaéping clusters of correlated species. The foremost
species cluster, centered around Mertensia paniculata,
includes Viola renifolia, Rubus pubescens, Vib&rnum edule,»
Rubus idaeus, Fragaria‘vinginiana, Ribes triste, Aster
conspicuus, lLonicera involucrata and Aralia nudicaul is. A
. »

second species cluster, centered around Populus tréhuloides,
includes Aster ciliolatus, Calamagrostis canagensis, Rosa.
acicularis, Lathyrus ochpoleucus, Orthilia secunda and Aster
conspicuus. A thirdAspecies\clusp;r, centered around Cornus
canadensijs , includes Picea glauca, P. mariana, Linnaea
boreal is and Vacc{nium vitiéfiQaea. Ledum groenlandicum is
cofrelated wi;h Vaccinium vitis-idaea alone. Pyrola
asarifolia and Orthilia secunda are correlated with each
other and with Lathyrus ochroleucus.

DECORANA output shows XY-axis loci fgr'species as well

as for stands. However, there was no interpretable pattern

of species interrelationships based on.the DECORANA output.
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Figure 6. Plexus diagram of significant associations amongst
important vascular plant species.

ABBA - Abies balsamea
ARNU Aralia nudicaulis
ASCI » After ciliolatus
ASCO . Aster conspicuus
CACA Calamagrostis canadensis
COCA Cornus\canadensis
EPAN Epilobium angustifolium
FRVI Fragaria virginiana
LAOC | Lathyrus ochroleucus
LEGR . Ledum groénlandicum
LiBO Linnaea borealis
LOIN . Lonicera involucrata
MEPA Mertensia paniEuLata
MINU ’ Mitella 2223 7
ORSE | Orthilia secunda
PIGL : Picea glauca
PIMA Picea mariana
POBA Populus balsamifera oy
-~ POTR . Populus tremuloides

PYAS s Pyrola asarifolia
RITR \ M Ribes triste
ROAC Rosa acicularis
RUID - Rubus idaeus
RUPU Rubus pubescens
TRBO % Trientalié b;realis
VAVI Vaccinium vitis-idaea
VIED ‘ Viburnum edule

~ VIRE - , . Viola renifolia
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4.4 Ordination

4.4.1 Detrended Correspondence Analysis (DECORANA)
The first two ordination axes Tespectively accounted

tor 50% and 13% of the variance in the data. Locations of
the stands on the ordination are shown 1n Figure 7 and the
distribution of the CLUSTAN and TWINSPAN group clusters are

N

shown in Figure 8. The DECORANA-XY coordinates are listed in

Appendix 1. ‘ \

4.4.2 Response Patterns of Community Attributes .

The clearest pattern on the ordination field is
displayed by evergreen canopy cover in each stand (Fig. 9).
Increasing evergreen canopy cover, bryophyte cover and the
‘percent of total understory covéf‘tha@ is wintergreen or
evergreen (Fig.. 9) are strongly correlated with the first
ordination axis. Stand age (Fig. 9), though significantly
correlated with 1ncreasing evergreen canopy cover (Table 3), -
shows no clear pattern when mapped on the XY‘ordination
field. Slope angle, slope aspect, drainage, stand moisture,
thickness of humds layer, and Synthetic Moisture Index (SMI)
values (Table 1) showed no interpretable pattern on the
ordination. : {.;
| Based on the percent of evefgreen éanopy covér, as
mapped on the DECORANA-XY ordihétion field, stands héve been

o .
separated into three groups. Stands in Group 1 have less '\
than_JO%_evergreen canopy cover, stands in Group 2 have

L
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Figure 7. Locations of stands on the DECORANA-XY ordination.
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Figure 8. Locations of CLUSTAN and TWINSPAN cluster .
groups on the DECORANA-XY ordination. '
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Figure 9. Patterns of community attributes on the
DECORANA-XY ordination. -
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10-20% evergreen canopy cover, and stands - in Group 3 have
)

more than 20% evergreen canopy cover (Fié. 9). Group 1
stands have the lowest heterogenelty, as indicated by the
coefficient of variation and are significantly younger *than
stands in either Group 2 or Group 3 (Table 3). Group 3
cstands have the lowest species richness. Though Group 3 has
a significantly higher evergreen canopy cover than Group 2,
the ages of the stands within these two Groups are not
significantly different. - ﬁ

The three evergreen canopy group$ (Fig. 9) do not |
‘coincide yith either CLUSTAN or TWINSPAN groups (Fig. 8).
fhe most significant difference, between the CLUSTAN groups
and the evergreen canopy éroups, 1s that evergreen canopy
Group 2 is composed of a mixture of stands from CLUSTAN
G%bups 1 and 2. This difﬁefence can be attribﬁted to
differences ihherent to ordination (e.g. DECORANA) and
'classification (e.g. CLUSTAN) techﬁiqueé. Classification
attempts to»segregate’aiscrete groubs of. stands, wheré€as
ordination attempts to arrange stands along a continuum or
gradient. | |

Based on bryophyfe cover (Fig. 9) stands were separated
‘into groups. Sténds in 'Group 1 have <10% bryophyte cover
while stands in Group 2 have >20% cover. The understory
evergreen covef”ordination fiel . ig. 9) has been divided
into two groups: Sfands in Group 1 have <10% understory L
evefgreen cover while‘Group 2 stands have >20% cover. Th;ee{A

groups were recognized on the ordination field depicting
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percent of understory coveéer that is'evergreen/wintergreen
(Fig. 9). Group 1 stands have <10% cover, Group 2 stands
have 10-30% cbvér and Group 3 stands have >30% cover.

There is no significant correlation of soil moisture
regime, expressed as @ wqightea Synthetic Moisture Index
{after Rowe 1956}7,wi{h evergreen ca%opy cover.

4.4.3 Response Patterns of Species

Figgre 10 shows the tree species response pattern
mapped on the DECORANA-XY ordihation. Figure 11 shows the
response patterns of 12 important understory vascular plant
species on the DEéORANA-XY ordination. Table 4" shows the
response of tree species to increasing evergreen canopy
cover as deter&ined from the DECORANA-XY ordination. P.
tremuloides and P. balsamifera attain theilr highest mean
cover in Group 1 stands (with <5%-evergreen canopy cover).
Table 5 indicates the response of selected understory
species to increasing evergreen canopy cover as aetermined
from the.DECORANA-XY ordination. |

Epilobium angustifol ium, AFaZia nudicaul is, Rosa .
acicularis, Rubus idaeus and Lonicera dioica attained their
highest mean cover in Group 1 stands. Cornus canadensis,
Maianthemum canaden;g, Mertensia paniculata, -Mitella huda, .
Ribes triste, and RL/bus pubescens attained their highest
.‘mean cover in Group 2.stands. Linnaea borealis attainéd its
highestbmean céver in stands with >20% evergreen cover

'(Groﬁp 3).

Y



Figure 10. Response patterns of tree species on the
DECORANA-XY ordination.

0 = Absent

1 = 1% Cover
2.= 1-4.97

3 = 5-14.9%

4 = 15-24.97

S = 25-34.97

6 = »35%
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Figure 11. Response patterns of selected understory
species on the DECORANA-XY ordination.
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Cover of‘EpfloDium angustifol ium and Rosa acicularis
decreesed significantly wh2n evergreenr canopy cover
increased from Group 1 to Group 2. Cornus canadensis,
Lﬁnhaea'DOPealiS‘and M/tellé nuda cover increased
cignificantly when evcréreen cover increased from Group 1 to
Group 2. Cover of the above species did not significantly
change with further increases in evergreen canopy cover.
Ribes triste, Malanthe?ym canadense and Viburnum edule
showed a significant cover decrease when ‘evergreen cover
increased from Gronp 2 to more than Group 3. Changes in

{ cover of‘MePtéﬁsfa paniculata, Lonicera dioica, Rubus idaeus
‘and Rubus pubéscens were not significantly correlated with
‘chanéee in evergreen eanopy‘cover. ' N
4.5 §pecies Canopy Preference
,f. lTable.G shows the Canopy Preference Index (CPI)

. rrankings of some importantvunderstefy vascular plant
. . - ] N

species. .

o [

Linnaea bonealrs Vaccrnlum vitis-idaea and Ledum

.

'gnoenlandlcum exh1b1t a strong preference for an evergreen
:canopy, Mltella<nuda, Goodyena Pepens and Cornusv&anadenSIS
appear to favour an evergfeen dbnopy but also do well under
a mixed evergreen—a;ciduous‘canopy Speeies which appear to
'v-be indifferent to canopy type 1nclude. LonrcePa Invoiucrata,
Mertens:a panlculata, Rubus pubescens Analla nudlcaulls,
Petasites pa]matus,and~Pyrola asanzfolra. Malanthemum

canadense{'Vibuhnum edule, Orthilia secunda and Ribes triste

+ Y i N
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Table 6. Canopy Preference Index' (CPI) of some important
- vascular plant species of mixedwood forests.
A high CPI indicates a preference for an
evergreen canopy while a low CPI indicates a
preference for a deciduous canopy.

Species CPI Leaf
Growth
Form?
Linnaea borealis 0.780 E
Vaccinium vitis-idaea - 0.772 E
Mitella nuda . + 0.739 E
Ledum groenlandicum 0.689 E
Goodyera repens 0.654 W
Cornus canadensis 0.565 W/S
Lonicera involucrata . 0.451 S
Mertensia paniculata 0.382 S
Rubus pubescens 0.344 % S
Aralia nudicaulis : 0.344 ' S
Petasites palmatus 0.331 S
Pyrola asarifolia 0.286 W
Maianthemum cahadense 0.244 S
Aster ciliolatus ‘ 0.222 ‘ S/W
Viburnum edule ; 0.217 S
Orthilia secunda . 0.182 W
Rubus idaeus o 0.177 S
Ribes triste ~ 0.173 S
Epilobium angustifol ium - 0.115 S
Lathyrus ochroleucus - 0.108 S
Fragaria virginiana 0.101 S/W
Calamagrost is canadensis 0.074 S
Viola renifolia 0.050 S
Rosa acicularis 0.011 S
Aster conspicuus , 0.000 S

-——————— _.__....___-..————————___-.._._.._—___,.____.—-_—_______.__._._.._.

where, ETC = evergreen tree cover/stand,

- TTC = total tree cover/stand, S = species cover
in stand i, and N = number of stands, i.e. five
stands with highest cover of S .

evergreen, W = wintergreen, S = summergreen.

]
=
[
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show a preference for a deciduous canopy, but do reasonably
well under a mixed canopy. The remaining nine species
strongly prefer a deciduous canopy.

From inspection of the vegetation data and Table 6 it
appears ¢ TR understory evergreen plants have a strong
preference for an evergreen canopy. Wintergreen plants are
divided 1n canopy preference;‘COPnus canadensis and Goodyera

-~

repens favour an evergreen canopy; Pyrola aSaFifolia\is
indifferent to canopy type, and Fragaria virgin}ana and
Aster ciliolatus prefer a deciduous canopy. None of the
summergreen plants prefers an evergreen canopy.

There are a number of exceptions to these general.
trends of species canopy preference. Vibufnum edule reached
its maximum cover in Stand 5, an evergreen-dominated stand
’(36% cover) in which deciduous canopy cover (0.05%) was
negligible. Stand 5 was a mature Picea glauca community with
Abies balsamea present.in the understory. The community was:
diverse with a series of gap-phases presénﬁ.

.;Rubus”idaeus, Mertensia paniculata and Aralfa
nudicaul is attained théir highest cover in Stand‘9 where
'evergreen-canopy cover was highv(36%) and deciduous canopy

cover absent. Stand 9 was é\méture Picea glauca community
developed on a Luvic Gleyso% alﬁh a wéll—developed.ﬁedium‘
shrub layer dominated by Rub&s\idaeus, a well-devéloped forb
layer K dominated by Mertensia paﬁiCulata,,Cihéaea alpina and.
;M}tella nuda, and a well-developed bryoid layer consisting

largelixof Mnium species. Thus, it appears that other site

o



factors, such as high soil moisture, were as important as
canopy cover .in influencing the development of understory

vegetation in Stand 9.

4.6 Dominance-Diversity Analysis

Using low to high evergreen canopy cover as a
successional gradient, stands may be segregated into three
groups (Fig. -9). Following Purchase and La Roi (1983), a
comparison_of species structure curves was made along this
successional gradient to see if~"slope angle” changes in a
directional mannér. Comparison of the mean slope’angle‘of
the dominance-diversity curve; amongst the three groups
reveals a trend of increasing slope angle with evergreeh

canopy cover (Fig. 12). Thus, the slopes of the

~

dominance-diversity curves gradually steepen as/shccesﬁion
proceeds. This indicates that the mean difference in percent
cover between adjoining sSpecies in the species seqguence

increaées during succession, 1.e. the dominance hilerarchy
becomes more pronoqnced.fﬂ | _ o .
Kendall's Tau was used to test the null hypothesis of
independeﬁce between.evergreen cahopy cover and the ratio of
understory evergree&/wintergfeen: ngbaceous undérstory
species cover (BEW:H). The resdlting positive rank
correlation (T¥0ﬁ34).betweeq cvergreen canoby cover and Ew;H
is significant ‘at the P<0.01 level. Hence,
evergreen/wintergreen understory species become

-

significantly more important than deciduous understory
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species as evergreen canopy cover increases.

There is no significant P<0.05 trend of increasing
species dominance from group, - to 3, as\expressed b}
Simpson's Index of Dominance .Concentration (C), wi;h
eve?green canopy cover (Table-37flThe Shannon-Weaver Index
of Diversity (H') indicates that specfes diversity gradually
decreases as everg:een~can§py cover increases (Table 6).

The Heterégeneity Index (HI) increases significantly
(P<0.05) Qith evergreen cover (Table 3). Thus, as evergreen
cover increages the distribution of understory vegetation
becomes. more patchy. - '

v

A representative sample of four dominance-diversity
curves covering the spectrum of curves frém the 42 analyzea
~stands 1s shown in,Figure 12. One dominance—diversity»curvé
was selected from each of the three evergreen canopy groups
as delineated on the DECORANA-XY ordination. The fourth
dominance-diversity curve was drawn to show the variation
that exists within evergreen dominated communities.

Stand 11 (Plate‘]) was selected to fepresent a
community with a deciduous canopy and is §hoWn’as curve 1 in
Figﬁre 113fStand 35‘(Plate 2) was chosen to represent a

L ' ' s
commhnity having a mixed evergreen-deciduous canopy and 1is
represenfed by'cufve 2 in Figure 12. Stand 25 (Plates 3 and
4) was selected to represehf a2 community having an |

evergreen-dominated canopy and is shown as curve 3 in Figure’

12.
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- Plate 1. Stand 11 is a 55-year old stand that has a
tree layer dominated by Populus tremuloides
(46% cover); scattered individuals of Picea
glauca (0.05% cover) are present in the
sub-canopy. Rosa acicularis and Viburnum
edule are dominant in the medium shrub layer.
Prominent medium and tall herbs include
Calamagrost is canadensis Mertensia paniculata
and Lathyrus ochroleucus. The low herb layer
is not well developed. Bryophyte cover is 10%
and angiosperm cover 1is 50%. 3

" Stand 35 is a 120-year old stand with Populus
tremuloides (20% cover) and Picea glauca (20%
cover) co-dominant in the tree layer. The
medium shrub layer and herb layers are
similar in species composition to Stand 11.
The percent covers of the medium shrub, tall,
medium atd low herb layers are less than half
“of the cover of these same layers in Stand
- 11. Understory evergreen and wintergreen .
.species are more prqminent here than in Stand
11. Bryophyte cover is 10% and angiosperm
detritus cover is 10%.

Plate 2.
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Plate 3. Stand 25 is a 128-year old stand which has a
primary tree covey dominated by Picea glauca
(20% cover) with Populus tremuloides (10%
cover) present as a sub-dominant. A second
tree layer consisting of Abies balsamea (20% '
cover) is well-developed. The species_
structure and species composition in‘gxand 25
differ greatly from Stand 35 (Plate 2) though
both stands are almost the the same age.

H
Plate 3. The vascular understory, in Stand 25, is
' poorly developed under the highly evergreen

canopy cover. Shrubs are virtually absent,
Aralija nudicaul is is prominent as occasional
individuals in the medium herb layer. The
moderately well-developed low herb layer
consistk Viola renifolia and the
evergreens, Mjtella nuda and Linnaea
boreal is. The well developed bryophyte carpet
(50% cover) is predominantly HyJlocomium
splendens with occasional small clumps of
Ptilium crista-castrensis. Angiosperm
detritus cover is 50%.
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Curve 1, Stand 11, has a lognormal species distribution
with few species having high cover, many sbecies having
intermediate cover,and few species having low cover. Curve
2, Stand 35, +has a‘modified lognormal distribution. The
upper part of the curve is truncated where POTRF(PquluS
tremuloides) and PIGL (Picea,glauca) share dominance. There
are fewer species in the upper portion of curve 2 Qhan in
curve 1, otherwise both curves have similar shapes. CurVe 3,
Stand 23, lies somewhere between a logno;mal distribution
and a geometric distpibution. Curve 3 has few species with
abundant or intermediate cover, énd, compared to curves |1
and 2, fewer Speciés of low abundance. ’

Species composition of Stands 11 and 35 (curves 1 and
2) are similar but the two species rankings differ. |
Eyergfeen/winterg}een species, such as Cornus canadensis,

L innaea*boreal is and Mitella nuda are more important, and
sumﬁergreen species, such as Lathyrus ochroleucus, Aster
conspicuus and Calamagrostis canadensis, areﬂ less im'portant
in Stand 11 than in Stand 35. Species composition and“
species rankings in Stand 25 (curve é) are markedly
different from St nd; 11 and 35. Stand 25 has .19 vascular
plaﬁt species compared to 34 and 32 species in Stands 11 and
35. Evergreen/wintérgfeen speciesiare-more'important and
summergreen species are leés importént in Stand 25 than.the
other two stands. . .

Stand ‘9, curve 4 in Figuré 12, has an entireiy

evergreen canopy yet the species structure curve lies jfﬂ“



between curves 2 and 3'in terms of shape and species
composition. Stand 9 has 29 species, a weli—developed her o
layer and a poorly developed shrub layer. Both summergreen
and evergreen/wintefgreen understory specles have highlcover
in this stand. | } .

Stand 9 was selected to show varilation 1n curve
structure fér stands dominated by evgagreen cover. Stand 11,
curve-3, is representative of evergreen stands on
well-drained sites with Luvisolic soils while Stand ? 1s
located on a poorly drained site underlailn by a Luvic
Gleysol. The differences 1n understory structure and

composition between Stand 11 and Stand 9 can be attributed

to site differences, 1in particular soil moisture.



S. Discussion

5.1 Succession

The maior assumption'of this thesis is that the 42
study sites investigated reflect the developmental changes
that would occur if it were possible to sample oOne site over
a t73 year period. Early development (over the first 25
years) 1is la}gely unknown due to the virtual absence‘of
study sites 1in thisﬁage—class. Similarly, site chénges which
occur after 173 ye;:; are unknown.

Frequent forést fires, well-documented in the Boreal
Forest Re@ionﬁ(Lutz 1956, Heinselman 1973, Viereck 1973,
Rowe and Scotter 1975), preclude very long disturbance-free
periods. Short disturbancé—free periods were found to be the
case in this thesis reseafch as only one stand, of the 42
stands surveyed, was older tha% 141 years. The boreal forest
biome may be said to exhibit a "pulse stability" (sensu Odum
1969) where plant communitieé tn it have adapted to a
particular .-fire frequency and iﬁzénsity over an evolutionary
time scale. Sousa (1984) states that it is fhis evolutionary
interaction of disturbanqé[ prédation and competition whieh
accounts for most of the spatial pattern and organization of
comhunities. However, site disturbance history is known only
from the few clues, including fife'scars, fire margins and

charcoal 1in the soil profile, gleaned from present day

sites.

56
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From the rese€arch }eported 1n this thesis it 1is
concluded that the single most important factor influencing
succession in Populus tremuloides-Picea glauca mixedwood
forest understories in northern Alberta is the shift in tree
canépy dominance from Populus tremuloides to Picea glauca.
Ordination of stands on the DECORANA-XY field supports this
conclusion; the X-axis accounts for the majority (50%) of
the variance in the vegetation data and the ordering of
stands along the X-axls 1is Sfrongly correlated (r=0.88,

. s
pP<0.01) w}th evergreen canopy-~cover.

Upland sites in the borealllorest region are oftén
favourable>for the establishmenffand developqpnt'of both
Populqs tremuloides and Picea glauca. The degree to which
one or both species becomes established depends largely on
site disturbance history. If bo?ﬁﬁg;;éies ar 'relatively
successful in regenerating afti4 firg;;éhgfrapidly—growing‘
PopsIus tremuloides will domi?éte.the canoéy until the
slower-growing, longer—livedf Picea gféuca.catchés up. once
Picea g}auca begins Eéiexert its dominance, changes 1n the

community occur which are related to a functional shift from

a summergreen- to an evergreen-dominated canopy.

One of the most prominent consequent effects of thé
development of an évergreen can;;;\TE"Yﬁg/;:;;jtic rise im
cover of terrestrial bryophytes. Other workers studying the
mixedwood boreal forest have also made’this observation (Dix
and Swan. 1971, ﬁowe 1956, Moss 1953). Tamm (1955,1964) found

that moss carpets under trees are suppliedeith nutrients’
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contained in canopy wash and that feather - mosses also have a
requirement .for shade provided by an evergreen candpy. In
this skudy 1t was f@und that bryophfte cover 1increases
markediy 1n northefn Alberta mixedwood forests ongce
evergreen canopy cover reaches épproximately 20%. Other
;mportant correlations with increasing evergreen canopy
cover dem§nstrated'in this research are: increasihg stand
'age, a aecline i% total understory plant cover, a decline 1in
understory vascular spmsdes richness, a decrease in
summergreen shrub and&mergreen herb chVAer,' and an
increase in understory evergreen (including wintergreen)
cover. - : T

Evergreen understoryfvascular'cover and brybphyte'cover
increase as éVergreen canopy cover increases to
épgioximately 10-20%. Once evergreen canopy attains 10-20%
cover and bryophyte cover is >10%, evergfeen vascular
Qnderstory cover-does not significantly increase. However, >
unlike deciduous shrub and summergreen herbispecieﬁf‘h
undersfory vascular evergreeﬁ spécies maintain their
constant high cover in stén@s having very high bryophyte and
evergreén canopy cover. Thus, species cover shifts from a

, _ i ' » Pt \

»predominantly sUmmérgreen understory in the éérly stages to
an undérstory co-dominated by suéﬁergree;¥ahd evergréén
species 1n the later étages. If terréstrial bryophyte cover

is included with vascular evergreen species cover, then t?é
understory is overwhelmingly evergreen in the later stages

of succession.. - . . .
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Understory evergreen cover 1is significé%tly, pbsitively
correlated with evergreen canopy cover (r=0.50, P<0.01)
while understory S'mme;green co?er is significantly,
négatively correlated with evergreen canopy co@kr (r=-0.54%,
P<0.01). Understory evergreen cover is not sggnificantly
correlated with stand age, while unde;story summergreen
co;er is significantly, negatively co:relgted with stand aa~
(r=-0.30, P<0.05).

When similar-aged stands are éompared, those with
evergreen canopies generally have the highest unders&ory‘_
evergreen cover. However,vS£and 2 which has a particularly
high deciduous canopy cover (62%) also has a high percent of
total understory that 1is evergréen/wintergreen (45%) . Cornus
canadénsis,°a wintergreen, 1s the most prominent understofy
species with 10% cover. The high e&ergreen understory cover
is probably related to the high deciduous canoéy dover and
the comparatively thick (13 cm) humus layer. Separate’
comﬁgrisons‘oﬁ understory evergreen cover among
deciduous-dominated stands and evérgreen—dominated stands
indicated no stand‘age—related‘differences in either group.
There%qre, it is concluded that differences in evergreeness
type gre more important than stand age per- se-in controlling
the de¥elopment ofvthe understory over ﬁhe age fénge of
staﬁdsliﬁvestigated.

Chabot and Hicks (1980) have recently reviewed a-number

of hypotheses relating to leaf life-span. They concluded

that since there is a variety of leaf cycles and a variety .
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of anatomical and morphological structures that relate to
leaf life-span no single'hypothesis clan be ;nvoked to
explain evergreeness. However, they ‘Stated that "leaf
life-span seems to relate most closely to carbon gain."

The following is a list of some advantages and '
disadvantages evergreen‘Teaves have compared to summergreen .
leaves in a cold boreal climate.
Advantages:

1. Evergreen leaves may act as year round storage.

organs for carbon and nutrients (Chapin et al. 1980,
Reader 1978).
2. Evergreen leaves have longer periods of
photosynthetic produckivity than summergreen leaves.
3. Leaves with longer life spans may also be less
suscepti%le to herbivorX‘(Rhoades and Cates 1976,
Bryant et al. 1983). A
‘4. Evergreen leaves have lower light and nutrient
réquirements than summergreen leaves (Mooney 1972)
5. Evergreen leaves may permit grea;ér carbon gain per
unit of nutrient used thén summergreen leaves
/ (Schulze et al., 1977).
Disgdvantages:
:1. Evergreen leaves have a slower rate of growth than
summergreen leé;es;
2. Leaves with longef‘leéf lifé-spans ﬁaQe lower rates
of photosynthesis-kLapcﬁer 1983) .

3. Evergreen leaves, if.lost, are more expensive to



replace than summergreen leaves (Mconey 1972).
/

Van Cleve and Viereck (1981), working in Alaska, have
shown ‘that as the moss cover develops, decomposition slows
and organic matter accumulates on the forest floor. The
result is a lower C:N ratio and a less favourable nutrient
environment for plants. Small (1972) has found that
evergreen épecies are more efficient users of nutrients than
summergreen species. Thus evergreen species have an
advantage on nutrient-limited sites. Experimental work needs
to be done to assess changes in the nutrient environment, 1in
the mixedwood boreal forest unaerstory, and the possible
consequent effects this has for species of varying leaf

Q
life-span.

5.2 Diversity

Of the three initial hypotheses, based on Odum's (1969)
ecosystem model regarding species richness (R), species
diversity (H') and spatial heterogeneity, the first two do
not appear to hold for the vascular phytocoeno;ic component
of the Populus tremuloides-Picea giauca mixedwood forest
ecosystem in northern Alberta. R and H' were highest during
early stages of succession, when shade tolerant and shade
intolerant speeies were present, and gradually declined as
succession proceeded and shade {ntolerant specles were
eliminated. Dominance (C), a measure of species

. .

equitability, was lowest during the early stages of

succession and highest in the mature stages. However spatial
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heterogeneity, as measured by the heterogeneity index”(HI),
indicates that Populus tremuloides-Picea glauca forests 1in
northern Alberta ,do in fact, become more héterogeneous (or
more complex) as succession proceeds.

Bormann and Likens (1979), working 1in mesophytic
forests in the eastern U.S., found that diversity 1ncreases
rapidly in the early stages of succession and then gradually
drops after 10-15 years. As noted earliér in this thesis,
few stands younger than 30 years were 1nvestigated, thus
diversity characteristics of the earliest stages of
succession in Populus tPem&IOideS— Picea glauca forests
remain unknown. However, the decreasing diversity found
gqgfng late succession corresponds to the Bormann and Likens
méael. The effects of evergreen canopy on understory
diversity in the boreal forest of central Saskatchewan have
been noted by Dix and éwan (1971) and by other workers
elsewhere (Auclair and Goff 1971, Glenn-Lewin 1976).
Glenn-Lewin (1976) found percent conifer to be the best
single variable for predicting total specieS'richness‘and .
which agrees with the results from this work. .

The dominancé—diversity‘curves in this study were
lognormél duriné early succession and gradually became
geometrié as specie§ were removed in late succession. These
findings contrast with work done in pine'forests.of_northern
Alberta (Puréhase and La Roi 1983), and old-field édosystems
in Illinois (Baziazu1975)'whe;§‘species structure curves are

geometric in early succession and, as species are added,
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’

become progre;sively lognormal. Carleton (1982), working in
pine forests in Ontario, also found species richness and
diversity to increase along a successional gradient.
Frequency of disturbance, 1i.e. fire, is so high in the
Boreal Forest region that there has been very little
opEortunity for species to have evolved in, or become
adapted to, a stable, disturbance-free forest. This may
explain why there are so few species in mature
evergreen-dominated communities. An alternative explanation

~

for decreased Sbecies richness in late successional h \
[ .

communities may be related to the changes in the light
regime which result from changes 1in evergreen canopy cover.
Nog*only‘are there changes in light quality and quantity but
seasonal fluctuations in the light regime are lower under an
evergreen canopy than under a deciduous canopy (M. RQSS
pers. comm.). Alaback (1982) has hypéthesized that
understory development in Sitka spruce-western hemlock
forests of southeast Alaska 1s a response to changes in the
light environment created by'changes in tree éanopy cover.

Understory summergreen species rankings on the spec@es
structure curves (Fig. 11) decrease along the successional
gradient while rankings of understpry evergreen spgcies
increase. This shift from summergreen té evergreen speciés
on the species”strUcture'chve'may be related to changes‘in;
the light regimé. The rélationship of understory boreal .
forest plants to light, including Ehe minimum 1%ght

threshold levels for plant growth and reproduction, remains

‘
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largely unknown.
¢

5.3 Species Cdﬁposition

The species compositions of deciduous- ana evergreen-

. BN

dominated stands are not vastly different from one another.
Although several summergreen a;d wintergreén understory
species present 1n deciduous stands are absent from
evergreen-dominated sfands, very few species«occur‘only in .
the latter. Dix and Swan (1971) who surveyed a wide range of
boreal forest community types in Saskatchewan found
approximately one-half of the understory taxa to be specific
to a particular canopy type. However, Carleton and Maycock
(1981) in Ontario found less than one-third of undersgqu
species showing any specificity to canopy type. Carleton and
Maycock attribute this lack of specificity of understory to
overstory, to the nature of regeneration after forest fires.
Regeneration of boreai forest species occurs largeiy from
underground root stocks and as seeds from a persistent seed
bank or from.wind-blown immigration.

It is @ifficult, without knowing the site history, to-
attribute étruétural or compositional differences among
sténds to either (1) the passage of time, or’(2) to ‘
differences in stand life‘history, particularly the
_freguency and intensity of past disturbances. Abies balsamea
is thé only vascular species which appéaré abie fo‘invade |

and become established under a well-developed evergreen

canopy. The virtual lack of recruitment of new species
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during succession has been reported and commented upon by
numeroug workers 1n the boreal forest (Rowe 1956, Dix and
Swan 1971, Carleton aﬁd Maycock 1978). In one Pjcea
glauca-dominated stand; P. glaucalseedlings were noted,

indicating the possibility of a self-perpetuating community

given a sufficient fire-free period:

5.4 Snow and Temperature Patterns .

There is evidence to suggest that depth of.snow cover
affects overwintering of evergreén species. Cover of the
evergreen-dwarf shrub Arctostaphylos uva-ursi is
significantly positively correlated with depth of snow Eover
aﬁd_significantly neéatively correlatéd with cover of Pinus
banksiana (R. Hastihgs pers. comm.);‘WBether this effect 1is
due to increased soil mbisture recharge in the spring %r
ameliorated winter temperatures, or both, 1s presently not
known. Havas and Kubin (1983) have.found similar résults in
an old spruce forest in Finland. They have shown that
successful growth of Vaccinium myftfllus is dependent on
snow cover and-that Vaccinium vitis-idaea dominates hummocks
which have ohly a thin snow cover. Observations on Cornus .
canadensis in Alberta suggest that increasing depth of snow
pack may increése the freqﬁency of flowering and, hencé, thé
number of leaves per individual (G.H. La Roi pers. comm.).
Fértilg individdgisiof Cornus CanadeDSIS produce six leaves
,.while non—fertilélindividuals produce”éhly'four'leaves. Snow

may influence the development of other understory evérgreeh



1
i
i

. . | . ..
speciles but little on this topic 1s known and further

research 1s required.

1
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Appendix I. DECORANA X-Axis and Y-Axis Coordinates
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listed 15 stands/row

There are. 111 species and 45 stands.
Species Cover

.SIV {s the species indicator value

Specties Cover. (%) by Stand.

Species/Stand
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