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Comparison of the understory vegetation in boreal
forest types of southwest Quebec

Sonia Légaré, Yves Bergeron, Alain Leduc, and David Paré

Abstract: Variation in canopy composition can influence ecosystem processes, such as nutrient cycling and light trans
mittance, even when environmental soil conditions are similar. To determine whether forest cover type influences spe
cies composition of the understory vegetation (herbs and shrubs), the composition of this layer was studied on two
different surface deposits, clay and till, and under four different forest cover types dominated, respectiRepuhys
tremuloidesMichx. (aspen) Betula papyriferaMarsh. (white birch) Pinus banksiand.amb. (jack pine), andPicea

glauca (Moench) Voss -Abies balsamedL.) Mill. (spruce—fir) over similar environmental conditions. Detrended corre
spondence analysis and analysis of variance performed on the ordination scores revealed that understory plant composi
tion was highly affected by surface deposit and forest cover. The gradient observed in the correspondence analysis
proceeds from aspen, white birch, spruce—fir, to jack pine. Indicator species were identified for each surface deposit
and cover type, and most of them were associated with either jack pine or aspen. The richness, evenness, and diversity
of the understory vegetation did not vary between cover types, but were affected by surface deposit. By controlling
ecosystem processes such as light transmittance and nutrient cycling, forest cover influences understory composition.

Key words cover, understory, composition, boreal forest, environmental condition.

Résumé: La composition du peuplement peut affecter les processus écosystémiques, tels que le cycle des éléments nu-
tritifs et la transmission lumineuse, malgré la présence de conditions environnementales similaires. Afin de vérifier si le
couvert arborescent influence la composition de la strate de sous-bois, des relevés de la végétation herbacée et arbus-
tive ont été effectués dans des conditions environnementales détendancées similaires, incluant deux dépdts de surface
différents, till et argile, et quatre couverts forestiers dominés respectivement pRogatus tremuloide®ichx. (peu-

plier faux-tremble) Betula papyriferaMarsh. (bouleau blancPinus banksiand.amb. (pin gris) etPicea glauca

(Moench) Voss efAbies balsamedL.) Mill. (épinette—sapin). L'analyse des correspondances détendancées et I'analyse

de variance effectuées sur les coordonnées des axes de I'ordination révelent un effet du dép6t de surface et du couvert
arborescent. Le gradient observé en analyse des correspondances va du peuplier faux-tremble, bouleau blanc, mélange
de coniferes, au pin gris. Des espéces indicatrices ont été identifiées pour chacun des dépdts de surface et couverts fo-
restiers, et la majorité d'entre-elles étaient associées soit au pin gris soit au peuplier faux-tremble. La richesse,
I'équitabilité et la diversité de la strate de sous-bois ne varient pas en fonction du couvert forestier, mais sont-significa
tivement affectées par le dépdt de surface. Les différents processus écosystémiques, tels que la transmission de la lu
miére et le cycle des éléments nutritifs, semblent expliquer I'influence du couvert forestier sur la composition de la
strate de sous-bois.

Mots clés: couvert, sous-bois, composition, forét boréale, condition environnementale.

Introduction such as fire (Rowe 1961; Heinselman 1981; Bergeron 1991)
) _ and spruce budwormGChoristoneura fumiferanaoutbreaks

_ The mixed boreal forest of eastern Canada is an ecosystefRBergeron et al. 1995). These disturbances create a mosaic-

in which ecological processes are controlled by disturbancegy pattern in the forest, characterized by a large variability

in species composition of the forest canopy. Following fire,
Received February 19, 2001. Published on the NRC Researcloverstory compaosition varies mainly with ambient soil €on
Press Web site at http://canjbot.nrc.ca on August 21, 2001. ditions, fire severity, and stand composition before the dis

S. Légaré! GREFi, UQAT, 445, boulevard Université, turbance (Carleton and Maycock 1978; Bergeron and
Rouyn-Noranda, QC J9X 5E4, Canada. Bouchard 1983). The mixed boreal forest is characterized by
Y. Bergeron. CRSNG-UQAT-UQAM Industry Chair in the presence of several different successional pathways
Sustainable Forest Management, UQAT, 445, boulevard (Bergeron and Dubuc 1989). AspeRdpulus tremuloides
Université, Rouyn-Noranda, QC J9X 5E4, Canada. Michx.), white birch Betula papyriferaMarsh.), and jack

A. Leduc. GREFi, UQAM, C.P. 8888, succursale Centre- pine (Pinus banksiand.amb.) are the three main postfire
Ville, Montréal, QC H3C 3P8, Canada. tree species. They are gradually replaced by coniferous spe

D. Paré.. Natural Resources Canada, Canadian Forest Servicegjes such as balsam firAbies balsamedL.) Mill.), white
Laurentian Forestry Centre, 1055 du P.E.P.S., P.O. Box 38005pruce Picea glauca (Moench) Voss), and white cedar
Sainte-Foy, QC G1V 4C7, Canada, (Thuja occidentalis ), as the stand reaches a conifer-
!Corresponding author (e-mail: Sonia.Legare@ugat.uquebec.caflominated stage (Bergeron and Dubuc 1989; Bergeron 2000).
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Table 1. Number of sampling plots and mean basal area of four Table 3. Richness, evenness, and Shannon’s diversity index for

forest covers types. each cover type and surface deposit.

Aspen  White birch  Spruce—fir  Jack pine Shannon’s
Average basal area (r/ha) Richness Evenness diversity index
White birch 1.50 28.00 4.39 2.08 Aspen 21.22+5.45 0.67+0.09 1.98+0.34
Spruce—fir 1.51 2.30 23.46 0.93 White birch 20.37+4.13 0.66+0.11 1.94+0.39
Aspen 44.76 0.95 1.76 0.00 Spruce—fir 21.56+5.83 0.71+0.08 2.11+0.37
Jack pine 0.16 0.00 0.43 36.55 Jack pine 24.38+2.67 0.72+0.10 2.28+0.35
Number of plots Clay 22.16+4.88 0.65+0.11 2.02+0.42
Clay 16.00 11.00 12.00 4.00 Till 18.80+4.77 0.70+0.08 2.05+0.33
Till 16.00 16.00 15.00 4.00

Note: Values given are mean + SD.
Total 32.00 27.00 27.00 8.00

Table 4. Analysis of variance performed on richness, evenness,

Table 2. Results of analysis of variance performed on ordination and Shannon's diversity index.

scores from correspondence analysis. Variables Source R2 b >F
Source of variation df SS F ratio Full model
Axis 1 (R? = 0.62) Richness Model _ 0.21 0.0042
7a 13.49 20.37**+ Surface deposit 0.0124
86° 8.13 ICover type 83252
i *kk nteraction .
iz:/fgf ?yggposn 31 2?;1188 %7_}%?** Evenness Model _ 0.12 0.1134
Interaction 3 0.29 1.04%*+ Surface deposit 0.0328
Axis 2 (RZ - 026) Cover type 0.1004
72 298 4.D7*k% Interaction 0.9872
86 8.57 Shannon’s diversity index Model _ 0.11 0.1481
Surface deposit 1 0.29 2.93%%* Surface deposit 0.5336
Cover type 3 1.19 3.9Q%k* Cover type 0.0466
Interaction 3 0.73 2 43r*x _ ) ~ Interaction 0.3070
“Note: df degrees of freedom; SS, sum of squares. - Model without interaction and cover type terms
“model df. T Richness Model 0.11 0.0011
berror df. Surface deposit 0.0011
** P < 0.001. Evenness Model 0.06 0.0204
Surface deposit 0.0204

Understory composition is also influenced by fire regime
and has been analysed extensively (Ahlgren 1960; Carletoimfluences the availability of nutrients in the soil (Pastor et
and Maycock 1978; Archibold 1979; De Grandpré et al.al. 1984; Xiao et al. 1991; Paré et al. 1993; Brais et al.
1993). Distribution of understory species is generally associ1995). Aspen, a species with high nutrient requirements, en
ated with gradients in fertility and humidity. In their study of hances biogeochemical fluxes of nutrients (Paré and
the southern boreal forest, Bergeron and Bouchard (1983ergeron 1996), while jack pine, with its low nutrient-re
mention that the composition of the understory varies withquirements, is often found in nutrient-poor ecosystems: For
surface deposits and drainage. Carleton and Maycock (198@st cover also influences the transmittance of light through
identify two major gradients explaining understory composi the canopy (Anderson et al. 1969; Messier et al. 1998).
tion in boreal forests of the Clay Belt region of Ontarig:d  Light and soil nutrient availability, as well as soil pH, are in
moisture and nutrient concentration gradient mainly relatedluenced by forest cover and may affect the presence and
to exchangeable calcium and magnesium in alluvial and clagrowth of understory species. In the southwestern portion of
deposits andii) a general fertility—productivity gradient+e the boreal forest of Quebec, many different successional
lated to organic matter depth and canopy type as defined byathways can be found on similar edaphic conditions, thus
basal area and the proportion of coniferous species in theffering an opportunity to examine the effect of forest cover
stand. Close association between overstory and understotype on understory composition.
species has been reported by many authors and attributed toOur general hypothesis is that over uniform edaphic-con
the similar response of understory species to environmentalitions, the forest cover type influences the richness, €even
gradients (Carleton and Maycock 1981; Gagnon anchess, diversity, and composition of the understory layer. By
Bradfield 1986; Host and Pregitzer 1992; Gilliam et al. comparing the composition of understory vegetation beneath
1995; Sagers and Lyon 1997). However, few studies havelifferent cover types with similar edaphic conditions, we
observed a direct relationship between species compositioshould be able to identify relationships between understory
of the overstory and the understory layer. and overstory species and thus demonstrate that the forest

Cover types may influence ecosystem processes such atand creates conditions that directly control the understory
nutrient cycling and light transmittance directly. Numerouscomposition. Our main objectives arg {o show the influ
studies have shown that species composition of the canopgnce of forest cover type on understory composition and di
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Fig. 1. Ordination resulting from correspondence analysis of 10 x Fig. 2. Partitioning of the understory vegetation data set variance
10 m sample plots, on clay and till, for four forest cover types : using forest cover types, time since fire, and deposit as subsets
+, jack pine; A, aspen; x, spruce—fir; , white birch. The ellipses of explanatory variabled\N = 94.

contain 70% of the sample plots for each cover tyges 94.

Time since fire Deposit
2.0 T T
1.5 - Jack pine
Jnexplained
variance
Q) 84.20%
wn | —]
= 1.0
<
0.5 — Forest cover type
Sampling design
0.0 A total of 94 sample plots, each measuring 10 x 10 m, wefe se
0 1 2 3 lected on sites with similar conditions (slope and drainage). The
) small size of these plots enabled us to avoid areas that had been
Axis 1 disturbed by spruce budworm. Plots were located over two types of

surface deposits: mesic clay and mesic till. A plot was assigned to
ne each of four categories of forest cover type (aspen, white

versity and §) to discuss the possible relationships betwee irch, jack pine, and spruce—fir (balsam fir, white spruce, white ce-

cover type_s, environmental variables, and understory Comdar)) when the corresponding species or group of species exceeded
position. Direct effects of forest cover on understory compo—75e; of the total basal area of the stand (Table 1). These stands

sition may have important consequences on the developmegiginated from fires that took place in 1870, 1916, 1919, 1923,
of strategies to maintain ecological processes and species di9g44, and 1964. In all stands, dominant trees originated after fire,

versity in managed boreal ecosystems. except for the aspen stand of 1870, which is a second cohort of as-
pen (Bergeron 2000). The species and surface deposits selected

Materials and methods represent the dominant species and _soils of the region (Bergeron et
al. 1983). The types of forest cover involved in the sampling plan

Study area were selected on the basis of their effects on ecosystem processes

The study area is located around Lake Duparquet, in northwester?‘nUCh as nutrient cycling and light transmittance.
Quebec (48°301, 79°20W). This area is part of the western balsam ) ) )
fir — paper birch Abies balsamea- Betula papyrifera bioclimatic ~ Understory vegetation and soil sampling and analyses
domain (Grondin 1996). This domain extends over the Clay Belt re Between the last week of June and the first week of August in
gion of Quebec and Ontario, a major physiographic region resultind 998, 10 randomly distributed subplots, measgirinx 1 m,were
from the deposits left by the proglacial lakes Barlow and Ojibway atsampled within each plot, for a total of 940 subplots. Percent cover
the time of their maximum expanse, in the post-Wisconsinian-(Vin 0f each species in each subplot was estimated; nomenclature fol
cent and Hardy 1977). The closest weather station to the study ard@ws Marie-Victorin (1995). Two soil horizons were sampled: four
is located at La Sarre, 35 km north of Lake Duparquet. The averagéa@mples of the FH layer and four samples of the first 10 cm of the
annual temperature is 0.8°C, daily mean temperature is —17.9°C fdpineral soil (Ae horizon and the top of the B horizon) in each plot.
January and 16.8°C for July, and the average annual precipitation td he four samples were pooled by horizon, air dried, and ground.
tals 856.8 mm (Environment Canada 1993). quest floor pH was analyzed in distilled water (McKeague 1977).

The composition of the vegetation in the area studied variedineral N (NH, and NQ)) was extracted wit 2 M KCl and ana
along a successional gradient described by Bergeron and Dubu¥zed by flow injection analysis (Tecator FIA Star 5020, Foss
(1989). By dendrochronological analysis, Bergeron (1991) andrecator, Héganas, Sweden). Exchangeable calcium, magnesium,
Dansereau and Bergeron (1993) determined that present stan@§d potassium in the forest floor were extracted with 0.1 M BaCl
originated from fires that took place 34 to 281 years ago. In theand determined by atomic absorption (Hendershot et al. 1993).
early stages of succession, paper birch, aspen, or jack pine domf\vailable phosphorus was extracted with the Bray Il method
nate the forest. If stands are not subjected to any major distu{McKeague 1977) and analysed spectrophotometrically. Soi tex
bances, they become dominated by balsam fir and white cedaftre was determined by granulometric analysis (McKeague 1977).
However, several different successional pathways are possible, and
in some cases fir and spruce return immediately after a fireLight sampling
(Bergeron and Dubuc 1989). A severe spruce budworm outbreak Photosynthetic photon flux density (PPFD) at the forest floor
occurred from 1970 to 1987, causing most of the mature balsam fitevel and at 50 cm above the forest floor was measured at eight
in the region to die off (Morin et al. 1993). The cover type and the systematically located points in each plot using a LAI-2000 plant
age of the stand also affect certain soil properties (Paré et al. 1998anopy analyzer (LI-COR Inc., Lincoln, Nebr.). Simultaneously,
Longpré et al. 1994; Brais et al. 1995; Paré and Bergeron 1996)reference measures corresponding to full light were taken every
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Table 5. Indicator values and significance levels of understory species for each cover type.

Cover type
Understory species Aspen Birch Spruce—fir Pine p
Coptis groenlandicgOeder) Fern. 1 4 6 62 0.0001
Lycopodium annotinuni. 1 0 0 61 0.0001
Cornus canadensik. 3 9 17 60 0.0001
Gaultheria hispidula(L.) Mahl. 0 0 0 50 0.0001
Sorbus americandlarsh. 1 8 2 36 0.01
Betula papyriferaMarsh. 1 16 2 33 0.034
Pteridium aquilinum(L.) Kuhn 7 4 1 32 0.017
Oxalis montanaRaf. 0 0 1 32 0.005
Picea mariana(Mill.) 0 0 0 32 0.003
Picea glauca(Moench) Voss 1 0 2 31 0.022
Vaccinium angustifoliunAit. 1 5 15 30 0.04
Dryopteris spinulosgO.F. Muell.) Watt 2 1 1 28 0.033
Lycopodium lucidulumviichx. 0 0 0 25 0.007
Lycopodium clavatunt. 1 5 3 24 0.047
Alnus crispa(Ait.) Pursh 0 1 0 23 0.007
Aralia nudicaulisL. 38 26 20 15 0.018
Corylus cornutaMarsh. 43 15 9 8 0.01
Galium triflorum Michx. 34 3 1 0 0.011
Prunusspp? 18 0 0 0 0.05
Trillium cernuumL. 16 0 0 0 0.052

#Prunus pensylvanica. and Prunus virginianaL.

15 s in an open field near the study stand. Light measured at thepecies for cover type and surface deposit. The indicator value was
floor level and 50 cm above the forest floor was associated to thebtained using the relative abundance and the relative frequency.
appropriate reference measure by C-2000 software (LI-COR), fronThe indicator values are between 0 and 100, where 100 is given to
which the light ratio transmitted at each level was calculated.  a species exclusively found in all plots of a single cover type. The
indicator value of each species was calculated from the mean cover
Statistical analyses of each species present in each plot, the significance of which was

To obtain an integrated representation of understory composit-estecj by permutations (Edgington 1987).

tion, we performed detrended correspondence analysis (DCA: Hill 10 test the effect of forest cover type and surface deposit on en-
and Gauch 1980) on the mean percent cover of each species fyonmental variables, analyses of variance were performed on
each 100-rAplot. The broken stick method was used to ensure thas{\"ljlnked data of pH and available nutrients (Ca, Mg, K, P,3NO
DCA axes were significant (Frontier 1976). The ordination scores'Ha) from the humus layer, available light at the forest floor level
obtained from the DCA were subjected to an analysis of varianc nd 50 cm above the forest floor,_ total basal area, and stand height.
(general linear model) to determine whether the effects of forest N€ total basal area was determined by summing the basal area of
cover and surface deposits were significant. Richness, evennegedch stem in the stand, and stand height was determined by averag
and Shannon’s diversity index (Scherrer 1984) were calculated off!d the heights of all stems in a stand. Tukey's multiple compari
the mean percent cover of each species in each Z0plon Rich son tests were performed on the rank of each variable found
ness and Shannon's index were subjected to an analysis of varian@nificantly affected by forest cover type. DCA was performed us
(general linear model). An analysis of variance on rank of evennes ga FORTRAN program for canonical community or_dlnatlon (ter
was performed to test the effect of cover, deposit, and interaction>22k 1988); all other analyses were performed using SAS soft
An effect of deposit was detected but with a nonsignificant genera}Va'e (SAS Institute Inc. 1985) except for the indicator value calcu
model, and for increased degrees of freedom another analysis wa&€d by PC-ORD software (MjM Software 1997).

performed, including only the effect of deposit. In the literature,

time elapsed since fire is recognized to affect understory composiR

tion (Ahlgren 1960; De Grandpré et al. 1993). However, the influ Results

ence of time since last fire on understory composition could not be

tested because the jack pine stands of our study all originated afté&rffect of canopy composition

the same fire. To ensure that the influence of cover type on The eigenvalues for the two first axes of the correspon
understory composition is independent of the influence of both thejence analysis performed at the stand level were 0.20 and
time since fire and the effect of deposit, we conducted variationg 11, respectively; these two axes are significant according
partitioning analysis (Bocard et al. 1992). The cover 'type.data.s the “broken stick” method (Fig. 1; Frontier 1976). The
consisted of the absolute basal area of aspen, white birch, jackn v is of variance performed on ordination scores revealed

ine, and the sum of absolute basal area of fir, white spruce, an . . R
\F/)vhite cedar. The absolute basal area of each speciespwas det at the composition of the understory varies significantly

mined by summing the basal area of each stem of the mentioneWith the cover type along axis 1 and axis 2 (Table 2). The
species. The time since last fire was the stand age, and the surfafgoe of surface deposit has a significant effect on composi
deposit is represented by percent clay of the mineral soil. tion along axis 1, while the interaction between cover type

Using the method of Dufrene and Legendre (1997), we ealcuand deposit is not significant along either of the two axes
lated the indicator value and level of significance of understory(Table 2). The measure of determinatioR’) between the

© 2001 NRC Canada
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Table 6. Indicator values and significance levels of species for  Diervilla lonicera and Maianthemum canadensare assoei
surface deposit. ated with till deposit (Table 6).

Humus pH, exchangeable calcium and magnesium, and
available nitrate and phosphorus are affected by cover type
Understory species Clay Till p (Table 7). According to the Tukey's multiple comparison

Surface deposit

Mitella nudaL. 76 0 0.0001 test, exchangeable calcium and pH were higher in aspen
Rubus pubescerRaf. 68 1 0.0001 stands than in jack pine stands, and available nitrate and
Aster macrophyllug.. 59 33 0.011 phosphorus were higher in jack pine stands than the other
Acer spicaturrLam. 56 38 0.041 cover types (Fig. 3). There is no difference in exchangeable
Virburnum edule(Michx.) Raf. 44 7 0.003 magnesium among cover types. Total basal area and stand
Galium triflorum Michx. 44 0 0.0001 height were significantly affected by cover type (Table 8).
Rosa acicularisLindl. 43 0 0.0001 Total basal area in aspen stands was higher than that in birch
Lonicera candensi8artr. 42 10 0.011 and spruce—fir stands. The heights of aspen and jack pine
Pyrola asarifolia Michx. 38 0 0.0001 Were significantly greater than those of birch and spruce—fir
Ribes glandulosunGrauer 35 2 0.0001 (Fig. 4). At the forest floor level and at 50 cm above the for
Clintonia borealis(Ait.) Raf. 35 58 0.016 est floor, percent PPFD did not change signi_ficantly with
Ribes lacustrePers.) Poir. 32 0 0.0001 cover type (results not shown). Surface deposit affected pH
Ribes tristePallas 28 6 0.044 and available calcium and magnesium, which were higher on
Athyrium filix-femina(L.) Roth 28 0 00001 clay deposits (Table 9).

Mertensia paniculatgAit.) G. Don 25 0 0.0001

Dryopteris spinulosgO.F. Muell.) 25 1 0.015 . .

Pyrola elliptica Nutt. 24 > 0038 Discussion

Actaea rubra(Ait.) Willd. 23 3 0019 Even over similar edaphic conditions, there is a change in
Dryopteris disjuncta(Ledeb.) Morton 19 10029 nderstory composition among forest cover types. However,
Rubus idaeus.. 19 0 0.0001 ichness, evenness, and diversity do not vary significantly
Maianthemum canadendgesf. 15 82 0.0001 \yith forest composition. Our work is consistent with that of
Cornus stoloniferaMichx. 15 0 0024 gaetre et al. (1997), who showed that forest cover type influ-
Diervilla lonicera Mill. 54 0.0001  ences understory composition but not richness in Norway
Circaea alpinalL. 0 0.041

spruce Picea abieqL.) Karst.) forests of Sweden. Environ-
0.047  mental conditions controlled by forest cover may affect
0.0001  ynderstory composition, but not diversity. Soil texture influ-
0.008  ences richness, evenness, and understory composition but
0.0001  not diversity. Thus, the influence of soil texture on the num-
0.0001  per of species is compensated for by the variation in species
0.002  abundance. On clay, richness is higher though diversity did
0.044 not increase, suggesting that the understory is composed of a
few aggressive species, which dominate others.

Aspen and jack pine stands have shown the greatest varia
cover type and plot ordination scores is 0.62 for axis 1 andion in understory composition and, accordingly, the major
0.26 for axis 2. Together, all explanatory variables in theity Of indicator species are associated with one or both.
variance partitioning analysis accounted for 15.80% of thdndicator ~species associated with aspen occur on
variance in the understory vegetation data set (Fig. 2). Foregpesotrophic soil, while indicator species of jack pine are
cover type alone accounted for 8.79%, and time since ladtnked, in general, to poor soils. In fact, only jack pine is as

fire and deposit accounted for, respectively, 2.01% andociated with evergreen ericaceous species suc@ogsis
3.60% of the variance in the data set. groenlandicaand Gaultheria hispidula evergreens are most

prominent on infertile soils (Monk 1966; Small 1972; Al-

Mufti et al. 1977).Gaultheria hispidulais also associated
Richness, evenness, diversity, and indicator values with poorly decomposed humus (Bergeron and Bouchard

The results of the analyses of variance (general lineat983). Soil acidity, which is the result of complex and inter

model) indicate that richness, evenness, and diversity of thacting biogeochemical processes, seems to be an important
understory do not vary significantly with cover type (Tables 3factor in explaining the cover type effect on understory eom
and 4). However, understory richness and evenness were gfosition: Coptis groenlandica Cornus Canadensis
fected by surface deposit. The majority of species showing &aultheria hispidula Oxalis Montana and Dryopteris
high indicator value are associated with either jack pine er asspinulosa all of which are common on acidic humus soils
pen. Trillium cernuum Galium triflorum Corylus cornuta  (Siccama et al. 1970; Glaser et al. 199Ghllium triflorum,
andPrunussp. are strongly associated with aspen stands, andhich is associated with aspen is generally considered-a nu
the highest indicator values for jack pine stands are obtaineftient-demanding species and is also more common on clay
by Gaultheria hispidula Coptis groenlandica Cornus  soils. Since such soils constitute a major reserve of nutrients,
canadensisand Oxalis montana(Table 5). Several species, and of calcium in particular, this result suggests that the
such as Mitella nuda Rubus pubescensand Galium  understory species associated with aspen have a high de
triflorum, are associated with clay deposits and two speciespand for calcium, or nutrients in general. Moreover,

N
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Sorbus americandarsh.
Vaccinium angustifoliunAit.
Pteridium aquilinum(L.) Kuhn
Vaccinium myrtilloidesMichx.
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Lycopodium clavatunt.
Viburnum cassinoidek.
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Table 7. Average soil and light variables for cover types on clay and till deposits.

Can. J. Bot. Vol. 79, 2001

Deposit Soil and light variablés Aspen White birch Spruce—fir Jack pine

Clay

Light % PPFD at 50 cm above forest floor 6.44+3.90 4,91+3.48 4.08+2.46 4.92+1.19
% PPFD at 0 cm above forest floor 4.56+2.55 3.94+2.51 3.57+2.11 3.76+0.91

Humus Ca,cn (cmol/kg) 43.44+12.00 33.90+£10.73 33.99+11.52 18.97+3.40
Kexch (€mol/kg) 3.27+1.15 3.80+1.13 3.18+0.68 3.10+0.50
M0exch (cmol/kg) 5.34+2.15 5.15+1.75 3.92+1.35 3.93+0.51
Available NH,-N (mg/kg) 163.33+198.20 117.65+197.79 68.82+113.16 196.05+105.56
Available NOy-N (mg/kg) 0.44+0.61 0.90+2.35 0.18+0.46 1.53+0.10
Available PQ-P (mg/kg) 29.66+13.23 28.73+17.67 30.35+16.88 61.20+16.82
pH (water) 5.104+0.3 4.90+0.4 4.60+0.50 4.20+0.10

Mineral Ca,n (cmol/kg) 012.82+9.69 7.94+7.33 7.98+4.94 4.02+2.08
Kexcn (€mol/kg) 0.57+0.29 0.54+0.30 0.50+0.23 0.73+0.08
MGexch (cmol/kg) 2.69+1.98 1.75+0.67 1.731£0.94 1.56+0.87
Available NH-N (mg/kg) 20.05+23.81 13.88+28.47 7.00+9.65 5.68+2.59
Available NOy-N (mg/kg) 0.32+0.50 0.15+0.30 0.06+0.09 0.33+0.05
Available PQ-P (mg/kg) 7.92+4.06 7.97+4.32 9.19+5.49 23.28+15.33
pH (water) 4.50+0.5 4.10+0.30 4.10+0.30 4.60+0.10

Till

Light % PPFD at 50 cm above forest floor 6.38+3.03 5.79+3.01 4,92+2.92 7.88+0.82
% PPFD at 0 cm above forest floor 4.76+2.20 4.73+2.43 4.20+2.37 6.25+0.36

Humus Caych (cmol/kg) 26.71+8.51 21.79+7.44 21.7246.15 12.82+2.60
Kexch (€mol/kg) 3.11+0.79 3.11+0.68 2.66+0.87 2.5340.23
M0exch (cmol/kg) 3.26+1.34 3.53+1.59 2.69+0.99 2.4610.12
Available NH,-N (mg/kg) 238.52+329.54 393.56+620.97 110.41+162.31 155.83+063.93
Available NOy-N (mg/kg) 0.24+0.34 0.43+0.71 0.30+0.48 1.25+0.06
Available PQ-P (mg/kg) 25.76+14.49 34.55+21.17 26.75£17.49 59.03+4.29
pH (water) 4.40+0.4 4.20+0.40 4.20+0.4 3.60+0.10

Mineral Ca,n (cmol/kg) 1.48+1.18 1.81+2.39 0.79+0.58 1.06+0.85
Kexcn (€mol/kg) 0.14+0.07 0.14+0.10 0.11+0.04 0.52+0.10
M0exch (cmol/kg) 0.32+0.22 0.36+0.30 0.22+0.11 0.30+0.20
Available NH-N (mg/kg) 18.49+25.33 15.99+24.64 6.02+7.82 4.50+3.56
Available NOy-N (mg/kg) 0.12+0.24 0.04+0.08 0.09+0.14 0.33+0.05
Available PQ-P (mg/kg) 4.26+2.74 8.08+5.49 7.41+5.78 27.60+012.49
pH (water) 3.9040.3 4.00+0.20 3.90+0.20 4.00+0.30

#Cauyey Kexcr Mok €XChangeable Ca, K, and Mg, respectively.

Trillium cernuumand Corylus cornutaare common in nutyi

as ours, found that low concentrations of soil nitrate were

ent-rich habitats (Carleton 1979; Brumelis and Carletonassociated with aspen and white birch soils (Brais et al.
1989). It is important to stress, however, that only a fewspe1995). However, a study by Ste-Marie and Paré (1999} indi
cies are restricted to a specific forest composition, suggestated that potential net nitrification and pH were very high
ing that the observed differences in understory compositioin aspen soil and low in jack pine stands. These contradic

are mainly due to variation in species abundance.

tory results can be explained by a higher nitrate demand in

The gradient of forest cover observed, from aspen to jaclaspen and birch stands (Nadelhoffer et al. 1984) as well as
pine, separates the understory composition of coniferous anél spruce—fir stands, which contain a greater proportion of
deciduous stands. Coniferous tree species are known-to insleciduous tree species when compared with jack pine stands
mobilize nutrients at a higher rate than deciduous species. ASte-Marie and Paré 1999). Higher availability of phospho
both ends of the forest composition gradient, aspen and jadkis in jack pine stands could also be explained by the greater
pine stands differed significantly for humus layer pH and ex uptake of this nutrient in other cover types. Perala and Alban
changeable calcium and magnesium (Paré et al. 1993; Bra(3982) showed that less phosphorus was contained in leaves,
et al. 1995; Paré and Bergeron 1996), suggesting that forebtanches, boles, and litter-fall for jack pine than for aspen,
cover affects understory composition through its influencewhile greater amounts of phosphorus were found in the for
on nutrient availability. However, available phosphorus andest floor of jack pine than aspen stands. However, Xiao et al.
nitrate were higher in jack pine stands, which represent th€1991) found that phosphorus was lower in the humus layer
poorest sites. A separate study, conducted in the same are&coniferous stands. It is possible that by influencing nAutri
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Fig. 3. Multiple comparisons of organic soil property means among forest cover ti{pes94. Histograms with same lettea Or b)
are not significantly different according to Tukey’s test. Bars = standard deviation.
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ent cycling, understory vegetation creates a positive -feedaspen and white birch stands (Grier et al. 1981; Gale and
back mechanism, accentuating the influence of forest cove®rigal 1987; Finér et al. 1997).
on understory composition.

To a lesser extent, understory composition of spruce—fir .
stands was different from other stands. In the southwesterﬁondUS'Ons
boreal forest, available light above understory vegetation is There is an obvious relationship between the understory
lower in late-successional (spruce—fir) stands than in earlyand overstory layer. However, the great variability and ever
successional stands such as aspen, white birch, and jack pitap in the results show no strong species association. Forest
(Messier et al. 1998). Moreover, stand height and total basalover affects understory species habitat and thus could facil
area, affected by forest composition, can create differenitate the survival of a heterogeneous group of understory
light conditions, which affect understory species (Messier especies. Even if understory diversity is unaffected by stand
al. 1998). However, in the present study, light availability in composition, some species are related to a specific stand
the herb layer was not affected by forest composition and n@omposition, suggesting that the loss of a forest cover type
indicator species were related to spruce—fir stands. Lightvill be associated with a loss of understory species. For this
quality and soil moisture are also affected by stand composireason, this study supports the conservation of a diversity of
tion (Federer and Tanner 1966; Anderson et al. 1969; Taskestand compositions at the landscape level. The canopy also
and Smith 1977) and could be important, but these variablesxerts a certain control over the quality of the site, that is, on
were not measured in our study. The competition for watethe availability of nutrients in the forest soil, its pH, and the
and nutrients between the understory layer and lateforms of nitrogen available. The forest management favour
successional trees could account for different understoring coniferous species could induce a change in nutrient
composition in the spruce—fir stand because the fine roots advailability and understory composition and, with time, -pro
late-successional trees such as balsam fir and white sprueeke a reduction of biological diversity and even a decrease
are located at more superficial levels of the soil than those oiin productivity.
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Table 8. Effect of surface deposit and forest cover type on the Fig. 4. Multiple comparison of stand structure property means
rank of environmental variables. among forest cover typedy = 94. Histograms with same letter
are not significantly different according to Tukey’s test. Bars =

Environmental variable Source R? p >F standard deviation.
pH Model 0.55 <0.0001
Surface deposit <0.0001 @ 70 1 a
Cover type <0.0001 = |
Interaction 0.3875 = 00 ab
Canen Model 051  <0.0001 £ 501 b b [
Surface deposit <0.0001 £ 40 J [ [
Cover type <0.0001 S 301 l
Interaction 0.8186 8 201 l L
MGQeych Model 0.3 <0.0001 g
Surface deposit <0.0001 & 107
Cover tYpe 0.0282 0 Aspen Birch Spruce-Fir Pine
Interaction 0.9371
K exch Model 0.14 0.0712
Surface deposit 0.0259 (®) 55 -
Cover type 0.0718 a a
Interaction 0.6591 2 201 T b b T
Available NO;-N Model 0.22 0.0029 g -|- l
Surface deposit 0.8676 go 157 J_ T
Cover type <0.0001 J‘j 101 l J_
Interaction 0.7015 =
Available PQ-P Model 0.2 0.0113 I
Surface deposit 0.6590
Icﬁl(:gf;cttﬁ)rf (())ggéi 0 Aspen Birch Spruce-Fir Pine
Total basal area Model 0.3 <0.0001 References
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