
Introduction

It has been recognized since the early 1800s that grada-

tions in vegetation structure and composition occur between

the equatorial and polar regions of the earth. These gradients

would likely be organized as latitudinal belts based on global

circulation and incoming solar radiation patterns (Barry and

Chorley 2003, pp. 58 and 142-143), if not for disruption by

mountainous zones and oceans and their effects. At a global

and continental scale, latitudinal differences in vegetation

(i.e., a surrogate for various interrelated global climatic vari-

ables) are typically recognized based on physiognomy

(Mueller-Dombois and Ellenberg 1974, Appendix B) and

dominant overstory species (Küchler 1964). At larger scales,

gradients are evident among overstory dominants in forests.

For instance, sites reflecting global climatic effects in the bo-

real forest of central Canada shift from deciduous (LBs eco-

climatic region) to mixed deciduous-coniferous (MBs) to co-

niferous (HBs) stands from south to north, respectively

(Ecoregions Working Group 1989). Analogous differences

occur in mountainous terrain in response to increasing eleva-

tion and an associated change in climatic conditions (e.g.,

Bruun et al. 2006, Hegazy et al. 2007). Comparable effects

might be expected if this ecological trend was extrapolated to

forest understory vegetation; some having extensive geo-

graphical ranges, such as the Ledum groenlandicum under-

story type of Pinus contorta, which extends from southwest-

ern Alberta to central Yukon Territory in western Canada

(Strong 2002a). Few studies, however, have evaluated lati-

tude-related differences in forest understory species compo-

sition and abundance within a vegetation formation or biome.

Richness, or the number of occurring taxa, is commonly

used to study latitude-related diversity differences (e.g.,

O’Brien 1993, Hillebrand 2004, Field et al. 2005). It is a sim-

ple measure that can be systematically applied over large ar-

eas, but indicates nothing about the composition, abundance,

or morphological characteristics of included taxa; or how

these attributes change with latitude. More comprehensive

analyses would require species-specific data; which might be

difficult to compare at continental or smaller scales of analy-

sis, but could be feasible at a formation-level. It is difficult to
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determine from existing vegetation studies whether under-

story species composition and abundance vary in response to

latitude due to variation in analytical techniques, data sum-

mary methods, and use of different diversity measures that

potentially conceal differences.

To study the effect of latitudinal change on forest under-

story vegetation, it would be necessary to assess a variety of

botanical attributes among forest stands dominated by the

same tree species that occupy similar site conditions, and oc-

cur across several degrees of latitude; rather than combining

multiple types of ecosystems based on grid or large area sum-

maries (e.g., Lyons and Willig 1999, Field et al. 2005). Such

ecological circumstances are potentially available in western

Canada due to the broad latitudinal width of the boreal forest

(Ecoregions Working Group 1989). In the southern three-

fourths of this formation, early and mid seral Populus tremu-

loides (POTR) forests dominate mesic to submesic sites from

~54
�
N latitude in central Alberta to ~62

�
N latitude in the

southern Northwest Territories. This portion of the boreal

forest has low relief terrain and is not directly affected by ex-

ternal factors such as oceanic influences, which optimize the

potential correspondence between latitude and vegetation

change. In addition, several geographically extensive vege-

tation sampling projects have been conducted south of 60
�
N

latitude in Alberta; comparable data are not as available for

adjacent similar portions of the boreal forest in British Co-

lumbia, Saskatchewan, or the Northwest Territories.

The purpose of this research was to determine if latitude-

related differences occur in the floristic and plant community

composition of understory vegetation among POTR-domi-

nated stands in the boreal forest of Alberta. Recognition of

such variation would help to identify climate-driven plant

species distribution patterns, and explain some of the re-

gional intraspecific variation that occurs among POTR bo-

real forest plant community types in western Canada. Recog-

nition of such ecological patterns could help to improve

regional vegetation-based management systems such a those

used for forestry site classification and forest grazing.

Materials and methods

Study areas

Relevé data were obtained for the High Level and Wen-

tzel River, and Bonnyville and Grande Prairie areas of north-

ern and central Alberta, respectively (Fig. 1). The two latter

areas are centered at ~54.6
�
N latitude, with the High Level

(58.2
�
N) and Wentzel River (58.5

�
N) areas located ~3.7

�

latitude or ~425 km farther north. Individual study areas

range from 800 to 8 000 km
�

in size. Regional elevations in-

crease from 275–300 m in the north to 750–1100 m and ~650

m in the Grande Prairie and Bonnyville areas, respectively.

The High Level, Wentzel River, and Bonnyville areas occur

in Boreal Mixedwood ecoregions, whereas the Grande Prai-

rie area mostly occurs within the POTR-dominated portion

of the Lower Boreal-Cordilleran ecoregion (Strong 1992).

The latter area is floristically similar to the Mixedwood re-

gion, but includes Cordilleran floristic elements such as

Pinus contorta. Topography in all areas is largely level to un-

dulating with areas of gently rolling terrain. Glacial lacus-

trine deposits are common in all except the Bonnyville area,

where glacial tills are the dominant surficial material.

The Grande Prairie and Bonnyville areas have warmer

average annual (ca. ~3.3
�
C) and May–August (~0.25

�
C)

temperature, with greater summer moisture availability than

the High Level and presumably Wentzel River areas (Table

1). Lower annual temperatures in the north are mostly a result

of colder winters. The High Level area receives on average

8–19% less annual and 15–20% less May–August precipita-

tion than the south areas. Average summer precipitation

among study areas (range 43 mm) occurred within the one

standard deviation (53) of the least variable station, suggest-

ing a high degree of year-to-year variability. Similar mois-

ture deficits (precipitation minus potential evaporation) oc-

cur between the Bonnyville and High Level areas, with the

Grande Prairie area having somewhat less negative values

(Table 1). The south areas receive 3.1% more total potential

global solar radiation during May–September than the north

areas.

In all four areas, where undisturbed by agricultural and

forest development, seral POTR forests typically occupy me-

dium to moderately-coarse textured Gray Luvisolic soils on

upland sites that are moderately-well to well drained with

mesic to submesic moisture regimes. Older POTR stands

often contain Picea spp., which represent the most common

potential climatic climax tree genera in the boreal forest of

western Canada.
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Relevé data

Relevé data were obtained from archival sources. All in-

cluded relevés assessed species abundance based on percent

canopy cover. Only relevés with >40% POTR cover with less

than one-fifth cover of other tree species, and stands >20

years old were included. Stand ages were determined based

on growth-ring counts of the larger trees at 30 cm above the

forest floor. Relevés were excluded if disturbance-related

taxa such as Taraxacum or Trifolium individually had >1%

cover, or a combined cover of ≥2%. The same number of

relevés (54) were compiled for each study area to optimize

their comparability, with the maximum number determined

by the study area with the fewest acceptable relevés. Larger

source areas were necessary where extensive agricultural

clearing and forest development occurred. Salix species

within individual relevés were combined due to concerns re-

garding the reliability of their identification and sometimes

the lack of taxonomic differentiation.

Stand sampling in the Wentzel River area (Redburn and

Strong 2008, W.L Strong unpublished data) was based on a

20 m × 30 m macroplot to assess plants >2.5 m tall, and a

centrally located 30 m transect with five 2.5 m × 2.5 m plots

spaced at 5 m intervals, each containing a 1 m × 1 m plot, for

evaluating the cover of species >1 m and <1 m tall including

nonvasculars (ground moss and lichen), respectively. Stand

sampling in the Bonnyville area (Downing and Karpuk 1992)

was based on a 500 m
�

circular macroplot for trees >5 m tall

and a centrally located 10 m × 10 m plot for assessing under-

story plant cover. In the Grande Prairie area, relevé data (Ar-

chibald et al. 1984, O’Leary and Downing 1986) were ob-

tained using a 20 m × 20 m macroplot for trees >5 m tall, with

a 5 m × 5 m plot for trees <5 m tall and shrubs regardless of

height, and five 0.5 m × 1 m plots evenly-spaced along a 20

m transect for herbs and nonvascular species. Relevés in the

High Level area (Alberta Environmental Protection, Eco-

logical Site Data, unpublished) were compiled using 20 m ×
20 m plots for tree >5 m tall and a nested 10 m × 10 m plots

for plants of lesser stature. For analysis purposes, individual

species among strata <5 m tall were combined to eliminate

vertical stratification differences in sampling designs among

different datasets. Few combined species were >2.5 m tall.

Botanical measures and their analysis

Various quantitative measures and indices were used to

assess botanical differences. Richness was determined based

on the combined relevé data for each study area, among

relevés within each study area based on plant growth-forms

(trees, deciduous and evergreen shrubs, forbs, graminoids,

and nonvascular species), and according to minimum canopy

cover values (>1 and >2%) of individual species. Average

richness was based on the number of species that occurred

among individual relevés. Minimum cover values were used

to determine if a greater proportion of low cover species were

identified among study areas, as an indicator of different

sampling intensities. Total stand and growth-form cover val-

ues were determined by summing individual species. The de-

gree of canopy cover concentration among species was as-

sessed using indices of dominance concentration (Strong

2002b)

(1)

and evenness (Carmargo 1993)

(2)

where a� = the abundance of the kth species, k = 1 through R;

b� = the sequential cumulative totaling of ith species abun-

dance values (a�) ranked largest to smallest; i = the ith species

in the data set, where i = 1 through R; max� = the largest cal-

culated ith value; p� = a�/Q; Q = sum of species abundance

values (Σa�), where k = 1 through R; and R = the number of

species in the sample.
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These measures were selected because D� is not corre-

lated with either species richness or total canopy cover

(Strong 2002b), and E’ has been considered the better meas-

ure of evenness among traditional options (Smith and Wilson

1996, Strong 2002b). Evenness and dominance concentra-

tion indices are based on 0–1 scales, with 1 representing

maximum dominance concentration and 0 representing per-

fect evenness. Both dominance concentration and evenness

values were calculated because the measures are not neces-

sarily inversely related (i.e., 1 – D ≠ E, Strong 2002b).

Cluster analysis based on relative Euclidean distance and

Ward’s method (McCune and Mefford 1999) was used to hi-

erarchically aggregate relevés based on understory species

and percent canopy cover. This combination of algorithms

produced minimal chaining, distinctive groupings, and a

readily interpretable dendrogram. Within the dendrogram,

low-level adjacent branches were combined until quantita-

tively definable (P <0.050) and meaningful species differ-

ences among aggregates were recognized. Detrended corre-

spondence analysis (DCA, McCune and Mefford 1999) was

used to graphically illustrate the relative relationship among

individual relevés based on understory species cover values.

Percent explained variance was assessed using relative

Euclidean distance. Trees (mostly POTR) were excluded in

both cluster analysis and DCA, because they were common

to all relevés and their large proportion of canopy cover more

strongly dictated the grouping of relevés than understory

plants. Overstory – understory combinations were consid-

ered to approximate the Braun-Blanquet association concept

(Kent and Coker 1992, p. 250), but are referred to as vegeta-

tion-types because groups were derived from multivariate

techniques rather than according to characteristic and differ-

ential species.

Comparison of botanical measures among study areas

was based on Kruskal-Wallis tests, because most variables

did not conform to the characteristics of a normal-distribu-

tion based on skewness (acceptance range ±0.9) and kurtosis

(-0.4 to +1.8) (Wetherill 1981, p. 9). Mann-Whitney U-tests

or t-tests were used to compare between groups, depending

upon whether the data conformed to a normal-distribution.

Nonparametric Scheffé rank tests (Miller 1966, p. 166 – for-

mula 111 for even and formula 110 for uneven sample sizes)

at the α = 0.05 level were used to identify which study areas

differed within significant (P <0.05) Kruskal-Wallis tests.

Meteorological data, when normally distributed, were com-

pared using analysis of variance and Scheffé parametric

range tests. Differences in frequency data such as richness

were assessed with Chi-square tests for goodness of fit, with

expected values derived from the overall sample average (an

intrinsic hypothesis – Sokal and Rohlf 1981, p. 700). Pear-

son’s product-moment correlation analysis was used to

evaluate bivariate relationships. Statistical analyses were

based on STATISTICA software (Statsoft 1995), except

Scheffé rank tests which were manually calculated.

Results

Floristic characteristics

Among 216 relevés occurred 169 species. From 78 to

105 (average 94) species occurred per study area, with no

significant difference in richness (Table 2) or correlation be-

tween study area size and richness. Richness did not differ

between south (Grande Prairie and Bonnyville) and north

(High Level and Wentzel River) areas (131 and 129 species,

respectively). Rosa acicularis and Lathyrus ochroleucus

(90% constancy); Cornus canadensis (87%); Chamerion an-

gustifolium and Galium boreale (81%); Fragaria virginiana,

Rubus pubescens, and Viburnum edule (79%); and Leymus

innovatus (75%) were the most consistently occurring under-

story species among study areas. An average of 20.1 to 34.5

Table 2. 5������ ��
 ����
 ��������� 
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species occurred per relevé, with the south areas having the

greatest richness regardless of the minimum cover level (Ta-

ble 2). All study areas had a >30% reduction in richness when

minimum canopy cover values for inclusion were increased

from >0 to >1%; a 25 to 30% reduction in richness occurred

from ≥ 1 to ≥ 2% cover (Table 2). South areas consistently

had more species per relevé (Table 2).

Deciduous shrub richness was greatest in the Bonnyville

area. South areas consistently contained more forbs and

graminoids per relevé than north areas (Table 2). Nonvascu-

lar plant richness was greatest in the Grande Prairie and High

Level areas with 1.0–1.2 species per relevé. In all study areas,

forbs were the most common growth-form, often repre-

senting half or more of the flora (Table 2). No difference (P

>0.050) occurred in the number of tree or evergreen shrub

species among study areas. Relevé richness decreased at a

rate of ~2.6 species per degree of latitude.

D� values averaged ~0.52 in the Bonnyville and Grande

Prairie areas, indicating a moderate degree of cover concen-

tration among species. Values were greater (P <0.001) in

north areas, but remained at a moderate level (Table 2).

Canopy cover characteristics

More than 200% canopy cover occurred in the Bonny-

ville and Grande Prairie relevés (Table 3). Total cover was

less (P <0.001) in north areas at ~154%. Excluding POTR,

the most abundant species among all relevés (n = 216) were

Rosa acicularis (14.1% canopy cover), Viburnum edule

(7.5%), Shepherdia canadensis (6.5%), Cornus canadensis

(6.4%), Corylus cornuta (6.0%), and Linnaea borealis

(5.4%). Trees had average cover that ranged from 63 to 76%,

with the greatest difference in values between the Bonnyville

and Wentzel River areas. Understory plants composed 2/3

and 3/4 of the total cover in the Bonnyville and Grande Prai-

rie areas, respectively, but only half in north areas. A weak

negative correlation (r = -0.158, P = 0.025, n = 216) occurred

between tree canopy and understory vegetation cover among

study areas, whereas stronger negative correlations occurred

in the High Level (r = -0.301, P = 0.027, n = 54) and Wentzel

River (r = -0.288, P = 0.035, n = 54) areas. In contrast, no or

a positive correlation occurred between tree canopy and un-

derstory vegetation in the Bonnyville (r = -0.195, P = 0.157,

n = 54) and Grande Prairie (r = +0.519, P <0.001, n = 54)

areas, respectively.

Percent forb, graminoid, total herb, and total understory

vascular plant cover were lower (P <0.001) in north relative

to south areas (Table 3). Forbs typically had 4–5 times more

cover than graminoids, which were predominately Leymus

innovatus (mean cover 4.8%) and Calamagrostis canadensis

(3.8%). The most abundant forb and forb-like species in-

cluded Cornus canadensis (mean 6.4% cover), Linnaea bo-

realis (5.4%), Aralia nudicaulis (4.8%), Chamerion angusti-

folium (3.9%), Rubus pubescens (3.4%), and Lathyrus

ochroleucus (3.3%). Deciduous shrub cover increased north

to south as well as west to east (Table 3). No significant dif-

ference occurred in percent evergreen shrub cover among

study areas. Nonvascular plants were least abundant in the

Bonnyville area, although maximum average cover values

were ≤ 3.6%. Hylocomium splendens was the most abundant

(mean cover 1.1%) and frequent (29%) nonvascular species.

This species was most abundant in western study areas, with

relevés in the High Level area having the greatest cover (Ta-

ble 3). The abundance of H. splendens was similar in the

Bonnyville and Wentzel River areas. Picea glauca, a late

successional climax species, had an average cover of 1.6%

(range 0.7–2.5%) and 37% constancy among relevés.

Eleven understory species had cover values that de-

creased northward between south and north areas (Table 4).

Four of these species also had high constancy (80–90%)

among study areas: Cornus canadensis, Fragaria virginiana,

Galium boreale, and Lathyrus ochroleucus. A decline of

~28% and ~22% canopy cover occurred from Bonnyville

and Grande Prairie relative to Wentzel River and High Level,

respectively. The greatest declines in cover between the Bon-

nyville and Wentzel River areas were associated with Ca-

lamagrostis canadensis, Cornus canadensis, and Lathyrus

ochroleucus (Table 4). Eurybia conspicua, Mertensia pani-

culata, Pedicularis labradorica, and Symphyotrichum cilio-

latum decreased in abundance by 2/3 or more between Wen-

Table 3. 9���� ������ ���� �� ���'�������� �� ��	� ������������� ������ ��	
� ���� �� ������ ��
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tzel River and the Bonnyville area, although average canopy

cover values for individual species in the Bonnyville area

were≤ 2%. Between Grande Prairie and High Level, the larg-

est decreases in cover (~5%) occurred in Calamagrostis ca-

nadensis and Vaccinium caespitosum, with the abundance of

Lonicera involucrata decreasing from 2.7 to 0.1% cover (Ta-

ble 4).

Average stand age among study areas ranged from 52 to

67 years, with standard deviations of 14 to 18 years (Table

3). Stands were youngest in the Bonnyville area. North

POTR stands (mean 60 years, sd = ±16, n = 93), however,

were not older than south (58 years, sd = ±17, n = 90) stands

(t-test, P = 0.834).

Understory-types

Eight POTR understory-types were recognized among

the 216 relevés (Appendix, Fig. 2). Each type contained 6–16

species with ≥ 80% constancy and at least one species that

distinguished it from others, except the POTR/Aralia nudi-

caulis type. Only the POTR/Salix and POTR/Aralia types

were not clearly distinguishable from other types based on

shrub content. The POTR/Salix type, however, had an atypi-

cally large content of Calamagrostis canadensis (Appendix).

The POTR/Rosa type was the most common (79 of 216

relevés, or 37%). Rosa understory vegetation was dominated

by R. acicularis, but R. woodsii was equally abundant in

POTR/Corylus cornuta and POTR/Aralia stands in the Bon-

nyville area. Relevés of the POTR/Rosa type occurred as two

Table 4. 9���� ����� '��� ����������� ��'� ����� ���� ���	� �� ������� ������
 �� ������ �����	
� �� ������� ��������

���� ���
 �� 3�	�����4����� ����� ;�
���
	�� ��	
� ���� �� ����� '��� �� ��� ���� 
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separate branches in the cluster analysis dendrogram (Fig. 2),

although no major differences were identified in floristic

composition. These different branches primarily represented

north and south variants. The north variant of the

POTR/Rosa type had less Rosa acicularis (21%) and more

Leymus innovatus (6%), Linnaea borealis (6%), and Cornus

canadensis (7%) canopy cover than south stands. About

1.3% chaining occurred in the dendrogram.

At least one vegetation-type was present in each study

area with a greater than expected frequency of occurrence

(Fig. 2). POTR/Corylus vegetation composed 22 of 54

relevés in the Bonnyville area, where it occurred almost ex-

clusively. POTR/Aralia relevés also occurred more fre-

quently than expected in this area, but were only slightly

more frequent than the POTR/Rosa and POTR/Salix types.

POTR/Rosa and POTR/Alnus viridis relevés most frequently

occurred in the Grande Prairie area. POTR/Viburnum edule

and POTR/Amelanchier alnifolia vegetation-types mostly

occurred in the Wentzel River area. Among study areas,

POTR/Shepherdia canadensis relevés occurred most fre-

quently in the High Level area, although POTR/Rosa relevés

were more than twice as common (Fig. 2).

Fig. 3 illustrates the relative compositional relationship

of the eight vegetation-types based on individual relevés (ex-

plained variance 42% based on axes 1 and 2). Six vegetation-

types mostly occupy separate ordination space. Among these

vegetation-types, the least spatially distinct was the

POTR/Aralia type, which was closely associated with the

POTR/Corylus type, due to the mutual occurrence of Corylus

cornuta although in substantially lower quantities (Appen-

dix). POTR/Rosa and POTR/Salix relevés did not occupy

unique segments of the ordination, and overlapped the ordi-

nation space of other vegetation-types, except the POTR/Al-

nus and POTR/Corylus types (Fig. 3).

Geographically, relevés from north areas such as the

POTR/Shepherdia, POTR/Viburnum, POTR/Amelanchier,

and the north variant of the POTR/Rosa types occurred to-

gether in the lower left-half of Fig. 3; whereas the POTR/Al-

nus, POTR/Corylus, and POTR/Aralia types, which were

primarily associated with the south areas occurred in the op-

posing half (cf. Fig. 2 and 3). The south variant of the

POTR/Rosa type tends to most commonly occupy an inter-

mediate position between the north and south groups.

Average slope values in individual study areas ranged

from 1.9% (sd = ±2.4) in the Wentzel River to 5.4% (sd =

±5.9) in the Bonnyville area, which were statistically differ-

ent (Kruskal-Wallis test, n = 4, P <0.001), with the Grande

Prairie (mean 2.5%, sd = ±2.0) and High Levels (mean 3.6%,

sd = ±4.7) having intermediate values. However, no signifi-

cant difference (Mann-Whitney U-test, P = 0.779) occurred

in slope gradients between north and south relevés. From

70% (Bonnyville) to 91–93% (Wentzel and Grande Prairie)

of all relevés occurred on terrain with ≤5% slopes. No obvi-

ous vegetation-type classificational trends were associated

with relevés that occurred on steeper slopes.

Discussion

The data indicated that substantial and statistically sig-

nificant (P <0.001) latitudinal differences occurred at the

relevé-level in both species richness and canopy cover of

POTR forest understory-types between central and northern

Alberta. Such differences are unexpected based on the con-

clusion drawn by Hillebrand (2004), which was derived from

581 latitude-related diversity studies, that sites separated by

≥37
�

of latitude do not typically detect significant diversity

differences (cf. 3.7
�
). Our detection of latitudinal differences

were likely facilitated by minimizing site heterogeneity and

focusing on the understory vegetation of a particular tree spe-

cies within a similar ecoclimatic region, i.e., within the toler-

ance range of the dominant species.

The identified differences in relevé richness, growth-

forms, and species canopy cover could be argued the result

of (i) differences in field sampling intensity, (ii) observa-

tional biases in cover assessment, (iii) comparison of data

from different plot sampling designs, (iv) regional differ-

ences in site conditions, (v) differences in stand ages, (vi)

variation in the density of forest canopies, and/or (vii) differ-

ences in climatic conditions. Considerations i–v may have

contributed to the identified differences, but the latter is con-

sidered of primary importance for the following reasons:

(i) The identified differences in richness do not appear to

be an artifact of differential field sampling intensities, based

on the similarly large disparities (average 40%) in the

number of species per relevé between the >0 and ≥ 1% can-

opy cover classes among study areas. Although this differ-

ence does not prove that all possible species were recorded,
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it does suggest a similar level of sampling was applied among

study areas.

(ii) Observational biases in assessing canopy cover inevi-

tably represent some of the variation in species abundance,

because several different field botanists were involved with

collecting the relevé data. However, the differences in can-

opy cover between south and north areas are too large (e.g.,

40–60% cover, Table 3) to merely attribute them to observa-

tional differences. Unfortunately, it is not possible to retroac-

tively evaluate the canopy cover assessment skills of the in-

volved botanists.

(iii) The adequate assessment of stand composition and

abundance relies on the inclusion of an appropriate amount

of area within each sample plot. Based on criteria proposed

by Mueller-Dombois and Ellenberg (1974) and more re-

cently by Chytrý and Otýpková (2003), tree plot sizes in all

study areas met or exceeded the minimum area of 200 to 500

m
�
, and the 100 m

�
plots used in the Bonnyville and High

Level studies occurred within the size range (50–200 m
�
)

suggested by Mueller-Dombois and Ellenberg (1974, p. 48)

for forest understory vegetation (<1 m tall). Understory sam-

pling in the Wentzel River and Grande Prairie study areas

was based on replicated quadrats. A species area curve analy-

sis of the Wentzel River dataset suggests that the likelihood

of encountering a new species was 8% if one additional 1 m

× 1 m quadrat was added, and within that new quadrat either

no new species or a species with ≤1% cover would most com-

monly be encountered (W.L Strong, unpublished data). If

relevés are considered “samples” in the statistical sense,

rather than a complete census, then the sampling method em-

ployed in the Wentzel River area would appear adequate for

characterizing the composition of the understory vegetation

in this region of the boreal forest. Adequacy of the Grande

Prairie sampling design could not be similarly tested because

quadrat data were unavailable. Again, differences in canopy

cover between south and north areas were too large (Table 3)

to reasonably attribute to variation in plot sizes and configu-

ration. Differences in plot sampling designs should have had

minimal effect on the assessment of canopy cover values

from a numerical perspective, because cover for each species

represented a proportion of the sampled area regardless of

size, excluding observer error (e.g., Helm and Mead 2003,

Booth et al. 2006).

(iv) It is very difficult to rigorously standardize all envi-

ronmental factors in field-based studies. The results of such

an attempt would be a dataset with few sites, or a false por-

trayal of similarity among sites due to the subjective criteria

that are often available for characterizing and classifying site

variables. For regional analyses, it is possible to minimize the

variability of key variables (e.g., degree of secondary stand

succession, evidence of disturbance, and soil moisture re-

gimes) that can have a major effect on vegetation composi-

tion. The latter variable has been recognized as one of the two

most critical for forest site classification in western Canada,

the other nutrient regime (e.g., Beckingham and Archibald

1996). Other factors that can influence forest understory

composition such as long-term site history (e.g., fire, insect

infestations, wildlife use) are usually less than completely

known without detailed analyses of individual stands and

then may still be questionable. The only regional site charac-

teristic that differed among study areas was the occurrence of

glacial till in the Bonnyville area as opposed to lacustrine de-

posits that were common in the other study areas. This dif-

ference in surficial materials did not appear to substantial ef-

fect north–south latitudinal comparisons, although it might

be a concern if comparing the Grande Prairie and Bonnyville

areas. From an ecological perspective, vegetation of a similar

physiognomy and age on a common moisture regime within

a shared ecoclimatic zone should biologically indicate simi-

lar stand-level ecosystems. All eight recognized vegetation-

types in Appendix appear to occur within the “BMd1" ecosite

of northern Alberta (Beckingham and Archibald 1996),

which suggests the studied POTR stands are ecologically

similar at a regional-level.

(v) A 15 years discrepancy occurred between the aver-

age age of the youngest and oldest stands among study areas,

which could be sufficient to create understory differences

due to successional development. No statistical difference in

stand age, however, occurred between north and south areas,

nullifying it as a possible direct explanation for latitudinal

differences in species composition and abundance.

(vi) Greater tree canopy cover in north areas would ex-

plain reductions in understory species richness and cover

(Zavitkovski 1976, Oliver and Larson 1990, Constabel and

Lieffers 1996), but this possibility was not supported by the

data (P = 0.834).

If it is assumed that the identified differences in forest

understory composition in north relative to the south areas

primarily represent real ecological responses to differences

in global climate, rather than the effect of the previously

identified considerations, cooler northern summer tempera-

ture and possibly slight reduced moisture availability would

appear a rationale explanation (Table 1). However, approxi-

mately half of the reduction in total vegetation cover in north

latitude was associated with herbs and shrubs <25 cm tall

(Table 4), except Calamagrostis canadensis and Lonicera in-

volucrata that typically grow 50–100 cm tall in forests. Most

of these species are commonly associated with open-cano-

pied forests and/or nontreed sites (Moss 2001), and their

abundance has been shown to increase in response to tree-

canopy removal (e.g., Calamagrostis and Lonicera –

Haeussler et al. 1990, Mertensia and Galium – Krzic et al.

2003). Therefore, understory plant cover reductions in the

north areas may be a response to the decreased availability of

photosynthetically-active radiation (PAR) beneath the tree

canopy in conjunction with latitude-related reductions in

temperature and moisture availability. In the southern boreal,

only 10–15% of available PAR above the forest canopy dur-

ing peak radiation reaches understory plants with heights of

50–100 cm (Ross et al. 1986, Constabel and Lieffers 1996,

Aubin et al. 2000), whereas plants near the forest floor (0–5

cm) receive only 2–6% (Constabel and Lieffers 1996, Légaré
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et al. 2001, Messier et al. 1998). Greenway and Lieffers

(1997) determined the photosynthesis compensation point of

Calamagrostis canadensis was about 1–2% of total PAR, but

the plant was absence in forest stands when PAR levels were

<10% (Lieffers and Stadt 1994). Reported compensation

points for other herbaceous plants of POTR stands ranged

from 1–15% of available PAR (e.g., Pitelka and Curtis 1986,

Hull 2002). These compensation points suggest southern bo-

real POTR stands provide modest PAR environments for un-

derstory plants, if needed levels are greater than their com-

pensation point as represented by Calamagrostis canadensis.

During May–August, the High Level–Wentzel River

area receives about 3.1% less potential solar radiation than

the Grande Prairie–Bonnyville area (equivalent to southern

boreal). North areas also receive 4.5% less intensive radia-

tion during summer than the south areas, due to an extended

day-length (i.e., total potential radiation/day-length), with

values during the mid-growing season (late May to late July)

reduced by 5–6%. Lower angles of solar incident in the north

can also create greater tree shadows and intensify shading of

understory vegetation (Lappi and Stenberg 1998, Gendron et

al. 2006). An estimate derived from diurnal measurements of

a POTR stand in southern Ontario (Carlson and Groot 1997)

suggest 14% less peak (maximum solar angle) radiation

reaches the forest understory of north relative to south POTR

stands as a result of this shading. The measured stand was

younger (40 years old), but of similar stature as Alberta

relevé stands. The amount of shading from subcanopy tree

boles and branches is probably highly variable, depending

upon stand density and tree size. However, cumulatively

these limiting factors could produce at least a 20% reduction

in understory available PAR (i.e., 3.1% + 5.5% + ~14%).

Therefore, reductions in PAR in combination with lower

temperatures and reduced moisture availability could explain

reduced understory plant cover, species richness, and other

associated botanical attributes in north relative to south

POTR stands.

The latitude-related species differences in Table 4 were

not strongly reflected in the botanical composition of the rec-

ognized vegetation-types (Appendix). This inconsistency

was due to the use of cluster analysis algorithms that favor

the aggregation of relevés based on species with similarly

larger values. These circumstances limited the influence of

minor species and masked latitudinal trends in species com-

position and abundance. However, latitude or macroclimate

differences did occur among groups of vegetation-types,

which were primarily reflected in the abundance of common

understory shrubs (Fig. 3). Most understory-types were study

area, or regionally-specific, probably because of meso-scale

climatic regimes. As an example, the Bonnyville area prob-

ably has more of a continental climate than the Grande Prai-

rie area which is nearer the Rocky Mountains, and therefore,

results in more xerophytic POTR understory vegetation. The

lack of exclusivity in the occurrence of individual vegeta-

tion-types between north and south areas was probably an

ecological response to locally favorable site factors that su-

perseded the influence of macroclimate conditions. Although

most vegetation-types were primarily regionalized in their

distribution, the POTR/Rosa type occurred in both south and

north areas. The floristic composition of this vegetation-type

was similar between latitudes, but substantial differences oc-

curred in the abundance of several common understory spe-

cies. From a classification perspective, this suggests that

variants of this common plant community should be recog-

nized for synecology research and resource management

purposes.

In summary, the data suggest that the understory vegeta-

tion of Populus tremuloides stands has lower species rich-

ness and abundance values based on relevés in the northern

relative to the southern portion of the boreal forest in Alberta,

contrary to the general expectation (Hillebrand 2004) due to

the limited distance (3.7
�

latitude) between study areas. A va-

riety of sampling and local-scale environmental factors may

have also contributed to the identified latitudinal differences,

but the identified differences were too large and consistent to

attribute to study design and standardization errors.
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Appendix

Percent species cover values in Populus tremuloides

vegetation-types from four boreal forest study areas located

in central and northern Alberta. The file may be downloaded

from www.akademiai.com.
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