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ABSTRACT 

This report summarizes the base line conditions at the 12 Acid Rain National 
Early Warning System (ARNEWS) sites in the prairie provinces and suggests 
possible improvements in the present ARNEWS protocols based on the base line 
data. Five sites were established in white spruce (Picea glauca [Moench] Voss) stands 
and seven in pine stands (three lodgepole pine [Pinus contorta Doug!. var. latifolia 
Engelm.] and four jack pine [Pinus banksiana Lamb. D. Soil and foliage samples were 
collected and analyzed for selected chemical properties. Vegetation analysis (e.g., 
plant cover estimates) of the understory were determined at each location. The base 
line chemistry data and vegetation analysis are summarized for each site and the 
general conditions of the forest ecosystems at these sites were assessed based on 
these data. The white spruce sites were well buffered and would be resistant to 
change as a result of acid deposition. The pine sites, in particular the jack pine sites, 
were located on coarse textured soils that would potentially be the most sensitive 
to inputs of acid deposition. The fundamental premise on which the ARNEWS 
program was based is the most logical approach for Canadian forests. There are, 
however, problems associated with the soil chemical and vegetation analysis moni
toring. The major pOSSible improvements include increasing the number of repli
cates in the surface organic horizon for chemical analysis, sampling soil and foliage 
for chemical analysis during the biologically active period Guly or early August), 
re-evaluate the understory vegetation analysis to assess whether this is an accept
able indicator criteria and include more sites on soils potentially sensitive to acid 
deposition. 

RESUME 

Ce rapport presente un resume des conditions de base a 12 stations du Dispositif 
national d'alerte rap ide pour les pluies acides (DNARPA), situees dans les 
provinces des Prairies, et suggere des ameliorations aux protocoles actuels du 
DNARP A. Cinq stations se trouvent dans des peuplements d' epinettes blanches 
(Picea glauca [Moench] Voss), et sept, dans des peuplements de pins, dont trois de 
pins tordus (Pinus contorta Doug!. var. latifolia Engelm.) et quatre de pins gris (Pinus 
banksiana Lamb). Des analyses chimiques d'echantillons du sol et du feuillage ont 
ete effectuees, ainsi que des analyses de la vegetation de sous-etage (par exemple 
estimations de la couverture vegetale). Les auteurs ont resume Ie's donnees sur a 
chaque station et ont evalue, a partir de ces donnees, les conditions generales de 
I' ecosysteme forestier Pecosysteme it chaque endroit. Us concluent que les eco
systemes a epinettes blanches sont bien tamponnes et devraient resister aux effets 
des depots acides. Les stations situees dans les peuplements de pins gris en 
particulier ont un sol de texture grossiere et pourraient etre les plus sensibles aux 
depots acides. Le DNARP A represente l' approche la plus logique pour les forets 
canadiennes. Toutefois, certains problemes existent concernant l'analyse chimique 
du sol et l' analyse de la vegetation. Les auteurs suggerent des ameliorations 
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importantes, notamment accraitre Ie nombre de repetitions des echantillons pour 
les analyses chimiques de I'horizon organique de surface, prelever des echantillons 
au cours de la periode d'activite biologique (juillet ou debut d'aoilt) pour les 
analyses chimiques du sol et du feuillage, reevaluer l' acceptabilite de l' analyse de 
la vegetation de sous-etage en tant qu'indicateur et etablir d'autres stations a des 
endroits ou Ie sol est potentiellement sensible aux depots acides. 
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There is concern over the state of forest health 
in Canada. Widespread damage to the forest, if it 
occurred, could have serious ecological, social, and 
economic consequences. Air pollutants such as acid 
forming emissions, ozone, volatile organic com-
pounds, hydrocarbons, other oxidants, and air
borne particulates including heavy metals present 
a potential threat to the health of Canadian forests. 
Acid deposition (acid rain) has been the main focus 
of attention to date. It refers to the deposition of acid 
forming emissions (primarily nitrous oxides [NO,] 
and sulfur dioxides [S02]), and includes both wet 
and dry deposition. 

Air pollutants may directly or indirectly result 
in acute or subacute impacts on vegetation 
(Morrison 1984). Plants may be directly affected by 
a variety of air pollutants, and the mechanisms 
involved may vary depending on the pollutants 
involved. The majority of forest plants in the prairie 
provinces are perennial (Moss 1983), and may 
integrate the effects of repeated or continuous low
dosage exposures over prolonged periods. Symp
toms of subacute injury are often similar to those 
resulting from other stresses, complicating the 
detection of regional air pollution effects (Malhotra 
and Blauel 198 0). 

Air pollutants may have indirect effects on 
plant growth and reproduction. The indirect 
mechanisms include synergistic relationships with 
other stress factors, soil-mediated changes in nutri
ent and moisture availability, and plant-mediated 
changes in competitive stress and the microenvi
ronment. Plant-mediated mechanisms are rarely 
studied; however, foliage loss from canopy trees 
likely increases light levels and temperature fluc
tuations below the canopy. Tree decline may also 
lessen water and nutrient stress because of reduced 
competition. 

A multiple stress hypothesis has been sug
gested for much of the widespread damage to trees 
that has been observed in Europe (Rehfuess 1987; 
Huettl 1989; Schulze 1989; Kandler 199 0), United 
States (Foster 1989; Johnson and Taylor 1989), and 
the sugar maple decline in eastern Canada 
(Hendershot and Jones 1989). A combination of 
factors (stresses) rather than one single process, 
many of them natural (e.g., climatic conditions and 
drought), may trigger tree decline. Air pollutants 
have contributed to the extensive tree decline in 

INTRODUCTION 

central Europe (Convention on Long-Range 
Transboundary Air Pollution 1988) and parts of 
eastern North America (Johnson and Taylor 1989). 
Tree ("forest") declines as defined by Manion (1981) 
are a category of disease, "which are caused by the 
interaction of a number of interchangeable specifi
cally ordered abiotic and biotic factors to produce a 
gradual general deterioration, often ending in the 
death of trees." 

Long-term monitoring has been used to assess 
air pollutant impacts on forest ecosystems. There 
are several difficulties that often result in problems 
including: selecting appropriate parameters that 
characterize the health of the forest, the large vari
ability associated with forest ecosystems and the 
cost of a detailed monitoring program (Hinds 1984). 
In addition, forest systems are exposed to several 
pollutants of which acidic deposition (nitrogen [N] 
and sulfur [S] compounds) is only one (Addison 
1989). The complex nature of the forest ecosystem 
and potential for several pollutants to impact on the 
forest severely limits the use of straight-forward or 
simple approaches to monitoring such as repetitive 
analysis of arbitrarily chosen measurements (e.g., 
soil pH and N or S concentrations). Problems with 
interpretation, replication, random variability, and 
cost make this approach unlikely to succeed as an 
early warning system, particularly on a large scale 
(Hinds 1984). 

The Acid Rain National Early Warning System 
(ARNEWS) monitoring program, initiated in 1984 
by the Canadian Forest Service, uses an alternative 
approach to Chemical-biological monitoring to 
assess the general health of the forest (Hall and 
Addison 1991). A common set of measurements are 
taken at permanent sample plots during the estab
lishment of the plots and every five years thereafter. 
Surveys by the Forest Insect and Disease Survey 
(FIDS) of the Canadian Forest Service are carried 
out annually to identify forest damage that are not 
readily explainable by other factors such as insects, 
disease, fire, and forest management practices. If 
damage to a given area is not readily explainable 
then research studies would be initiated to deter
mine the possible factor(s) causing the damage 
(Hall and Addison 1991). The base line measure
ments of soil and foliar chemical parameters and 
vegetation analysis provide the initial description 
of the plots. 



The objectives of this report are: 

1. to provide a summary of the base line chemistry 
data (soil and plants) and vegetation analysis 
(e.g., cover) collected at the twelve (12) 
ARNEWS plots in Alberta, Saskatchewan, and 
Manitoba. 

Plot Selection and Establishment 

The locations of the plots are given in Figure 1 .  
Plots were located away from known concentra
tions of pollutants such as smelters and power 
plants. A detailed description of the criteria used to 
select the ARNEWS plots was described in Magasi 

;0 
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2. to interpret the results as to the general condi
tion of the forest ecosystems at these plots with 
respect to nutrient balance and vegetation 
analysis. 

3. to outline problems and potential deficiencies 
in the present guidelines for assessing the pos
sible damage of air pollutants to the forest. . 

MATERIALS AND METHODS 

(1985, 1988). The tree and stand characteristics at 
the time of plot establishment have been presented 
(O'Eon and Power 1989). 

Plot sizes were 10 x40 m, with the exception of 
the Rocky Mountain House plot. The dimensions of 
the Rocky Mountain House plot were 20 x20 m. The 

• Regina 

ARNEWS sites 

2 

® Grande Prairie 

® Gregoire Lake Provincial Park 

© Prince Albert National Park 

@ Hudson Bay 

® Duck Mountain Provincial Park 

® Cypress Hills Provincial Park 

® Waterton Lakes National Park 

® Rocky Mountain House 

<D Meadow Lake Provincial Park 

Q) Whiteshell Provincial Park 

® Suwannee 

© Jenpeg 

Figure 1. Location of the ARNEWS sites in the prairie provinces. 
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Hudson Bay and Gregoire Lake Provincial Park 
plots were established in 1986 and 1987, respec
tively_ The other 10 plots were established in 1985_ 

Foliage Collection and 
Chemical Analysis 

Foliage samples were obtained from all sites, 
except at Gregoire Lake Provincial Park and Rocky 
Mountain House, following procedures Oll tlined by 
Magasi (1985)_ One foliage sample was collected 
from each of five trees_ For conifers, the samples 
were divided into current year and l-year-old 
needles __ The foliage samples collected at Gregoire 
Lake Provincial Park followed the revised proce
dure (Magasi 1988). Samples were collected from 10 
well-formed trees of the dominant crown class. 
W hole, well-formed, current year needles were 
collected. Only two trees were sampled at the Rocky 
Mountain House site because of logistical problems 
in sampling the upper third of the crown; however, 
data are available for lodgepole pine (Pinus contorta 
Dougl. var. latifolia Engelm.) sampled in the same 
year at this site (Maynard 1990). The samples from 
Rocky Mountain House consisted of current foliage 
from the lower third of the crown and were ana
lyzed for total elemental concentrations except 
total N. Wherever possible, understory forbs were 
sampled for chemical analysis. Between three and 
five samples of each species were collected 
depending upon the site. 

Tree foliage was collected from Gregoire Lake 
Provincial Park in October, from Hudson Bay in 
September, and from Grande Prairie in late June. 
The remaining nine plots were sampled for tree 
foliage in late July or early August. 

The foliage samples were air-dried when they 
could not be returned to the laboratory within 24 h. 
The foliage was oven-dried at 70"C for 24 h in a 
forced-air oven. Leaves were separated from other 
material and ground in a Wiley mill and passed 
through a 20-mesh (0.85 mm) sieve. The foliage was 
then analyzed for total N and total calcium (Ca), 
magnesium (Mg), potassium (K), manganese (Mn), 
aluminum (AI), iron (Fe), phosphorus (P), and S. 

Total N was determined using a modified 
Kjeldahl digestion technique. Samples were 
digested in an aluminum block digester using a 
sulfuric acid (H2S04) and potassium sulfate-copper 
sulfate (K2S04-CUS04) catalyst mixture (Kjeltab). 
Ammonium was determined by distillation with an 
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automated system (Tecator Kjeltec 1 030). Ammonia 
was liberated by distillation of a digest with 40% 
sodium hydroxide (NaOH) and absorption in un
standardized boric acid (H3B03). The ammonium 
borate formed was titrated back to H3B03 with 
standard hydrochloric acid (HCl). 

A microwave digestion procedure was used for 
the determination of Ca, Mg, K, Mn, AI, Fe, P, and 
S in the foliage by inductively coupled plasma
atomic emission spectrometry (ICP-AES) (Kalra et 
al. 1989). The procedure involved the digestion of 
0500 g of plant material with nitric acid (HN03) 
(10 mL), hydrogen peroxide (H202) (1 mL), and 
HCL The sample solutions were filtered and 
brought to volume (100 mL) for analysis by ICP-AES. 

Soil Description and 
Chemical Analysis 

Five soil pits were dug immediately outside 
each ARNEWS plot. A detailed soil description was 
done at one pit per site and the soils were classified 
according to the Canadian system of soil classifica
tion (Canadian Soil Survey Committee 1978). At 
each pit, samples were collected by horizon to 
include a minimum of three horizons: a surface 
organic horizon (LFH), A horizon, and B horizon. 
More than one of these designations or a C horizon 
were sampled at some plots. 

The soil samples were brought to the laboratory 
and a field moist subsample was made for determi
nations of pH and extractable sulfate (SO/--S) 
(organic horizons only)_ The subsample was frozen 
if the analyses could not be carried out immediately_ 
The remaining sample was air-dried_ Organic soil 
samples were ground in a Wiley mill and passed 
through a 20-mesh sieve. Mineral soils samples 
were crushed and passed through a 1 0-mesh 
(2 mm) sieve. For total elemental analysis and 
pyrophosphate extractions (mineral soils only), 
subsamples were ground in a Spex mixer/mill 
(Spex Industries, Scotch Plains, New Jersey) and 
passed through a 60-mesh sieve (025 mm). 

The following analysis were done on the 
organic soil samples: 

pH in water (H20) and om M calcium chloride 
(CaCl2) 

Total N 
Total Ca, Mg, K, Mn, AI, Fe, P, and S 
Cation exchange capacity (CEC) 
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Exchangeable cations Ca, Mg, K, sodium (Na), 
and % base saturation (BS) 

Organic matter, loss on ignition 
Extractable SOl-oS 

The following analyses were done on the 
mineral soil samples: 

pH in H,o and 0.01 M CaCl2 
Extractable P 
CEC and Exchangeable cations Ca, Mg, K, Na, 

and % BS 
Organic matter, loss-on-ignition 
Total Ca, Mg, K, Mn, AI, Fe, P, and S 
Pyrophosphate-extractable AI, Fe, and Mn 
Particle size analysis 

Soils were analyzed as outlined in Magasi 
(1985, 1988). Total Na was not included in the origi
nal protocols; consequently, it was not included in 
any of the total soil analyses. Total and exchange
able copper (Cu), boron (B), and zinc (Zn) was not 
determined because additional time-consuming 
digestions would have been required and the con
centrations, particularly in the exchangeable 
fraction, were at or below the detection limit. 

The analytical methods used are outlined in the 
following text and are used in the Analytical 
Services Laboratory of Northern Forestry Centre 
(Kalra and Maynard 1991). 

1. The pH of field-moist samples was measured in 
0.01 M CaCl2 and H20. Al:2 soil to solution ratio 
was used for mineral soils, and 1:2 soil to solu
tion ratio after making a paste was used for 
organic soils. 

2. Total elemental concentrations in the LFH were 
determined as previously outlined for the foliage. 

3. Cation exchange capacity and exchangeable 
cations of organic and mineral soils were deter
mined by extraction with 1.0 M unbuffered 
ammonium chloride (NH4Cl). Samples were 
saturated with ammonium (N�+) (50 mL of 
1.0 M NH4Cl to 25 g soil, and were left to let 
stand overnight), and then filtered by gentle 
suction and leached with small portions of 
NH4Cl. The filtrates were diluted· to volume 
(250 mL) and saved for exchangeable cation 
determinations using a ICP-AES. Excess N�Cl 
was leached from the soil with about 200 mL 
of 95% ethanol (C2HsOH); added in small 
aliquots, and the leachates discarded. The 
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alcohol-washed ammonium-saturated soils 
were then leached with a 10% sodium chloride 
(NaCl) solution (225 mL) and the leachates 
diluted to 250 mL volume. Ammonium was 
determined in the extracts using a Tecator 
Kjeltec 1030 analyzer (previously described for 
N analysis in foliage). Percent base saturations 
were determined by summation of the base 
cations divided by the CEC multiplied by 100. 

4. Organic matter et:>timatiom; of organic and 
mineral soils were determined by the loss on 
ignition method. Ovendried samples (5.000 g) 
were weighed in porcelain crucibles and placed 
in a muffle furnace. The temperature of the 
furnace was gradually increased to 375 ± 5"C 
and maintained for 16 h (overnight). Organic 
matter was estimated from the loss in the 
weight of the sample during heating. 

5. Extractable SO/-oS concentrations in organic 
soils were determined from moist soils. Soils 
were mixed with 0.01 M NH.Cl (about 1:20 soil 
to solution ratio), shaken for 1 h and vacuum 
filtered (Whatrnan #42 filter paper). The S042--S 
concentrations in the extract were determined 
by ICP-AES and ion chromatography (IC) as 
outlined by Maynard et al. (1987). 

6. Extractable P concentrations in mineral soils 
were determined by extraction with Bray and 
Kurtz No. 1 solution (0.03 M ammonium 
fluoride (NH4F) in 0.025 M HCl). Air-dried 
samples (2.5 g) were shaken in 25 mL of the 
extracting solution for 1 min. The samples were 
filtered immediately and an aliquot taken for P 
measurement using ICP-AES. 

7_ Total S concentrations in mineral soils were 
determined by ICP-AES analysis following 
digestion with nitric acid-perchloric acid
hydrofluoric acid-hydrochloric acid (HNO" 
HCl04-HF-HCl) in teflon beakers. Samples 
(0.5 g) were heated at 180"C with 10 mL of concen
trated HN03 until 1-2 mL of HN03 were left. 
After cooling, 5 mL of HClO. was added and 
heating continued at 180"C until 1-2 mL of the 
solution remained. Twenty mLs of HF were 
added and the solution was digested at 150"C 
for 6 h or until it was dry. The residue was 
dissolved in 2 mL of concentrated HCl and 
heated for 15 min at 150"C. The solution was 
filtered (Whatrnan #42 filter paper) and diluted 
to 50 mL volume. An aliquot was taken for 
ICP-AES analysis. 
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Vegetation Description 

Vegetation and substrate cover were visually 
estimated at ten regularly located and permanently 
marked 1 x I-m quadrats within each sample plot. 
Up to 26 (1 xI m) more quadrats were established 
outside of each plot, subjectively located where 
vegetation and substrates resembled average 
conditions within the plot. 

Five plant form classes were recognized in the 
understory: mosses and lichens (ML), graminoids 
(GR), forbs and dwarf shrubs under 50 cm tall (FO), 
medium shrub foliage between 50 and 150 cm tall 
(B2) and tall shrub foliage over 150 cm tall (Bl). 
Cover was visually estimated to the nearest percent 
for each species within each height class. Separate 
estimates were made of total cover within each 
physiognomic class. Scientific nomenclature for 
vascular plants followed Moss (1983), and for 
mosses followed Ireland et al. (1987). Lichen 
nomenclature was based on Hale and Culbertson 
(1970), and Stotler and Crandall-Stotler (1979) was 
followed for liverwort nomenclature. 

Four substrate types were distinguished: litter 
(LI), rocks and coarse fragments (RC), deadfall (OF) 
and mineral soil (MS). The percent cover of each 
substrate type within a quadrat was estimated visually. 

Seedling Enumeration 

Tree seedlings and saplings between 15 and 145 
cm tall were tallied according to species and 10 cm 
height class. Shoots emerging from 10 predeter
mined 1 x I-m quadrats were tallied in some plots, 
while all shoots emerging within the 10 x40-m plot 
were counted in others. 

Pine Sites 

Waterton Lakes National Park 

Regional Conditions 

The Waterton Lakes National Park site lies in 
the Continental Ranges of the Southern Rocky 
Mountains physiographic region. The ranges are 
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Diversity Measures 

In many quadrats, a single vascular species was 
present in more than one vegetation stratum. Each 
stratum in which a plant occurred was treated as a 
separate plant form, and accepted each form as equiva
lent to a species in the calculations. Four measures 
of diversity were calculated as described below. 

Floristic richness was evaluated using vascular 
species and form richness, calculated as the total 
number of vascular plant species and forms present 
in the quadrat. Non-vascular species were not 
included because the field data techniques were not 
sufficient to ensure that all species (particularly 
small liverworts) were adequately surveyed. 

Vegetation diversity was measured using the 
reciprocal of Simpson's index of dominance
diversity (1-0,) and McIntosh's index of diversity 
(Om) (Magurran 1988) because they are only 
slightly affected by the omission of rare species. 
This allowed for the consideration of non-vascular 
species in the calculation of plant diversity. 

Diversity was measured at two spatial scales, 
for the whole p lot and as an average of individual 
quadrats. Variability among the vegetation of rep
licate quadrats within a site (vegetation heteroge
neity) was calculated as the mean city-block 
distance to the centroid (defined by the mean cover 
of each species). City-block distance, which is a 
metric dissimilarity measure, (Pielou 1984) reflects 
the process of vegetation change through a reduc
tion in the cover of some species and increase in the 
cover of others, and for this reason it was chosen 
over alternatives such as Euclidean distance. City
block distance is only slightly affected by the failure 
to include rare species, therefore non-vascular 
species were included in our calculations. 

SITE DESCRIPTIONS 

generally linear and tend to have an even more 
abrupt topography than is characteristic of the 
Rocky Mountains· physiographic region (Bostock 
1970). The underlying bedrock consists of 
Proterozoic elements of the predominantly 
calcareous Purcell Group (Green 1972). 

The mean daily maximum temperature at the 
Water ton River cabin (1280 m) remains above 
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freezing for all months except January, peaking at 
23.4'C in July. The mean daily minimum tempera
ture remains above freezing from May through 
October, but drops to -lO.O'C in December and 
probably drops a further 4-5'C in January (records 
not available). There is a total of 854 mm precipita
tion per year, of which 368 mm falls from May 
through September. PreCipitation peaks fairly 
sharply in June (116 mm) and drops abruptly to 
44 mm in July (Environment Canada 1982a, 1982b). 

Plot conditions 

The soil of the Waterton plot was classified as 
an Orthic Eutric Bruniso!. The plot was located in 
soil map unit 47 (original classification: Degraded 
Eutric Brunisol; Co en and Holland 1976). The pH 
of the Bm horizon was 5.8 and the soils were 
medium textured (loams). The site was charac
terized by a thin LFH and a discontinuous weak Ae 
horizon, 1.0-2.0 em thick. The Waterton Lakes 
National Park site had a higher CEC and base satu
ration than both Cypress Hills Provincial Park or 
Rocky Mountain House. The soil surface consisted 
primarily of vegetation litter, although small 
amounts of woody debris were present. Ashallowly 
buried ridge of bedrock runs through the center of 
the plot, with very small exposures in some 
quadrats. 

The forest canopy consisted exclusively of 
even-aged lodgepole pine with a mean height of 
11.1 m and a mean dbh of 12.9 cm. There were 2190 
trees/ha, with as basal area of 28.7 m2/ha, and an 
average age of 61 years in 1985 (D'Eon and Power 
1989). Tree regeneration was limited to one 
subalpine fir seedling in the 10 (1 x l  m) quadrats 
examined. 

The development of each stratum and most 
abundant species is summarized in Table 1. The 
forb flow-shrub stratum was strongly developed, 
while the medium shrub, graminoid, and bryoid 
strata were weakly developed. The cover of lichens, 
mosses, and liverworts was likely restricted 
because of the smothering effect of deciduous forb 
and low shrub foliage. The bryoid stratum was 
represented in most quadrats despite its low overall 
abundance, while the medium shrub stratum was 
present in very few quadrats. The forb flow-shrub 
cover included a strong cOmponent of mesophytic 
forb species led by Aster conspicuus Lind!., Arnica 
cordifolia Hook. and Thalictrum occidentale A. Gray 
along with a secondary component of more 
moisture-tolerant low shrubs and forbs, typified by 
Mahonia repens (Lind!.) G. Don. A number of other 
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species of forbs (e.g., Viola orbiculata Geyer ex Hook. 
and Fragarin virginiana Duchesne) and low shrubs 
(e.g., Spiraea betulifolia Pallas and Symphoricarpos 
albus [L.] Blake) were present in most quadrats 
despite their low overall cover. 

Relative to the other plots, the average vascular 
species/form richness and the value of Mcintosh's 
index of diversity were high, while the variability 
among quadrats (mean city-block distance to 
centroid) was moderately high. The variability 
among quadrats likely reflects bedrock influences 
(Table 2). 

Monitoring concerns 

The moderately high variability among quad
rats would complicate the detection of vegetation 
change. The absence of early seral species in the 
Ganopy, or weak regeneration of late seral tree 
species in the lower canopy and understory, 
indicates a slow rate of successional changer which 
will simplify the recognition of acid precipitation 
impacts if they occur. 

Rocky Mountain House 

Regional conditions 

The Rocky Mountain House site lies within the 
Shunda Benchland, which is characterized by till 
veneers overlying bedrock with or without an 
intervening layer of till reworked by wind 
(Pettapiece 1986). The Shunda Benchland is part of 
the Alberta Plain, near its border with the Rocky 
Mountain Foothills physiographic region. The 
Rocky Mountain Foothills region is composed of 
linear ridges and hills and rises abruptly from the 
lower, even surface of the Alberta Plain (Bostock 
1970). The bedrock consists of nonmarine sand
stones and mudstones of the Brazeau Formation 
(Green 1972). 

The mean daily maximum temperature at 
Rocky Mountain House remains above freezing for 
the months of March through November, peaking 
at 22.0'C in July. Mean daily minimum tempera
tures remain above freezing from May through 
September (100 frost-free days), but drop to -18.5'C 
in January. There is an annual total of 556 mm 
precipitation, of which 385 mm falls between May 
and September. Precipitation peaks fairly sharply in 
July (104 mm) and drops slightly (to 93 mm) in 
August (Environment Canada 1982a, 1982b). 

In! Rep. NOR-X-327 



Table 1. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Waterton Lakes National Park. Values are means ± standard error of mean. 

Mean cover Freguency 
Substrate/ vegetation cover (%) Count % 

Substrate type 

Non-woody litter 96.64± 0.67 N/Aa N/A 
Woody litter 3.23 ± 0.67 N/A N/A 
Rocks! cobbles O.14 ± 0.14 N/A N/A 

Vegetation strata 
Mid-shrub stratum 0.11 ± 0.11 N/A N/A 

Forb/lower shrub stratum 63.75 ± 2.70 N/A N/A 
Abies lasiocarpa 1.06 ± 0.39 10 28 
Achillea millefoUum 0.00 ± O.DOb 1 3 
Ame1anchier alnifolia 0.01 ± 0.00 2 6 
Anaphalis margaritacea 0.03 ± 0.03 1 3 

Antennaria neglecta O.OO ± 0.00 1 3 

Arnica cordifolia 10.61 ± 2.21 27 75 

Aster ciliolatus 0.31 ± 0.16 6 17 
Aster conspicuus 13.19 ± 1.48 33 92 

Aster subspicatus 0.36± 0.18 4 11 

Campanula rotundifolia 0.Ql ± 0.00 3 8 
Castilleja miniata 0.09 ± 0.06 6 17 

Chirnaphila umbellatum 0.73 ± 0.29 10 28 
Clematis occiderttalis 1.25 ± 0.68 6 17 
Delphirtium bicolor 0.00 ± 0.00 1 3 
Epilobium angustifolium 1.33 ± 0.27 22 61 
Fragaria virginiana 2.28 ± 0.52 24 67 
Calium bareale 0.17 ± 0.09 13 36 
Galium triflarum 0.03 ± 0.03 2 6 
Gentianella amarella 0.00 ± 0.00 3 

Goodyera ablongifolia 0.64 ± 0.31 8 22 
Hedysarum sulphurescens 0.25 ± 0.20 2 6 
Hieracium umbellatum 0.09 ± 0.05 7 19 

Linnaea borealis 0.14 ± 0.08 5 14 
Mahania repens 8.61 ± 1.34 30 83 
Maianthcmum calladensc 0.00 ± 0.00 3 

a Not applicable. 

b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 

Plot conditions 

A more detailed description of this plot can be 
found in Addison et al. (1984; site 9, appendix). The 
soil was classified as a Brunisolic Gray Luvi,ol. The 
pH of the mineral soils was acidic and they were 
medium-textured (loams). The nutrient status of 
the horizons sampled was similar to Cypress Hills 
Provincial Park and lower than Waterton Lakes 
National Park; however, the nutrient concentra
tions in the lodgepole pine needles were similar to 
Waterton Lakes National Park for all elements but 
S and Ca (which were 30 and 50% higher at Rocky 
Mountain House, respectively). These trees were 
older than the lodgepole pine at the other plots and 
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Substrate/vegetation cover 

Orlltilin secunda 
Osmorhiza depauperata 
Picea engelmannii 
Pyrola asarifolia 
Rubus parviflorus 
$ali;r spp. 
Shepherdia canadensis 
Spiraea betulifolia 
Stenanthillm occidentale 
Streptopus amplexlfolius 
Symphorirorpos albus 
Taraxacum officinale 
Thalidrum occidentale 
Vacciniul1l caespitosfl1r1 
Vaccinium membrariaceulrI 
Vaccinium myrtillus 
Viola orbiclliata 
Xerophyllum tella:\." 

Graminoid stratum 
Calamagrostis rubescens 
Carex spp. 
Elymus glaucus 
Festuca occidentalis 

Bryoid stratum 
Cladonia spp. 
Hypnum sp. 
Mnium sp. (sensu iato) 
Mise. mosses 
PleuYOzium schreberi 
Palytriclillm jlll1ipcrillUltI 
Rhytidiadelphus sp. 

Mean cover 
(°10) 

LID ± 0.37 
0.23 ± 0.10 

0.03 ± 0.03 

0.15 ± 0.07 
4.72 ± lA5 

0.11 ± 0.11 
2.59 ± 1.16 

3.73 ± 0.80 
0.00 ± 0.00 
0.00 ± 0.00 
4.06 ± 0.96 
0.14 ± 0.07 

6.56 ± 1.43 
0.08 ± 0.08 

1.89 ± 1.04 

0.23 ± 0.14 
1.96 ± 0.37 

1.48 ± 0.71 

2.01 ± 0.72 
0.52 ± 0.24 

0.01 ± 0.00 

0.03 ± 0.03 

0.08 ± 0.04 

1.07 ± 0.59 

0.00 ± 0.00 
0.01 ± 0.00 
0.00 ± 0.00 

0.14± 0.14 

0.17 ± 0.17 

0.01 ± 0.00 
0.03 ± 0.03 

Freguency 
Count % 

16 44 

9 25 
1 3 
7 19 

13 36 

1 3 
9 25 

25 69 

3 
1 3 

25 69 

4 1 1  

23 64 
3 

4 11 

5 14 

31 86 

9 25 

N/A N/A 
15 42 

3 8 

3 8 

11 31 

N/A N/A 
1 3 

2 6 

3 

2 6 

2 6 

2 6 

2 6 

considerably taller. The samples were taken from 
the lower one-third of the crown, and this could 
have influenced the nutrient concentrations of the 
lodgepole pine needles from the Rocky Mountain 
House plot (Van Den Driessche 1974). The soil sur
face consisted primarily of vegetation litter, 
although small amounts of woody debris were 
present. 

The forest canopy consisted of even-aged 
lodgepole pine with a minor admixture of balsam 
fir (Abies balsamea [L.] Mill.). The trees had a mean 
height of 19.1 m and a mean dbh of 19.6 cm. The 
balsam fir was restricted to the subcanopy. There 
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Table 2. Measures of plant diversity at the plot and quadrat level for the ARNEWS sites in the prairie provinces. Values are means ±standard 
error of mean. 

Vascular species / 
form richness 

Quadrat level 
Plot No. of Plot 

Site level quadrats Mean level 

Cypress Hills Provincial Park 9 36 2.3 ± 0.2 0.292 

Duck Mountain 20 36 9.4 ± 0.4 0.902 

Grande Prairie 35 36 8.7 ± 0.5 0.838 

Gregoire Lake Provincial Park 39 30 7.4 ± 0.5 0.340 

Hudson Bay 33 15 10.1 ± 1.1 0.676 

Jenpeg 30 36 10.6 ± 0.3 0.836 

Meadow Lake Provincial Park 28 36 11.0 ± 0.4 0.764 

Prince Albert National Park 36 36 9.7 ± 0.4 0.835 

Rocky Mountain House 31 36 4.9 ± 0.3 0.481 

Suwannee 8 36 4.6 ± 0.2 0.711 

Waterton Lakes National Park 47 36 12.3 ± 0.4 0.890 

Whiteshell Provincial Park 25 36 8.8 ± 0.3 0.795 

Diversity measure 

l-Sim12son's D 
Quadrat level 

No. of Plot 
quadrats Mean level 

31 0.291 ± 0.034 0.272 

36 0.707 ± 0.027 0.785 

36 0.639 ± 0.027 0.668 

30 0.332 ± 0.038 0.211 

15 0.562 ± 0.058 0.538 

36 0.726 ± 0.017 0.659 

36 0.677 ± 0.019 0.581 

36 0.717 ± 0.021 0.699 

36 0.500 ± 0.033 0.319 

36 0.648 ± 0.023 0.512 

36 0.777 ± 0.013 0.762 

36 0.718 ± 0.022 0.606 

Mcintosh's D City Block Distance 
Quadrat level to Centroid 

No. of No. of 
quadrats Mean quadrats Mean 

30 0.285 ± 0.035 36 4.1 ± 0.4 

36 0.548 ± 0.026 36 76.1 ± 3.8 

36 0.466± 0.025 36 88.2 ± 3.4 

30 0.218 ± 0.027 30 46.4 ± 3.4 

15 0.610 ± 0.077 15 43.8 ± 6.4 

36 0.538 ± 0.018 36 96.6 ± 3.9 

36 0.498 ± 0.019 36 59.0 ± 2.7 

36 0.569 ± 0.020 36 52.8 ± 2.4 

36 0.363 ± 0.033 36 50.6 ± 3.4 

36 0.461 ± 0.019 36 60.9 ± 2.8 

36 0.609 ± 0.015 36 72.4 ± 2.8 

36 0.537 ± 0.023 36 81.4 ± 3.4 



were 1 500 trees/ha, with as basal area of 
47.8 m2/ha, and an average age of 91 years in 1 98 5  
(D'Eon and Power 1 98 9). There was 1 white spruce 
(Picea gLauca [Moench] Voss) and 1 balsam fir seed
ling in one quadrat, but no tree regeneration in the 
other 35 (1 x 1 m) quadrats examined. 

The development of each stratum and most 
abundant species is summarized in Table 3. The 
bryoid stratum was well developed, the forb /low
shrub stratum was moderately developed, and the 
medium shrub and graminoid strata were weakly 
developed. The bryoid and forb/low-shrub strata 
were present in most quadrats, while the medium 
shrub stratum is found in few quadrats. The bryoid 
stratum was strongly dominated by the feather 
moss PLeurozium schreberi (Brid.) Mitt. A second 
feather moss, Ptilium crista-castrensis (Hedw.) 
DeNot., was present in many quadrats despite its 
low overall cover. The most abundant species in the 
forb flow-shrub stratum were Comus canadensis L. 
and Linnaea boreaLis L. 

Relative to the other plots, the average vascular 
species/ form richness, the value of McIntosh's 
index of diversity, and the variability among quad
rats (mean city-block distance to centroid) were all 
moderately low (Table 2). 

Monitoring concerns 

The moderately low variability among quad
rats would simplify the detection of vegetation 
change. The absence of early seral species in the 
canopy is evidence of a slow rate of successional 
change; however, the presence of late seral tree 
species in the lower canopy and understory is an 
indication that the rate of forest canopy change may 
increase. 

Cypress Hills Provincial Park 

Regional conditions 

The Cypress Hills are one of a few widely sepa
rated elements of the Southern Alberta Uplands, 

Table 3. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Rocky Mountain House. V alues are means ± standard error of mean. 

Mean cover Freguency Mean cover Freguency 
Substrate/vegetation cover (%) Count % Substrate/vegetation cover ('Yo) Count % 

Substrate type Petasites palmatus 0.01 ± om 1 3 

Non-woody litter 95.01 ± 1.35 N/Aa N/A Picea gial/ea 0.10 ± 0.08 2 6 

Woody litter 4.99 ± 1.35 N/A N/A Pyrola virells om ± 0.01 3 

Rocks/cobbles 0.00 ± O.OOb N/A N/A Rosa acicularis 0.89 ± 0.48 5 14 

Rubus pedatus 0.08 ± 0.04 5 14 
Vegetation strata Rubus pubescens 1.36 ± 0.55 10 28 

Mid-shrub stratum 0.22 ± 0.15 N/A N/A Smilacina racemosa 0.03 ± 0.03 1 3 
Abies balsa mea 0.11 ± 0.11 1 3 Smilacina trifoliata 0.01 ± 0.01 1 3 

Forb/lower shrub stratum 19.67 ± 2.36 N/A N/A Spiraea Lucida 1.18 ± 0.43 12 33 

Abies balsamea 0.29 ± 0.14 6 17 Streptopus roseus 0.17± 0.12 2 6 

Arnica cordifolia 0.72 ± 0.36 8 22 Vaccinium membranaceum 1.29 ± 0.56 14 39 

Corallorhiza trifida 0.01 ± 0.01 3 Viburnum edule 0.24 ± 0.20 3 8 

Comus canadensis 5.58 ± 0.61 33 92 Viola sp. 0.01 ± om 1 3 

Epilobium angustifoliIlIn 0.11 ± 0.08 3 8 Graminoid stratum 0.17 ± 0.05 N/A N/A 
Equisetum sylvaticum 0.01 ± 0.01 3 Elymus innovatus 0.47 ± 0.33 9 25 
Gymnoco:rpium dnjopteris 0.04 ± 0.03 2 6 
Ledum groenlandicum 0.08 ± 0.08 3 Bryoid stratum 53.25 ± 4.40 N/A N/A 
Linnaea borealis 6.13 ± 0.83 35 97 Cladina mitis 0.01 ± 0.01 [ 3 

Lonicera involucrata 0.54 ± 0.43 3 8 Dicranuln sp. 0.63 ± 0.22 9 25 
Lycopodium annotinum 0.03 ± 0.02 2 6 Hylocomium splendens 1 . 3 3 ±  0.50 10 28 

Lycopodium complanatum 0.03 ± 0.02 2 6 Mnium sp. (sensu lato) 0.68 ± 0.56 3 8 

Lycopodium obscurum 0.03 ± 0.03 1 3 Pe1tigera aphthosa 0.06 ± 0.03 3 8 

Mertensia paniculata 0.42 ± 0.42 1 3 Pleurozium schreberi 47.33 ± 4.36 34 94 

Moneses uniflora 0.11 ± 0.05 6 17 Polytrichum juniperinum 0.43 ± 0.16 8 22 

Orthilia secunda 0.04 ± 0.02 3 8 Ptilium crista-castrensis 2.71 ± 0.70 25 69 

a Not applicable. 

b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 
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which rise above the Alberta Plain (Bostock 1970; 
Pettapiece 1986). Parts of their summits apparently 
escaped Wisconsin and earlier Pleistocene glacia
tion (Newsome and Dix 1968; Bostock 1970; Prest 
1970). They are capped by loess, overlying up to 
100 m of fluvial sands and water-worn gravels and 
cobbles interbedded with marl, silt, and sandstone 
(McConnell 1885). The gravels and cobbles consist 
largely of quartzite and chert derived from Precam
brian and Cambrian rocks of the Rocky Mountains. 
The materials were eroded and transported by mas
sive fluvial systems during the early Oligocene 
(Douglas et a!. 1970). Shallow bedrock aquifers are 
characterized by magnesium-bicarbonate waters 
(Brown 1970). 

Full weather records are not available; how
ever, summertime data is available for the Cypress 
Hills station (1372 m) in Saskatchewan. The mean 
daily maximum temperature remains above freez
ing from March until November, with values reach
ing 22.9"C in July. Daily minimum temperatures 
remain above freezing from May to September (114 
frost-free days), but drop to -2.8"C in December and 
probably drop 4-5"C lower in January (records not 
available). There is an annual total of 529 mm 
precipitation, of which 300 mm falls between May 
and September. Precipitation peaks fairly sharply 
in June (85 mm) and drops to 41 mm in July 
(Environment Canada 1982a, 1982b). 

Forests of lodgepole pine in the western 
Cypress Hills dominate many north-facing slopes 
and some upper slope positions facing south. 
Calamagrostis rubescens Buck!., Linnaea borealis, 
Vaccinium caespitosum Michx., Spiraea betulifolia, 
Arnica cordi folia, Lathyrus ochroleucus Hook., 
Oryzopsis asperifolia Michx., and Rosa acicularis 
Lind!. tend to be either frequent or abundant in 
their understories (Newsome and Dix 1968). 

Plot conditions 

The soil of the Cypress Hills Provincial Park 
plot was classified as an Eluviated Dystric Brumso!. 
The pH of the Bm horizon was 4.9 and the soils were 
of medium texture (loams to clay loams). The site 
was characterized by a low nutrient status in the 
LFH. The LFH horizon was thin (max. = 4 cm) and 
acidic (pH 4.0), with a low CEC (27.4 ±6.2 cmol( +) 
kg" ). The poor nutrient status of this site was 
reflected in the nutrient concentrations of the lodge
pole pine needles, particularly N, Ca, and Mg. The 
soil surface consisted primarily of a thin layer of 
vegetation litter, although small amounts of woody 
debris were present. Litter accumulations were 
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thin, likely because of the relatively recent fire 
and a low rate of litter accumulation. Coarse frag
ments, which characterized the soil profile, were 
occasionally exposed. 

The forest canopy consisted exclusively of 
even-aged lodgepole pine with a mean height of 
11.0 m and a mean dbh of 12.2 em. There were 1500 
trees/ha, with as basal area of 18.1 m2/ha, and an 
average age of 69 years in 1985 (D'Eon and Power 
1989). There was no tree regeneration in the 36 
(1 x l  m) quadrats examined. 

The development of each stratum and most 
abundant species is summarized in Table 4. The 
graminoid stratum was weakly developed, while 
the forb/low-shrub and bryoid strata were weakly 
developed. Despite their poor development, the 
graminoid and forb flow-shrub strata were present 
in most quadrats. The bryoid stratum was present 
in few quadrats. The poor cover of most stratum 
was likely the result of low light levels (due to the 
dense canopy cover), the recent history of distur
bance (primarily fire, but there were also some 
impacts from cattle grazing), and the poor soils. The 
most abundant species was C. rubescens. Hieracium 
albiflorum Hook. was present in most quadrats 
despite its low overall cover. 

Relative to the other plots, the value of 
McIntosh's index of diversity was moderately low, 
while the average vascular species/form richness 
and the variability among quadrats (mean city
block distance to centroid) were very low (Table 2). 

Monitoring concerns 

The very low variability among quadrats 
would simplify the detection of vegetation change. 
The absence of early seral species in the canopy, or 
late seral tree species in the lower canopy and 
below, indicates a slow rate of successional change, 
which would simplify the recognition of acid 
precipitation impacts. 

Meadow Lake Provincial Park 

Regional conditions 

The Meadow Lake Provincial Park site lies 
within the Beaver River Plains, one of the more 
topographically varied elements of the generally 
subdued Central Saskatchewan Plains (Richards 
and Fung 1969). The Central Saskatchewan Plains 
belong to the Saskatchewan Plain physiographic 
region, which is one of the lower and most 
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Table 4. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Cypress Hills Provincial Park. Values are means ± standard error of mean. 

tvlean cover Freguency 
Substrate/vegetation cover (%) Count % 

Substrate type 

Non-woody litter 9S.14± 0.63 N/Aa N/A 
Woody litter 4.93 ± 0.63 N/A N/A 
Mineral soil 0.01 ± om N/A N/A 
Rocks/cobbles 0.00 ± O.DOb N/A N/A 

Vegetation strata 

Forb/lower shrub stratum lAl ± 0.23 N/A N/A 
Antennaria negleda 0.03 ± 0.03 3 8 

Aster conspicuus 0.06 ± 0.06 4 1 1  

Hieracium albiflorum l.02 ± 0.15 30 83 

Linnaea borealis 0.20 ± 0.15 4 1 1  

Pyrola sp. 0.03 ± 0.03 3 8 

a Not applicable. 
b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 

even-surfaced elements of the Interior Plains 
(Bostock 1970). The bedrock consists primarily of 
Upper Cretaceous marine shales classified as tran
sitional between the Lea Park and Vermilion River 
formations (Richards and Fung 1969). 

The mean daily maximum temperature in 
nearby Goodsoil remains above freezing for the 
months of April through October, peaking at 22.4'C 
in July. The mean daily minimum temperatures 
remain above freezing from May through 
September (83 frost-free days) but drop to -26.3'C 
in January. There is an annual total of 463 mm 
precipitation, of which 341 mm falls between May 
and September. Precipitation is evenly spread 
throughout the summer (Environment Canada 
1982a, 1982b). 

Plot conditions 

The soil of the Meadow Lake plot was classified 
as an Eluviated Dystric Brunisol. The mineral hori
zons were coarse textured (loamy sands) and acidic 
(pH of Bm[ and Bm, horizons were 5.1 and 4.9, 
respectively). The base saturation of the mineral 
soils was considerably higher than was found for 
the other jack pine (Pinus banksiana Lamb.) 
ARNEWS sites. The coarse textured, nutrient-poor 
soils of the Meadows Lake plot are typical for jack 
pine sites. The soil surface consisted primarily of 
vegetation litter, although very small amounts of 
woody debris were present. 
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Mean cover Freguency 
Substrate/vegetation cover (%) Count % 

Spirt/ea betulifolia 0.06 ± 0.06 2 6 

Vaccinium caespitosum 0.01 ± 0.00 2 6 
Viola nuftallii 0.00 ± 0.00 3 

Graminoid stratum 4.73 ± 0.56 N/A N/A 
Calamagrostis rubescens 4.73 ± 0.56 33 92 

Bryoid stratum 0.05 ± 0.03 N/A N/A 
Cetraria sp. 0.01 ± 0.00 2 6 
Cladonia sp. 1 0.04 ± 0.03 5 14 

Cladonia sp. 2 0.01 ± 0.00 3 8 

Peltigera Cflllina 0.00 ± 0.00 1 3 

Tortula sp. 0.01 ± 0.00 3 8 

The forest canopy consisted exclUSively of 
even-aged jack pine with a mean height of 10.2 m 
and a mean dbh of 13.5 cm. There were 1175 
trees/ha, with a basal area of 17.4 m'/ha, and an 
average age of 41 years in 1985 (D'Eon and Power 
1989). There was no tree regeneration in the 36 
(1 x l  m) quadrats examined. 

The development of each stratum and most 
abundant species is summarized in Table 5. The 
forb/low-shrub stratum was strongly developed, 
the bryoid stratum was weakly developed, and the 
graminoid stratum was weakly developed. AU 
three strata are present in most quadrats. Drought
tolerant dwarf shrubs (Arctostaphylos uva-ursi [L.] 
Spreng. and Vaccinium spp.) dominated the 
forb/low-shrub layer. A number of forbs (e.g., 
Maianthemum canadense Desf., Galium boreale L., and 
Linnaea borealis) and low shrubs (e.g., Rosa acicularis 
and Ame/anchier alnifolia Nutt.) were present in 
most quadrats despite their low overall cover 
values. Two drought-tolerant grass species (Elymus 
innovatus Beal and Oryzopsis pungens (Torr.) A.S. 
Hitchc.) and a reindeer lichen, CZadina mitis 
(Sandst.) Hale & W. Culb. were also present in most 
quadrats despite low overall cover values. 

Relative to the other plots, the average vascular 
species/form richness was moderately high, while 
the value of McIntosh's index of diverSity and the 
variability among quadrats (mean city-block 
distance to centroid) were intermediate (Table 2). 
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Table 5. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Meadow Lake Provincial Park. Values are means ± standard error of mean. 

Mean co\'er Freguenc� 
Substrate/vegetation cover (%) Count % 

Substrate type 

Non-woody litter 99.92 ± 0.05 N/Aa N/A 
Woody litter 0.09 ± 0.05 N/A N/A 

Vegetation strata 

Forb/lower shrub stratum 66.11 ± 2.32 N/A N/A 
Achillaea millefolium 0.00 ± a.DOb 1 3 
Alnus crispa 0.08 ± 0.06 2 6 
Amelanchier alnifolia 6.36 ± 1.04 27 75 
Anemone multifida 0.01 ± om 4 11 
Aralia nudicaulis 1.26 ± 0.44 13 36 
Arctostaphylos lIva-ursi 30.61 ± 2.82 36 100 
Aster sp. 0.11 ± 0.05 13 36 
Campanula rotundifolia 0.01 ± 0.00 3 8 
Fragaria virginiana 0.77 ± 0.26 19 53 
Galium boreale 0.21 ± 0.09 27 75 
Geocaulon lividum 0.05 ± 0.03 10 28 
Hieracium sp. 0.03 ± 0.03 3 8 
Linnaea borealis 3.03 ± 1.29 25 69 
Maianthemum canadense 3.28 ± 0.66 31 86 
Melampyrum lineare 0.08 ± 0.04 10 28 
Potentilla fruticosa 0.01 ± 0.00 2 6 
Potentilla tridentata 0.16 ± 0.07 10 28 
Prunus sp. O.14± 0.11 3 8 

a Not applicable. 
b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 

Monitoring concerns 

The intermediate degree of variability among 
quadrats would complicate the detection of vegeta
tion change. The absence of early seral species in the 
canopy, or late seral tree species in the lower canopy 
and below, indicates a slow rate of successional 
change, which would simplify the recognition of 
acid precipitation impacts. 

Jenpeg 

Regional conditions 

The Jenpeg site lies within the Severn Upland 
of the James physiographic region (Bostock 1970). 
The area is underlain by granitic early Precambrian 
bedrock (Douglas 1968). The mean daily maximum 
temperature at the nearby Cross Lake Jenpeg 
weather station remains above freezing for the 
months of May through October, peaking at 23.6"C 
in July. Mean daily minimum temperatures remain 
above freezing from May through September (110 
frosHree days) but drop to -29.1"C in January 
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Mean cover Freguency 
Substrate/vegetation cover (%) Count % 

Pyrola chlorantha 0.00 ± 0.00 1 3 
Pyrola secunda 0.03 ± 0.03 2 6 
Rosa aciel/laris 3.6l ± 0.95 24 67 
Solidago sp. 0.01 ± 0.00 3 8 
Symphoricarpos albus 0.03 ± 0.03 1 3 
Trientalis borealis 0.06 ± 0.01 2 6 
Vaccinium myrtilloides 16.98 ± 1.68 36 100 
Vaccinium vitis-idaea 4.75 ± 1.24 23 64 

Grarninoid stratum 0.51 ± 0.15 N/A N/A 
Elymus innovatus 0.25 ± 0.14 21 58 
Oryzopsis pungens 0.30 ± 0.06 36 100 

Bryoid stratum 5.61 ± 1.31 N/A N/A 
Cetraria sp. 0.01 ± 0.00 2 6 
Cladina arhusculoides 0.06 ± 0.06 3 8 
Cladina gracilis 0.0l ± 0.00 3 8 
Cladina mitis 3.08 ± 0.75 26 72 
Squamulose Cladonia 0.00 ± 0.00 1 3 
Dicranum sp. 0.09 ± 0.05 5 14 
Hylocomium splendens 0.01 ± 0.00 2 6 
Peltigera canina 0.03 ± 0.03 1 3 
Pleurozium schreberi 2.38 ± 1.10 14 39 

There is an annual total of 434 mm precipitation, of 
which 257 mm falls between May and September. 
Precipitation peaks slightly in July (69 mm) and 
drops to 51 mm in August (Environment Canada 
1982a, 1982b). 

Plot conditions 

This site is typical of the jack pine ARNEWS 
plots, characterized by coarse textured soils (sands), 
low cation exchange capacity and low base satura
tion. The Jenpeg plot was similar to the Suwannee 
plot and was classified as an Eluviated Dystric 
Brunisol. The pH of the Bm horizon was 5.2. The 
soil surface consisted primarily of vegetation litter, 
although small amounts of woody debris were 
present. 

The forest canopy consisted exclusively of 
even-aged jack pine with a mean height of 13.0 m 
and a mean dbh of 12.6 cm. There were 1150 
trees/ha, with a basal area of 14.7 m2 fha, and an 
average age of 65 years in 1985 (D'Eon and Power 
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1989). There was no tree regeneration in any of the 
36 (1 x l  m) quadrats examined. 

The development of each stratum and most 
abundant species is summarized in Table 6. The 
forb flow-shrub and bryoid strata are strongly 
developed, while the medium shrub and grami
noid strata are weakly developed. Drought-tolerant 
dwarf shrubs (Arctostaphylos uva-ursi and Vaccinium 
spp.) dominated the forb/low-shrub layer. Three 
forbs (Cornus canadensis, Linnaea borealis, and 
Maianthemum canadense), and one shrub (Rosa acicu
laris) were present in most quadrats despite their 
low overall cover values. Feather moss (Pleurozium 
schreberi) and reindeer lichens (particularly Cladina 
mitis) dominated the bryoid layer. 

Relative to the other plots, the average vascular 
species/form richness was high, while the value of 
McIntosh's index of diversity was and the variabil
ity among quadrats (mean-city-block distance to 
centroid) were high (Table 2). 

Monitoring concerns 

The high variability among quadrats would 
complicate the detection of vegetation change. The 
absence of early seral species in the canopy, or late 
seral tree species in the lower canopy and below, 
indicates a slow rate of successional change, which 
would simplify the recognition of acid precipitation 
impacts. 

Suwannee 

Regional conditions 

The Suwannee site lies within the Kazan 
Upland of  the Kazan physiographiC region 
(Bostock 1970).The area is underlain by granitic 
early Precambrian bedrock (Douglas 1968). The 
mean daily maximum temperature at the nearby 
Lynn Lake weather station remains above freezing 
for the months of April through October, peaking at 
21.8'<: in July. Mean daily minimum temperatures 

Table 6. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Jenpeg. Values are means ± standard error of mean. 

Mean cover Freguenc:i: Mean cover FreguencI 
Substrate/vegetation cover (%) Count % Substrate/vegetation cover (%) Count % 

Substrate type Potentilla tridentata 0.32 ± 0.12 12 33 
Non-woody litter 97.44 ± 0.56 N/A3 N/A Prunus pensylvanica 0.06 ± 0.06 2 6 
Woody litter 2.57 ± 0.56 N/A N/A Pyrola asarifolia 0.12 ± 0.07 7 19 

Vegetation strata 
Rosa acicularis 4.21 ± 0.88 33 92 

Rubus pubescens 0.00 ± 0.00 1 3 
Mid-shrub stratum 0.11 ± 0.11 N/A N/A 

Trientalis borealis O.oJ ± 0.00 2 6 
Populus tremuloides 0.00 ± O.OOb 1 3 

Vaccinium myrtilloides 12.89 ± 1.96 34 94 

Forb/lower shrub stratum 53.25 ± 3.21 N/A N/A Vaccinium vitis�idaea 10.51 ± 1.43 36 100 

Amelanchier alnifolia 0.69 ± 0.69 1 3 Viburnum edule 0.92 ± 0.45 9 25 

Apocynum androsaemifoiium 0.22 ± 0.17 3 8 
Graminoid stratum 0.06 ± O.oJ N/A 

Aralia nudicaulis 1.59 ± 0.43 20 56 
N/A 

Arctostaphylos twa-ursi 10.09 ± 2.07 31 86 
Elyinus innovatus 0.01 ± 0.00 2 6 

Aster spp. 0.00 ± 0.00 1 3 
Oryzopsis pungens 0.05 ± 0.01 19 53 

Campamlla rotund folia 0.01 ± 0.00 2 6 Bryoid stratum 54.81 ± 4.68 N/A N/A 
Cornus canadensis 4.91 ± 1.05 35 97 Cetraria islandica O.oJ ± 0.00 2 6 
Epilobium angustifolium 0.19 ± 0.08 6 17 Cladina mitis 10.65 ± 2.20 30 83 
Galium boreale 0.00 ± 0.00 1 3 Cladina rangiferina 4.45 ± 1.85 23 64 
Geocaulon lividultl 0.83 ± 0.29 18 50 Cladonia a/pestris 0.01 ± O.oJ 5 14 
Goodyera repens 0.10 ± 0.06 9 25 Cladonia deformis 0.03 ± 0.03 1 3 
Linnaea borealis 6.78 ± 1.04 36 100 Cladonia gracilis 0.05 ± 0.03 8 22 
Lycopodium annotinum O.oJ ± 0.00 3 8 Cladonia sp. O.oJ ± 0.00 2 6 
Lycopodium complanatum 1.45 ± 0.65 12 33 Dicranum sp. 2.81 ± 0.41 32 89 
Maianthemum canadense 1.03 ± 0.21 30 83 Hylocomium splendens 0.01 ± 0.00 2 6 
Orthilia secunda 0.01 ± 0.00 3 8 Peltigera canina 0.45 ± 0.30 6 17 
Pinus banksiana 0.06 ± 0.06 2 6 Pleurozium schreberi 36.21 ± 5.53 35 97 
Populus tremuloides 0.16 ± 0.08 10 28 Polytrichum juniperinum 0.03 ± 0.03 3 8 

a Not applicable. 
b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 
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remain above freezing from June through 
September (85 frost-free days) but drop to -31.7"C 
in January There is an annual total of 458 mm 
precipitation, of which 297 mm falls between May 
and September. Precipitation occurs fairly evenly 
throughout the summer (Environment Canada 
1982a, 1982b). 

Plot conditions 

The soil of the Suwannee plot was classified as 
an Eluviated Oystric Brunisol (similar to the Jenpeg 
site). The pH of the Bm horizon was 5.4. The mineral 
soils were sands with very low CEC « 1.5 cmol( +) 
kg·'). The soil surface consisted primarily of vege
tation litter, although very small amounts of woody 
debris were present. 

The forest canopy consisted exclusively of 
even-aged jack pine with a mean height of 11.2 m 
and a mean dbh of 11.5 cm. There were 1075 
trees/ha, with a basal area of 11.3 m2/ha, and an 
average age of 67 years in 1985 (O'Eon and Power 
1989). There was no tree regeneration in any of the 
36 (1 x I  m) quadrats examined. 

The development of each stratum and most 
abundant species is summarized in Table 7. The 

bryoid stratum was strongly developed, the 
forb/low-shrub stratum was strongly developed, 
and the graminoid stratum was weakly developed. 
Two drought-tolerant dwarf shrubs (Vaccinium 
myrtilloides Michx. and Vaccinium vitis-idaea L.) 
dominated the forb/low-shrub stratum. Maianthe
mum canadense .was present in most quadrats 
despite its very low overall cover. The bryoid layer 
was strongly dominated by a reindeer lichen 
(Cladina mitis), although a number of other moss 
and lichen species were present in most quadrats. 

Relative to the other plots, the value of 
McIntosh's index of diversity was moderately low, 
while the average vascular species/form richness 
and the variability among quadrats (mean city
block distance to centroid) were intermediate 
(Table 2). 

Monitoring concerns 

The intermediate degree of variability among 
quadrats would complicate the detection of vegeta
tion change. The absence of early seral species in the 
canopy, or late seral tree species in the lower canopy 
and below, indicates a slow rate of successional 
change, which would simplify the recognition of 
acid precipitation impacts. 

Table 7. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Suwannee. Values are means ± standard error of mean. 

Mean cover Freguenq Mean cover Freguenc)!: 
Substrate/vegetation cover (%) Count % Substrate/vegetation cover (%) Count % 

Substrate type CLadonia sp. 0.00 ± O.OOb 1 3 
Non-woody litter 99.53 ± 0.16 N/Aa N/A Cladina alpestris 1.68 ± 0.29 31 86 
.Woody litter 0.48 ± 0.16 N/A N/A Cladina mitis 49.36 ± 2.51 36 100 

Cladina rangiferina 1.03 ± 0.26 34 94 
Vegetation strata 

Cladonia amaurocraea 0.39 ± 0.22 6 17 
Forb flower shrub stratum 43.08 ± 2.89 N/A N/A Cladonia deformis 0.33 ± 0.17 31 86 

Arctostaphylos uva-ursi 2A3 ± 0.78 16 44 
Cladonia gracilis 0.06 ± 0.01 23 64 

Geocaulon lividum 0.23 ± 0.12 6 17 Cladonia uncialis 1.22 ± 0.29 26 72 
Linnaea borealis 0.31 ± 0.13 17 47 Squamulose Cladonia 0.05 ± 0.01 19 53 
Maianthemum canadense 0040 ± 0.12 32 89 Dicranum polysetum 2 . .10 ± 0.47 29 81 
Potentil/a tridentata 0.13 ± 0.05 18 50 Hylocomium splendens 0.03 ± 0.03 1 3 
Vaccinium myrtilloides 22.50 ± 2.69 33 92 Liverwort 0.73 ± 0.35 7 19 
Vaccinium vilis-idaca 18.22 ± 1.67 36 100 Peltigera amina 1.57 ± 0.50 18 50 

Graminaid stratum 0.01 ± 0.01 N/A N/A Pleurozium schreberi 7.3J ± 1.93 29 81 

Oryzopsis pungens 0.02 ± 0.01 6 17 Polytrichllm juniperinllm 0.00 ± 0.00 1 3 
Ptilium crista-castrensis om ± 0.00 3 8 

Bryaid stratum 66.53 ± 2.16 N/A N/A 

Cetraria sp. 0.03 ± 0.01 1 1  31 

a Not applicable. 
b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 
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Whiteshell Provincial Park 

Regional conditions 

The Whiteshell Provincial Park site lies within 
the Severn Upland of the James physiographic 
region (Bostock 1970). The area is underlain by 
granitic early Precambrian bedrock (Douglas 1968). 
Mineral soils in the region tend to form a complex 
mosaic within a matrix of granitoid rock outcrops 
and deep peat deposits (Smith and Ehrlich 1967). 

The mean daily maximum temperature at 
nearby Whiteshell Laboratory, Pinawa Manitoba, 
remains above freezing between the months of 
April and October, peaking at 24.8'C in July. Mean 
daily minimum temperatures remain above freez
ing from May through October (110 frost-free days) 
but drop to -25.3'C in January. There is an annual 
total of 567 mm precipitation, of which 350 mm falls 
between May and September. Precipitation peaks 
slightly in June (89 mm) (Environment Canada 
1982a, 1982b). 

Plot conditions 

The soil of the Whiteshell plot was classified as 
an Eluviated Dystric Brunisol. The mineral soils are 
sand to loamy sand in texture with low cation ex
change capacity and low base saturation. The pH of 
the Bm) and Bm, horizons were 5.0 and 5.1, respec
tively. The soils of the Whiteshell plot were similar 
to the Meadow Lake plot. The soil surface consisted 
primarily of vegetation litter, although very small 
amounts of woody debris were present. 

The forest canopy consisted exclusively of 
even-aged jack pine with a mean height of 11.0 m 
and a mean dbh of 1.7 em. There were 950 trees fha, 
with a basal area of 10.4 m' fha, and an average age 
of 35 years in 1985 (D'Eon and Power 1989). There 
was no tree regeneration in any of the 36 (1 x l  m) 
quadrats. 

The development of each stratum and most 
abundant species is summarized in Table 8. The 
bryoid stratum was strongly developed, the 

Table 8. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Whiteshell Provincial Park. Values are means ± standard error of mean. 

Mean cover Freguency Mean cover Freguency 
Substrate/vegetation cover (%) Count % Substrate/vegetation cover (%) Count % 

Substrate type Rubus pubescens 0.03 ± 0.03 1 3 
Non-woody litter 98.94 ± 0.57 N/Aa N/A Vaccinium angustifolium 15.31 ± 1.82 34 94 
Woody litter 1.06± 0.57 N/A N/A Vaccinium myrtilloides 14.86 ± 2.39 27 75 

Vaccinium vitis-idaea 0.06 ± 0.06 1 3 
Vegetation strata Viola sp. 0.10 ± 0.05 9 25 

Forbllower shrub stratum 43.08 ± 2.60 N/A N/A 
Aquilegia sp. 1.22 ± 0.26 30 83 Graminoid stratum 1.36 ± 0.21 N/A N/A 
Amelanchier alnifoUa 0.31 ± 0.20 4 11 Calamagrostis rubescens 1.22 ± 0.20 34 94 
Anfennaria neglecta 0.14 ± 0.07 4 11 Oryzopsis pungens 0.17 ± 0.04 33 92 
Apocynum androsaemifolium 0.48 ± 0.22 7 19 
Arctostaphylos uva-ursi 11.03 ± 1.26 34 94 Bryoid stratum 64.14 ± 4.15 N/A N/A 

Coptis trifoUa 0.01 ± 0.00 2 6 Cetraria sp. 0.01 ± 0.00 2 6 

Fragaria virgillialla 0.34± 0.28 6 17 Cladina alpestris 0.00 ± O.OOb 1 3 

. Calhun boreale 0.49 ± 0.09 24 67 Cladina mitis 1.90 ± 0.62 21 58 

Ceocaulon lividum 0.03 ± 0.03 3 8 Cladina rangiferina 8.56 ± 1.56 33 92 

Lathyrus ochroleuctls 0.17± 0.10 3 8 Cladollia gracilis 0.01 ± 0.01 5 14 

Lillnaea borealis 0.06 ± 0.06 1 3 Cladollia sp. 0.00 ± 0.00 ) 3 
Lithospermum canescens O.l4± 0.08 5 14 Dicranum fuscesens 10.34 ± 1.64 35 97 

Lycopodium complanatum 0.23 ± 0.22 2 6 
Dicranum unduIatum 2.91 ± 0.63 31 86 

Maianthemum canadense 0.13 ± 0.07 10 28 
Hypogymnia physodes 0.00 ± 0.00 1 3 

Melampyrum lineare 0.10± 0.04 17 47 Pleurozium schreberi 39.78 ± 5.03 35 97 

Potentil{a tridentata 0.36 ± 0.11 25 69 Polytrichum juniperinum 0.00 ± 0.00 1 3 

Prunus virginiann 0.11 ± 0.11 1 3 
Ptilium crista-castrensis 0.00 ± 0.00 1 3 

Rosa acicularis 0.06± 0.06 1 3 

a Not applicable. 
b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 
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forb flow-shrub stratum was strongly developed 
and the graminoid stratum was weakly developed. 
All three strata were represented in most quadrats. 
Drought-tolerant dwarf shrubs (Arctostaphylos uva
ursi and Vaeeinium spp.) dominated the forb/low
shrub layer. The feather moss Pleurozium schreberi 
dominated the bryoid layer, along with substantial 
amounts of Dicranum fuseescens (Brid.) Husn. and 
CZadina rangiferina L. 

Relative to the other plots, the average vascular 
species/form richness was intermediate, while the 
value of McIntosh's index of diversity and the vari
ability among quadrats (mean City-block distance 
to centroid) were moderately high (Table 2). 

Monitoring concerns 

The moderately high variability among quad
rats would complicate the detection of vegetation 
change. Mixing in the soil horizons indicate pre
vious human disturbance, which would complicate 
the detection of soil changes. The absence of early 
seral species in the canopy, or late seral tree species 
in the lower canopy and below, indicates a slow rate 
of successional change, which would simplify the 
recognition of acid precipitation impacts. 

Spruce Sites 

Grande Prairie 

Regional conditions 

The Grande Prairie site lies within the losegun 
Plain, an area characterized by blankets of lacus
trine materials overlying level to undulating till 
(Pettapiece 1986). The Iosegun Plain is an element 
of the Alberta Plateau, a discontinuous ring of 
smooth-surfaced uplands separated by wide 
valleys (Bostock 1970). The regional bedrock con
sists of nonmarine Upper Cretaceous sandstones 
and mudstones belonging to the Wapiti Formation 
(Green 1972). 

Summer climatic records from Bald Mountain 
lookout (939 m) indicate that the mean daily maxi
mum temperatures peak at 20.0"C in July and the 
mean daily minimum temperatures remain above 
freezing at least for the months of May through 
September (only summer data is available) for a 105 
day frost-free season. A total of 364 mm of precipi
tation falls between May and September. There is 
no noticeable midsummer precipitation peak 
(Environment Canada 1982a, 1982b). 
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Plot conditions 

The soil of the Grande Prairie plot was classi
fied as an Orthic Gray Luvisol. The Ae and AB 
horizons were medium textured (silt loam) overlay
ing a Btgj horizon (clay loam to clay). The pH of the 
mineral horizons were acidic (mean pH < 5.0). The 
pH of the LFH was also acidic (4.5); however, the 
nutrient concentrations were moderate even for the 
base cations. Calcium concentrations were half that 
found at the other white spruce ARNEWS sites, but 
this was still conSiderably higher than the Ca con
centrations in the LFH of the pine sites (with the 
exception of Meadows Lake). The soil chemical 
properties of this site were characteristic of white 
spruce sites. The soil surface consisted primarily of 
vegetation litter, although small amounts of woody 
debris were present. 

The forest canopy consisted of uneven-aged 
white and black spruce (Picea mariana [Mill.] B.5.P.) 
with a minor component of white birch (Betula 
papyrifera Marsh.). The majority of trees were white 
spruce, with a mean height of 9.2 cm and a mean 
diameter at breast height (dbh) of 16.2 cm. The black 
spruce were of a similar size, while the white birch 
tended to be shorter with a larger dbh. There were 
1000 trees/ha, with a basal area of 21.2 m2/ha, and 
an average age of 36 years in 1985 (D'Eon and 
Power 1989). There was no tree regeneration in the 
10 (1 x l  m) quadrats examined. 

The development of each stratum and most 
abundant species is summarized in Table 9. The 
bryoid stratum was strongly developed, and the 
forb/low-shrub stratum was moderately devel
oped. The tall shrub and medium shrub strata were 
weakly developed, and the graminoid stratum was 
weakly developed. The graminoid stratum was 
present in most quadrats despite its low cover. In 
contrast, the tall and medium shrub strata were 
present in few quadrats. The tall and medium shrub 
strata were characterized by the evergreen foliage 
of the lower boughs of Abies balsamea and Picea 
glauca. The most abundant species in the forb /low
shrub stralum were Linnaea borealis, Corn us canaden
sis, Rosa acicularis, and Rubus pubescens Raf. As at 
many other sites, Pleurozium schreberi (Brid.) Mitt. 
was the most abundant bryoid species. The abun
dance of the other leading bryoid species, 
Brachythecium sp., set the Grande Prairie site apart 
from all others. 

Relative to the other plots, the average vascular 
species/form richness and the value of McIntosh's 
index of diversity were intermediate, while the 
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Table 9. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Grande Prairie. Values are means ± standard error of mean. 

Mean cover Freguenc;l 
Substrate/vegetation cover (%) Count % 

Substrate type 

Non-woody litter 98.31 ± 0.37 N/Aa N/A 
Woody litter 1.7l ± 0.37 N/A N/A 
Rocks/cobbles N/A N/A 

Vegetation strata 
Upper-shrub stratum 5.28 ± 2.10 N/A N/A 

Abies balsa mea 3.45 ± 1.45 9 25 
Betula papyrifera 0.14± 0.14 2 6 
Picea gtauca 1.75 ± 1.15 3 8 

Mid-shrub stratum 6.58 ± 2.47 N/A N/A 
Abies balsa mea 5.92 ± 2.36 8 22 
Alnus crispa 0.11 ± 0.08 3 8 
Picea giauca 0:67 ± 0.46 3 8 

Forb/lower shrub stratum 27.75 ± 3.55 N/A N/A 
Aralia nudicaulis 0.47 ± 0.26 5 14 
Arnica cordifolia 0.00 ± O.OOb 1 3 
Aster ciliolatus 0.29 ± 0.18 7 19 
Betula papyrifera 0.00 ± 0.00 1 3 
Corallorhiza mawlata 0.00 ± 0.00 1 3 
Comus calUldensis 4.82 ± 1.15 27 75 
Dryopteris assimilis 0.11 ± 0.08 2 6 
Equisetum sylvaticum 0.17± 0.05 20 56 
Fragaria virginiana 0.01 ± 0.00 2 6 
Galium triflorum 0.03 ± 0.03 1 3 
Cymnocarpium dryopteris 0.03 ± 0.03 3 8 
Hieracium umbellatum 0.01 ± 0.00 2 6 
Ledum groenlandicllm 0.14± 0.09 4 1 1  
Linnaea borealis 9.06 ± 1.79 34 94 
Lonicera involucrata 0.67 ± 0.56 4 1 1  

a Not applicable. 
b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 

variability among quadrats (mean city-block 
distance to centroid) was high (Table 2). 

Monitoring concerns 

The high variability among quadrats would 
complicate the detection of vegetation change. 
Early seral hardwoods in the forest canopy will 
gradually die, leaving canopy gaps that allow light 
to reach the forest floor until coniferous canopies 
close in. The decreasing return of deciduous leaf 
litter each autumn will change patterns of nutrient 
cycling and availability, and reduce smothering of 
low growing mosses, liverworts, and lichens. The 
absence of late seral tree species in the lower canopy 
and understory is an indication that the rate of 
succession may decline after the hardwoods 
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Mean cover Freguency 
Substrate/vegetation cover (%) Count % 

Lycopodium Qnnotinum 0.09 ± 0.06 3 8 
Lycopodium complanatum 0.00 ± 0.00 3 
Lycopodium obscurum 0.03 ± 0.03 1 3 
Maianthemum canadense 0.75 ± 0.22 23 64 
Mertensia paniculata 0.50 ± 0.30 4 11 
Mitella nuda 0.79 ± 0.2.') 22 iiI 
Petasites palmatus 2.07 ± 0.84 18 50 
Pyrola asarifolia 0.04 ± 0.03 5 14 
Rosa acicularis 3.55 ± 0.74 25 69 
Rubus pubescens 4.24 ± 0.78 33 92 
Spiraea betulifolia 0.06 ± 0.06 3 
Vaccinium caespitosum 0.39 ± 0.16 7 19 
Viburnum edule 1.33 ± 0.75 7 19 

Graminoid stratum 0.50 ± 0.25 N/A N/A 
Unknown graminoid 0.44 ± 0.25 22 61 

Bryoid stratum 53.61 ± 4.03 N/A N/A 
Brachthecium sp. 12.67 ± 3.25 22 61 
Bryum sp. 0.00 ± 0.00 1 3 
CladilUl mitis 0.00 ± 0.00 3 
Cladonia sp. 1 0.11 ± 0.09 2 6 
Cladonia sp. 2 0.01 ± 0.01 4 1 1  
Dicranum sp. 0.06 ± 0.06 4 1 1  
Hylocomium splendens 3.84 ± 1.63 16 44 
Mnium sp. (sensu lato) 3.39 ± 1.21 20 56 
Peltigera aphthosa 0.06 ± 0.04 2 6 
Plagiothecillm sp. 0.03 ± 0.03 1 3 
Pleurozium schreberi 30.06 ± 4.87 29 81 
Polytrichum juniperinum 0.29 ± 0.20 5 14 
Ptilium crista-castrensis 3.24 ± 1.58 20 56 

have disappeared. The high initial rate of succes
sion would complicate the recognition of acid 
precipitation impacts. 

Gregoire Lake Provincial Park 

Regional conditions 

The Gregoire Lake site lies within the Dover 
Plain, a level-to-inclined area of lacustrine sedi
ments within the Saskatchewan Plain physio
graphic region (Pettapiece 1986).  The 
Saskatchewan Plain is a low plain with a very even 
surface (Bostock 1970). The bedrock consists of 
sandstones, siltstones, and shales of the Grand 
Rapids Formation deposited in shoreline 
environments (Green 1972). 
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The mean daily maximum temperature in the 
nearby village of Anzac remains above freezing for 
the months of April through October, peaking at 
22.3'C in July. The mean daily minimum tempera
tures remain above freezing from May through 
September (93 frost-free days) but drop to -25.6'C 
in January. There is an annual tot�l of 504 mm 
precipitation, of which 315 mm falls between May 
and September. Precipitation peaks fairly sharply in 
July (101 mm) and drops to 56 mm in August 
(Environment Canada 1982a, 1 982h). 

Plot conditions 

The Gregoire Lake site was an atypical white 
spruce site with 34 cm of organic material overlay
ing the mineral soil. The mineral soils were calcare
ous (mean pH >7.3) and gleyed throughout all 
horizons. The soil sampled at this site was classified 
as an Orthic Gleysol. The soils (organic and min
eral) and the white spruce needles all had high Ca 
levels indicative of the calcareous nature of this site. 
The soil surface consisted primarily of vegetation 
litter, although small amounts of woody debris 
were present. 

The forest canopy consisted of even-aged white 
and black spruce with a minor component of bal
sam fir and white birch. The trees had a mean height 
of 18.0 m and a mean dbh of 19.2 cm. The white 
birch and balsam fir occurred as subcanopy species 
under the white spruce canopy. There were 1000 
trees/ha, with a basal area of 31.9 m2/ha, and an 
average age of 70 years in 1986 (O'Eon and Power 
1989). Two balsam fir seedlings over 16 cm tall were 
present in 1 (1 x l  m) quadrat, but there was no tree 
regeneration in the other 9 quadrats. 

The development of each stratum and most 
abundant species is summarized in Table 10. The 
bryoid stratum was strongly developed, the 
forb flow-shrub stratum was weakly developed 
and the medium shrub and graminoid strata were 
weakly developed. The bryoid cover was com
posed primarily of the feather mosses Hylocomium 
splendens (Hedw.) B.5.G. and Pleurozium schreberi. 
The forb/low-shrub layer of most quadrats con
tained Mitella nuda L. and young saplings of Abies 
balsamea. 

Relative to the other plots, the average vascular 
species/form richness was intermediate, the value 
of McIntosh's index of diversity was very low, and 
the variability among quadrats (mean city-block 
distance to centroid) was moderately low (Table 2). 
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Monitoring concerns 

The moderately low variability among quad
rats would simplify the detection of vegetation 
change. Early seral hardwoods in the forest canopy 
will gradually die, leaving canopy gaps that allow 
light to reach the forest floor until coniferous cano
pies close in. The decreasing return of deciduous 
leaf litter each autumn will change patterns of 
nutrient cycling and availability. and reduce smoth
ering of low growing mosses, liverworts, and 
lichens. The regeneration of late successional 
balsam fir indicates that the forest canopy will con
tinue to change after the hardwoods have disap
peared, maintaining a rapid rate of succession for 
many years to come. The continuing high rate of 
succession would complicate the recognition of 
acid precipitation impacts. 

Prince Albert National Park 

Regional conditions 

The Prince Albert National Park site lies within 
the Waskesiu Upland, a moderately rolling-to-hilly 
upland element of the Saskatchewan Plain physio
graphic region (Richards and Fung 1969; Bostock 
1970). The bedrock consists primarily of Upper 
Cretaceous marine shales classified as transitional 
between the Lea Park and Vermilion River 
formations (Richards and Fung 1969). 

The mean daily maximum temperature at 
Waskesiu Lake remains above freezing for the 
months of April through October, peaking at 22.4'C 
in July. The mean daily minimum temperatures 
remain above freezing from May through Septem
ber (85 frost-free days), but drop to -26.2'C in 
January. There is an annual total of 463 mm precipi
tation, of which 303 mm falls between May and 
September. Precipitation peaks fairly sharply in 
July (81 mm) and drops to 58 mm in August 
(Environment Canada 1982a, 1982b). 

Plot conditions 

The soil of the Prince Albert plot was classified 
as a Gleyed Gray Luvisol. Gleying was observed in 
all sampled mineral horizons. The mineral soils 
were characterized by a sandy loam texture with 
low CEC and extractable cations; however, aspen 
was present at this site resulting in Ca, Mg, and K 
concentrations in the LFH similar to the other white 
spruce sites. Nutrient concentrations in the white 
spruce needles were similar to those found in the 
needles at other white spruce ARNEWS plots. The 
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Table 10. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Gregoire Lake Provincial Park. Values are means ± standard efror of mean. 

Mean cover Freguency 
Substrate/vegetation cover (%) Count % 

Substrate type 
Non-woody litter 96.30 ± 0.61 N/Aa N/A 
Woody Ii tter 4.02 ± 0.84 N/A N/A 

Vegetation strata 

Mid-shrub stratum -b N/A N/A 
Abies balsa mea 0.10 ± 0.07 3 10 

Forb/lower shrub stratum 8.71 ± 1.72 N/A N/A 
Abies balsameo. 3.58 ± 1.32 26 87 
Actaea rubra O.OH 0.03 1 3 
Alnus crispa 0.04 ± 0.03 3 10 
Aralia nudicaulis 0.00 ± a.ooc 3 
Betula papyrifera 0.01 ± 0.01 3 10 
Circaea alpina 0.13 ± 0.10 9 30 
Corallorhiza maculata 0.00 ± 0.00 3 
Comus canadensis 0.19 ± 0.08 11 37 
Comus stolonifera 0.01 ± 0.00 2 7 
Fragaria virginiana 0.04 ± 0.03 2 7 
Galium trifidum 0.00 ± 0.00 3 
Galium triflorum O.OH 0.02 2 7 
Goodyera repens 0.00 ± 0.00 3 
Unnnea borealis 0.50 ± 0.21 [6 53 
Listera cordata 0.00 ± 0.00 1 3 
Lonicera involucrata 0.00 ± 0.00 3 
Mawnthemum canndense 0.01 ± 0.00 2 7 
MUella nuda 1.72 ± 0.22 30 100 
Moneses uniflora 0.20 ± 0.14 12 40 
Orthilia secunda 0.05 ± 0.03 6 20 
Petasites palmntus 0.45 ± 0.34 7 23 

a Not applicable. 
b Not estimated within the physiognomic class. 
cCover shown as 0.00 ± 0.00 indicates cover of <0.005. 

Prince Albert National Park plot was a problem 
because following the initial set up and survey of 
the plot it was discovered that the site was located 
in a disturbed area. The soil surface consisted 
primarily of vegetation litter, although small 
amounts of woody debris were present. 

The forest canopy consisted of an uneven-aged 
mix of white and black spruce and trembling aspen 
(Populus tremuloides Michx.). The white spruce had 
a mean height of 15.1 m and a mean dbh of 17.4 cm. 
The height and diameter of the aspen tended to be 
slightly greater than that of the white spruce, while 
the black spruce tended to be much smaller. There 
were 1800 trees fha, with a basal area of 53.0 m2 fha. 
White spruce comprised roughly one-third of the 
stems and basal area, and trembling aspen 
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Mean cover Preguency 
Substrate/vegetation cover (0;,,) Count % 

Petasites sagittatus O.17 ± O.17 1 3 
Pyrola asarifolia 0.00 ± 0.00 [ 3 
Rjbes Jacustre 0.02 ± 0.01 7 23 
Ribes triste 0.07 ± 0.04 5 17 
Rosa acicularis 0.00 ± 0.00 3 
Rubus neaulis 0.04 ± 0.03 3 10 
Rubus pllbescens 0.32 ± 0.18 10 33 
Shepherdia canadensis 0.00 ± 0.00 3 
Yrientalis borealis 0.20 ± 0.14 1 l  37 
Vaccinium vitis-idaea 0.00 ± 0.00 3 
Viburnum edule 0.00 ± 0.00 [ 3 
Viola renifolia 0.06 ± 0.03 8 27 

Graminoid stratum 0.56 ± 0.32 N/A N/A 
Carex disperma 0.54 ± 0.32 6 20 
Carex gynocrates 0.00 ± 0.00 I 3 
Equisetum aruel1se 0.03 ± 0.01 8 27 
£quisetum scirpoides 0.05 ± 0.01 16 53 

Bryoid stratum 80.77 ± 3.58 N/A N/A 
Brachythecium sp. 0.97 ± 0.93 4 13 
Cladonia sp. 0.01 ± 0.00 2 7 
Dicranum sp. 0.41 ± 0.14 11 37 
Hylocomium splendens 68.03 ± 4.03 30 100 
Mnium sp. (sensu lato) 0.57 ± 0.34 8 27 
Peltigera aphthosa 0.01 ± 0.00 2 7 
Peltigera canina 0.24 ± 0.10 8 27 
Pleurozium schreberi 1O.6[ ± 2.89 23 77 
Polytrichum juniperinum 0.08 ± 0.07 4 13 

contributed most of the remaining two-thirds with 
an average age of 49 years in 1985 (D'Eon and 
Power 1989). There was no tree regeneration in 6 of 
the 10 (1 x I  m) quadrats examined. The four other 
quadrats contained 8 seedlings of white birch, 1 of 
balsam fir, and 4 of white spruce. 

The development of each stratum and abun
dant species is summarized in Table 11. The 
forb flow-shrub stratum was strongly developed, 
while the medium shrub, bryoid and graminoid 
strata were weakly developed. Despite its low 
cover, the g�aminoid stratum was represented in 
most quadrats. The most abundant forb was Comus 
canadensis. Other moderately abundantforb species 
included Mertensia paniculata (Ai!.) G .  Don., 
Petasites palmatus (Ait.) A. Gray, and Rubus pubescens 
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Table 11. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Prince Albert National Park. Values are means ± standard error of mean. 

Mean cover Freguenc:£ 
Substrate I vegetation cover (%) Count % 

Substrate type 

Non-woody litter 95.92 1.17 N/Aa N/A 
Woody litter 4.11 1.16 N/A N/A 

Vegetation strata 

Mid-shrub stratum 0.03 ± 0.03 N/A N/A 
Betula papyri/era 0.03 ± 0.03 3 

Forb/lower shrub stratum 44.61 ± 3.36 N/A N/A 
Abies halsamea 0.19 ± 0.19 1 3 
Aralia nudicauLis 3.36 ± 0.93 17 47 
Arctostaphylos uva-ursi 0.14 ± 0.14 1 3 
Astersp. 1.17± 0.33 13 36 
Betula papyrijera 0.50 ± 0.50 1 3 
Comus ca1U1densis 13.00 ± 1.95 32 89 
Comus stolonifera 0.33 ± 0.33 1 3 
Epilobium angustifolium 0.13 ± 0.09 7 19 
Fragaria virginiana 0.88 ± 0.19 22 61 
Calium boreale O.OU 0.03 7 19 
Calium triflorum 0.00 ± O.OOh 1 3 
Geocaulon lividum 0.06 ± 0.06 1 3 
Lathyrus ochroleucus 0.41 ± 0.21 12 33 
Ledum groenlandicum 0.00 ± 0.00 1 3 
Unnaea borealis 3.01 ± 0.85 25 69 
Maianthemum canadense 1 .18 ± 0.56 13 36 
Mertensia paniculata 5.73 ± 1.32 24 67 
Mitella nuda 0.78 ± 0.25 10 28 
Orthilia secunda 0.20 ± 0.10 8 22 

a Not applicable. 
b Cover shown as 0.00 ± 0.00 indicates cover of <0.005. 

Raf. A number of other forbs and low shrubs were 
present in many quadrats but had low overall cover 
values. Similarly, trace amounts of the grass Calama
grostis canadensis (Michx.) Beauv. was present in 
most quadrats. 

Relative to the other plots, the average vascular 
species/form richness and the value of Mcintosh's 
index of diversity were moderately high, while the 
variability among quadrats (mean city-block 
distance to centroid) was moderately low (Table 2). 

Monitoring concerns 

The moderately low variability among quad
rats would simplify the detection of vegetation 
change. Early seral hardwoods in the forest canopy 
will gradually die, leaving canopy gaps that allow 
light to reach the forest floor until coniferous cano
pies close in. The decreasing return of deciduous 
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Mean cover Frgguency 
Substrate/vegetation cover (%) Count % 

Petasites palmatus 7.48 ± 1.43 28 78 
Picea glauca 0.33 ± 0.33 3 
Pyrolu asarifoZia 1.78 ± 0.59 14 39 
Ribes sp. 0.11 ± 0.08 3 8 
Rosa acicularis 1.59 ± 0.36 19 53 
Rubus pubescens 5.69 ± 1.13 26 72 
Salixsp. 0.00 ± 0.00 3 
Taraxacum officinale 0.06 ± 0.04 2 6 
Yrientalis borealis 0.09 ± 0.06 3 8 
Viburnum edule 0.22 ± 0.13 4 11 
Vicia americana 0.03 ± 0.03 2 6 

Graminoid stratum 0.28 ± 0.07 N/A N/A 
Calamagrostis canadensis 0.28 ± 0.07 29 81 
Equisetum arvense 0.04 ± 0.01 13 36 
Equisetum scirpoides 0.01 ± 0.01 5 14 
Equisetum sylvaticum 0.00 ± 0.00 1 3 
Oryzopsis pungens 0.00 ± 0.00 1 3 

Bryoid stratum 0.85 ± 0.48 N/A N/A 
Cladonia sp. 0.08 ± 0.08 1 3 
Dicranum sp. 0.00 ± 0.00 3 
Hylocomium splendens 0.14± 0.10 2 6 
Hypnum sp. 0.01 ± 0.00 2 6 
Peltigera sp. 0.00 ± 0.00 1 3 
Pleurozium schreberi 0.57 ± 0.35 8 22 
Ptilium crista-castrensis 0.03 ± 0.03 3 

leaf litter each autumn will change patterns of 
nutrient cycling and availability, and reduce smoth
ering of low growing mosses, liverworts, and 
lichens. The absence of late seral tree species in the 
lower canopy and understory suggest that the rate 
of succession may decline after the hardwoods 
have disappeared. The high initial rate of succes
sion would complicate the recognition of acid 
precipitation impacts. 

Hudson Bay 

Regional conditions 

The Hudson Bay site lies in the Upper Red Deer 
Plain, one of the better-drained elements of the 
Saskatchewan Lowlands. The Saskatchewan Low
lands themselves are a low-lying element of the 
Saskatchewan Plains physiographic region, which 
is a low-lying, level region of the Interior Plains 
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(Richards and Fung 1969; Bostock 1970). The 
underlying bedrock consists of marine shales be
longing to the Upper Cretaceous Vermilion River 
Formation (Richards and Fung 1969). 

The mean daily maximum temperature in the 
nearby town of Hudson Bay remains above freez
ing for the months of April through October, peak
ing at 24.0� in July. Mean daily minimum 
temperatures remain above freezing from May 
through September (100 frost-free days) but drop to 
-26.8� in January. There is an annual total of 
468 mm of precipitation, of which 303 mm falls 
between May and September. Precipitation peaks 
fairly sharply in June (80 mm) and drops to 59 mm 
in August (Envirorunent Canada 1982a, 1982b). 

Plot conditions 

The Hudson Bay soils were characterized by a 
slightly acidic organic horizon (pH >6.0) and cal
careous mineral soils to the surface. The pH of the 
mineral soils ranged from 7.1 to 8.6 for the three 
horizons sampled. The soil of this plot was classi
fied as a calcareous Dark Gray Chemozem, similar 
to those described by the Etomami Association1 
The Etomami Association consists of soils develop
ing from extremely calcareous, fine-textured glacial 
till (Stonehouse and Ellis 1983). The texture of the 
mineral soils ranged from loams in the Ah and Bm 
horizons to a sandy clay loam in the Ck horizon. 
The nutrient status of the soils and white spruce 
needles were similar to those found at the other 
white spruce ARNEWS sites. The soil surface con
sisted primarily of vegetation litter, although small 
amounts of woody debris were present. 

The forest canopy consisted of an uneven-aged 
mixture of white spruce with a minor component 
of balsam poplar and trembling aspen. The trees 
had a mean height of 11.9 m and a mean dbh of 
15.6 cm. There were 1550 trees/ha, with as basal 
area of 31.0 m2/ha, and an average age of 43 years 
in 1986 (D'Eon and Power 1989). There was no tree 
regeneration in 13 of the 15 (1 x 1 m) quadrats 
examined. The other two quadrats each contained 
1 trembling aspen seedling. 

The development of each stratum and most 
abundant species is summarized in Table 12. The 
bryoid stratum was moderately developed, the 

forb/low-shrub stratum was weakly developed, 
and the medium shrub and graminoid strata were 
weakly developed. The only prominent understory 
species were the feather mosses, particularly 
Pleurozium schreberi. 

Relative to the other plots, the average vascular 
species/form richness was moderately high and 
the value of McIntosh's index of diversity was high. 
In contrast, the variability among quadrats (mean 
city-blockclistance to centroid) was moderately low 
(Table 2). 

Monitoring concerns 

The moderately low variability among quad
rats would simplify the detection of vegetation 
change. Early seral hardwoods in the forest canopy 
will gradually die, leaving canopy gaps that allow 
light to reach the forest floor until coniferous cano
pies close in. The decreasing return of deciduous 
leaf litter each autumn will change patterns of 
nutrient cycling and availability, and reduce smoth
ering of low growing mosses, liverworts, and 
lichens. The absence of late seral tree species in the 
lower canopy and understory suggest that the rate 
of succession may decline after the hardwoods 
have disappeared. The high initial rate of succes
sion would complicate the recognition of acid 
precipitation impacts. 

Duck Mountain Provincial Park 

Regional Conditions 

The Duck Mountain Provincial Park site lies 
within the Saskatchewan Plain (Bostock 1970). The 
area is underlain by Upper Cretaceous shales and 
sandstones (Douglas 1968). 

The mean daily maximum temperature in the 
nearby town of Roblin remains above freezing for 
the months of April through October, peaking at 
24.9� in July. Mean daily minimum temperatures 
remain above freezjng from May through 
September (95 frost-free days) but drop to -27.6� 
in January. There is an annual total of 476 mm 
precipitation, of which 312 mm falls between May 
and September. Precipitation peaks sharply in June 
(79 mm) and drops slightly to 66 mm in July 
(Envirorunent Canada 1982a, 1982b). 

1 A natural grouping of soil associates based on similarities in climatic or physiographic factors and soil parent materials (Agriculture 
Canada 1976). 

In! Rep. NOR-X-327 21 



Table 12. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Hudson Bay. Values are means ± standard error of mean. 

Mean cover Freguenq: 
Substrate / vegetation cover (%) Count % 

Substrate type 

Non-woody litter 77.92 ± 8.4L N/Aa N/A 
Woody litter 3.79 ± 1.65 N/A N/A 

Vegetation strata 

Mid-shrub stratum 0.54 ± 0.28 N/A N/A 

Forb/lower shrub stratum 8.86 ± 1.76 N/A N/A 
Alnus crispa 0.07 ± 0.07 1 7 
Amelanchier alnifolia 0.30 ± 0.20 4 27 
Arctostaphylos uva-ursi 0.03 ± 0.03 1 7 

Aster ciliolatus 0.17 ± 0.14 2 1 3  
Betula pumita 0.60 ± 0.53 2 13 
Botrychium virginianum 0.03 ± 0.03 1 7 

Campanula rotundifolin 0.10 ± 0.05 3 20 
Comus canadensis 1.97 ± 0.50 14 93 
Fragaria virginiana 0.50 ± 0.18 7 47 

Galium boreale 0.13 ± 0.06 4 27 

Galium trifidum 0.23 ± 0.07 7 47 
Galium triflorum O.O3 ± 0.03 1 7 
Linnaea borealis 1.23 ± 0.45 1 1  73 

Lonicera dioiea 0.03 ± 0.03 1 7 

Lonicera sp. 0.03 ± 0.03 1 7 
Maianthemum canadense 0.57 ± 0.11 11 73 

Mertensia panieulata 0.13 ± 0.06 4 27 

Mitella nuda 0.87 ± 0.22 12 80 
Moneses uniflora 0.10 ± 0.05 3 20 

a Not applicable. 

Plot conditions 

The soil of the Duck Mountain Provincial Park 
plot was classified as an Orthic Gray Luvisol. The 
pH of all horizons including the LFH were slightly 
acidic. The texture of the Ahe horizon was a loam, 
and the Bt and BC horizons were clay loams. The 
nutrient status was similar to those found at the 
other white spruce ARNEWS sites. The soil surface 
consisted primarily of vegetation litter, although 
small amounts of woody debris were present. 

The forest canopy consisted of an uneven-aged 
mixture of trembling aspen, black spruce, and 
white spruce. The white spruce had a mean height 
of 11.9 m and a mean dbh of 15.7 cm. The aspen 
tended to have greater heights and diameters, while 
the black spruce tended to be smaller in both 
respects. There were l325 trees/ha, with as basal 
area of 29.1 m2/ha. White spruce comprised 
roughly 15% of the stems and basal area, aspen 
comprised 60% of the stems and 70% of the basal 
area, and black spruce comprised the remainder. In 
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Mean cover Freguenc:i: 
Substrate / vegetation cover (%) Count % 

Petasites palmatus 0.57 ± 0.23 7 47 

Populus tremuloides 0.17 ± 0.08 4 27 

Ribes oxyacanthoides 0.03 ± 0.03 1 7 

Rosa acicularis 0.37 ± 0.11 7 47 

Rubus pubescells 0.90 ± 0.36 9 60 
Symphoricarpos albus 0.40 ± 0.20 7 47 
Thalictrum sp. 0.07 ± 0.05 2 13 
Viburnum edule 0.10 ± 0.07 2 13 
Vida americana 0.03 ± 0.03 1 7 

Viola canadensis 0.27 ± 0.10 6 40 

Graminoid stratum 1.86 ± 0.69 N/A N/A 
Carex sp. 0.10 ± 0.05 3 20 
Equisetum scirpoides 0.03 ± 0.03 1 7 
Oryzopsis asperifolia 0.30 ± 0.21 3 20 
Schizachne purpurascens 0.90 ± 0.33 8 53 

Bryoid stratum 22.00 ± 7.80 N/A N/A 
Brachythecium sp. 2.87 ± 1.09 9 60 
Dicranum sp. 0.07 ± 0.05 2 13 

Hylocomium spJendens 3.97 ± 2.49 5 33 
Mnium sp. (sensu lato) 0.07 ± 0.05 2 13 
Pleurozium schreberi 13.10 ± 6.77 1 1  73 

Pti/ium crista-castrensis 2.00 ± 1.68 2 13 
Cladonia sp. 0.03 ± 0.03 1 7 

Peltigera aphthosa 0.03 ± 0.03 7 

Peltigera canina 0.07 ± 0.07 7 

1985, the average age of white spruce averaged 38, 
and the average age of black spruce was 56 years 
(D'Eon and Power 1989). There was no tree regen
eration in 33 of the 36 (1 x l  m) quadrats examined. 
The other three quadrats had 5 balsam fir and 
1 black spruce seedling. 

The development of each stratum and most 
abundant species is summarized in Table l3. The 
forb flow shrub stratum was well-developed, while 
the other understory strata were more open. The 
medium shrub stratum was patchy, with a low 
mean cover and a moderately low frequency value 
among quadrats. In contrast, the graminoid stra
tum was even but sparse, with a low mean cover 
but a high frequency value. The mean cover of 
mosses, liverworts and lichens was low, likely due 
to smothering by the leaf -fall from aspen and the 
understory forbs. Linnaea borealis weakly domi
nated the forb and low shrub stratum, with a 
moderate cover and high frequency value. A small 
group of mesophytic forbs (Fraga ria virginiana, 
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Table 13. Cover of substrate type and cover and frequency of the most abundant species by stratum for 
Duck Mountain Provincial Park. Values are means ± standard error of mean. 

Mean cover Freguency 
Substrate/vegetation cover (%) Count % 

Substrate type 

Non-woody litter 97.61 ± 0.49 N/Aa N/A 
Woody litter 2.40 ± 0.48 N/A N/A 

Vegetation strata 

Mid-shrub stratum 5.14 ± 3.03 N/A N/A 
Picea mariana 3.89 ± 2.74 2 6 
Abies balsa mea 2.59 ± 1.52 5 14 

Forb/lower shrub stratum 53.92 ± 3.64 N/A N/A 
Aralia nudicaulis 1.39 ± 0.99 3 8 
Aster sp. 2.81 ± 0.56 30 83 
Astragalus alpinus 1.87 ± 0.84 12 33 
Comus canadensis 1.52 ± 0.33 22 61 
Fragaria virginiana 7.28 ± 1.30 28 78 
Lathyrus sp. 5.48 ± 1.57 22 61 
Linnaea borealis 14.26 ± 3.11 32 89 

a Not applicable. 
b Not estimated within the physiognomic class. 

Lathyrus ochroleucus Hook., Mertensia paniculata, 
and Petasites palmatus) provided much of the 
remaining cover in the stratum. Low spruce boughs 
provided much of the foliage in the low shrub 
stratum. The graminoid stratum was dominatedby 
Elymus innovatus Beal. 

Relative to the other plots, the average vascular 
species/form richness was high, while the value of 
McIntosh's index of diversity and the variability 
among quadrats (mean city-block distance to 
centroid) were moderately high (Table 2). 

Monitoring concerns 

The moderately high variability among quad
rats would complicate the detection of vegetation 

Nutrient Assessment 

The nutrient status of a conifer may be assessed 
using critical or adequate foliar concentrations sug
gested in the literature (Ingestad 1959, 1960; Swan 
1970; Weetman and Fournier 1982; Morrison 1974; 
Weetman et al. 1985). Many critical concentrations 
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Mean cover Freguency 
Substrate/vegetation cover (%) Count % 

Maianthemum canadense 1.56 ± 0.42 19 53 
Mertensia panieulata 4.98 ± 1.33 21 58 
Orthilia secunda 0.30 ± 0.15 13 36 
Petasites paLmatus 3.98 ± 0.72 30 83 
Picca mariana 1.39 ± 0.99 2 6 
Pyrola asarifolin 1.31 ± 0041 13 36 
Rosa acicularis 2.06 ± 0.77 14 39 
Rubus pubescens 1.81 ± 0.60 1 1  31 
Viola rugulosa 1.04 ± 0.45 13 36 

Graminoid stratum 4.77 ± 0.94 N/A N/A 
Elymus innovatus 4.54 ± 0.93 32 89 
Schizachne purpurascens 0.31 ± 0.18 15 42 

Bryoid stratum _b N/A N/A 
Hypnum sp. 0.28 ± 0.11 14 39 
Pleurozium schreberi 0.26 ± 0.12 10 28 

change. Early seral hardwoods in the forest canopy 
will gradually die, leaving canopy gaps that allow 
light to reach the forest floor until coniferous cano
pies close in. The decreasing return of deciduous 
leaf litter each autumn will change patterns of 
nutrient cycling and availability, and reduce smoth
ering of low growing mosses, liver-worts, and 
lichens. The absence of late seral tree species in the 
lower canopy and understory suggest that the rate 
of succession may decline after the hardwoods 
have disappeared. The high initial rate of succes
sion would complicate the recognition of acid 
precipitation impacts. 

RESULTS AND DISCUSSION 

for conifers are based on seedlings grown under 
controlled conditions. In pot experiments under 
controlled conditions, roots will use the entire pot
ted soil and take up available nutrients quickly, 
resulting in relatively high concentrations in the 
foliage of nutrient stressed seedlings (Waring and 
Youngberg 1972; Spencer and Freney 1980). 
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Nutrient stressed seedlings may also have higher 
nutrient concentrations than stressed mature trees 
because of their smaller biomass. Critical ranges are 
often higher than the observed foliar concentrations 
of mature conifers in the field because of these 
factors (Waring and Youngberg 1972). 

A more reasonable assessment of the nutrient 
status of trees may be based on ranges of uncer
tainty. This approach recognizes that secondary 
limitations (e.g., climate and other nutrients) affect 
nutrient requirements. For example, tree growth 
rates may not respond to N additions and those that 
do may not be solely regulated by N (Everard 1973; 
Stone 1983). 

Nitrogen 

The N concentrations in current-year conifer 
needles were similar among species (Tables 14 and 
15), did not vary among sites, and were within 
ranges reported for mature trees of each species 
(e.g., Van Groenewoud 1965; Weetman and 
Fournier 1982; Hom and Oechel 1983; Hogan and 
Wotton 1984; Stark 1983; Weetman and Fournier 
1984; Gordon and Van Cleve 1987). These N concen
trations were lower than the critical or adequate 
levels reported by Swan (1970), Morrison (1974), 
Weetrnan and Fournier (1982), and Weetrnan et al. 
(1985); however, they were generally within the 
range of uncertainty (between 10 and 15 g N kg-I) 
reported for many pine and spruce species 
including lodgepole pine (Everard 1973). 

Maximum foliar N concentrations generally 
occur early in the growing season U une and early 
July). Levels decrease (as reserves are depleted and 
demand remains high) to a minimum in August 
(Waring and Youngberg 1972; Morrow and Timmer 
1981). They subsequently increase until dormancy 
sets in, and then remain stable (Van Den Driessche 
1974). Morrison (1974) recommended sampling 
foliage during the dormant period in order to mini
mize variability. Sampling in late July or early 
August, however, may provide a more biologically 
meaningful characterization of N status (Van Den 
Driessche 1974). All but three of the ARNEWS col
lections were made in late July or early August 
when N concentrations were probably atan annual 
low, thus seasonal patterns of foliar N concentration 
may have contributed to the apparent low values at 
some ARNEWS sites. Tree foliage was collected 
from the Gregoire Lake Provincial Park site in 
October, from Hudson Bay in September and from 
Grande Prairie in late June. 
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The N concentration of the l-year-old white 
spruce needles were lower than the N concentra
tion of the current-year needles, but the differences 
were <10% except for white spruce at Prince Albert 
National Park (Table 14). There was no difference in 
N concentrations between current- and l-year-old 
needles of black spruce or of lodgepole pine (Tables 
14 and 15). The N concentrations of jack pine 
needles, however, tended to be higher in the l-year
old needles compared to the current-year needles. 
There does not appear to be any general trend 
among the ARNEWS plots with respect to needle 
age-class of the coniferous species. Hom and Oechel 
(1983) found N levels decreased with increasing 
needle age-class of black spruce but remained 
within 10% of the current-year foliage N concentra
tions (maximum N concentration) for the first eight 
needle-age classes. 

The N concentration of aspen leaves at Prince 
Albert National Park and Duck Mountain (Table 14) 
were similar to concentrations observed in aspen 
from western North America sampled in mid- to 
late summer Uohnston and Bartos 1977; McColl 
1980). No critical values for N concentrations in 
aspen leaves have been reported in the literature, 
although a critical value of 20 g kg-! has been used 
to assess the N status of eastern cottonwood 
(Populus deltoides Bartr.) (Blackmon 1977). 

Nitrogen concentrations in aspen leaves are 
higher than in coniferous needles (Table 14). Mid
to late-summer N levels in aspen leaves are in the 
20 to 28 g kg-! range (Verry and Timmons 1976; 
McColl 1980; Flanagan and Van Cleve 1983; Bernier 
1984); however, considerable variation in N concen
trations of aspen leaves occur during the growing 
season. Nitrogen concentrations peak early in the 
growing season in young leaves and decrease 
steadily during the active growth stage (McColl 
1980). Concentrations remain constant when leaves 
are completely developed during late summer and 
early autumn (Duvigneaud and Denaeyer-De Smet 
1970). During autumn senescence N concentrations 
decrease further due to translocation of N from the 
leaves to the twigs (Taylor and Parkinson 1988). 
Late summer to early autumn has been widely 
accepted as the most appropriate sampling time for 
deciduous trees because the concentrations are 
relatively stable. This may not be the most suitable 
time biologically because translocation of mobile 
elements such as N occurs and physiological 
demand is low (McColl 1980). 
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Table 14. Total nitrogen concentration (g kg-i) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Variable GP 

LFH 21.4 ± 5.6 

Picea glauca (C)b 12.7 ± 1.7 

Picea glauca (P)' 11.8 ± 1.6 

Picea mariana (C) 12.3 ± 1.8 

Picea mariana (P) 12.1 ± 1.5 

Populus tremulaides 
Comus canadensis 12.4 ± 2.5 

Petasites palmatus 21.3 ± 3.0 

Linnaea borealis 12.2 ± 2.8 

Rubus pubescens 17.4 ± 2.6 

Pleurozium schreberi 14.1 ± 2.9 

Viburnum edule 13.9 ± 1.4 

GLPP 

14.0 ± 1.6 

11.8 ± 2.5 
d 

24.7 ± 1.5 

9.8± 0.7 

Sitea 

PANP 

21.4 ± 3.4 

12.4 ± 2.2 

10.4 ± 1.5 

21.5 ± 3.0 

14.3 ± 0.7 

16.9 ± 1.4 

15.4 ± 1.6 

HB DM 

15.7 ± 1.9 21.0 ± 1.8 

12.8 ± 0.3 11.6 ± 2.0 

12.0 ± 0.7 10.9 ± 1.7 

10.9 ± 1.1 

10.8 ± 0.8 

21.7 ± 0.8 

a GP 0;:: Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta; PANP =; Prince Albert National Park, Saskatchewan; 
HB := Hudson Bay, Saskatchewan; OM = Duck Mountain, Manitoba. 

b e  := current year's needles. 
c P ;:; previous year's needles. 
d No samples collected. 

Table 15. Total nitrogen concentration (g kg-i) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

Sitea 
Variable CHPP WLNP RMH MLPP WSPP SU JP 

LFH 10.9 ± 5.2 15.9 ± 5.6 11.1 ± 3.2 14.6 ± 6.2 9.0± 2.8 11.2 ± 3.1 13.6 ± 7.6 

Pine (C)b 9.6 ± 0.7 11.3 ± 1.0 8.5
d 

10.8 ± 1.6 12.0± 1.4 10.3 ± 2.2 11.6 ± 1.3 

Pine (P)' 9.8 ± 1.0 11.0 ± 1.5 11.8
d 

12.4 ± 0.7 12.3 ± 1.0 11.2 ± 0.9 13.0 ± 0.9 

Calamagrostis rubescens 11.3 ± 1.0 
_e 

Hieracium albifIorum 13.5 ± 2.0 

Aster conspicuus 17.2 ± 2.1 

Berberis repens 15.6 ± 2.5 

Vaccinium myrtiIloides 8.5 ± 1.0 10.0 ± 2.5 

Vaccinium vitis-idaea 7.6 ± 1.7 8.4 ± 0.6 

Linnaea borealis 7.0 ± 0.8 

Arctostaphylos uva-ursi 8.9 ± 1.0 

Cladonia mitis 3.5 ± 0.8 

a CHPP = Cypress Hills Provincial Park, Alberta; WLNP = Waterton Lakes National Park, Alberta; RMH = Rocky Mountain House, 
Alberta; MLPP = Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP = Jenpeg, Manitoba. 

b Current year's needles of Pinus contorta for CHPP, WLNP, and RMH andP. banksiana for MLPP, WSPP, SU, andJP. 
C Previous year's needles of P. contorta for CHPP, WLNP, and RMH and P. banksia.na for MLPP, WSPP, SU, andJP. 

d Only two samples collected. 
e No samples collected. 
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Nitrogen concentrations in the understory spe
cies at the ARNEWS plots were generally <20 g kg-! 
(Tables 14 and 15). Comus canadensis from Gregoire 
Lake Provincial Park, however, had an N concen
tration twice that of C. canadensis from Grande 
Prairie and Prince Albert National Park. This was 
probably due to either year-to-year variations or 
within-year variations. The Gregoire Lake Provin
cial Park samples were collected in early June, 1988, 
compared to late July-early August of 1985 for the 
Grande Prairie and Prince Albert National Park 
samples. Nitrogen concentrations of many boreal 
species decline over the growing season (Grigal et 
al. 1976; Chapin et al. 1980). 

The N concentration of Linnaea borealis sampled 
at the Meadow Lake Provincial Park jack pine plot 
(Table 15) was considerably lower than the N con
centrations of L. borealis sampled at two white 
spruce plots (Gregoire Lake Provincial Park and 
Grande Prairie, Table 14). The total N concentra
tions of the surface organic horizon (LFH) showed 
a similar pattern and may be an indication of the 
generally higher nutrient status of white spruce 
sites compared to pine sites. 

Sulfur 

Mean S concentrations in the current-year 
white spruce needles did not vary among plots, and 
within plot variability it was low. The S concentra
tions of the current-year white and black spruce 
foliage at the ARNEWS plots (Table 16) were at the 
low end of the range of S concentrations reported 
for spruce. Reported S concentrations ranged from 
0.58 g kg-! in mature spruce of west-central Alberta 
(Maynard 1990) to 1.90 g kg-! in Engelmann spruce 
(Picea engelmannii Parry) seedlings (Beaton, Brown, 
Speer, MacRae, McGhee, Moss, and Kosick 1965). 

The S concentrations in current-year pine nee
dles (lodgepole and jack pine) at 6 ofthe 7 ARNEWS 
sites were similar to S concentrations in spruce 
(Table 17). Sulfur concentrations at the Rocky 
Mountain House ARNEWS plot tended to be 
slightly higher. The S concentrations of the pine 
foliage at the Cypress Hills Provincial Park, 
Waterton Lakes National Park, Meadow Lake 
Provincial Park, and Suwannee ARNEWS pine 
plots were at the low end and Jenpeg, Whiteshell 
Provincial Park, and Rocky Mountain House were 
at the midrange of S concentrations reported by 
others (Beaton, Brown, Speer, MacRae, McGhee, 
Moss, and Kosick 1965; Will and Youngberg 1979; 
Addison et al. 1984; Hogan and Wotton 1984; 
Legge et al. 1988; Maynard 1990). Reported S 
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concentrations in pine ranged from 0.5-D.8 g kg-! in 
mature lodgepole pine on pumice soils in central 
Oregon (Will and Youngberg 1979) to 1.0-1.3 g kg-! 
in l-year-old jack pine needles from the Flin Flon 
area of Manitoba (Hogan and Wotton 1984). Sulfur 
concentrations in 3- to 6-year-old seedlings were as 
high as 2.1 g kg-! (Beaton, Brown, Speer, MacRae, 
McGhee, Moss, and Kosick 1965). 

Differences in S concentrations between 
current-year and l-year-old pine foliage were <10% 
(Table 17). Similar differences were made among 
age-classes of lodgepole x jack pine hybrids in 
Alberta with S concentrations of l-year-old needles 
reaching 94% of current-year needles S concentra
tions (Legge et al. 1988). 

Sulfur nutrition has received very little atten
tion in North America (Weetrnan et al. 1985), and as 
such there is little information on S requirements of 
forest tree species. Fertilization trials in west-central 
Alberta included S; however, the results were 
inconclusive regarding the S requirements oflodge
pole pine (Yang 1985a, 1985b). Foliar S concentra
tions of 1.1 g kg-! in Norway spruce (Picea abies [L.] 
Karst.) and 0.4-1.5 g kg-! in Scots pine (Pinus 
sylvestris L.) were considered S deficient in solution 
culture studies (Ingestad 1959, 1960). 

Year-to-year (temporal) variability in foliar 
nutrient concentrations can be high (e.g., Everard 
1973; Van Den Driessche 1974; Maynard 1990). Van 
Den Driessche (1974) indicated annual variations in 
nutrient concentrations between years (variation in 
foliar concentrations taken in the same months in 
different years) could be in the order of 15-40% of 
the highest level measured, depending upon the 
nutrient. Decreases in S concentrations of between 
25 and 40% (based on highest concentration) were 
observed in the foliage of spruce and lodgepole 
pine in west-central Alberta between 1981 and 1985 
and was thought to be related to climatic conditions 
(Maynard 1990). Climatic conditions in the year 
prior to sampling and the year of sampling appears 
to play an important role in the variation of nutrient 
concentrations between years (Leaf et aL 1970). The 
interpretation of foliar nutrient data, particularly S, 
must be done with extreme care because year-to
year variation in conifer needles could be as high as 
25-40%. 

The S concentrations of aspen leaves at Prince 
Albert National Park and Duck Mountain were 
almost double the S concentrations in conifer 
needles (Table 16). There was no difference in the 
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Table 16. Total sulfur concentration (g kg" ) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Variable GP 

LFH 1.32 ± 0.30 

Picea glauca (C)b 
0.66 ± 0.22 

Picea glauca (P)' 0.63 ± 0.10 

Picea mariana (C) 0.76 ± 0.08 

Picea mariana (P) 0.70 ± 0.08 

Populus tremu/oides 
Cornus canadensis 1.41 ± 0.34 

Petasites palmatus 3.80 ± 1.47 

Linnaea borealis 0.89 ± 0.09 

Rubus pubescens 1.54 ± 0.25 

Pleurozium schreberi 1.12 ± 0.16 

Viburnum edule 0.83 ± 0.09 

GLPP 

4.77 ± 1.31 

0.69 ± 0.10 
d 

2.71 ± 0.35 

0.92 ± 0.12 

PANP 

1.68 ± 0.26 

0.69 ± 0.07 

0.56 ± 0.07 

1.30 ± 0.08 

2.25 ± 0.35 

6.93 ± 2.82 

2.24 ± 0.24 

HB 

1.62 ± 0.15 

0.74 ± 0.04 

0.68 ± 0.04 

DM 

1.58 ± 0.13 

0.71 ± 0.05 

0.64 ± 0.04 

0 72 + 0.06 

0.69 ± 0.07 

1.41 ± 0.17 

a GP = Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta; PANP = Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM = Duck Mountain, Manitoba. 

b e  = current needles. 
c P = previous year's needles. 
d No samples collected. 

Table 17. Total sulfur concentration (g kg-I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

Sitea 
Variable CHPP WLNP RMH MLPP wspp SU JP 

LFH 0.69 ± 0.28 1.14 ± 0.13 1.10 ± 0.19 0.97 ± 0.47 0.76 ± 0.24 0.88 ± 0.16 0.71 ± 0.28 

Pine (C)b 0.61 ± 0.03 0.67± 0.04 0.99 ± 0.14 0.67 ± 0.08 0.85 ± 0.10 0.77 ± 0.06 0.81 ± 0.05 

Pine (P)c 0.68 ± 0.11 0.72 ± 0.05 1.00d 0.67 ± 0.07 0.78 ± 0.03 0.70 ± 0.05 0.77 ± 0.10 

Calamagrostis rubescens 1.03 ± 0.29 
_e 

Hieracium aibiflorum 0.83 ± 0.10 

Aster conspicuus 1.07 ± 0.18 

Berberis repens 1.19 ± 0.11 

Vaccinium myrtilloides 0.88 ± 0.10 1.10 ± 0.05 

Vaccinium vitis-idaea 0.78 ± 0.06 0.89 ± 0.11 

Linnaea borealis O.77 ± 0.06 0.54 ± 0.04 

Arctostaphylos uva-ursi 0.56 ± 0.05 

Cladonia mitis 0.40 ± 0.03 

a CHPP = Cypress Hills Provincial Park, Alberta; WLNP = Waterton Lakes National Park, Alberta; RMH = Rocky Mountain House, 
Alberta; MLPP = Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP = Jenpeg, Manitoba. 

b Current needles of Pinus contorIa for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, and W. 
e Previous year's needles of P. contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, andJP. 
d Only two samples collected. 
e No samples collected. 
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aspen S concentrations between plots and the 
values were similar to the few reported S concen-, 
trations in aspen foliage (Kimmins et aL 1985; Sidhu 
and Feng 1990), Lower S concentrations for aspen 
in north-central Minnesota were reported; how
ever, the foliage and wood of the aspen were com
bined (Knighton 1982), Woody material generally 
contains much lower nutrient concentrations than 
foliage (Van Den Driessche 1974), 

Petasiles palmalus (Ail-) k Gray had the highest 
S concentration of any understory species sampled 
(Table 16), The S concentrations of Comus canadensis 
sampled at Gregoire Lake Provincial Park and 
Prince Albert National Park were also relatively 
high and were similar to concentrations reported 
for C canadensis in Minnesota (Knighton 1982), The 
S concentrations of P. palmatus, C canadensis, and 
Rubus pubescens sampled at Grande Prairie were 
about 40% lower than those sampled at Gregoire 
Lake Provincial Park and Prince Albert National 
Park. The total extractable S concentrations of the sur
face organic horizons were also lower at the Grande 
Prairie plot (fable 18), In contrast, the S concentrations 
of Linnaea borealis were similar between Grande 
Prairie and Gregoire Lake Provincial Park. 

SpeCies adapted to infertile soils respond much 
less to favorable and fertile conditions than do 
faster-growing species because the slow growth 
habit of species adapted to infertile sites is already 
near optimal (Chapin 1980; Chapin et aL 1986; 
Grimshaw and Allen 1987l- Linnaea borealis is a 
species usually associated with infertile soils and as 
such may not be as sensitive to changes in fertility 
as species characteristic of more nutrient-rich soils 
such as P. palmatus, 

The total S concentrations in the mineral soils 
(Tables 19 and 20) were 10 times less than the S 
concentrations in the LFH (Tables 16 and In Cation 
leaching is usually associated with mobile anions, 
such as N03 and SO.'-, which act as counterions 
(Jolmson et aL 1983), Mineral soils with low pH 
« 6.0) contain appreciable amounts of hydrous 
oxides of Fe and Al or clay colloids, which could 
adsorb S04'-. Soil adsorption of SO.,-tends to slow 
leaching through the soil profile until the S04'
adsorption capacity is saturated. The mineral soils 
of the ARNEWS plots had low extractable and total 
S concentrations and could potentially adsorb con
siderable S. Coarse textured soils of the jack pine 
sites were an exception because they had low anion 
adsorbing capacities. Increased acid inputs to these 
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soils could result in increased cation losses by 
leaching, 

Phosphorus 

Phosphorus concentrations in the current-year 
needles of white spruce varied among plots more 
than N concentrations. The P concentration of 
white spruce needles at Prince Albert National Park 
was almost double the P concentration in the 
needles sampled at Gregoire T .ake Provincial Park 
(Table 21). The reason for the lower P concentration 
of white spruce at Gregoire Lake Provincial Park is 
not known. The P concentrations of the current
year white spruce foliage for all plots except 
Gregoire Lake Provincial Park were within the 
range of P concentrations reported in the literature 
(1.35-1.46 g kg-' and 2.0-2.7 g kg-I, Kimmins et aL 
1985; 1.55-2.44 g kg-I, Van Cleve and Zasada 1976). 
Critical P concentrations for white spruce between 
1.4 and 1.8 g P kg-' have been suggested (Morrison 
1974). The uncertain range reported for other 
spruce species (Norway and sitka [Picea sitchensis 
(Bong.) Carr.]) was also 1.4-1.8 g kg-' (Everard 
1973). 

There was very little variation in foliar pine P 
concentrations among plots (Table 22). Phosphorus 
concentrations of the pine were about 30% lower 
than P concentrations in white spruce (except white 
spruce P concentrations at Gregoire Lake Provincial 
Park) and were at the low end of the range for P 
concentrations of pine reported by others (0.9-1.9 g 
kg" , Beaton, Brown, Speer, MacRae, McGhee, Moss, 
and Kosick 1965; 1.4-1.7 g kg-I, Will and Youngberg 
1979; 1.1-1.4 g kg-l, Hogan and Wotton 1984; 1.0-1.5 
g kg-I, Kimmins et aL 1985; 1.5 g kg-I, Legge et aL 
1988). The uncertain range for P in lodgepole pine 
foliage was 1.2-1.5 g kg-' (Everard 1973). Other 
critical values for pine reported in the literature 
include 0.7-1.0 g kg-I, 1.0-1.7 g kg-I, 1.4-1.8 g kg-I, 
and 0.9-1.5 g kg-' (Morrison 1974; Weetman et aL 
1985). 

The 1-year-old needles of the conifer species 
had lower P concentrations than the current-year 
needles (Tables 21 and 22). The decrease was large 
in comparison to the relatively small decrease in N 
concentration between current- and 1-year-old 
needles. Similar patterns between current- and 1-
year-old foliage have been observed for black 
spruce (Hom and Oeche1 1983) and for lodgepole x 
jack pine hybrids (Legge et al. 1988). Higher P con
centrations in current-year needles reli\tive to older 
tissue was thought to be due to higher metabolic 
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Table 18. Organic matter content, pH, cation exchange capacity (CEC), 1.0 M NH.Ci exchangeable 
calcium, magnesium, sodium, potassium, manganese, aluminum, and iron (air-dried samples), 
0.01 M NH.Ci extractable sulfur (field moist samples), and % base saturation in the surface 
organic horizon of the white spruce ARNEWS sites. Values are means ± standard deviation. 

Sitea 
Parameter GP GLPP PANP HB OM 

Organic matter (%) 88± 3 50 ± 11 80 ± 9 74 ± 14 80± 6 

pH (range) 4.5 (4.1-4.7) 6.5 (5.9-7.0) 5.0 (4.2-5.8) 6.2 (5.5-6.9) 6.0 (5.7-6.5) 

CEC (cmol(+) kg-I) 46.6 ± 10.0 112.0 ± 17.0 74A ± 6.9 96.4 ± 18.8 67.8 ± 9.3 

Calcium (cmol(+) kg-I) 36.9 ± 12.8 97.6 ± 16.8 59.4 ± 12.4 75.7 ± 11.8 47.3 ± 17.8 

Magnesium (cmol(+) kg-I) 6.8 ± 1.5 17.1 ± 3.0 13.3 ± 2.1 29.4 ± 7.0 12.3 ± 14.5 

Sodium (cmol(+) kg-I) 0.09 ± 0.06 1.13 ± 0.30 0.04 ± 0.05 0.05 ± 0.01 0.11 ± 0.15 

Potassium (cmol(+) kg-I) 2.9 ± 1.1 0.2± 0.1 5.9 ± 2.4 2.2± 1.1 3.8 ± 1.6 

Base saturation (%) 100 100 100 100 94 

Sulfur (cmol(+) kg-I) 0.34 ± 0.17 1.02± 0.76 1.06 ± 0.42 0.31 ± 0.13 0.48 ± 0.30 

Manganese (mg kg-I) 759 ± 81 5 ± 2  308 ± 57 58 ± 27 178 ± 33 

Aluminum (mg kg-I) 22 ± 15 28 ± 8 18 ± 2 32 ± 7 18 ± 2 

Iron (mg kg- ) 4 ±  2 7 ±  3 3 ±  1 8 ±  4 1 ±  1 

a GP = Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta (the GLPP site had a 34 em organic layer; the layer 
sampled was 1O-D em); PANP = Prince Albert National Park, Saskatchewan; HB = Hudson Bay, Saskatchewan; OM = Duck Mountain, 
Manitoba. 

Table 19. Total elemental concentrations in the mineral soils of the white spruce ARNEWS sites. Values 
are means ± standard deviation. 

Element (g kg-I ) 
Site Calcium Magnesium Potassium Manganese Aluminum Iron Phosphorus Sulfur 

Grande Prairie 

Ae 2.15 ± 0.22 2.85 ± 0.28 12.3 ± 0.8 0.27± 0.05 35.9 ± 1.5 13.4 ± 1.8 0.44 ± 0.07 0.04 ± 0.01 

AB 2.80 ± 0.79 4.49 ± 1.69 13.7 ± 2.8 0.23 ± 0.04 47.0 ± 14.5 20.2 ± 5.5 0.47 ± 0.06 0.05 ± 0.04 

Btgj 3.36 ± 0.77 5.25 ± L79 14A ± 2.6 0.22 ± 0.03 52.4 ± 145 22.0 ± 5.2 0.45 ± 0.05 0.06 ± 0.04 

Gregoire Lake Provincial Park 

Bg 9.14 ± 2.77 5.63 ± 1.14 13.2 ± 0.8 0.28 ± 0.03 46.9 ± 3.9 18.1 ± 1.1 051 ± 0.07 0.35 ± 0.24 

Cg 6.55 ± 0.68 5.38 ± 0.44 13.8 ± L5 0.24 ± 0.05 50.2 ± 3.6 20.6 ± 1.7 051 ± 0.08 0.15 ± 0.08 

Cg 7.14 ± 4.17 6.04 ± L89 125 ± 0.3 0.23 ± 0.06 485 ± ILl 20.8 ± 1.3 OA8± 0.07 0.22 ± 0.08 

Prince Albert National Park 

Aegl 7.97 ± 0.39 3.01 ± 0.62 14.3 ± 1.4 0.20 ± 0.01 40.5 ± 3.7 10.5 ± 1.3 0.26 ± 0.05 0.02 ± 0.01 

Aeg2 7.85 ± 0.29 2.90 ± 0.15 13.8 ± 05 0.20 ± 0.02 39.5 ± 0.9 11.2 ± 0.8 0.29 ± 0.04 0.02 ± 0.01 

Bg 7.82 ± 0.28 3.15± 058 13.9 ± 0.9 0.20 ± 0.03 40.7 ± 2.6 1L6 ± 2.6 0.26 ± 0.06 0.02 ± 0.01 

Hudson Bay 
Ah 15.40 ± 2.70 8:73 ± 1.17 14.6 ± 0.7 0.56 ± 0.04 525 ± 3.0 22.9 ± 1.8 0040 ± 0.Q9 0.22 ± 0.12 

Bm 49.30 ± 37.90 26.20 ± 17.10 13.0 ± 2.6 0.40 ± 0.09 44.6 ± 105 20.6 ± 4.2 0.39 ± 0.07 0.02 ± 0.02 

Ck 103 ± 16 57.00 ± 10.20 9.4± LO 0.30 ± 0.08 31.1 ± 5.0 14.2 ± 2.4 0.36 ± 0.08 <0.01 

Duck Mountain 

Ahea 7.96 3.02 115 0.67 32.2 11.8 0.27 0.16 

Bt 7.55 ± 0.94 4.90 ± 0.86 13.2 ± 0.9 0.79 ± 0.10 42.8 ± 3.8 21.3 ± 4.5 0.21 ± 0.07 0.04 ± 0.03 

BC 1L50 ± 052 7.62 ± 3.47 12.9 ± 0.6 0.95 ± 0.13 45.8 ± 2.3 25.4 ± 4.3 0.33 ± 0.13 0.07 ± 0.04 

a Only 1 sample analyzed for this horizon. 
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Table 20. Total elemental concentrations in the mineral soils of the pine ARNEWS sites. Values are means 
± standard deviation. 

. ! Element (g kg' 1 
Site Calcium Magnesium Potassium Manganese Aluminum Iron Phosphorus Sulfur 

Cypress Hills Provincial Park 
Ae 4.36 ± 2.17 2.72 ± 1.16 16.4 ± 5.1 0.83 ± 0.53 

Bm 3.06 ± 0.41 4.14± 0.81 15.3 ± 1.3 0.18 ± 0.02 

Be 3.30 ± 0.36 5.0S ± 0.S3 15.6± 0.9 0.20 ± 0.05 

Watertoo Lakes National Park 
Ae 4.62 ± 2.10 9.10 ± 1.55 18.3 ± 2.0 0.58 ± 0.44 

Bm 4.80 ± 2.50 9.86 ± 1.66 19.0 ± 1.1 0.60 ± 0.39 

Be 3.90 ± 1.78 9.59 ± 1.19 19.6 ± 1.3 0.45 ± 0.18 

Rocky Mountain House 
Ae 3.39 ± 1.41 3.42 ± 0.43 12.1 ± 0.6 0.32 ± 0.26 

B12 3.02 ± 1.96 3.80 ± 0.43 12.6 ± 1.8 0.19 ± 0.06 

lIBA 1.67 ± 0.36 3.82 ± 0.43 11.7 ± 0.9 0.15 ± 0.08 

Meadow Lake Provincial Park 
Ah(e) 4.81 ± 0.45 1.12 ± 0.03 11.5 ± 0.2 0.76 ± 0.48 

Bm! 4.24 ± 0.24 1.15 ± 0.16 11.6 ± 0.5 0.26 ± 0.06 

Bm2 4.24 ± 0.10 1.16 ± 0.09 11.8 ± 0.5 0.21 ± 0.04 

Be 4.30 ± 0.11 1.42 ± 0.11 11.9 ± 0.2 0.13 ± 0.03 

Whiteshell Provincial Park 
Ahe 9.39 ± 0.27 1.10 ± 0.15 25.1 ± O.S 0.88 ± 0.37 

Bm! 10.00 ± 0.60 1.85 ± 0.44 24.3 ± 1.1 0.14 ± 0.03 

Bm2 10.30 ± 0.30 1.92 ± 0.12 25.0 ± 1.4 0.12 ± 0.02 

Jenpeg 

Ae 7.79 ± 0.92 2.17 ± 0.57 13.0± 0.6 0.18 ± 0.07 

Bm 8.14 ± 0.39 2.58 ± 0.12 13.5 ± 1.3 0.12 ± 0.02 

Be 8.83 ± 0.74 2.S0 ± 0.36 12.9 ± 0.3 0.14 ± 0.02 

Suwannee 

Ae 10.70 ± 0.80 3.28 ± 0.36 16.1 ± 0.5 0.23 ± 0.04 

Bm 1 1.40 ± 1.70 4.00 ± 0.98 16.0 ± 0.6 0.22 ± 0.06 

Be 12.80 ± 1.20 4.47 ± 0.64 16.3 ± 0.6 0.26 ± 0.06 

levels or increased phospholipids in current-year 
needles (Hom and OecheI 1983). 

The concentration of P in aspen leaves at Duck 
Mountain and Prince Albert National Park were 
similar to P concentrations in current-year white 
spruce sampled at the same plots (Table 21). Phos
phorus concentrations of aspen leaves sampled in 
mid- to late-summer reported by others ranged 
considerably from 1.4-2.6 g kg-! (Johnston and 
Bartos 1977; Bartos and Johnston 1978; Bernier 
1984). The P concentrations of aspen leaves from the 
ARNEWS plots were within this range. 

30 

45.0 ± 5.1 12.1 ± 4.4 

48.6 ± 5.1 17.0± 3.0 

53.2 ± 5.4 20.4 ± 2.4 

45.2 ± 4.2 18.S ± 3.0 

46.8 ± 3.0 20.4 ± 2.5 

46.0 ± 3.3 20.2 ± 1.8 

50.2 ± 2.6 19.5 ± 3.4 

52.2 ± 6.9 21.0 ± 5.1 

46.8 ± 5.2 23.4 ± 4.9 

26.2 ± 0.7 6.0 ± 0.5 

26.7 ± 1.2 6.5 ± 0.8 

27.5 ± 1.0 6.5 ± 0.5 

28.5 ± 1.0 7.4 ± 0.4 

52.5 ± 2.5 5.9 ± 0.6 

54.6 ± 1.6 9.0 ± 1.3 

55.7 ± 1.2 9.5 ± 1.0 

35.0 ± 6.3 8.4 ± 3. 1  

40.5 ± 1.4 10.0 ± 1.2 

37.0 ± 5.4 10.1 ± 1.4 

37.4 ± 2.6 14.0 ± 3.1 

41.6 ± 9.3 16.9 ± 5.7 

48.2 ± 8.0 18.0 ± 0.5 

0.25 ± 0.08 

0.26 ± 0.06 

0.30 ± 0.04 

O.4S ± 0.09 

0.53 ± 0.08 

0.47 ± 0.04 

0.69 ± 0.17 

0.59 ± 0.06 

0.50 ± 0.06 

0.30 ± 0.04 

0.35 ± 0.03 

0.35 ± 0.06 

0.33 ± 0.05 

0.25 ± 0.05 

0.30 ± 0.06 

0.30 ± 0.03 

0.15 ± O.OS 

0.22 ± 0.03 

0.24 ± 0.06 

0.30 ± 0.02 

0.57 ± 0.20 

0.55 ± 0.09 

O.OS ± 0.04 

0.08 ± 0.02 

O.OS ± 0.02 

0.11 ± 0.05 

0.11 ± 0.07 

0.09 ± 0.05 

0.14 ± 0.03 

0.13 ± 0.02 

0.l3 ± 0.01 

0.06 ± 0.02 

0.03 ± om 
0.02 ± 0.004 

0.02 ± 0.01 

0.06 ± 0.01 

0.02 ± om 
0.02 ± 0.003 

0.02 ± 0.01 

0.02± 0.01 

0.01 ± 0.01 

om ± 0.004 

0.02 ± 0.01 

0.02 ± om 

Concentrations of P in the understory species 
at the white spruce and lodgepole pine plots were 
higher than in the conifer foliage (Tables 21 and 22). 
In contrast, the understory foliage at the jack pine 
plots were similar to the P concentrations in the jack 
pine foliage. The lower P concentrations of the jack 
pine understory species could be related to two 
factors: the poor nutrient status of these plots and 
the lower fertility requirements of certain species 
present at these nutrient-poor plots. Linnaea borealis 
at Meadow Lake Provincial Park (jack pine plot) 
contained about two-thirds the P as L. borealis from 
the two white spruce plots, Gregoire Lake 
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Table 21. Total phosphorus concentration (g kg-I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites_ Values are means ± standard 
deviation. 

Variable GP 

LFH L12± 0.30 

Picea glauca (C)b 1.46 ± 051 

Picea glauca (P)' 1.24 ± 0_32 

Picea mariana (C) 1.43 ± 0_17 

Picea mariana (P) L19 ± 0.24 

Populus tremuloides 
Comus canadensis 2.18 ± 0.44 

Petasites palmatus 4.01 ± 0.98 

Linnaea borealis 1.74 ± 0.25 

Rubus pubescens 2.80 ± 0.83 

Pleurozium schreberi 1.69 ± 0.38 

Viburnum edule 2.08 ± 054 

GLPP 

1.52 ± 0.89 

1.07 ± 0.23 
d 

5.41 ± 0.74 

1.64 ± 0.12 

PANP 

1.48 ± 0.18 

1.90 ± 0.22 

1.27 ± 0.18 

2.1O ± 0.22 

2.66 ± 0.65 

3.97 ± 1.54 

3.42 ± 0.88 

HB 

0.91 ± 0.07 

1.31 ± 0.08 

0.98 ± 0.06 

DM 

1.14 ± 0.14 

1.67 ± 0.13 

1.29 ± 0.06 

1.481. 0.04 

1.29 ± 0.06 

1.51 ± 0.10 

a GP = Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta; PANP = Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM = Duck Mountain, Manitoba. 

b e  = current year's needles. 

c P = previous year's needles. 

d No samples collected. 

Table 22_ Total phosphorus concentration (g kg-I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites_ Values are means ± standard deviation. 

Sitea 
Variable CHPP WLNP RMH MLPP wspp su IP 

LFH 0.71 ± 0.33 0.95 ± 0.09 1.09 ± 0.22 0.87 ± 0.34 0.66 ± 0.20 0.75 ± 0.17 0.67 ± 0.26 

Pine (C)b 0.92 ± 0.07 1.03 ± 0.15 1.19 ± 0.05 1.06 ± 0.14 1 . 1 3 ±  0.14 1.08 ± 0.19 1.11 ± 0.10 

Pine (P)' 0.84 ± 0.13 0.80 ± 0.03 0.99d 0.88 ± 0.11 0.97 ± 0.06 0.88 ± 0.06 0.91 ± 0.07 

Calamagrostis rubescens 1.53 ± 0.32 e 

Hieracium albiflorum 3.03 ± 056 

Aster conspicuus 452 ± 0.86 

Berberis repens 2.05 ± 0.34 

Vaccinium myrtilloides 0.98 ± 0.09 1.04 ± 0.05 

Vaccinium vitis-idaea 0.91 ± 0.11 0.94 ± 0.06 

Linnaea borealis 1.65± 0.17 1.04 ± 0.07 

Arctostaphylos uva-ursi 1.18 ± 0.08 

Cladonia mitis 0.60 ± 0.10 

a CHPP "" Cypress Hills Provincial Park, Alberta; WLNP ;:;; Waterton Lakes National Park, Alberta; RMH ;:;; Rocky Mountain House, 
Alberta; MLPP ;:;; Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU ;:;; Suwannee, 
Manitoba; JP = Jenpeg, Manitoba; 

b Current year's needles of Pinus contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, and JP. 

e Previous year's needles of P. contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, andJP. 

d Only two samples collected. 

e No samples collected. 
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Provincial Park and Grande Prairie. The same pat
tern among plots was found for N in L. borealis. This 
may be an indication of the poorer nutrient status 
of the jack pine plots. The two Vaccinium species, 
Vaccinium myrtilloides and V. vitis-idaea had P con
centrations about 1.0 g kg-I, suggesting a lower P 
requirement than other understory species at the 
more nutrient-rich white spruce plots. Vaccinium 
myrtilloides and Vaccinium vitis-idaea are generally 
found in soils with low pH, low base saturation and 
low Ca (Ingestad 1973). 

Phosphorus concentrations in Cornus canaden
sis from Gregoire Lake Provincial Park, Grande 
Prairie, and Prince Albert National Park followed 
the same pattern as for N. Phosphorus concentra
tions in C. canadensis from Gregoire Lake Provincial 
Park were double the P concentrations of C. 
canadensis from the other plots (Table 21). The P 

concentrations at Grande Prairie and Prince Albert 
National Park were in the range of P concentrations 
found in C. canadensis sampled in August (Gagnon 
et a!. 1958). Similar to N, differences in the P 
concentrations of C. canadensis among plots were 
probably due to different sampling times within 
and between years. 

Extractable P concentrations were relatively 
low in the mineral horizons of the white spruce 
plots (Table 23) in comparison to the mineral hori
zons of the jack pine plots of Meadow Lake Provin
cial Park and Suwannee (Table 24). This is in 
contrast to the lower P concentrations of the under
story foliage. The total soil P of the surface organic 
horizons, however, were lower at the jack pine 
plots. Vaccinium species are shallow rooting and 
mainly associated with the surface organic horizon, 
and hence this horizon is probably the dominant 

Table 23. Extractable P, exchangeable S, and pyrophosphate extractable iron, aluminum, and manganese 
in the mineral soils of the white spruce ARNEWS sites. Values are means ± standard deviation. 

Extractable Exchangeable 
phosphorus sulfur Pyrorhosrhate extractable (g kg-I) 

Site (mg kg-I) (mg kg!) Iron Aluminum Manganese 

Grande Prairie 

Ae 12.0 ± 5.2 1.0 ± 0.8 2.58 ± 0.60 2.31 ± 0.73 0.09 ± 0.05 
AB 1O.6 ± 8.8 1.0 ± 2.0 4.42 ± 3.28 6.59 ± 7.19 0.07 ± 0.06 
Btgj 5.1 ± 1.6 0.4 ± 0.5 6.59 ± 3.25 11.50 ± 7.02 0.04 ± 0.01 

Gregoire Lake Provincial Park 

Bg 12.0± 14.4 B.D." 1.60 ± 0.83 1.01 ± 0.58 0.03 ± 0.01 
Cg 6.3 ± 2.8 B.D. 1.03 ± 0.44 0.47± 0.31 0.02 ± 0.01 
Cg 5.2± 3.1 B.D. 1.28 ± 0.49 0.70 ± 0.40 0.01 ± 0.01 

Prince Albert National Park 

Aeg! 19.0 ± 9.5 1.0 ± 1.0 1.12 ± 0.77 1.21 ± 1.08 0.02 ± 0.01 
Aeg2 24.8 ± 11.8 0.9 ± 0.4 1.19 ± 0.60 1.20 ± 0.74 0.02 ± 0.004 
Bg 23.0 ± 26.9 1.9 ± 1.7 1.52 ± 1.02 1.60 ± 1.19 0.06 ± 0.08 

Hudson Bay 
Ah 1l.8± 3.2 B.D. 0.69 ± 0.30 0.59 ± 0.18 O.IO± 0.05 
Bm 6.7± 4.3 B.D. 0.27 ± 0.03 0.38 ± 0.03 0.02 ± 0.01 
Ck 3.3± 5.1 14.3 ± 16.8 0.24 ± 0.06 0.17± 0.06 0.02 ± 0.01 

Duck Mountain 

Ahe 18.4 ± 21.3 N.D b 1.80 ± 0.35 1.37 ± 0.48 0.39 ± 0.21 
Bt 1.0 ± 1.1 3.4 ± 2.5 10.40 ± 3.35 12.30 ± 3.71 0.21 ± 0.09 
Be 1.2 ± 1.7 6.6 ± 9.2 8.26 ± 4.38 9.02 ± 4.87 0.12 ± 0.07 

a Below detection. 
b Not determined. 
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Table 24. Extractable P, exchangeable S, and pyrophosphate extractable iron, aluminum, and manganese 
in the mineral soils of the pine ARNEWS sites. Values are means ± standard deviation. 

Extractable Exchangeable 
phosphorus sulfur 

Site (mg kg'!) (mg kg·l) 

Cypress Hills Provincial Park 

Ae 13.8 ± 3.9 4.3 ± 2.2 
Bm 8.6 ± 2.6 1.9± 0.9 
Be 14.0 ± 4.1 1.5 ± 1.2 

Waterton Lakes National Park 

Ae 26.3 ± 13.9 4.6 ± 1.7 
Bm 31.3 ± 39.9 3.1 ± 0.4 
Be 8.7± 9.8 2.4 ± 2.1 

Rocky Mountain House 

Ae 41.6 ± 22.5 5.4 ± 0.8 
Bf2 32.4 ± 23.5 4.3 ± 1.3 
IlBA 12.3 ± 3.7 3.8± 1.8 

Meadow Lake Provincial Park 

Ah(e) 47.8 ± 16.1 3.6± 0.9 
Bm! 82.4 ± 24.3 1.2 ± 0.5 
Bm2 91.5 ± 22.5 0.9 ± 0.3 
Be 76.3 ± 40.3 0.4 ± 0.3 

Whiteshell Provincial Park 

Ahe 22.0 ± 11.6 5.3 ± 1.0 
Bm! 59.7 ± 17.0 1.0 ± 0.7 
Bm2 34.9 ± 13.5 1.0 ± 0.7 

Jenpeg 

Ae 1l.4 ± 7.3 2.2 ± 0.7 
Bm 25.4 ± 11.2 2.3 ± 0.6 
Be 18.0 ± 11 .2 1.6 ± 0.6 

Suwannee 

Ae 52.8 ± 32.3 3.2± 1.7 
Bm 138.0 ± 28.0 12.2 ± 11.4 
Be 107.0 ± 40.0 4.0 ± 2.7 

nutrient source (Ingestad 1973). Thus, the low foliar 
P concentrations are consistent with the low total P 
concentrations in the surface organic horizons. 

Calcium. Magnesium. and Potassium 

The Ca concentrations of the ARNEWS white 
spruce needles (Table 25) were at the upper range 
of Ca concentrations reported for current-year nee
dles in mature white spruce (4.0--{j.3 g kg-! at sites 
in Quebec, Kimmins et al. 1985; 4--{j g kg'! at sites in 
west-central Alberta, Addison et al. 1984). These 
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P�roEhosEhate extractable (g kg'!) 
Iron Aluminum Manganese 

2.60 ± 0.95 3.76 ± 1.62 0.44 ± 0.35 
3.75 ± 1.70 7.41 ± 3.35 0.05 ± 0.03 
6.18± 2.14 12.00 ± 3.84 0.05 ± 0.04 

3.08 ± 1.78 4.04 ± 2.67 0.26 ± 0.32 
3.27 ± 1.49 4.42 ± 2.32 0.24 ± 0.25 
2.94 ± 1.26 4.33 ± 2.39 0.17 ± 0.10 

4.45 ± 1.27 7.90 ± 3.00 0.07 ± am 
4.48 ± 1.76 8.70 ± 4.62 0.03 ± 0.01 
3.69 ± 1.96 7.18 ± 4.73 0.02 ± am 

0.95 ± 0.25 0.99 ± 0.33 0.05 ± 0.04 
1.06 ± 0.17 0.97 ± 0.23 0.10 ± 0.05 
1.16 ± 0.23 1.23 ± 0.22 0.07 ± 0.02 
1.01 ± 0.12 1.14 ± 0.23 0.02 ± 0.01 

1.05 ± 0.34 1.20 ± 1.43 0.36 ± 0.27 
1.02 ± 0.23 1.64 ± 0.31 0.02 ± 0.03 
0.76 ± 0.16 1.41 ± 0.25 0.01 ± 0.002 

0.57 ± 0.43 0.60 ± 0.36 0.05 ± 0.04 
0.80 ± 0.15 1.22 ± 0.15 0.01 ± 0.002 
0.43 ± 0.25 0.75 ± 0.28 0.01 ± 0.002 

0.97 ± 0.33 1.21 ± 0.60 0.05 ± 0.03 
0.67 ± 0.19 1.64 ± 0.38 <0.01 
0.43 ± 0.24 0.98 ± 0.42 <0.01 

concentrations are more than double the upper 
critical range (1.0-1.5 g kg'!) given by Morrison 
(1974). 

The Prince Albert National Park and Duck 
Mountain plots were mixed-wood plots with con
siderable aspen present (D'Eon and Power 1989). 
Aspen enriches surface soil horizons by withdraw
ing large quantities of nutrients from the entire 
rooting profile, incorporating these nutrients into 
their biomass and returning a large portion to the 
soil surface as litter (Jones and DeByle 1985). This 

33 



Table 25. Total calcium concentration (g kg" ) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Variable GP 

LFH 11.70± 6.30 
Picea glauca (C)b 5.44 ± 1.80 
Picea glauca (P)' 7.93 ± 1.93 
Picea mariana (C) 4.73 ± 0.52 
Picea mariana (P) 7.07 ± 1.02 
Populus tremuloides 
Corn us canadensis 22.50 ± 1.80 
Petasites palrnatus 21.20 ± 1.90 
Linnaea borealis 12.20 ± 1.20 
Rubus pubescens 9.81 ± 0.78 
Pleurozium schreberi 9.90 ± 1.60 
Viburnum edule 15.00 ± 0.70 

GLPP 

31.10± 9.40 
10.20 ± 2.70 

d 

13.00 ± 0.60 

11.00 ± 0.80 

PANP 

21.00 ± 4.70 
6.92 ± 1.51 
9.27 ± 2.76 

14.00 ± 2.40 
25.20 ± 2.90 
17.00 ± 3.30 

11.90 ± 1 .60 

HB 

22.20 ± 3.30 
6.80 ± 1.06 
9.07 ± 0.84 

DM 

19.80 ± 3.10 
7.00 ± 0.30 

10.50 ± 0.60 
2.67 ± 0.82 
4.50 ± 1.68 

15.00 ± 1.10 

a GP :::: Grande Prairie, Alberta; GLPP :::: Gregoire Lake Provincial Park, Alberta; PANP = Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM :::: Duck Mountain, Manitoba. 

b C = current year's needles. 

c P = previous year's needles. 

d No samples collected. 

would make more cations available to shallower 
rooting species such as spruce. Hudson Bay had 
only a minor component of aspen-poplar but the 
plot was located on a calcareous Dark Gray 
Chernozem that contained high concentrations of 
extractable Ca throughout the solum. The Gregoire 
Lake Provincial Park plot had no aspen but had a 
30- to 40-cm surface organic layer. It appeared that 
this plot was located on a discharge area and 
probably accumulated nutrients. Total Ca concen
trations increased with increasing depth of the or
ganic horizons. The lowest Ca concentrations in the 
white spruce foliage were found at Grande Prairie; 
however, the foliar Ca levels were still at the upper 
range reported for mature white spruce (Table 25). 

The Mg concentrations of the white spruce fo
liage at the ARNEWS plots (Table 26) were at the 
mid- to upper range reported by others (0.4-1.3 g 
kg-I, Beaton, Moss, MacRae, Konkin, McGhee, and 
Kosick 1965; Phu and Gagnon 1975; Kimmins et al. 
1985). Magnesium requirements for spruce seed
lings are relatively low (0.6-1.0 g kg-I, Morrison 
1974) compared to Ca and K. 

Potassium concentrations in white spruce at 
the ARNEWS plots (Table 27) were at the upper 
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range reported for white spruce (2.6-7.3 g kg-I with 
a mean of 4.2 g kg-I, Phu and Gagnon 1975; 4.35-
6.14 g kg-I, Van Cleve and Zasada 1976; 2.04-2.36 g 
kg-I and 2.8-7.5 g kg-I, Kimmins et al. 1985). 

The black spruce current-year needles con
tained similar concentrations of Ca, Mg, and K as 
white spruce at the same plots except Ca in the 
black spruce current-year needles at Duck Moun
tain (Table 25). The Ca concentration in black spruce 
was still almost double the upper critical range 
reported for black spruce (Morrison 1974). 

The Ca concentrations of the current-year pine 
needles were at the lower end of the normal range 
reported in the literature, although concentrations 
varied considerably among the pine plots (Table 
28). Calcium concentrations reported for mature 
lodgepole and jack pine ranged from 1.5 to 3.3 g kg-I 
(Beaton, Brown, Speer, MacRae, McGhee, Moss, 
and Kosick 1965; Stark 1983; Kimmins et al. 1985). 
Critical ranges reported for Ca were 0.6-1.0 g kg-I 

for lodgepole pine (Weetrnan et at. 1985) and 0.9-1.1 
g kg-I for jack pine (Morrison 1974). 

The pine foliage contained considerably less Ca 
than white spruce foliage (Tables 25 and 28). Site 
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Table 26. Total magnesium concentration (g kg-') in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Variable GP 

LFH 1.12± 0.23 
Picea glauca (C)b 0.91 ± 0.26 
Picea glauca (P)' 0.85 ± 0.06 
Picea mariana (C) 0.97 ± 0.15 
Picea mariana (P) 0.95 ± 0.13 
Populus tremuloides 
Comus canadensis 4.91 ± 0.21 
Petasites palmatus 6.56 ± 1.08 
Linnaea borealis 2.71 ± 0.16 
Rubus pubescens 5.02 ± 0.44 
Pleurozium schreberi 1.44 ± 0.24 
Viburnum edule 2.61 ± 0.25 

GLPP 

3.42 ± 0.40 
1.05 ± 0.20 

d 

4.77 ± 0.74 

2.80 ± 0.44 

PANP 

2.29 ± 0.30 
1.15 ± 0.12 
0.92 ± 0.12 

2.46 ± 0.53 
6.35 ± 1.06 
5.95 ± 1.11 

5.52 ± 0.45 

HB 

4.52 ± 1.26 
1.27 ± 0.21 
1.11 ± 0.24 

DM 

2.48 ± 0.17 
0.96 ± 0.10 
0.91 ± 0.13 
0.86 ± 0.05 
0.84 ± 0.11 
2.79 ± 0.40 

a GP = Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta; PANP = Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM = Duck Mountain, Manitoba. 

b e  = current year's needles. 

c P = previous year's needles. 

d No samples collected. 

Table 27. Total potassium concentration (g kg-I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Variable GP 

LFH 1.68± 0.75 
Picea glauca (C)b 6.32 ± 2.07 
Picea glauca (P)' 4.79 ± 0.69 
Picea mariana (C) 6.91 ± 1.32 
Picea mariana (P) 4.89 ± 0.93 
Populus tremuloides 
Comus canadensis 12.20 ± 0.90 
Petasites palmatus 57.40 + 6 60 
Linnaea borealis 15.30 ± 1.50 
Rubus pubeseens 13.60 ± 2.50 
Pleurozium schreberi 5.67 ± 1.59 
Viburnum edule 17.00 ± 3.60 

GLPP 

0.50 ± 0.21 
3.93± 0.68 

d 

24.80 ± 2.00 

17.80 ± 1.20 

PANP 

2.48 ± 0.71 
6.70 ± 1.32 
4.14 ± 0.77 

9.66 ± 1.24 
15.00 ± 1.60 
55.80 ± 5.30 

16.20 ± 1.70 

HB 

1.28 ± 0.31 
5.95 ± 1.03 
3.99 ± 0.56 

DM 

2.33 ± 0.85 
6.44 ± 0.47 
3.84 ± 0.31 
7.12 ± 0.40 
5.49 ± 0.48 
9.52 ± 0.93 

a GP = Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta; PANP = Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM = Duck Mountain, Manitoba. 

b e  = current year's needles. 

c P = previous year's needles. 

d No samples collected. 
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Table 28. Total calcium concentration (g kg·') in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

5itea 
Variable CHPP WLNP RMH MLPP WSPP SU JP 

LFH 3.47 ± 1.24 7.77 ± 2.14 4.03 ± 056 12.00 ± 7.00 4.92 ± 0.66 2.69 ± 0.53 4.41 ± 1.68 
Pine (C)b 0.95 ± 0.19 1.05 ± 0.14 2.26 ± 0.81 2.05 ± 0.30 1.81 ± 0.27 3.27 ± 0.64 3.32 ± 0.83 
Pine (P)c 2.05 ± 0.58 2.12 ± 0.35 2.78d 3.34 ± 0.40 2.94 ± 0.49 4.81 ± 0.84 4.76 ± 0.33 
Calamagrostis rubescens 4.27 ± 0.92 e 

Hieracium albifIorum 9.73 ± 0.83 
Aster conspicuus 11.40 ± 1.50 
Berberis repens 4.99 ± 1.12 
Vaccinium myrtilloides 5.11 ± 0.60 4.63 ± 0.69 
Vaccinium vitis-idaea 5.28 ± 0.63 6.03 ± 0.46 
Linnaea borealis 12.20 ± 1.10 11.00 ± 0.90 
Arctostaphylos uva-ursi 8.25 ± 0.23 
Cladonia mitis 056± 0.06 

a CHPP = Cypress Hills Provincial Park, Alberta; WLNP = Waterton Lakes National Park, Alberta; RMH = Rocky Mountain House, 
Alberta; MLPP = Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP = Jenpeg, Manitoba. 

b Current year's needles of Pinus contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SUr and JP. 

C Previous year's needles of P. contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, andJP. 

d Only two samples collected. 

e No samples collected. 

differences could be important because the surface 
organic horizons and most of the mineral horizons 
of the white spruce sites contained higher concen
trations of total (Tables 25 and 19) and extractable 
Ca (Tables 18 and 29). Differences in the physiology 
of pine and spruce are also important. Calcium 
concentrations in spruce needles were 3 to 4 times 
the Ca concentration in lodgepole pine needles 
growing on the same sites (Addison et al. 1984). 
Similar observations were found for Ca concentra
tions of Norway spruce and scots pine, and these 
observations were attributed to a greater adaptabil
ity in the Ca uptake mechanism of pine because 
even in Ca-(lime) rich soils low Ca concentrations 
were found (lngestad 1979). 

Magnesium concentrations of pine were less 
variable among sites than Ca and were generally 
about 10% lower than for white spruce (Tables 25, 
26, 28, and 30). The Mg concentrations of the pine 
at the ARNEWS plots were in the midrange (0.6-1.1 
g kg" ) that others have reported for mature pine 
foliage (Beaton, Brown, Speer, MacRae, McGhee, 
Moss, and Kosick 1965; Stark 1983; Kimmins et al. 
1985). The lowest Mg concentrations were found in 
lodgepole pine sampled at Cypress Hills Provincial 
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Park (Table 30). Critical concentrations for Mg in 
lodgepole pine and jack pine foliage are 0.6-1.0 g 
kg-I (Morrison 1974) and 0.6-D.9 g kg-I (Weetman et 
al. 1985), respectively. 

Potassium concentrations in pine were gener
ally lower than K concentrations found in white 
spruce (Tables 27 and 31). The K concentrations of 
pine foliage from the ARNEWS plots were at the 
lower end of the uncertain range (4.0-5.0 g kg-I) 
suggested by Everard (1973) for lodgepole pine. 
Critical ranges reported for pine are similar (3.0-<i.0 
g kg-I; Morrison 1974; Weetman et al. 1985). Potas
sium concentrations reported in the literature vary 
from 2.6 to 5.9 g kg-1 for jack pine and 2.5 to 9.0 g 
kg-l for lodgepole pine (Beaton, Brown, Speer, 
MacRae, McGhee, Moss, and Kosick 1965; Stark 
1983; Kimmins et al. 1985; Weetrnan et al. 1985). 

The foliar concentrations of Ca, Mg, and K in 
aspen at the Prince Albert National Park and Duck 
Mountain plots were higher than for any of the 
coniferous species sampled (Tables 25, 26, 27, 28, 30, 
and 31). These concentrations were similar to 
concentrations for aspen leaves reported elsewhere 
(10.4-12.1 g Ca kg-', 2.4-2.6 g Mg kg-I, and 
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Table 29. The pH, organic matter, cation exchange capacity (CEC), base saturation, and exchangeable 
cations in the mineral soils of the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Organic Base 
matter CEC Exchangeable cations {cmol{ +} kg-1 

� saturation 
Site pH (%) (cmol(+) kg-

l
) Calcium Magnesium Potassium Sodium (%) 

Grande Prairie 
Ae (SiL-L)a 4.6 (3.9-5.4) 3.4 ± 1.2 7.19 ± 1.24 4.16 ± 1.45 0.68 ± 0.08 0.17 ± 0.04 0.02 ± 0.03 70 
AB (SiL) 4 9  (4.3-5.7) 3.2 ± 0.9 9.80 ± 5.59 6.49 ± 4.62 1.38 ± 1.20 0.18 ± 0.09 0.02 ± 0.Q2 84 
Btgj (CL-C) 4.9 (4.5-5.9) 3.8 ± 1.3 14.17± 6.31 9.78 ± 4.21 2.48 ± 1.53 0.25 ± 0.11 0.03 ± 0.02 89 

Gregoire Lake Provincial Park 

Bg 7.3 (6.2-7.7) 3.6 ± 3.2 21.40 ± 9.40 20.56 ± 6.69 5.92 ± 0.37 0.23 ± 0.04 0.19 ± 0.07 N.A b 

Cg 7.4 (6.5-7.7) 1.2± 0.4 15.40 ± 2.20 13.72 ± 2.32 5.26 ± 1.37 0.27 ± 0.06 0.18 ± 0.04 N.A. 
Cg 7.5 (6.6-7.8) 1.3 ± 0.3 16.10 ± 1.20 15.02 ± 2.93 5.25 ± 1.94 0.25 ± 0.02 0.13± 0.03 N.A. 

Prince Albert National Park 
Aeg! (SL) 4.6 (4.0-4.6) 2.0 ± 2.6 3.52 ± 3.95 2.46 ± 3.36 0.62 ± 0.36 0.19 ± 0.05 0.01 ± 0.01 93 
Aeg2 (SL-LS) 5.2 (4.1-6.2) 0.9 ± 0.3 2.60 ± 1.10 1.64 ± 0.53 0.71 ± 0.54 0.19± 0.06 0.01 ± 0.01 98 
Bg (SL) 5.3 (4.3-6.2) 1.7 ± 1.2 4.18 ± 3.49 2.55 ± 2.22 1.26 ± 1.57 0.24 ± 0.11 0.01 ± 0.02 97 

Hudson Bay 
Ah (L) 7.5 (7.1-8.0) 5.7 ± 3.9 27.60 ± 9.80 21.51 ± 9.43 12.92 ± 3.43 0.29 ± 0.04 0.03 ± 0.01 N.A. 
Bm (L) 7.8 (7.5-8.2) 1.6 ± 0.3 14.60 ± 5.20 18.86 ± 6.69 1O.94 ± 3.05 0.23 ± 0.11 0.04 ± 0.01 N.A. 
Ck (SCL) 8.2 (7.8-8.6) 0.8 ± 0.1 5.20 ± 0.70 22.51 ± 7.73 6.94 ± 0.87 0.08 ± om 0.10± 0.07 N.A. 

Duck Mountain 
Ahe (L) 5.7 (5.5-5.9) 8.4 ± 3.8 15.72 ± 6.24 12.25 ± 5.10 1.87 ± 0.97 0.58 ± 0.29 0.04 ± 0.05 94 
Bt (L-CL) 6.2 (5.5-7.3) 4.2 ± 1.5 18.10 ± 3.45 13.95 ± 2.13 6.02 ± 1.23 0.42 ± 0.12 0.04 ± 0.02 100 
BC (CL) 6.9 (6.1-7.3) 4.2 ± 1.3 18.77 ± 4.21 16.23 ± 1.51 7.10 ± 1.74 0.37 ± 0.09 0.07 ± 0.06 N.A. 

a Soil texture is given in brackets: C = clay, L = loam, S = sand, and Si = silt. 
b Not applicable. 

9.4-15.1 g K kg·! in 3 different aspen clones from 
Utah and Wyoming, Johnston and Bartos 1977; 
Bartos and Johnston 1978). Aspen are effective 
nutrient pumps that incorporate large quantities of 
base cations from the entire soil rooting profile into 
their biomass (Jones and DeByle 1985). 

The Ca concentrations in all the understory 
species of the white spruce sites were 2 10 g kg-! 
(Table 25). Two species, Petasites palmatus and 
Comus caMdensis had Ca concentrations about 20 g 
kg-I except C. canadensis at Gregoire Lake Provincial 
Park. Temporal changes within the growing season 
were most likely the reason for the differences in Ca 
concentrations of C. canadensis between Gregoire 
Lake Provincial Park and the other plots. Between
year differences have been observed for several tree 
species (Van Den Driessche 1974; Maynard 1990), 
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however, it is possible that some of the differences 
in Ca concentrations may have been due to year-to
year temporal variability. 

Magnesium concentrations in the understory 
species were also higher than in the tree species. 
There was little variability in the Mg concentration 
of C. canadensis among plots, in contrast to the large 
differences in Ca concentration. This is consistent 
with observations made for several species, that Mg 
concentrations are more stable within a growing 
season than Ca (Chapin et al. 1980). 

Some of the most interesting observations in 
the elemental concentrations of the understory spe
cies were found for K. Petasites palmatus accumu
lated extremely high amounts of K with 
concentrations exceeding 55 g kg-I. All other K 
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Table 30. Total magnesium concentration (g kg" ) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

Variable CHPP WLNP 

LFH 1.06 ± 0.28 2.06 ± 0.52 
Pine (C)

b 0.68 ± 0.07 . 1.07 ± 0.09 
Pine (P)c 0.78 ± 0.19 1.08± 0.12 
Calamagrostis rubescens 1.30 ± 0.22 -' 

Hieracium albifIorum 2.67 ± 0.20 
A:;;ter conspicuus 3.77 ± 0.34 
Berberis repens 2.48 ± 0.31 
Vaccinium myrtilloides 
Vaccinium vilis-Maea 
Linnaea borealis 
Arctostaphylos uva-ursi 
Cladonia mitis 

RMH 

0.76 ± 0.19 
1.04 ± 0.17 
1.02d 

3.43 ± 0.33 

MLPP 

1.25 ± 0.65 
0.84 ± 0.07 
0.76 ± 0.16 

0.86 ± 0.16 
0.94 ± 0.18 
2.54 ± 0.20 
1.13 ± 0.10 

wspp su JP 

0.96 ± 0.21 0.59 ± 0.06 0.78 ± 0.17 
0.92 ± 0.14 0.86 ± 0.08 0.97 ± 0.13 
0.88 ± 0.09 0.83± 0.09 1.03 ± 0.09 

0.81 ± 0.17 
1 .09 ± 0.04 

0.26 ± 0.03 

a CHPP :=; Cypress Hills Provincial Park, Alberta; WLNP = Waterton Lakes National Park, Alberta; RMH = Rocky Mountain House, 
Alberta; MLPP =; Meadow Lake Provincial Park, Saskatchewan; WSPP =; Whiteshell Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP = Jenpeg, Manitoba. 

b Current year's needles of Pinus contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, and}P. 

C Previous year's needles of P. contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, andJP. 
d Only two samples collected. 

e No samples collected. 

Table 31. Total potassium concentration (g kg-I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

Sitea 
Variable CHPP WLNP RMH MLPP WSPP SU JP 

LFH 1.34 ± 0.40 1.61 ± 0.51 1.89 ± 0.81 1.55 ± 0.74 1 .29 ± 0.35 1.00 ± 0.34 1.13 ± 0.46 
Pine (C)

b 4.02 ± 0.66 4.13 ± 0.68 3.78 ± 0.56 3.60 ± 0.55 3.28 ± 0.32 3.58 ± 0.64 3.84 ± 0.48 
Pine (P)C 3.53 ± 0.70 3.06 ± 0.45 4.16d 3.32 ± 0.55 3.30 ± 0.16 2.81 ± 0.38 3.08 ± 0.22 
Calamagrostis rubescens 18.40 ± 2.40 , 

Hieracium albiflorum 32.30 ± 4.00 
Aster conspicuus 36.50 ± 3.70 
Berberis repens 928 ± 1 .24 
Vaccinium myrtilloides 3.02 ± 0.56 3.21 ± 0.36 
V(lccinium vitis-idaea 4.04 ± 0.53 3.73 ± 0.22 
Linnaea borealis 17.30 ± 0.9U 11.8U ± 2.2U 
Arctostaphylos uva-ursi 6.03 ± 0.54 
Cladonia mitis 1.69 ± 0.28 

a CHPP = Cypress Hills Provincial Park, Alberta; WLNP = Waterton Lakes National Park, Alberta; RMH :::: Rocky Mountain House, 
Alberta; MLPP = Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP :::: Jenpeg, Manitoba. 

b Current year's needles of Pinus contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, andJP. 

C Previous year's needles of P. contorta forCHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, andJP. 
d Only two samples collected. 

e No samples collected. 
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concentrations of the understory species were gen
erally in the 10-20 g kg-! range except for the feather 
moss, Pleurozium schreberi (Table 27). The K concen
tration of C. canadensis sampled at Gregoire Lake 
Provincial Park was higher than at either Grande 
Prairie or Prince Albert National Park. Similar 
observations were found for N and P. Time of sam
pling was probably the reason. The concentration 
of mobile elements tend to be highest in the spring 
and decrease over time while immobile elements 
such as Ca are lowest in the spring and accumulate 
over time (Van Den Driessche 1974). 

The parent materials of four of the white spruce 
ARNEWS plots consisted of marine deposits. These 
materials contain high amounts of cations, espe
cially Ca. The Grande Prairie ARNEWS plot con
sisted of till overlying bedrock of nonmarine 
sandstone and mudstones. The mineral solum of 
Gregoire Lake Provincial Park and Hudson Bay and 
the BC horizon of the Duck Mountain plot had pH 
>6.5. These horizons probably contained free 
CaC03, resulting in an overestimation of the Ca on 
the exchange site (sum of the base cations exceeded 
the CEC; Table 29). The mineral horizons of Grande 
Prairie, Prince Albert National Park, and the Ah and 
Bmt horizons of Duck Mountain all had lower pH 
but base saturation (% BS) was > 70% in all cases. 
The soils of Grande Prairie and Duck Mountain 
were medium-to-fine textured with CEC 
>7 cmol(+) kg-I Mineral soils of the Prince Albert 
National Park plot were sandy loams, had low CEC 
and exchangeable bases, although the % BS was 
high. Thus, the Prince Albert National Park plot 
would have the lowest capacity to neutral incoming 
acid of any of the white spruce plots. 

The base saturation (BS) of the surface organic 
horizons of all the white spruce sites was 100% 
(Table 18). The high BS in the surface organic hori
zons could partially be explained by the high cation 
(particularly Cal content of the parent material or 
by the influence of aspen litter; however, even the 
Grande Prairie plot, with an acidic surface organic 
horizon, had 100% B5. An artifact of the exchange
able cation methodology was probably responsible 
for the high base saturations determined in the 
white spruce plots. 

The exchangeable concentrations include 
cations that are in solution in addition to those held 
on the exchange sites. This can account for a signifi
cant portion of the total exchangeable concentra
tions in organic horizons. Analysis of soluble. 
cations in birch and aspen organic debris found 
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11-14% Ca, 24-25% Mg and 90-91% K were water 
soluble (Van Cleve and Noonan 1971). The determi
nation of CEC by unbuffered salts (e.g., 1 M NH4Cl) 
is one-quarter to one-half of those measured by 
ammonium acetate (NH40Ac) buffered to pH 7. 
The exchangeable cations, however, would still 
include those not on the exchange sites (Kalisz and 
Stone 1980). Thus, the base saturation detennined 
from the unbuffered salt would be 2 to 4 times 
greater than that determined at pH 7.0 (Kalisz and 
Stone 1980). Van Cleve and Noonan (1971) 
suggested in order to determine the portion of base 
elements that were soluble and exchangeable a 
measure of the water soluble fraction of base cations 
subtracted from the extractable concentration (e.g., 
in unbuffered 1 M Nf4Cl) would give a more 
accurate estimate of exchangeable cations. 

The soils of the lodgepole pine plots were 
medium-textured loam to clay-loam soils. The CEC 
of all mineral horizons of the lodgepole pine plots 
were >7 cmol(+) kg-! (Table 32). The highest CEC 
and BS were found at Waterton Lakes National 
Park. These soils were derived from calcareous 
parent material and were relatively shallow. The 
mineral soils of Rocky Mountain House, on the 
other hand, had CEC <10 cmol(+) kg-! for all hori
zons with B5 about 50%. These soils although de
rived from calcareous parent material were deeper 
and calcareous material was found at >100 cm 
depth. The mineral soils of Cypress Hills Provincial 
Park contained Ca and Mg concentrations between 
those observed at Rocky Mountain House and 
Waterton Lakes National Park. The base saturation 
was relatively high ranging from 81 to 86%. 

The soils of the jack pine plots were coarse
textured sandy loams to sands. As a result, the CEC 
and extractable cations for all the mineral horizons 
of the jack pine plots were low. Only the Ahe of 
Meadow Lake Provincial Park and Whiteshell 
Provincial Park had CECs >2.0 cmol( +) kg-I The BS 
of these soils is not relevant because the CEC is so 
low. 

There were no codominant tree species sam
pled at the pine plots. Hieracium albiflorum sampled 
at Cypress Hills Provincial Park and Aster con
spicuus sampled at Waterton Lakes National Park 
accumulated K but not to the same level as Petasites 
palmatus. The other cation concentrations for these 
and the other two species sampled at Waterton 
Lakes National Park and Cypress Hills Provincial 
Park were similar to the concentrations observed in 
the understory of the white spruce plots. 
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Table 32. Organic matter content, pH, cation exchange capacity (CEC), 1.0 M NH4Ci exchangeable cal
cium, magnesium, sodium, potassium, manganese, aluminum, and iron (air-dried samples), 
0.01 M NH4Ci extractable sulfur (field moist samples), and % base saturation in the surface 
organic horizon of the pine ARNEWS sites. Values are means ± standard deviation. 

Sitea 
Parameter CHPP WLNP RMH MLPP WSPP SU JP 

Organic matter (%) 69± 18 87± 6 92± 4 76 ± 13 54± 24 75± 9 56± 24 
pH (range) 4.0 (3.9-4.2) 4.7 (4.2-5.3) 3.7 (3.4-4.4) 4.9 (4.5-5.2) 4.6 (4.0-4.9) 3.8 (3.5-4.2) 4.3 (3.9-4.6) 
CEC (cmol(+) kg-I) 27.4 ± 6.2 43.3 ± 8.6 35.2 ± 3.4 46.0 ± 15.2 31.3 ± 8.4 23.0 ± 2.7 27.0 ± 8.6 
Calcium (cmol(+) kg-I) 14.9 ± 5.5 30.4 ± 12.6 17.0 ± 2.0 35.7 ± 14.6 20.4 ± 8.4 10.5 ± 2.0 17.0 ± 5.5 
Magnesium (cmol(+) kg-I) 4.3 ± 2.5 10.9 ± 4.5 5.2 ± 1.6 7.3 ± 2.6 3.7 ± 1.7 2.2 ± 0.7 3.1 ± 0.8 
Sodium (cmol(+) kg-I) 0.14 ± 0.23 0.17 ± 0.29 0.01 ± 0.01 BD b 0.04 ± 0.02 0.01 ± 0.00 0.04 ± 0.02 
Potassium (cmol(+) kg-I) 2.4 ± 2.0 2.5 ± 0.7 4.0 ± 1.6 2.7± 1.1 1.8 ± 0.6 1.7 ± 0.6 2.2 ± 1.0 
Base saturation (%) 79 100 75 100 83 62 83 
Sulfur (cmol(+) kg-I) 0.27 ± 0.14 0.43 ± 0.16 0.60 ± 0.41 0.40 ± 0.23 0.39 ± 0.16 0.13 ± 0.07 0.24 ± 0.17 
Manganese (mg kg-I) 632 ± 106 601 ± 422 585 ± 261 565 ± 246 480 ± 156 620 ± 107 582 ± 328 
Aluminum \mg kg-I) 117± 61 27 ± 9 119 ± 39 17 ± 4 23 ± 15 98 ± 21 29 ± 11 
Iron (mg kg- ) 14± 7 3 ±  2 30 ± 20 2 ±  1 5 ±  3 31 ± 11 1 1 ± 8 

a CHPP = Cypress Hills Provincial Park, Alberta; WLNP = Waterton Lakes National Park, Alberta; RMH = Rocky Mountain House, 
Alberta; MLPP = Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP = Jenpeg, Manitoba. 

b Below detection. 

The understory species of the jack pine plots 
generally had lower cation concentrations than the 
understory species of the white spruce plots. 
Linnaea borealis was common to the Meadow Lake 
Provincial Park jack pine plot and two white spruce 
plots, Gregoire Lake Provincial Park and Grande 
Prairie. The Ca and Mg concentrations of L. borealis 
at Meadow Lake Provincial Park was similar to the 
concentrations of L. borealis at Gregoire Lake 
Provincial Park and Grande Prairie. The K concen
tration was about one-third to one-half lower. 

The CEC and extractable Ca concentrations of 
the pine surface organic horizons were lower than 
those observed at the white spruce plots (Tables 18 
and 33). The surface organic horizons at Waterton 
Lakes National Park and Meadow Lake Provincial 
Park had about twice the Ca and Mg concentrations 
of the other 4 ARNEWS pine plots. Soil K levels 
varied slightly among sites with the highest K con
centrations in the surface organic horizon of the 
Rocky Mountain House site. Relatively high Ca and 
Mg concentrations at Waterton Lakes National Park 
and Meadow Lake Provincial Park resulted in a BS 
of 100%. The Jenpeg and Suwannee sites were on 
sands with very low CEC and extractable Ca. 

Calcium concentrations increased in the 1-year
old needles of the conifers while K concentrations 
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decreased and Mg concentrations remained rela
tively stable. Similar patterns for Ca, Mg, and K 
concentrations in conifer needles with needle age
classes have been reported (Van Den Driessche 
1974; Miller 1984; Lim and Cousens 1986; Legge et 
aJ. 1988). Van Den Driessche (1974) suggests thatfoliar 
analysis has focused on N and current-year foliage, 
although for some elements such as Ca and possibly 
Mg, l-year-old needles may be more informative. 

Foliar Ca, Mg, and K concentrations did not 
appear to be related to soil chemical properties at 
the pine plots. The soils of Waterton Lakes National 
Park had higher pH and extractable Ca and Mg 
concentrations than the Rocky Mountain House 
soils yet foliar Ca levels at Waterton Lakes National 
Park were lower than those at Rocky Mountain 
House and Mg concentrations were similar. The lack 
of relationship between soil and foliar Ca, Mg, and 
K concentrations is not known; however, growth 
rate of the trees at these plots may have been a factor. 

Manganese. Aluminum. and Iron 

Manganese concentrations varied considerably 
among tree species and appeared to be selectively 
excluded from some trees and accumulated in 
others. Manganese concentrations in the current
year needles of black spruce were about 2.5 times 
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Table 33. The pH, organic matter, cation exchange capacity (CEC), base saturation, and exchangeable 
cations in the mineral soils of the pine ARNEWS sites. Values are means ± standard deviation. 

Organic Base 
matter CEC Exchangeable cations (cmol(+) kg" ) saturation 

Site pH (%) (cmol(+) kg" ) Calcium Magnesium Potassium Sodium (%) 

Cypress Hills Provincial Park 
Ae (L_CL)a 4.8 (4.2-5.7) 4.5 ± 1.1 7.82 ± 1.90 4.53 ± 1.29 1.40 ± 0.55 0.37 ± 0.12 0.01 ± 0.Q1 81 
Bm (L-CL) 4.9 (4.4-5.4) 3.1 ± 0.8 10.38 ± 1.59 6.14± 0.54 2.16 ± 0.27 0.61 ± 0.16 0.03 ± 0.03 86 
BC (SiL-L) 4.8 (4.3-5.3 ) 4.0 ± 1.1 15.61 ± 3.78 9.18 ± 2.73 3.46 ± 1.01 0.60 ± 0.08 0.03± 0.02 85 

Waterton Lakes National Park 
Ae (L) 5.4 (4.2-6.5) 7.6 ± 2.3 15.38 ± 8.02 10.23 ± 7.09 3.95 ± 0.67 0.24 ± 0.12 0.Q1 ± 0.01 94 
Bm (L) 5.8 (4.4-6.5) 5.5 ± 3.2 13.59 ± 9.23 10.83 ± 7.38 4.62 ± 2.92 0.20 ± 0.06 0.02 ± 0.01 100 
BC(L) 6.2 (4.6-6.7) 6.2 ± 1.9 17.94 ± 6.19 11.13 ± 4.64 5.28 ± 1.89 0.17± 0.03 0.02 ± 0.01 93 

Rocky Mountain House 

Ae, (L) 4.4 (4.1-4.8) 4.2 ± 1.7 9.95 ± 1.71 3.58 ± 1.13 0.79 ± 0.35 0.25 ± 0.03 0.03 ± 0.01 47 
Bf2 (L) 4.5 (4.2-4.8) 4.3 ± 1.5 9.34 ± 3.04 3.1S± 1.03 0.92 ± 0.47 0.22 ± 0.07 0.03 ± 0.02 47 
IlBA (L) 4.4 (4.1-4.7) 2.8 ± 0.5 9.35 ± 2.77 3.70 ± 0.80 1.36 ± 0.35 0.20 ± 0.05 0.02 ± 0.Q1 56 

Meadow Lake Provincial Park 

Ah(e) (LS-SL) 5.2 (4.4-6.0) 3.2 ± 1.4 5.36 ± 1.97 4.63 ± 2.13 0.53 ± 0.22 0.14± 0.04 0.03 ± 0.06 99 
Bm, (LS-SL) 5.1 (4.6-5.8) 1.4 ± 0.8 2.18 ± 0.71 1.55 ± 0.50 0.32 ± 0.17 0.11 ± 0.06 <0.01 91 
Bm2 (LS) 4.9 (4.6-5.2) 0.8 ± 0.2 1.34 ± 0.39 1.15 ± 0.44 0.27 ± 0.09 0.07 ± 0.02 0.01 100 
BC (LS) 5.2 (4.6-6.0) 0.8 ± 0.2 1.67 ± 0.49 1.09 ± 0.47 0.28 ± 0.10 0.08 ± 0.05 0.01 ± 0.01 87 

Whiteshell Provincial Park 
Ahe (S-LS) 5.1 (4.5-5.5) 4.1 ± 3.2 5.14 ± 5.74 2.13 ± 1.20 0.32 ± 0.13 0.12 ± 0.06 0.03 ± 0.04 51 
Bm, (LS-S) 5.0 (4.4-5.5) 1.1 ± 0.4 1.54 ± 0.29 0.81 ± 0.23 0.20 ± 0.06 0.06 ± 0.03 0.01 ± 0.01 70 
Bm2 « S-LS) 5.1 (4.6-6.2) 0.7± 0.2 1.23 ± 0.22 0.68 ± 0.21 0.19 ± 0.07 0.05 ± 0.02 0.01 ± 0.01 76 

Jenpeg 

Ae (S) 4.5 (3.9-5.0) 1.4 ± 0.2 1.46 ± 0.45 0.69 ± 0.32 0.11 ± 0.03 0.05 ± 0.02 0.Q1 ± 0.01 59 
Bm (S) 5.2 (4.7-5.8) 1.0 ± 0.4 1.01 ± 0.71 0.64 ± 0.43 0.09 ± 0.03 0.04 ± 0.01 0.03 ± 0.03 79 
BC (S) 5.5 (5.1-6.1) 0.6 ± 0.2 0.3" ± 0.25 0.32 ± 0.19 0.05 ± 0.02 0.02 ± 0.01 0.01 ± 0.02 100 

Suwanee 

Ae (S-LS) 4.8 (4.5-5.0) 1.7 ± 0.7 1.37 ± 0.76 0.37 ± 0.12 0.06 ± 0.01 0.08± 0.06 0.Q1 ± 0.01 38 
Bm (S) 5.4 (5.1-6.2) 1.3 ± 0.7 0.81 ± 0.47 0.33 ± 0.21 0.04 ± 0.02 0.03 ± 0.01 0.Q1 ± 0.01 51 
BC (S) 5.4 (5.2-5.9) 0.5 ± 0.1 0.34 ± 0.29 0.16 ± 0.09 0.03± 0.01 0.07 ± 0.13 <0.01 76 

a Soil texture is given in brackets: C :::: clay, L :::: loam, S = sand, and Si = silt. 

the Mn concentrations in white spruce at the 
Grande Prairie plot (Table 34). 

The Mn concentrations of the spruce and pine 
were variable but within the wide range of Mn 
concentrations reported for spruce (340-420 mg kg-' 

and 510-540 mg kg-' in white spruce, Van Cleve and 
Zasada 1976; 20 mg kg-' in Norway spruce, 
Morrison 1974; 1300-1400 mg kg-' in red and black 
spruce, Kimmins et al. 1985) and for lodgepole pine 
(558 ± 29 mg kg-I, Addison et al. 1984; 215-315 
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mg kg-" Will and Youngberg 1979; 293 mg kg-I, 
Beaton, Brown, Speer, MacRae, McGhee, Moss, and 
Kosick 1965). 

Manganese is one of the most variable elements 
in forest ecosystems and because of this it is difficult 
to interpret Mn results with any degree of certainty 
(Maynard and Addison 1987). Critical Mn defi
ciency levels reported in the literature are relatively 
low (15-25 mg kg-', Kabata-Pendias and Pendias 
1984). Toxic concentrations ofMn in plant tissue are 
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Table 34. Total manganese concentration (mg kg·') in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Variable GP 

LFH 921± 452 
Picea glauca (C)b 282 ± 224 
Picea glauca (P)' 389 ± 270 
Picea mariana (C) 816± 208 
Picea mariana (P) 1090 ± 217 
Populus tremuloides 
Cornus canadensis 175 ± 36 
Petasites palmatus 140 ± 24 
Linnaea borealis 381 ± 72 
Rubus pubescens 478 ± 90 
Pleurozium schreberi 735 ± 273 
Viburnum edule 52 ± 12 

GLPP 

238± 164 
281 ± 151 

d 

48 ± 15 

114 ± 29 

PANP 

557 ± 117 
331 ± 161 
399 ± 223 

108 ± 18 
86 ± 18 

101 ± 43 

224 ± 37 

HB 

226 ± 139 
59 ± 12 
68 ± 17 

DM 

393 ± 130 
150 ± 99 
221 ± 153 
221 ± 72 
294 ± 122 
80 ± 11 

a GP = Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta; PANP = Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM = Duck Mountain, Manitoba. 

b C = current year's needles. 

c P = previous year's needles. 

d No samples collected. 

often of greater concern. Generally, Mn concentra
tions around 500 mg kg·' are considered toxic, but 
this is primarily related to agricultural crops. Accu
mulations in excess of 1000 mg kg·' have been 
reported for several native plant species (Gerloff et 
al. 1966; Kabata-Pendias and Pendias 1984). 

The Mn concentrations of the understory 
species were also variable within and among plots. 
No understory species in the white spruce plots 
contained Mn concentrations >500 mg kg·' except 
the feather moss, Pleurozium schreberi (Table 34). In 
contrast, Mn concentrations in Vaccinium myrtil
loides and Vaccinium vilis-idaea at the Meadow Lake 
Provincial Park and Suwannee pine plots were 
> 1100 mg kg·' (Table 35) .. Gerloff et al. (1966) also 
reported Mn concentrations >1200 mg kg·' for 
several native plants of Wisconsin including V. 
myrtilloides and Vaccinium oxycoccus L. These values 
are of interest because Mn toxicities have been re
ported in agricultural crops at Mn concentrations 
about 500 mg kg·1 

The Al concentrations in the foliage of spruce 
and aspen sampled at the white spruce plots were 
<50 mg kg·' (Table 36). The Al concentrations of the 
white spruce foliage were lower than values 
reported in the literature (180-790 mg kg·', Beaton, 
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Brown, Speer, MacRae, McGhee, Moss, and Kosick 
1965). The calcareous parent material and presence 
of aspen at the white spruce plots pOSSibly resulted 
in lower Al availability. The Al concentrations in the 
pine (Table 37) were conSiderably higher than those 
in white spruce; however, these concentrations 
were not excessively high and would not be consid
ered toxic (Kabata-Pendias and Pendias 1984). 
Some tree species appear to accumulate Al in their 
tissue (Vogt et al. 1987). On acid soils where Al is a 
major exchangeable cation, it has been reported that 
pine species have foliar Al concentrations up to 
2000 mg kg-' (Humphreys and Truman 1964). 

The Fe concentrations of the ARNEWS spruce 
(Table 38) and pine (Table 39) foliage were similar 
(<100 mg kg·') and within in the range of concen
trations reported for spruce (48 -65 mg kg·', Stark 
1983; 148-234 mg kg·" Kimmins et al. 1985) and 
lodgepole pine (50-70 mg kg-l Beaton, Moss, 
MacRae, Konkin, McGhee, and Kosick 1965; 35-40 
mg kg·" Will and Youngberg 1979; 88-126 and 
lll-138 mg kg·" Stark 1983). 

Pyrophosphate extractable Fe and Al concen
trations were used to differentiate between Bm and 
Bf horizons (Tables 23 and 24). The pyrophosphate 
concentrations in the soils of the white spruce plots 
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Table 35. Total manganese concentration (mg kg·I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

Variable 

LFH 
Pine (C)b 

Pine (P)' 

CHPP 

696 ± 285 
309 ± 79 
617 ± 200 

Calamagrostis ruhescens 591 ± 92 
Hieracium albifIorum 327 ± 150 
Aster conspicuus 
Berberis repens 
Vaccinium myrtilloides 
Vaccinium vilis-idaea 
Linntlea borealis 
Arctostaphylos uva-ursi 
Cladonia mitis 

WLNP 

778 ± 376 
130 ± 21 
222 ± 92 

e 

65 ± 24 
95 ± 38 

RMH 

528± 226 
749 ± 17l 
968d 

MLPP 

755 ± 286 
242 ± 26 
383 ± 33 

1900 ± 570 
1190 ± 301 

256 ± 80 260 ± 21 
164± 48 

wspp 

1130 ± 590 
258 ± 52 
421 ± 81 

su 

617 ± 185 
660 ± 233 
971 ± 220 

3690 ± 324 
2070 ± 325 

142 ± 29 

JP 

742 ± 326 
541 ± 189 
770 ± 45 

a CHPP :::: Cypress Hills Provincial Park, Alberta; WLNP ::: Waterton Lakes National Park, Alberta; RMH ::: Rocky Mountain House, 
Alberta; MLPP :::: Meadow Lake Provincial Park, Saskatchewan; WSPP = WhitesheU Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP -;;: Jenpeg, Manitoba. 

b Current year's needles of Pinus contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, andJP. 
C Previous year's needles of P. contorta forCHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, and JP. 
d Only two samples collected. 
e No samples collected. 

Table 36. Total aluminum concentration (mg kg·I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Sitea 
Variable GP GLPP PANP HB DM 

LFH 1 180± 342 11 400 ± 5 700 1 700 ± 1 110 2 670 ± 1 870 1 670 ± 90 
Picea glauca (C)b 22 ± 13 B.D d 33 ± 2 42 ± 2 31 ± 10 
Picea glauca (P)' 26 ± 12 e 33 ± 19 39 ± 11 46 ± 12 
Picea mariana (C) 23 ± 5 18 ± 7 
Picea mariana (P) 20 ± 11 42± 15 
Populus tremuloides 30 ± 12 43 ± 10 
Cornus canadensis 387± 94 68 ± 9 246 ± 54 
Petasites palmatus 74 ± 7 97 ± 20 
Limlaea borealis 118 ± 21 112 ± 41 
Rubus pubescens 120± 22 114 ± 17 
Pleurozium schreberi 385± 13 
Viburnum edule 119 ± 26 

a GP = Grande Prairie, Alberta; GLPP = Gregoire Lake Provincial Park, Alberta; PANP = Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM = Duck Mountain, Manitoba. 

b e  = current year's needles. 
c P = previous year's needles. 
d B.D. = below detection. 
e No samples collected. 
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Table 37. Total aluminum concentration (mg kg" ) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

Variable CHPP WLNP 

LFH 4610 ± 2320 2630 ± 1760 
Pine (C)b 301 ± 77 80 ± 27 
Pine (pr 623 ± 136 138 ± 38 
Calamagrostis rubescens 93 ± 62 �, 

Hieracium albiflorum 308 ± 218 
Aster conspicuus 59 ± 14 
Berberis repens 34 ± 5 
Vaccinium myrtilloides 
Vaccinium vitis-idaea 
Linnaea borealis 
Arctostaphylos uva-ursi 
Cladonia mitis 

Sitea 

RMH MLPP 

1740 ± 515 1320 ± 640 
641 ± 112 195± 53 
706d 334 ± 73 

90 ± 43 
118 ± 51 

128 ± 40 120 ± 57 
46± 32 

WSPP 

2900 ± 906 
391 ± 83 
483 ± 54 

SU 

2080 ± 887 
434 ± 62 
674 ± 80 

221 ± 26 
212 ± 25 

230 ± 45 

JP 

2140 ± 576 
469 ± 162 
627 ± 141 

a CHPP ;::: Cypress Hills Provincial Park, Alberta; WLNP = Waterton Lakes National Park, Alberta; RMH = Rocky Mountain House, 
Alberta; MLPP = Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU = Suwannee, 
Manitoba; JP = Jenpeg, Manitoba. 

b Current year's needles of Pinus contorla for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, and JP. 
C Previous year's needles of P. contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, and JP. 
d Only two samples collected. 

e No samples collected. 

Table 38. Total iron concentration (mg kg" ) in the surface organic horizon (LFH), tree foliage, and . 
understory vegetation for the white spruce ARNEWS sites. Values are means ± standard 
deviation. 

Sitea 
Variable GP GLPP PANP HB OM 

LFH 1 640± 402 11 700 ± 5 340 2 080 ± 1 170 3 740 ± 2 120 2 650 ± 220 
Picea glauca (C)b 28 ± 10 24 ± 7 29 ± 2 42 ± 8 41 ± 3 
Picea glauca (P)C 45 ± 28 d 36 ± 1 1  52 ± 12 51 ± 12 
Picea mariana (C) 22 ± 12 34 ± 6 
Pieea mariana (P) 22 ± 5 52 ± 11 
Populus tremuloides 41 ± 6 54 ± 16 
Cornus canadensis 113 ± 13 35 ± 6 114± 45 
Petasites palrnatus 88 ± 8 109 ± 28 
Linnaea borealis 234 ± 26 107± 22 
Rubus pubeseens 179 ±  19 134± 29 
Pleurozium schreberi 694 ± 81 
Viburnum edule 106± 15 

a GP ;:; Grande Prairie, Alberta; GLPP ;:; Gregoire Lake Provincial Park, Alberta; PANP ;:; Prince Albert National Park, Saskatchewan; 
HB = Hudson Bay, Saskatchewan; DM = Duck Mountain, Manitoba. 

b e ;:;  current year's needles. 

c P = previous year's needles. 
d No samples collected. 

44 Inf Rep. NOR-X·327 



Table 39. Total iron concentration (mg kg-I) in the surface organic horizon (LFH), tree foliage, and 
understory vegetation for the pine ARNEWS sites. Values are means ± standard deviation. 

Sitea 
Variable CHPP WLNP RMH MLPP wspp su JP 

LFH 4250 ± 2180 2380 ± 1170 1760 ± 813 1520 ± 674 3340 ± 1110 2180 ± 954 2240 ± 432 
Pine (C)b 38 ± 15 37 ± 17 36 ± 18 38 ± 4 49 ± 11 58 ± 13 45 ± 9 
Pine (P)' 84± 20 69 ± 13 53d 67 ± 19 93 ± 9 79 ± 18 51 ± 10 
Calamagrostis rubescens 95 ± 36 -' 

Hieracium albiflorum 232 ± 223 
Aster conspicuus 84 ± 8 
Berberis repens 66 ± 7 
Vaccinium myrtilloides 120 ± 44 233 ± 43 
Vaccinium vitis-idaea 108 ± 41 147 ± 16 
Linnaea borealis 97± 22 134 ±  61 
Arctostaphylos uva-ursi 55 ± 21 
Cladonia mitis 277 ± 52 

a CHPP = Cypress Hills Provincial Park, Alberta; WLNP = Watertan Lakes National Park, Alberta; RMH = Rocky Mountain House, 
Alberta; MLPP = Meadow Lake Provincial Park, Saskatchewan; WSPP = Whiteshell Provincial Park, Manitoba; SU :::: Suwannee, 
Manitoba; JP = Jenpeg, Manitoba. 

b Current year's needles of Pinus contorta forCHPP, WLNP, and RMH and P. banksiana for MLPP, WSPP, SU, and JP. 
C Previous year's needles of P. contorta for CHPP, WLNP, and RMH and P. banksiana for MLPP, W5PP, SU, andJP. 
d Only two samples collected. 
e No samples collected. 

were lower than in the soils of the pine plots (soils 
of similar texture). The highest pyrophosphate Fe 
and Al concentrations of the white spruce plots 
were found at Grande Prairie and Duck Mountain. 
The pyrophosphate extractable Fe and Al concen
trations at Prince Albert National Park were similar 

The ability to detect change in any given chemi
cal parameter depends upon, among other things, 
the natural variability of the factor being measured. 
This includes the variation within a plot or stand 
(i.e., spatial variability) and the variation over time 
both within a growing season and among years (i.e., 
temporal variability). The soil chemical data col
lected using the present ARNEWS sampling proto
col will provide only descriptive information that is 
probably inadequate for quantitative assessments. 
Five replicates per plot is inadequate to provide an 
accurate measure of many soil parameters with any 
greater precision than to within 25% of the mean. A 
more intensive sampling design would be required, 
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to Gregoire Lake Provincial Park and Hudson Bay 
despite a lower pH. This probably related to the 
coarse texture of the Prince Albert National Park 
soils, which generally have lower Al and Fe than 
finer-textured soils. 

POSSIBLE IMPROVEMENTS IN THE 
PRESENT ARNEWS PROTOCOLS 

at least for the surface organic horizons, in order to 
detect small changes in the measured parameters. 

Another concern relating to variability is the 
time of sampling. Temporal variability of foliar 
nutrient concentrations has been reasonably well 
documented in the literature (e.g., Van Den 
Driessche 1974; Chapin et al. 1980). There can be 
large changes in the elemental concentration of 
foliage over a growing season. Nutrient concentra
tions of foliage samples taken in June will not be 
directly comparable to nutrient concentrations of 
foliage in October for many elements. Problems in 
interpretation arising from sampling at different 
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times throughout the growing season were evident 
in the results of plant samples collected in June at 
the Grande Prairie plot versus later in the season at 
other plots. Logistically, sampling within a 2- to 
4-week time frame is not possible with only one 
crew to sample the 12 plots within the prairie 
provinces. The base line data has been further com
plicated because the initial plot setup and sampling 
was done over a 3-year period, resulting in year-to
year variations along with seasonal variations. 

The protocols recommend sampling vegetation 
in late summer for deciduous species and in the fall 
for conifers when concentrations have stabilized. 
This may not be the best time to sample, either 
biologically or practically. Seasonal staff are gone by 
September and October; consequently, sampling 
over a short time is not possible within the prairie 
provinces. Biologically, trees are not active in the 
fall. Sampling in late July or early August would 
provide a more biologically meaningful charac
terization of the nutrient status of a site. In addition, 
it would be more practical and make use of seasonal 
staff who could assist in the sampling. 

Asimilar concern with respect to temporal vari
ability within a season exists for soils; however, 
there is very little information on temporal changes. 
A great deal of the change during the year or 
between years would depend upon the climatic 
conditions. The same problems associated with 
time of sampling and logistics that affect foliage 
sampling also apply to the soil sampling. 

The existing ARNEWS protocol includes a sim
ple method for assessing ground vegetation effects. 
Plots are to be visited several times each growing 
season to compile a list of species growing in the 
plot; these are annotated with comments on leaf 
discoloration, pollution symptoms, and pest condi
tions. The protocol assumes that certain species on 
the forest floor are known to be sensitive indicators 
of acid rain (Magasi 1988). 

The authors bf the ARNEWS protocol do not 
provide a list of ground vegetation species sensitive 
to air pollution, and there is insufficient informa
tion to develop one for boreal forest zones of 
Canada. Visual symptoms of air pollutant stress are 
difficult to distinguish from those of many other 
forest stresses (Malhotra and Blauel 1980). Never
theless, the presence of discoloration might indicate 
potential acid precipitation problems. This 
approach will fail unless a number of conditions are 
met. These conditions are: the site must have 
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species sensitive to acid precipitation; there must be 
sufficient acid precipitation to cause foliar discol
oration; sampling must be sufficiently frequent and 
extensive to detect foliar symptoms; and techniques 
must exist for determining whether the symptoms 
were in fact a result of acid precipitation. 

Many sites were selected because they had rela
tively short trees from which foliar material could 
be selected easily. These stands were often young, 
and will undergo rapid and profound changes in 
the composition of the undergrowth due to succes
sional changes in the canopy and soils. Similarly, 
soil and foliar concentrations will also change with 
time as these stands mature. These changes may 
obscure any impacts that may result from acid 
deposition. 

The overall physiognomy of a forest under
story is reflected in the cover of its component 
strata. Ellis (1986) demonstrated that the under
story physiognomy in undisturbed conifer stands 
is related to canopy development and that the 
development of individual strata is largely 
controlled by the physiognomy of its overstory. Air 
pollutant impacts may result in general changes in 
forest physiognomy; however, natural variations 
(e.g., differences in flora among regions, site 
characteristics, and successional status) ensure that 
vegetation trends among sites will not be easy to 
measure. 

Epiphytic and terrestrial lichens and bryo
phytes may be the best indicators of early acid 
precipitation damage because they have no root 
systems. They, therefore, rely on direct absorbtion 
of rain, surface moisture and dew for obtaining 
water. Identification of these groups requires 
trained taxonomists. Smaller species, including 
many leafy liverworts, are not easily seen when 
they grow within moss carpets, so special sampling 
methods may be necessary if they are to be sur
veyed accurately. This special expertise and extra 
sampling requirements are not anticipated in the 
ARNEWS protocols. 

The selection of white spruce plots was 
included in the initial protocol of the ARNEWS 
program because white spruce has a Canada-wide 
distribution, is economically important in all 
regions, and is considered among the more sensi
tive tree species (Magasi 1988). The soils and foliage 
of the white spruce plots selected within the prairie 
provinces, however, were high in base cations, par
ticularly Ca. It is unlikely, given the rate of acid 
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deposition, that direct cation leaching from foliage 
or indirect soil mediated processes (e.g., cation 
leaching, Al mobility, and toxicity) will be of con
cern for the white spruce plots. If the main objective 
of ARNEWS plots is to provide an early warning of 
potential air pollutant damage (primarily acid 
deposition) to forest ecosystems, then the white 
spruce plots of the prairie provinces are of little use. 
These plots are well buffered and would be most 
resistant to changes related to acid deposition. 

The soils of the jack pine sites are generally 
coarse textured and have very low CEC and ex
changeable bases. These soils have little capacity to 

The objectives of the ARNEWS program are: 

1. to detect the possible damage to forest trees and 
soils caused by acid deposition by identifying 
the damage sustained by Canadian forests that 
are not attributable to natural causes or man
agement practices and 

2. to monitor in the long term, vegetation and soils 
to detect changes attributable to acid deposition 
and other pollutants in representative forest 
ecosystems (Magasi 1988). 

The detection of damage to forest trees (i.e., 
early warning component) is the responsibility of 
the forest insect and disease program (FIDS) and 
their findings are reported in the annual regional 
FIDS reports and the annual report of the ARNEWS 
surveys. The results presented in this report are 
primarily related to the long-term monitoring of 
representative ecosystems. The base line chemical 
data and vegetation analysis was collected during 
the setup of 12 ARNEWS plots within the prairie 
provinces. This data is descriptive and provides a 
general overview to the nutrient balance and 
vegetation composition of the plots. 

The authors thank Frank Radford, Yash Kalra, 
and John Shuya for the laboratory analysis. Thanks 
alsO to the following reviewers for their comments 
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buffer acid and would be the most sensitive to acid 
inputs. Lodgepole pine stands would be intermedi
ate between the jack pine and white spruce sites in 
terms of potential response to acid deposition. 

Possible improvements to the present 
ARNEWS protocols include increasing the number 
of replicates in the surface organic horizon for 
chemical analysis, sampling soil and foliage for 
chemical analysis during the biologically active 
period (July or early August), reevaluating the un
derstory vegetation survey to assess whether this is 
an acceptable indicator criteria, and include more 
sites on soils potentially sensitive to acid deposition. 

SUMMARY 

The pattern in foliar and soil chemistry indi
cated the white spruce plots were well buffered 
with respect to base cations and would be resistant 
to change as a result of acid deposition. The pine 
plots, in particular, the jack pine plots are located on 
sandy soils with low buffering capacity. These plots 
would have considerably less ability to buffer 
inputs of acid deposition. 

The fundamental premise on which the 
ARNEWS program is based has been widely 
accepted as the most logical approach for Canadian 
forests. A general forest health survey is the appro
priate method because of the complex nature of 
forest ecosystems, the number of pollutants that 
may impact on the forest, and the logistics with 
respect to adequate sampling. The long-term soil 
and vegetation monitoring aspect of the ARNEWS 
is a useful supplement to the annual forest health 
surveys; however, some modifications to the proto
cols should be considered. The purpose of the 
detailed chemical and vegetation cover data should 
be reassessed in light of the deficiencies in the pre
sent sampling protocols. The present sampling 
design provides a description of the plots but will 
be of little use in detecting small changes over time. 
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