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PL1i.NT DISTRIBUTIONS ON A SASKATCHE\';AN PRAIRIE IN RELATION TO EDAPHIC 

AND PHYSIOGRAPHIC FACTORS 

INTRODUCTION 

Kernen f.s prairie, a 320 acre tract of grassland named for 

its OMler is considered to be representative of' the vegetation which 

developed on the fine-textured lacustrine deposits of glacial Lake 

Saskatoon. The soils which developed under this grassland are of great 

agricultural potential, being fertile, with little stoniness and of 

only slightly undulating topography. Kernen r s prairie is unique among 

lake-bottom prairies of central Saskatchewan in that it has been 

spared cultivation or heavy grazing by domestic animals. It is 

desirable that this vegetation be studied while still in a relatively 

undisturbed condition. 

The objective of the present study is to characterize and 

interpret the species behaviour patterns, in relation to selected 

environmental gradients, of the more important elements of the vascular 

flora of Kernen's prairie. A useful approach to such a study implies 

the use of quantitative techniques for the measurement of vegetation 

and environment. Correlations betv-leen species or interactions of the 

species and their environment may then be sought to establish, if not 

the causal, at least the functional relations which operate within 

the vegetation community (Major 1961). 

It is hoped that this study, by fulfilling the above objective, 

will provide a basis for subsequent synecological or antecological 

investigations of this vegetation. 
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A reconaissance survey of the grasslands of east-central 

Saskatche\van was conducted during the summer of 1962. The present 

investigation developed from this survey and the field work was carried 

out during the period May to September, 1963. 
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THE STUDY AREA 

Kernen's prairie is 320 acres in extent and is situated at 

survey reference .Ei- 8-37-4-W3rd. Geology, soils, climate, vegetation, 

and land use history of the study area are described below. 

Geology and Soils 

Kernen t s prairie lies wi.thin the limits of glacial Lake 

Saskatoon, one of a series of glacial lakes which formed, temporarily, 

at the southern edge of the Wisconsin ice sheet during its final 

recession in late Pleistocene, possibly 10,000 B.P. (Edmunds 1962). 

These lakes developed as a result of the north-eastward slope of the 

land, which prevented drainage of meltwaters away from the ice front. 

Their temporary nature is a result of recession of the ice, with 

consequent reduction in water supply and removal of glacial barriers 

to drainage. 

Most soils have developed from glacial lacustrine deposits of 

fine texture, and these belong to the Elstow Association (Mitchell ~ al 

1944) • A north-south ridge extending the length of the study area 

shows evidence of surface and subsurface boulders, indicating that 

this particular structure is .basically of glacial till. Erosion has 

bared this feature of its original lacustrine deposits and the 

resultant soU is of a different type, a clay loam of the Weyburn 

Association. This ridge slopes gently (l-l~)on each side, grading 

into the Elstow clay and clay loam soils at slightly lower elevations. 

The difference in elevation between the ridge crest and the lowest 

point, in the south-east corner of the prairie, is of the order of 
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20 to 30 feet. 

At various s1tes, both on the slopes of the ridge and at the 

lowest elevations, roughly circular depressions occur. These have 

the appearance of glacial "kettles". Internal drainage is poor in 

these soils (Mitchell ~ & loc. cit.) and accumulation of spring 

meltwaters in these depressions, with consequent waterlogging, has 

produced a soil profile which shows evidence of gleying. High 

salinity is characteristic of some 0 f these depressions (Mitchell 

~ al loc. cit.). 

In the study area the clays and clay loams 0 f the Elstow 

Association are characterized by a hummocky surface. Similar terrain 

in the Red River Valley of Manitoba has been described by Ellis and 

Shafer (1928), who proposed a mechanism whereby such structures are 

formed. The hummocks are believed to be due to material from the 

more greatly swelling surface soil falling down cracks into the 

subsoil beneath. These cracks develop as a polygonal network during 

dry periods. Subsequent wetting results in continued transfer of 

surface soil to the cracks, with the added factor of pressure from the 

differentially swelling surface material which lies in the cracks. 

This pressure forces the column of subsoil upwards to develop the 

characteristic hu.mmock. The terms ltpufftl and "shelf" have been used 

by Hallsworth et al (1955) to distinguish the hummock and depression 

components. 

Climate 

Kendrew and Currie (1955) recognized six climatic regions in 

central Canada and the s1te of the present study is located in the 
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extreme southern part of region 4, which is essentially the parkland 

and the southern edge of the northern forest. 

Annual precipitation at Saskatoon varies from 8.8 to 21.0 

inches, with a mean of 13.7 inches (Currie 1953). Snow, which usually 

remains on the ground from November to March, constitutes 30 percent 

of the total annual precipitation. 

Mean monthly temperarore varies from OOF. in January to 65°F. 

in July. Wide variations in diurnal and seasonal air temperatures 

occur in the area. Summer temperatures above lOooF., and winter 

temperatures below -40°F. have been recorded in Saskatoon. The mean 

duration of frost-free season is 106 days, from May 26 to September 9 

(Kendrew and Currie 1955). 

Vegetation 

Kernen I s prairie lies within the transition region between the 

Mixed Prairie, or Stipa-Bouteloua Association of Clements (Clements 

and Shelford 1939) to the south, and the Fescue Prairie (Festuca 

scabrella Associa.tion of Coupland and Brayshaw 1953) to the north. 

The region is referred to as "parkland" ol\Ying to the occurrence of 

groves of aspen poplar (Populus trenmloides) in the moister sites 

within a matrix of grassland. Shrnbs (Symphoricarpos occidenta.lis, 

Elaeagnus commutata, Spiraea alba, and Rosa. acicularis) occur in all 

but the driest or saline hab!tats in the study area, often aggregated 

within and about the aspen groves. 

The Stipa-Agropyron Faciation of the Stipa-Bouteloua Association 

is recognizable in the drier portions of this prairie. 140ister sites 

are often occupied by the Festuca scabrella Association. The seasonally 

inundated depressions bear a vegetation which is conspicuous in the 
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dominance of Hordeum jubatum. Coupland (1961) refers to such 

vegetation as being a stage in succession. 

Lsnd Use History 

The Saskatoon area was settled in 1883 and Kernen's prairie 

has been in the hands of the present owner's family since 1917. The 

owner, Mr. F. W. Kernen, has provided the following pertinent informa.tion. 

Regular, medium intensity grazing was carried out by cattle and 

horses up until the 1930 I s. Since that time the only disturbances of 

this nature have comprised one summer of light grazing in 1948 and a 

mowing of some areas in 1960. Small portions of the area have been 

tilled. An area 500 yards long and 10 yards wide, extending north

south in the eastern half of the prairie was tilled for use as an 

airstrip. During 1963 this was covered by a thick growth which 

consisted mainly of introduced weed species. Agropyron smithii 

was the only conspicuous native. There were no signs of invasion of 

the prairie grassland by these weed species. In the autumn of 1963 

the airstrip was tilled and the plant cover destroyed. Prior to 1917 

circular fireguards were mouldboard-ploughed to afford protection 

for haystacks. These are still apparent by virtue of a marked 

dominance of Agropyron smithii on the subsoil clay exposed during 

turning of the sod. 



REVIEW OF LITERATURE 

Coupland (1961) has classified the grasslands of Saskatchewan, 

in accordance with the climatic climax concepts of Clements (1936), 

into two associations, the Festuca scabrella Association (Coupland 

and Bray-shaw 1953) and the Mixed-Prairie (Stipa-Bouteloua of Clements 

and Shelford 1939) Association. While agreeing with the idea of the 

continuous nature of vegetation (Curtis and McIntosh 1951) he feels 

that the purposes of classification are better served by the 

Clementsian approach. Two markedly different approaches were used 

by Looman (1963) in a preliminary classification of Saskatchewan 

grasslands; the hierarchical system of Braun-B1an.quet (1951) and the 

ind!vidualistic association concept of Gleason (1926) as worked out 

by Curtis (1959). Despite the differences in approach, however, 

the broad classification proposed by Coupland is compatible with 

the more detailed one developed by Looman. 

Grasslands have been thesubj ect of intensive studies of 

smsJ.l areas by, among others, Steiger (1930). This classic study 

involved a very detailed approach to the structure of prairie vegetation. 

Phenology was given much attention and transects were used to demonstrate 

the variations in the vegetation. Later development of more 

sophisticated quantitative techniques for the collection and analysis 

of data led to such studies as that of Dix and Butler (1960) who 

investigated the behavioral patterns of species in relation to 

environmental and phytosociologicaJ. gradients in a small Wisconsin 

prairie. They used small stands of area 10 m. 2 in a 2.5 acre 

prairie. 
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In these and other studies (e. g. Partch 1949; Lynch 1962) 

soil moisture t'las shown to be the dominant factor in regard to 

species distributions withi.n limited areas. Often the soil moisture 

differences cntical in relation to species distributions were 

operative only for a limited period of the year. Lynch (1962) showed 

that, for two distinct grassland communities in an 8-acre Texas 

prairie, the soil moisture ranges of both community types overlapped 

for the greater part of the year. For two months in mid-summer, however, 

there was a marked difference in soil moisture between the two 

communities, that in the more xeric community (Aristida longiseta 

dominated) going below permanent wilting point for the whole of this 

period. This prolonged drought condition was inimical to the 

establishment of Andropogon scoparius, the dominant species of the 

more mesic co1Ihllunity. These two communities, then, form a mosaic, 

the distribution of which can be related to mid-summer soil moisture 

conditions. 

As in Texas (Lynch loc. cit.) and Wisconsin (Partch 1949) 

the distributions of prairie species in Saskatchewan are controlled 

primarily by soil moisture (Coupland 1961). Ayyad and Dix's (1964) 

study further elucidated this relationship between species and 

moisture, particularly as they are influenced by slope position 

and exposure. At their study sites Festuca scabrella, Carex 

obtusata, and Galium boreale had their highest densities on the 

relatively moist, cool lower positions of north slopes, whereas 

Phlox hoodii, Carex fi1ifo11a, Stipe. comata and Artemisia frigida 

were among the species which attain their optimum densities at the 

dry, warm upper positions of south slopes. Koeleria cristata, Carex 
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eleocharis, Stipe. spartea var. curtiseta and Agropyron dasystachyum" 

occupied intermediate positions. The data indicated that each species 

has its own characteristic behavior pattern. in relation to both 

environmental and phytosociologicsJ. gradients. Variations in species 

composition along those gradients were so gradual that no vegetational 

units were recognizable, a result which conflicts with the definite 

zonation 0 f vegetation, correlating with slope position, reported by 

Hird (1957) for the same general area. 
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METHODS 

Selection 0 f Stands 

A stand is considered to be a relatively homogeneous patch 

of vegetation selected as a sampling unit because of its uniformity 

in vegetation and environmental conditions. From such units the 

quantitative data required for the present study are readily obtained 

and related to the prevailing environment. 

Stand selection was a relatively simple process. The 

airstrip was not included as part of the study area and the fa.ctors 

considered in selection of stands from the remaining area were, 

in order of importance: 

1. Homogeneity of distribution of the dominant species. 

2.. Minimum. area, defined as that within which thirty 

0.25 m. 2 quadrats, spaced at least 2 paces apart, might be laid. 

In the majority of stands it was possible to use at least 3 paces 

between quadrats. 

3. Unifonn drainage. 

4. ,Disturbance owing its origin to gopher activity rendered 

a stand unaccepta.ble for study purposes. 

Stands were selected in such a way as to ensure sampling of a 

wide range of vegetational variation within the study area. This 

appeared to be adequately covered by 50 stands. 

Vegetational Data 

Sampling methods: 

Since the objective of this study embodied an analysis of 
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the vascular species composition, a sampling method suited to the 

assessment of species frequencies was selected. List quadrats were 

used, each of 0.25 m. 2 area, a size successfully used by Dix (1958) 

for sampling the species composition of the grasslands of the northern 

Great Plains. During the preliminary stages of this study at Kernen's 

prairie, up to 60 quadrats were sampled in a single stand. The data 

were grouped as blocks of 5 quadrats and a record made of the changes 

in frequency values of the major species as blocks were added. 

Frequency changes between 20 and 60 quadrats were less than 10% for 

7 major species. These data led to a decision to adopt 30 as the 

number of quadrats to be sampled in each stand. 

The physiognomic dominance of certain woody species 

(pa.rticularly Symphoricarpos oceidentalis and Populus tremuloides) 

within the study area .was considered to be of special importance with 

respect to their effect on understory vegetation. Where these species 

occurred within quadrats the numbers of their stems were recorded, 

to provide a simple measure of density. The average height of 

Symphoricarpos occidentalis, within each stand of its occurrence, was 

also recorded. 

The peculiar nature of the hummocky terrain has been indicated 

(see STUDY AREA). Full consideration of the microedaphic differences 

between puff and shelf would have constituted a major extension to the 

present study, and this was not practicable. However, possible 

implications of these variations in relation to species distributions 

were investigated in one stand by the use of line intercept 

transects across a representative soil polygon. A similar transect 

was used to stp:dy an example of the relatively xeric vegetation 
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which occurs in association with the thin soil above sub-surface 

boulders in the central ridge area. 

A presence list of all vascular plant species observed during 

sampling, plus a ten minute final survey of the stand, was checked on 

field sheets. In this way, certain rare species, not encountered in 

the sample quadrats, were recorded. The intention was to obtain records 

of as many species within each stand as possible. 

Taxonomy: 

Taxonomic nomenclature is according to r-108S (1959). Certain 

taxa in this area present great problems in field identification. 

Despite detailed studies of the AgropWn species of the area. (Miller 

1962) field separation of some species is still uncertain. In the 

present study it was necessary to group!. trachycaulum and A. 

subsecundum together. Although these species on occasion can be 

identified with a fair degree of certainty, integra.ding types are more 

usual. The genus Poa proved difficult; several forms have been grouped 

as Poa spp. Eleocharis species were encountered frequently in lowland 

habitats but specimens suitable for identification to the species 

level were not encountered. Several Carex species were distinguishable 

in the upland vegetation but some lowland species were problematical 

and could only be classed as Carex spp. Neither "Poa spp." nor 

"Carex spp. n included taxa of high frequency in any stand. A species 

of Rosa is of importance over a wide range of conditions. Generally 

this appears to be Rosa acicularis. However, the characters for both 

!!. acicularis and R. woodsii used in Mo sst (1959) key to the genus, 

are often found to be associa~ted on the same plant. Similar observations 

have been made in the Saskatoon area by Argus (personal. communication). 
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All Rosa taxa. have been grouped as Rosa acicu1aris. 

Environmental Data 

Edaphic factors: 

Soil moisture: Samples were collected in late summer 

(September 3, 1963), seven days after a medium rainfall. This is 

believed to be, in terms of soU moisture, a criticeJ. period for 

plant growth and survival in this area. Johnson (1960), studying the 

rooting characteristics of native grasses in Saskatchewan, concluded 

that "the maximum amount of absorption probably takes place in the 

surface 6 inches". It was considered desirable, therefore, to ascertain 

the moisture in this layer. However, the B horizon is encountered at 

6 inches in many stands. Owing to the markedly different nature of 

this in comparison with the A horizon, particularly in terms of 

moisture characteristics, a decision was made to restrict surface 

sampling to the 0 - 4 inch layer.. A second sample was ta..teen, from 

the same hole, in the 6 to 12 inch layer. Three sample holes were 

dug in each stand and samples from the individual layers were pooled 

and sealed in airtight plastic bags. Close proximity of the study 

site to' the laboratory permitted rapid processing of the samples, 

with negligible moisture losses. Laboratory determinations of the 

moisture content of these samples were made, on an oven-dry basis, 

after drying at 105°C. for 48 hours. 

In the hope that certain measurable edaphic factors would be 

rela.ted to species distributions in the area, soil samples were taken 

from the 0 - 4 inch layer of each stand, three samples being pooled 

to provide a composite sample for laboratory analysis of the following 
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factors: 

Water retaining capacity (W.R.C.): A modification of Hilgard's 

(19l9) method of assessing this factor was used, following the 

instructions of Piper (1944). 

pH of the soil solution: Soil solution reaction determinations 

were made using a glass electrode <Beckman pH meter, model #72) in a 

1 : 5 :: soil: water solution. 

Soil texture: Bouyoucos' hydrometer method, as described 

by Wildeand Voigt (1955), was used for analysis of the sand, silt, and 

clay fractions. The high organic matter content of the soils of this 

study neceesitated its removal by oxidation with 15% hydrogen peroxide 

prior to use of the Bouyoucos technique. 

Miscellaneous: General. observations concerning the topography, 

local disturbance, soil type and descriptions of the various horizons, 

were recorded for each stand. 

Slope position: 

Stands were designated as DEPRESSION, LOWER SLOPE, MID-SLOPE, 

or UPPER SLOPE. Although slopes were but slight <1> 1.5°) appreciable 

differences in botanical composition were discernible in certain 

slope positions. An important feature of slope position is that, 

unlike all other factors measured in this study, it is independent 

of influence by the vegetation. 

Light: 

A secondary interest in the nature of shading by the woody 

species, particularly Populus tremuloides and Symphoricarpos occidentalis, 

led to measurements of the illumination belovi the canopies of these 
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species.

Measurements were taken a.t waistlevel in two P. tremuloides

stands and at grounc.Uevel in two .2. occidentalis stands, always 

between the hours of 11 a.m. and 1 p.m. on cloudless days. The 

instrument used was a Weston Illumination Meter, Model 756, and 50 

readings were taken in each stand. 

Treatment of Data 

For the investigation of relationships between 1ndividual species 

and the measured environmental factors, frequency values for species 

were related to each environmental f actor in the following way. The 

complete range of values for each factor, except slope position, 

was divided into 5 segments. Stands were allotted to each 

segment in accordance with their values for the particular factor and 

the frequency values for individual species in these stands were 

averaged. This average frequency figure thus represents the importance 

of a species within a particular range of environment. 

Variations in the terrain of the study area were not sufficiently 

pronounced to permit the use of 5 slope posttions. In this instance 

4 segments were used. 

A special problem arose with respect to data from stands 

occurring within areas of hummocky terrain. Great ranges in edaphic 

factors are apparent bet'Vleen the puff and shelf areas. Accurate 

analysis of species-environment relations within such areas would 

necessitate separate sampling for puffs and shelfs. This would entail 

a detailed approach to micro-distributional patterns of species, and 

is not the object of this stUdy. For the present, therefore, it was 
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deemed advisable not to give special treatment to these stands. 

Though sepa.rate soil samples were collected for puff and shelf areas, 

results of soil analyses were averaged to provide a single value for 

each factor within each stand of hummocky terrain. 
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RESULTS AND DISCUSSION 

Edaphic factors are often of great significance in relation to 

the distribution of. species. However, the relation is not always clear 

owing to the complexities which arise from the effects of the vegetation 

itself upon the soil. In this section edaphic factors are first 

discussed. Following this, slope position is considered and given 

particular attention because it is a factor iAlhich is unaffected by 

vegetation. By relating the various measured edaphic factors to slope 

position it is hoped to obtain a clearer picture of the complex 

relations of edaphic factors and species behavior patterns. This 

constitutes a separate section on environmental correlations. 

The relationship between woody vegetation and understory is of 

secondary interest. This is true also of species behavior on hummocky 

terrain, and on the ridge in the vicinity of shallowly buried boulders. 

These are discussed in turn. 

Species Distributions in Relation to Edaphic Factors 

Soil moisture: 

The importance of soil moisture in relation to the distribution 

of prairie species in Saskatche'tvaD is considerable (Coupland 1961). 

Further, Lynch (1962) has demonstrated the existence of a critical 

period of mid-summer moisture which differentiates between two grassland 

types in the Texas prairie. In the Saskatoon area, during a relatively 

wet year such as 1963, moisture levels critical to plant survival may 

not occur until late summer. In the belief that soil moisture is 

deficient at this time and might be a significant factor in plant 
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distribution, this factor has been given major consideration. 

Moisture data. were collected for two la.yers of the soil profile. 

Both layers are correlated in terms of soil moisture and only the 0-4 in. 

data are considered here. Distribution of various species in relat.ion 

to the gradient are shown in Table 1. 

The set of values for any single species across the 5 moisture 

segments demonstrates the tendency of a species to attain maximum 

importance in a particular segment of the gradient. Certain species 

are confined to a narrow range of moisture conditions, whereas others 

demonstrate a broad amplitude of tolerance and appear to reach optima 

external to the conditions of moisture prevailing in this study. This 

latter mentioned phenomenon is demonstrated by Bouteloua gracilis, 

which attains much higher frequencies on the drier, upper slopes of 

knolls in the morainic area situated within a few miles of the study 

area (Ayyad and Dix 1964). Possibly Stipa spartea yare curtiseta and 

Agropyron dasystachyum also attain their highest frequencies in 

drier sites. These two species occur as co-dominants in the driest 

sites on Kernen's prairie. Increasing moisture is associated with 

peales for other species distributions and diminutions in the curves 

of .§.. spartea yare curtiseta and!. dasystachyum. In this way 

Festucascabrella, !. trachycaulum-subsecundum and Symphoricarpos 

occidentalis attain prominence at points along the gradient, only to 

diminish in importance at the wet end. 

The data provided in Table 1 indicate maximum occurrences for 

Hordeum jubatum and Aster hesperius, which often grow in the same 

stands, near to the dry end of the gradient. Other species with 

optima in this region of the moisture gradient do not occur in the 
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Table 1. Frequency values of the major vascular species, averaged for -, ---~- " 

segments of the soil moisture gra.dient. Species in this 
list are those wr~ch were present in at least 15 stands, 
plus other species (marked ldth asterisks) of particular 
ecological interest. 

Species 1(14)1 2(15) 3(14) 4 (4) 5(2) 
10.1 15.1- 20.1- 25.1 30.1
15.02% 20.0% 25.0% 30.0% 35.0% 

Achillea millefolium 6.4 16.7 27.8 14.0 
Agropyron dasystachyum 72.3 28.3 8.5 0.7 
Agropyron amithii 19.8 21.0 9.2 
Agropyron trachycaulum

subsecundum 7.4 13.3 51.4 29.7 30.0 
Androsace septentrionalis 13.4 17.9 10.1 1.7 
Anemone patens var. 

wolfg8Jlgiana 47.1 14.1 5.8 
Artemisia frigida 29.5 25.7 4.2 
Artemisia ludoviciana var. 

gnaphalodes 14.6 6.3 15.8 15.7 1.5 
Aster ericoides 8.3 20.9 22.8 0.7 
*Aster hesperius 5.7 12.3 2.8 9.0 
Aster laevis 1.5 19.4 17.2 
Astragalus striatus 10.3 14.5 22.7 14.0 
Bouteloua gracilis 9.3 2.8 0.2 
Carex eleocharis 69.2 35.9 8.6 
Carex foenea 15.2 41.2 25.0 35~0

Carex heliophila 29.3 25.6 11.5 
Carex obtusata 42.3 59.5 40.5 35.0 
*Elaeagnus commutata 2.9 3.0 37.0 23.0 
Erysimum cheiranthoides 1.4 3.5 7.3 5.7 
Festuca scabrella 27.1 24.9 38.6 25.7 8.0 
Galium boreal~ 11.5 20.8 75.4 60.0 46.5 
*Hordeui11' jubatum 7.1 22.5 0.5 
Koeleria cristata 10.5 10.0 4.9 
~fuh1enbergia richardsonis 6.9 17.3 13.2 
Phlox hoodii 24.5. 11.2 1.8 
Populus tremuloides 1.6 1.8 7.3 
Rosa acicularis 8.3 13.5 31.• 8 27.2 
Selaginella densa 72.2 23.0 0.5 
Solidago misso~riensis 5.8 3.0 2.8 0.7 
*Solidago pruinosa
* Solidago rigida 0.7 

0.2 
0.9 

1.0 
13.1 

1.7 
5.0 

1.5 

Spiraea alba 2.1 16.1 39.1 38.2 30.0 
Stipa spartea var. 

curtiseta 79.6 34.9 25.2 10.7 
Symphoricarpos occidentalis 16.6 29.9 6~ ,..,

,,(,..1 70.7 50.0 
Vicia sparsifolia 
Viola adunca 

12.9 
0.7 

6.7 
3.5 

5.6 
18.9 

5.0 
16.2 13.0 

11 Bracketed figures indicate the nu.mber 0 f stands included v.'ithin 
each segment.

Y The range of moisture for each segment is represented by the lower 
figures. 
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same stands as these two species. This points to a possibility that 

some other factor of the environment overrides the soil moisture factor 

in determining their occurrence. Actually, 1!. ,iubatum and!. hesperius 

are restrIcted to depressional areas. Dodd (1960) has indicated that 

similar areas are often highly saline and a possibility therefore 

exists that the salt concentration of these areas is inhibitory to 

other species ''lhich might ordinarily grow under this particular 

moisture regime. These depressional areas carry bodies of surface 

water for some time after the spring melting of snow. During the 

spring of 1963, mel t\'Jaters in one depression (stand #4J.) were present 

to a depth of 3 in. as late as l~ay 22. It is possible that this 

period of inundation is inimical to the early development of the 

upland species. Further, occasional flooding of these depressions 

during a wet summer, follo~dng heavy rains, may assist in preventing 

the establishment of these species. 

The species composition of depressions, then, may be determined 

by salinity, or inundation alone, or these t"l0 factors may complement 

each other to bring about a 1!. jubatum-dominated lowland vegetation. 

Water retaining capacity Ov.R.C.): 

Water retaining capacity is an imperfectly understood 

characteristic of soil. It does not express availability but, being an 

expression of both texture and organic matter, it may be an index to 

this. This measurement has been 'tAJide1y and successfully used in 

ecological studies (e.g. Partch 1949) as an index of habitat conditions. 

The range of ii.R.C. values encountered in this study lies 

between 64% and 148%. Table 2 shows the distribution of species in 
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Table 2. Frequency vB.lues of the major vascular species, averaged for 
segments of the 'Water retaining cape.city gradient. Species 
in this list are those which were present in at least 15 
stands, plus other species (marked vIith asterisks) of' 
particular eco1og~c8l interest. 

Species 1(7)17 2(15) :3(15) 4(10) 
60.1 80.1 100.1 120.1
OO%Y ~OO% 120% 140% 

Acbi11ea mi11efo1ium 6.7 8.8 29.1 20.3 3.3 
Agropyron dasystachyum 53.1 46.9 27.2 10.6 6.3 
Agropyron smithii 21.7 14.9 17.1 9.3 1.0 
Agropyron trachycanlum

subseeundum 5.6 12.7 28.5 .46.0 38.6 
Androsace septentrionB~is 5.7 17.3 17.5 12.2 
.P..nemone patens var. 

wolfgangiana 19.3 35.9 13.9 7.2 
Artemisia frigida 23.6 24.5 21.3 4.6 
Artemisia ludoviciana var. 

gnllphalodes 6.0 11.2 18.1 10.9 2.0 
li.ster ericoides 
*Aster hesperius 

1/+.3 
23.7 

6.5 
6.6 

24.6 
3.5 

21.1 
2.3 

Aster 1aens 1.5 13.0 15.6 1.0 
Astragalus strla.tus 4.0 12.8 15.9 25.1 2.3 
Bouteloua gracilis 5.1 5.9 3.2 1.9 
Carex eleocharis 48.3 48.3 32.7 9.3 
Carex foenea 10.5 9.3 24.3 33.5 23.3 
Carex heliophila 18.3 54.3 41.7 24.5 
Cs.rex obtusata 14.7 55.1 39.3 64.3 61.0 
*E1aeagnus commutate.. 3.9 17.4 15.3 
Erysimum cheiranthoides 1.0 1.9 6.1 7.2 
Festuca scabrella 15.6 22.6 47.1 32.7 8.6 
Galium boreale 10.0 17.9 46.6 68.8 74.0 
*Hordeum jubatum 18.0 20.8 0.5 
KoeleTia cristata 14.4 5.7 8.1 7.2 2.3 
Muhlenbergia richardsonis 1.4 8.1 11.7 10.7 1.0 
Phlox hooclii 18.8 17.7 8.6 2.6 
Populus tremuloides 3.3 2.0 0.3 22.0 
Rosa acicularis 11.1 11.6 27.1 25.8 3.3 
Se1aginella densa 47.1 45.1 22.1 0.7 
Solidago missouriensis 6.0 3.3 2.7 4.6 
*Solidago pruinosa 0.2 0.7 1.3 
*Solidago rigida 0.7 9.0 9.2 1.0 
Spiraea alba 13.6 11.2 32.0 19.8 30.6 
Stipa spartea var. 

curtiseta 52.3 56.1 42.7 26.9 
Symphoricarpos occidentalis 4.6 31.0 29.7 76.6 
Vieia sparsifolia 5.0 12.1 8.3 5.0 
Viola adunea 1.3 4.6 7.5 16.1 23.0 

lIBraeketed figures indicate the number of stands included vr.i. thin 
each segment. 

YThe range or W. R. C. for each segment is represented by the lower 
figures. 
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relation to the it.R.G. gradient. Trends of species distributions in 

relation to the W.R.C. gradient are very similar to those discussed 

in the previous section dealing with soil moisture. This results from 

a correlation of soil moisture with W.R.C. (see Table 5). The 

indication is that, at least for grassland studies, routine vJ.R. C. 

analyses of individual stand solI samples provide reasonable estimates 

of soil moisture status in the relatively dry late summer period. 

Partch (1949) reached a similar conclusion as a result of his studies of 

the soil moisture relationships of Wisconsin prairies over a complete 

summer period. 

Soil ,till.: 

Table 3 embodies the data relating to species distributions 

and the pH gradient. The range of pH involved here is from 5.1 to 

7.5. 

Though certain species distributions are characterized by well 

defined peaks in various segments, a great number of species shows 

indeterminate, sometimes bimodal, distributions, indicating that 

pH does not make the same contribution to species behavior patterns 

as do soil moisture and W.R.C. 

Major upland species, e.g. Stipa spartea var. curtiseta and 

Agropyron dasystachyum, exhibit their greatest mean frequencies in 

association with soil pH values slightly below the neutral point, 

while lowland species appear to characterize habitats of lower pH. 

Soil texture: 

Attempts were made to relate percent sand and percent clay to 

species distributions. Preliminary investigation of the data showed 
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Table 3. Frequency values of the major vascular species, averaged for 
segments of the soil pH gradient. Species in this list are 
those which were present in at least 15 stands, plus other 
species (marked with asterisks) of particular ecological 
interest. 

Species 1 (8)~ 2 (19)
5.1-5.~_5.6-6.0

3 (15;
6.1-6._ 

4 (6)
6.6-7.0 

2 (2)
7.1-7.5 

Achillea millefolium 0.7 7.4 17.1 33.8 
Agropyron dasystachyum 10.4 63.6 61.8 43.0 
Agropyron smithii 0.4 4.0 29.3 34.8 
Agropyron trachycaulum

subsecundum 6.6 40.4 17.6 19.8 15.0 
Andre sace septentriona11s 10.0 24.2 22.0 
Anemone patens var. 

wolfgangiana 4.5 40.5 42.2 3.5 
Artemisia frigida 3.8 34.9 39.2 33.0 
Artemisia ludoviciana var. 

gnaphalodes 8.2 21.0 22.5 
Aster ericoides 6.4 25.6 45.5 
*Aster hesperius 17.7 6.8 
Aster laevis 7.3 11.3 7.2 1.5 
Astragalus striatus 12.9 20.5 20.8 
Bouteloua gracilis 0.8 8.5 8.0 
Carex eleoeharis 8.9 f:{).9 66.5 46.0 
Carex foenea 28.1 17.8 6.0 2.2 0.6 
Carex heliophila 19.7 68.8 67.3 6.5 
Carex 0 btusata 3.0 54.5 75.1 63.0 
*E1aeagnus commutata 11.2 1.5 7.2 
Erysimum cheiranthoides 4.1 6.3 4.3 
Festuca scabrella 0.7 32.6 26.8 43.7 10.0 
Galium boreale 19.5 63.6 22.7 36.5 11.5 
*Hordeum jubatum 39.9 6.6 
Koeleria cristata 3.2 17.5 6.0 12.5 
MUhlenbergia richardsonis 12.8 5.4 1.7 0.5 
Phlox hoodii 2.3 24.3 15.3 18.0 
Populus tremuloides 3.8 4.8 0.5 11.5 
Rosa acicu1aris 3.6 20.2 21.7 31.3 
Selaginel1a densa 5.4 61.4 3$.0 50.0 
Solidago missouriensis 1.2 4.8 13.3 1.5 
*Solidago pruinosa 1.2 0.1 0.7 l~;

*Solidago rigida 5.5 7.9 2.7 
Spiraea alba 52.7 28.7 0.9 6.7 5.0 
Stipa spartea var. 

curtiseta 0.9 18.2 83.2 69.7 50.0 
Symphoricarpos occidentalis 32.7 57.4 18.8 34.5 50.0 
Vieia sparsifolia 4.3 14.7 13.2 5.0 
Viola adunca 5.0 14.7 3.7 2.7 13.0 

17 Bracketed figures indica.te the number of stands included "Iithin 
each segment. 

y The range of soil pH for each segment is represented by the lower 
figures. 
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that, though wide ranges of values occur for both these components 

(sand: 7% to 72%; clay: 10% to 64%), species frequencies, when 

arrayed along gradients of these factors, do not display any 

recognizable patterns. Similarly, Ayyad and Dix (1964) failed to 

detect correlations between soil texture and any of the phytosociological 

axes constructed in their study of the grassland 20 miles east of 

Kernen's prairie. The data for soil texture and species distributions 

are not included in this report. 

Species Distributions in Relation to Slope Position 

Slope position and aspect w'ere the prime considerations of 

Ayyad and Dix (1964) in their study of a grassland area in the 

morainic terrain to the east of Saskatoon. Soil temperature and 

moisture content were shown to vary significantly with slope aspect 

and position end the effect of these factors on species behavior 

patterns was pronounced. Kernen's prairie is situated in an area of 

glacial lacustrine deposits where slope variations are but slight. 

Under these conditions of slope the pronounced temperature differences 

wh.ich contribute, via their effect on moisture regimes, to the species 

distributions of Ayyad and Dix' s (lac. cit. ) study, do not occur.' 

The relationships between species disttibutions and slope 

position are displayed in Table 4. As with the gradients previously 

considered, the data here show definite relationships to the differences 

in slope position. Optima in species distribution exhibited here are 

more clearly defined than in the case of soil moisture or ~IJ.R.G.

gradients. 

In the slope position gradient Hordeum jubatum disp1ays a 
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Table 4. Frequency values of the major vascular species, averaged for 
segments of the slope position gradient. Species in this 
list are those which were present in at least 15 stands, 
plus other species (marked· with asterisks) of particular 

ecological interest. 

Species 

Achillea millefolium 
Agropyron dasystachyum 
Agropyron smithii 
Agropyron trachycaulu~

subsecundum 
Andresace septentrlonalis 
Anemone patens yare 

v.rolfgangiana 
Artemisia frigida 
Artemisia ludoviciana var. 

gnaphalodes 
Aster ericoides 
*Aster hesperius 
Aster laevis 
Astragalus striatus 
Bouteloua gracilis 
Carex eleocharis 
Carex foenea 
Carex heliophi1a 
Carex obtusata 
*Elaeagnus commutata 
Erysimum cheiranthoides 
Festuca scabre11a 
Galium boreale 
*Hordeum jubatum 
Koe1eria crlstata 
?{Uhlenbergia richardsonis 
Ph~ox hoodii 
Populus tremuloides 
Rosa acicularls 
Selaginella densa 
Solidago missouriensis 
*Solids,go pruinosa 
*Solidago rigida 
Spir;;tea alba 
Stipe. spartea yare 

curtiseta 
Symphoricarpos occidentalis 
Viela sparsifolia 
Viola adunca 

s.o 

2.0 

37.8 

11.9 

1.0 
0.9 
1.4 

58.8 

0.5 

7.0 

0.4 

Lower 
slope (17) 

25.2 
2.8 
6.4 

50.3 
9.0 

2.5 
0.8 

13.6 
15.5 

4.5 
17.3 
27.5 

2.9 
46.1 
21.2 
52.3 
10.4 
5.6 

40.1 
74.3 
2.0 
4.4 

22.4 
0.8 
3.3 

30.2 

1.9 
1.0 

11.6 
48.9 

20.8 
70.2 
5.8 

14.3 

Mid slODe 
(21) ~

31.1 
53.0 
23.2 

17.1 
21.6 

31.2 
35.0 

12.8 
24.0 

3.3 
12.0 

5.2 
56.8 
5.5 

46.9 
61.0 
4.8 
4.2 

34.0 
31.9 

11.9 
0.6 

18.1 
6.5 

17.7 
40.9 
6.9 

2.0 
7.4 

61.7 
35.7 
11.6 

7.8 

Upper 
slope (5) 

3.4 
90.0 
20.0 

1.2 
24.0 

51.0 
29.8 

23.2 
2.0 

5.4 
15.8 
81.0 

93.2 
78.4 

1.8 
21.4 
1.0 

10.0 

26.6 

3.2 
97.2 

93.2 

10.0 

17 Bracketed figures indicate the number of stands included within 
ea.ch segment. 
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marked maximum average frequency value in the low segment. The only 

other species, of those listed in Table 4, to attain an optimum in 

this segment is Aster hesperius, a species which was always found 

alongside l:!. jUbatum in the depressions sampled, and never occurred 

in the upland vegetation of Kernen I S prairie. 

Slope position is the only factor considered in this study 

which is independent of the vegetation. Increased plant density, 

associated with improved moisture conditions from upper s~ to lower 

slopes, results in greater mulch production, as observed in the field. 

This enhances both soil moisture conditions at any given time and, 

following incorporation of this organic matter, the W.R.C. of the 

surface soil. The enhanced organic matter content of the soil, in 

turn, effects a lowering of the soil pH. 

These effects are evident to an even greater extent in areas 

subject to dominance by woody species. The litter beneath stands of 

Symphoricarpos occidentalis may accumulate to a depth of 1!-2 in. 

Reduced soil surface evaporation of moisture end improved vl.R.C. of 

this material is further enhanced by the reduced temperatures prevailing 

beneath the often dense shrub canopies. 

As was earlier indicated, the slope position factor, being 

unaffected by vegetation, should provide a reasonable basis for a 

discussion of species behanor. Other measured environmental factors 

can then be related to slope position to further elucidate the 

situation. 

Frequency values for selected groups of species have been 

graphed in relation to slope position (Figures 1-4). In general, and 

for a majority of the species, the distribution of values resembles a 
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binomial curve, or at least a portion of that curve. It should be 

understood that the slopes of these curves are dependent upon segmental 

averages of a series of high and low values. Even in segments where 

a particular species appears to reach its optimum, it may be absent 

from particular stands, be dominant in others, or be poorly 

represented, depending upon the combination 0 f environmental factors. 

Maycock and Curtis (1960) point out that the absence of a species 

in stands apparently suited to its existence "may be partially 

accounted for on the basis of historical e ffects, fortuitousness of 

establishment, the strong influence of intraspecific or interspecific 

competition, or our misconceptions of the resultant of many important 

environmental factorsn • 

Grass speCies: 

In Figure 1, average frequency values for 5 grasses which attain 

the s tatu8 of dominants in various slope positions are graphed in 

relation to the gradient of this factor. 

Stipe. spartea var. curtiseta and Agropyron dasystachyum occur 

as co-dominants in the field in mid slope end upper slope situations. 

This is essentially the Stipa-Agropyron Association described by 

Coupland (1961). As habitats become more mesic downslope, the 

importance of these species diminishes in favor of Festuca scabrella 

and Agropyron trachycaulum-subsecundum, which are components of the 

Festuca scabrella Association. 

Hordeum jubatum is virtually restricted to depressions, where 

it is ubiquitous and frequently attains frequencies of 100%. It is 

occasionally found in lower slope positions, but only as a very minor 

component of the vegetation. 
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Figure 1. The distribution 0 f avera.ge frequency of some major grass 
species in relation to slope position. 1. Agropyron 
trachycaulum-subsecundum; 2. !.. dasystachyum;' 
3. Stipe. spartea. var. curtiseta; 4. Festuca scabrella; 
5. Hordeum jubatum. 
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A clear picture exists of the distributional relationships of 

the major grass species. Hordeum jubatum, restricted to the low end 

of the gradient, shows only a very slight overlap with the 

distributions of Stipa spartea var. curtiseta and Agropyron dasystachyum, 

species whose importance is localized at the drier end of the gradient. 

Festuca scabrella and Agropyron trachycaulum-subsecundum attain 

dominance in intermediate sites. 

Woody species: 

Several woody species are of especial significance in the study 

area, particularly in view of their effects on the understory 

vegetation, discussed in a later section. In Figure 2 the average 

frequency values of these woody species have been plotted against the 

slope position gradient. 

All of these, with the exception of Populus tremnloides, 

attain maximum importance in the lower slope sector of the gradient. 

Data for P. tremt1loides may not be reliable, this species having been 

sampled in only 6 stands. 

Rosa acicu1aris is shown to occur in all portions of the 

gradient. A possibility exists, however, that the form occurring at 

the wet end of the gradient (lower slope) is ecologically distinct 

from that occurring in drier regions. This distinctness is not of 

sufficient morphological expression to enable separation of the forms 

on the basis of current taxonomic knOl/fledge of the genus, as discussed 

earlier (see METHODS). 

Symphoricarpos occidentalis and Elaeagnus commutata often 

occur together in the field. This is demonstrated by their similarity 

of distribution in relation to the slope position gradient. Spiraea 
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Figure 2. The distribution of average frequency of woody species 
in relation to slope position. 1. Symphoricaroos 
occidentalis; 2. Spiraea alba; 3. Rosa. acicularls; 
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alba extends fa.:rt+Ja.er downslope than those two species, even into 

the depression segment. In the field this is expressed by the 

occurrence, around certain Hordeum .. jUbatum dominated depressions, of 

concentric zones of vegetation, the inner being dominated by .§. alba 

and the outer by s. occidentalis. 

Lower stratum species: 

Some components of the flora of Kernen I S prairie are low-growing, 

prostrate species which make up a distinct low herb stratum. Three of 

these species are considered in Figure 3. 

Selaginella densa and Phlox hoodii, important members of the low 

herb stratum, peak in the same segment as Stipa spartea var. curtiseta 

and Agropyron dasystachyum.. Both of these low herbs are restricted to 

the mid and upper slopes, .§. densa displaying a distribution closely 

approximating that of A. dasystachyum in Figure 1, in both trend and 

level. 

Carex species: 

The genus Carex is represented, in prairie grasslands, by a 

large number of species of widespread occurrence. A total of 6 Carex 

species from the study area were identified but additiona! 

unidentified t~lxa are known to occur. 

Data for 4 Carex spp. are arrayed against the slope position 

gradient in Figure 4. Q.eleocharis, Q. heliophila, and Q. obtusata 

attain maximum importance on the upper slopes where they often attain 

very high frequencies. C. obtusata has a wider range of environmental 

tolerance than the other two species, maintaining high frequencies in 

the lower slopes alongside Q. foenea, whose distribution extends through 
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to the depression end of the gradient. The trend for Q. 0 btusata is 

of particular interest in view of its reported restriction to dry 

habitats in a nearby area (Ayyad and Dix 1964). Almost all Carex 

identifications during sampling were based on vegetative characteristics. 

It is possible that a second taxon m.orphologically similar to c. obtusata, 

has been confused with it in stands of the lower slope position. 

Environmental Correlations 

The data for edaphic measurements were averaged (Table 5) 

for the slope positions in an attempt to determine whether these 

characteristics presented continuous patterns to the gradient. 

W.R.C. end soil moisture increase from the upper to the lower 

slope positions. The depressions, dominated by Hordeum jUbatum, are 

distinguished by late-summer moisture conditions which are similar to 

those of the mid slopes. 

The moisture status of the depressions is the result of 

certainedaphic factors which prevail against moisture accumulation. 

Bulk density has been defined as the mass of a unit volume of dry soil, 

(Buckman and 'Brady 1960), and takes account of both soil particles and 

pore space. Field observations of the depression soils suggest that 

their bulk densities are markedly greater than those of upland soils. 

The association of high bulk density with reduced porosity means 

that less of the water incident upon the soil surface infiltrates into 

the soil. This permits greater exposure of the surface moisture to 

evaporative influences. A combination of high bulk density and the 

saline character of these depressions effects reduced plant vigor 

and mulch production. W.R. C., consequently, remains low. In fact, 



Table 5. Summary of environmental characteristics averaged for slope positions. Bracketed figures 
indicate the number of stands involved. 

Ede.phic- Depression (71 Lower slope (i7) r;lid slope (21) Upper slope (2) 
factor Average Range AV'era,ge _J~ange A~era,g~ Rang~ _ Avers.ge Range 

1'l.R. C. % 83 64-113 123 97-142 98 73-148 91 85-100 
Soil moisture (0-4 in.) % 
Soil moisture (6-12 in.) % 

19 
17 

1.3- .30 
1.3- 21 

24 
18 

20- 29 
12- 27 

17 
15 

12- 27 
8- 19 

12 
11 

10- 13 
9- 14 

Soil pH 
Sand % 
Silt % 

5.5 5.1-5.8 
24 20- 28 
32 28- .36 

5.8 5.3-6.5 
26 1/+- 46 
48 31- 71 

6.4 5.7-7.5 
24 7- 72 
38 16- 58 

6.1 5.8-6.2 
27 24- 35 
42 39- 48 

Clay % 
Depth of Al (in.) 

44 
1.2 

42- 46 27 
5.7 

10- 40 40 
6.9 

15- 64 30 
3.3 

21- 36 

\.}J 
\.n 
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the average W.R.C. for the depressional areas (83%) is the lowest of 

all slope positions. 

Sand, silt, and clay percentages show no apparent relation to 

slope position. In view of the large ranges shown in Table 5 for 

most of the texture analyses, it is of interest to note the consistency 

of the clay percentages for depressional soils. The same trend is 

evident to a lesser extent in the sand and silt data for depressions. 

However, no marked uniformity is apparent in the W.R.C. and soil 

moisture values for these areas. 

Soil pH appears to be related to slope position. Depressions 

are characterized by the lowest pH values; lower slopes are slightly 

more alkaline and the mid and upper slopes constitute the regions of 

highest pH. Considering the fairly 'wide pH tolerance of most plants, 

the overall range of pH (5.1 to 7.5) is probably not sufficiently great 

to effect marked differences in species distributions. 

The Relationship Between Woody Vegetation and Understory 

The woody species of interest in respect to their effects on 

understory vegetation are Symphoricaroos occidentalis, Populus 

tremuloides, and Elaeagnus commutata. Of these, S. occidentalis is 

the most important in extent of distribution and, possibly, in 

magnitude of influence on the understory. It usually occurs as dense 

stands, with individual plants up to SO cm. in height. The canopy 

often reduces groundlevel illumination to less than 1,000 foot 

candles, approximately 10% of full sunlight. s. occidentalis may 

occur alone, or in association \\1. th other woody species. It may 

develop as an understory in groves of P. tremuloides. The canopies 
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of this species restrict light values at the surface of the understory 

canopy to approximately 2,000 foot c811dles. Also, stands of .§.. 

occidentalls may occur in which E. oommutata is sparsely distributed 

throughout. 

All three of these woody species reproduce clonally, !:.. 

tremuloides being restricted, in the parkland region, to this type of 

reproduction (Maini 1960). The dense circular or elliptic stands of 

woody vegetation which characterize portions of this prairie are a 

result of this clonal. development. 

Exoerimental evidence: 

Field observations indicated that species densities were low 

under a dense canopy of Symphoricarpos occidentalis. It was also 

observed that such individuals as did occur were often etiolated. 

This suggested inadequate light as the influencing factor. A possibility 

existed, however, that the thick mulch of s. occidentalis 1ee.ves was 

suppressing the herbs, either through mechaniceJ. effects on the 

seedlings, or by virtue of toxic substances. 

In order to test the possibility that the presence of mulch 

was consequential in suppression of understory species, 8 sods were 

removed from a.§.. occidentalis stand in late autumn, after the onset 

of dormancy, and boxed. Using this technique it 'was not possible to 

include the shrubs themselves, o't'ling to their deeply penetrating roots. 

Mulch was removed from four of these sods and two "plus mulch" and two 

"minus mulch" sods were exposed to full illumination in a greenhouse. 

The remaining sods were shaded to an extent approximating the field 

condition (10% of full sunlight as checked vJith an Illumination Meter). 

Previous experience had shown that the full light conditions prevailing 
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in t'bJ.s greenhouse during the winter months are adequate for the 

normal development and flowering of prairie species. 

Following three months of development no differences in plant 

growth or density we.re detectable between the two mulch treatments. 

However, the plants in the sods exposed to full illumination showed 

markedly better grovlth than those in the shaded treatment. It is 

concluded that, under field conditions, inadequate light is an 

important factor preventing full development of the understory 

vegetation and the presence of mulch is proba.bly of little significance 

in this regard. 

Floristic evidence: 

The association between Symphoricarpos occidentalis and two 

.important understory species, Galium boreale and Festuca scabrella, 

was investigated by plotting frequency values of these species 

against the frequency values for the shrub in each stand in which it 

occurs (Figures 5 and 6). 

A si.mple density measurement (average number of stems per 

0.25 m. 2 quadrat) was available for s. occidenta~is. However, no 

relationship was found to exist betvreen this measurement and the extent 

of canopy development. The height of §.. occidentalis is important in 

view of en observed relation between it and canopy development, which 

in turn affects the illumination at groundlevel. Four height classes 

were established (0-::-20 em., 21-40 em., 41-60 cm., 61-00 cm.). A 

correlation was observed between the latter two classes and full 

canopy development, earlier described as reducing groun(Uevel 

illumination to 10% of full sunlight. Where s. occidentalis did not 

exceed 40 em., leaf development was not sufficient to reduce 
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groundlevel illumination below that for full sunlight. The relation 

of these height classes to understory development is demonstrated in 

Figures 5 and 6.

The scattered distribution of the stands in Figure 5 indicates 

that the presence of dense s. occidentalls has no appreciable effect 

on e1ther the occurrence or frequency of Q. boreale. This result is 

consistent ~~th the shade tolerant nature of this species, which has 

been reported by Swan (personal communication) to be an important 

component of the southern Boreal forest. 

Figure 6 shows a marked aggregation of stands close to the Y 

axis and for f. occidentalis frequencies in excess of 80%. These 

stands are of height classes 3 and 4, with well developed canopy. 

Thus, the frequency of l. scabrella is reduced in the presence of 

extensive.2. occidentalis canopy development. For §,. occidentali.s 

stands of lower frequencies and/or lower height classes, the 

distribution of F. scabrella frequency values is scattered. High 

s. occidentalis and high!. scabrella frequencies may be associated, 

but only where the shrub canopy is not dense, i.e. for height classes 

1 and 2. 

Further evidence that the occurrence of l. scabrella is not 

affected by dense shrub is sho't4.'D. by the species distribution curve 

for this species when calculated on the basis of frequency data from 

the stands which did not include £. occidentalis of height classes 

3 and 4. For comparative purposes Figure 7 shows two distribution 

curves, one of which has been calculated as described above. The other 

curve is based on data from all stands of the study. 

The distributions of several other species of the open 
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Figure 5. The association of Symphoricarpos occidentalis and 
Galiwn boreale, for all stands in which these species 
occurred together. 
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Figure 7. Species behavior curves for Festuca scabrella in relation 
to slope position. The broken line represents average 
frequency data from all stands included in the study; 
the continuous line is drawn from ayerage frequency data 
exclusive of stands in which Symphoricarpos occidentalis 
of height classes 3 and 4 occurred. 
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grassland were considered in this fashion. Though some species, such 

as F. scabrella, are merely reduced in frequency in stands with 

extensive shrub canopy development, othel'$, such as Phlox hoodii 

and Selaginella densa fail to occur under a dense shrub canopy. 

Hummo cky Terrain 

The marked diversity of edaphic conditions within those stands 

characterized by lacustrine clay soils and hummocky terrain is of 

especial significance (see SroDY AREA). Some conception of the 

magnitude of the differences in various edaphic factors between the 

pUff and shelf components ma"y be gained from the following data 

(Table 6) for a typical polygon in Stand 32, one of the more 

extreme examples of this terrain included in the present study. 

Qualitative examination of the species composition of 

polygonal ground areas indicates that no differences occur between 

the puff and shelf areas. Density and plant height appear greater, 

however, in the shelf areas. No density data are available but 

measurements of plant heights were te..ken along 2 line intercepts, 

set north-south and east-\qest respectively, on a representative 

polygon. For the purposes of this study the region 12 in. on either 

side of the low point of the polygon was classed as shelf while the 

remainder was designated puff. Average height of the plants of the 

puff area, where the average A horizon was 1.2 in., was 4.4 in. On 

the shelf, an average A horizon depth of 8.4 in. supported a vegetation 

which averaged 9.3 in. in height. Figure 8A is a profile of the study 

polygon. The vegetation sholNIl in this Figure is hypothetical, being 

subjectively constructed from the 2 line intercepts. The polygon 
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Table 6. SOIDe edaphic data for the pUff and shelf areas of a soil 
polygon in Stand 32. 

Edaphic factor Puff Shelf 

pH 

Soil moisture (0-4 in.)

Soil moisture (6-12 in.)

Depth of Al horizon (in.)

Sand %

Silt %

Clay %

88 154 

7.4 6.1 

17 24 

17 21 

1.7 18.0 

7 65 

20 12 

72 23 
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Figure 9. An aerial view of the north-west corner of 
Kernents prairie, looking south, illustrating 
the complex mosaic of shrub stands within a 
matrix: of grassland. Significant features are 
pinpointed on the outline. 29, 35, and 30 are 
Symphoricarpos occidentalis stands, the lett.ar 
including extensive development of Elaeagnus 
commutata. Stand 29 encircles a Spiraea alba 
dominated stand (66) situated on the rim of a 
depression dominated by Hordeum ,;ubatum. 34 is 
a steend of Fescue grassland located in an 
old drainage channel clearly marked by the dense 
growth of Festuca scabrella which contrasts 
with the Stipe-Agropyron grassland on both sides. 
Stands 31, 32 and 33 are situated wi thin 
Stipa-Agropyron grassland. The south-east 
corners of these stands are marked in the 
photograph by white patches. Hummocky 
terrain is prevalent in the area of these 
stands and is particularly evident in the 
foreground, where the shelf areas are marked 
by increased grass growth. An old ploughed 
fireguard is evident in the upper left-hand 
corner. The cu1tivation in the upper right-
hand corner marks the v18stern edge of the 
prairie. 

Figure 10. 1m aerial view of hummocky terrain in the 
north-west corner of Kernen I s prairie. The 
polygons average 5.7 ft. in diameter and the 
vertical interval between puff and shelf 
a.verages 3-5 in. Shelf areas are marked by 
the improved grass grov.lth upon them. 
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and the limits of the Al horizon are drawn to scale from one of the 

intercepts. Figure 8B is a plan view of the study polygon. 

Measurements were made of the mean polygon diameter in each 

of the stands of hummocky terrain. The largest diameter was measured 

in each case and these ranged from 4.5 ft. to 8.5 ft., with a mean of 

5.7 ft. Diameter of the study polygon was 6.3 ft. Halls'Worth ~ al 

(1955) have sho\vtl that the vertical interval between puff and shelf 

surfaces is inversely related to the clay content. The study polygon 

had a clay content of 48% and a vertical interval of 4.5 inches. 

However, no relation was evident between polygon diameter and clay 

content. 

The observed increased density and plant height in the shelf 

are undoubtedly the result of such favoring factors as high organic 

matter, ir;.R.C.and soil moisture. However, it is possible that 

those plants which grow on pUff areas ar~ able to offset the 

relatively arid conditions of their substrate by developing portions 

of their root systems in the shelf regions. In this ~~y the 

integrity of the species composition of a stend of polygonal ground 

is maintained. 

Subsurface Boulders 

Boulders of a diversity of sizes occur in the unsorted glacial 

till which forms the parent material of the soils on the ridge. In 

places where boulders lie close to the surface their presence is 

expressed by a localized patch of vegetation in which an increase is 

evident in the abundance of certain prostrate, shallow-rooted species, 

such as Seladnella densa and Phlox hoodii. These species appear to 
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have a competitive advant8{ge over Stiua spartes. var. curtiseta 

and. Agropyron dasysta.ch:yt.yn, the usual dominants on ridge soils. 

These latter species occur in very reduced densities and individual 

plants are small. A line intercept, 8 ft. in length, taken across a 

patch selected as typical, revealed that the average height of 

plants was 3.3 in., while the depth to the boulder averaged 8.0 in. 

The adjacent grassland species, developed on soil of depth in excess 

of' 12.0 in., averaged 10.0 in. in height. The reduction in vigour 

and density of the grass dominfl..nts, associated with the increase in 

frequency of S. densa and P. hoodii, species which attain great 

importance in drier regions of Saskatchewan (Coupland 1961), suggests 

that the retineed depth of soil above the boulder creates a localized 

habitat which is more xeric than the norm. 
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SUMMARY

Kernen f S prairie is a 320 a.cre area of relatively undisturbed 

native grassland situated within the limits of glacial Lake Saskatoon, 

5 miles east of the City of Saskatoon. Its survival in a. region 

otherwise well developed agriculturally has provided an excellent 

opportunity for vegetation study. 

This study has as its objective the Characterization and 

interpretation of vascular species behavior patterns in relation 

to selected environmental gradients. This has been carried out by 

sampling the vascular species by the frequency method and rela.ting the 

data for individual species to environmental gradients, viz. soil 

moisture, water-retaining-capacity (W.R.G.), soil texture, soil pH 

and slope position. 

Consideration of the behavior of 36 va.scular species in relation 

to the soil texture gradi.ent indicates a lack of correlation. The 

soil pH gradient is of no more than secondary importance. Soil moisture, 

'\fl.R.C., and slope position, however, appear strongly related to 

species behavior, the latter fa.ctor operating throu&h the former two, 

at least in upland situations. Because of this relation, and by 

virtue of the important fact that slope position is a factor which, 

unlike others used, is independent of vegetation innuence, slope 

position has been used as a basis for discussion of species behavior. 

Soil moisture and W.R.C. increase from upper to lower slope 

positions. Species such as Stips. spartea var. curtiseta and 

Agropyron dasystach;yg.m dominate in upper slope positions but are 

replaced, on lower slopes, by Agropyron trachycaulum-subsecundum 
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and shrubs. 

Depressional areas are characterized b7 W.R.C. and late summer 

soil moisture values which are lower than those of adjacent lower 

slopes. This is believed to result from the high bulk densities of 

these depressional soils. Further, salinit7 is suspected as a factor 

which may associate with the spring inundation of these areas to 

prevent the establishment of upland species and permit the development 

of a Hordeum jubatum dominated lOvJland vegetation. 

Dense stands of woody vegetation 0 ccur wi thin a. matrix of 

grassland. These stands often have well developed canopies which 

reduce groundlevel illumination, sometimes as much a.s 90%. An 

investigation was made into the effects of this reduced illumination 

on the understory flora. Dense shrub canopies on the lower slopes 

affect the behavior of some understory species through light 

reduction. Species characteristic of open grassland ma7 occur with 

reduced frequency (e.g. Festuca scabrella) or not at all (e.g. Selaginella 

denaa ). Shade tolerant species such as Galium boreale are unaffected. 

Microedaphic variations are pronounced in areas of hummocky 

t.errain which occur on portions of the prairie. However, though these 

differences influence vegetation density, they do not appear to affect 

species composition. 

The presence of occasional subsurface boulders derived from 

unsorted glaciaJ. till is sometimes expressed by patches of 

vegetation which, by ·their composition, indicate a habitat which is 

more xeric than that normally prevailing in the area. This is 

evidenced by an increase in the density of Selaginella densa, 

Phlox hoodi!, a.nd Bouteloua gracilis, species of high frequency in 



drier grassland areas of Saskatchewan. 
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APPENDIX I 

Frequency values of certain species not included in Ta.ble I of the text, 
averaged for segments of the soil moisture gradient. Species in this 
list are those which attained a Frequency of at least 25% in anyone 
stand. 

Species 1(14)12 2(15) 3(14) 4(4) 5(2) 
15~1- 20.1- 25.1- 30.110.1i?!

15.0 20.0% 25.0% 30.0% 35.0% 

Anemone canadensis p 6.4 
Artemisia ludoviciana 8.6 25.6 3.3 

var. pabularis 
Carex lasiocarpa 7.3 14.8 54.3 20.7 
Cerastium arvense 4.5 5.3 4.2 1.5 
Chenopodium album P 2.8 54.4 P 39.0 
Comandra pal1ida p 5.7 4.4 
Danthonia intermedia 2.0 3.3 7.5 6.5 
Elymus macounii 2.7 p 7.5 
Erigeron glabellus p p 8.4 1.7 
Fraga.ria virginiana 1.1 17.6 17.0 8.0 
Geum trifioIUm p p 14.~·
Ranchers. richardsonii 1.1 1.3 10.7 15.5 11.5 
Juncus balticus 6.6 3.3 5.7 
Lysimachia ciliata p 4.7 6.5 
Penstemon procerus 6.9 9.9 2.5 
Poa pratensis 3.5 9.8 P 18.0 
Potentil1a arguta p 1.3 11.4 16.5 
Potentilla gracilis 4.8 p 7.0 
Po1ygonum amphibium 8.4 p 25.0 
Stel1aria longipes 2.3 16.6 2.5 8.0 
Stipa comata 7.5 P p 
Thalictrum venulosum 5.3 7.0 p 
Viola pedatifida 1.5 2.2 8.5 15.7 11.5 

1-/ Bracketed figures indicate the number of stands included witllin 
each segment.

Y The range of moisture for each segment is represented by the 
lower figures.

2J Ip I indicates that a species was present but of average Frequency 
less than one percent. 
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APPEi{DIX 2 

Frequency values of certain species not included in Table 2 of the 
text, averaged for segments of the water retaining capacity gradient. 
Species in this list are those which attained a Frequency of at least 
25% in anyone stand. 

Species 1(7)J} 2(15) 3(15} 4(10} 5( 3) 
80.1- 100.1- 120.1- 140.1W.1%?! 

80.0 100% 120% 140% 160% 

Anemone canadensis 4.9 P 5.3 
Artemisia 1udoviciana 5.1 4.2 10.1 24.9 

var. pabularis 
Carex lasiocarpa 11.0 15.5 7.3 3.6 8.6 
Cerastium arvanse 3.0 8.8 4.9 1.0 
Chenopodium album 1.5 5.0, 7.3 1.0 
Comandra pallida P 5.9 5.6 1.0 
Danthonia intermedia 4.9 4.6 
Elymus macounii 2.7 3.0 3.3 
Erigeron glabellus P 3.1 7.0 .3.3 
Fragarla virginiana 1 • .3 8.8 14.9 16.3 
Geum trifiorwn P P 6.6 10.2 
Heuchera richardsonii 2.8 5.8 10.8 1.3.0 
Juncus balticus 6.4 2.8 .3.0 
Lysimachia. ciliata 5.3 p 
Penstemon procerus 6.0 3.9 10.0 1.0 
Poa pratensis 1.9 2.8 6.7 3.9 10.0 
Potentilla arguta P 12.0 5.8 
Potentilla gracilis P 3.9 2.4 7.2 
Po1ygonum amphibium P 8.2 3.5 
Ste1laria longipes P 8.7 9.2 20.3 
Stipa comata 4.0 5.0 1.0 2.3 
Thalict:rum venulosum 1.0 1.1 4.3 6.8 7.6 
Viola pedatifida 1.0 4.4 7.3 5.3 7.6 

11 Bracketed figures indicate the number of stands included within each 
segment.

Y The range of water retaining capacity for each segment is represented 
by the lower figures.

21 'p' indicates that a species was present but of average Frequency 
less than one percent. 
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APPENDIX 3 

Frequency values of certain species not included in Table 3 of the 
text, averaged for segments of the soil pH gradient. Species in this 
list are those which attained a Frequency of at least 25% in anyone 
stand. 

Species 3 (15) 
6.1-6.5 

Anemone canadensis 
Artemisia ludoviciana 

var. pabtllaris 
Carex lasiocarpa 
Cerastium arvense 
Chenopodium album 
Comandra pallida 
Danthonia intermedia 
Elymus macounii 
Erigeron glabellus 
Fragaria virginiana 
Geum triflomm 
Heuchera richardsonii 
Juncus baltieus 
Lysimachia ciliata 
Penstemon procerus 
Poa pratensis 
Potenti11a arguta 
Potentilla gracilis 
Polygonum amphibium 
Stellaria longipes 
Stipa comata 
Thalictram·venulosum 
Viola pedatifida. 

4.0 2.9 P 
10.0 4.7 7.7 

40.6 2.6 
3.0 7.6 10.0 

16.0 2.7 p 1.5 
p p 23.6 

1.4 
5.0 2.0 

1.5 5.7 
5.4 6.9 6.4 1.6 

9.0 2.6 
2.0 7.5 2.3 2.6 

15.2 1.0 
11.6 
10.7 2.7 
10.0 1.7 1.5 5.0 

1.6 4.6 5.5 
1.2 p 8.5 1.0 

22.0 P 
2.1 8.1 1.5 1.2 

P 6.4 3.2 
4.0 2.0 9.2 5.0 
6.0 6.0 1.3 

11 Bracketed figures indicate the number 0 f stands included within 
each segment. 

2J The range of soil pH for each segment is represented by the lower 
figures. 

y Ip t indicates that a species was present but of a.verage Frequency 
less than one percent. 
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APPENDIX 4 

Frequency values of certain species not included in Table 4 of the 
text, averaged for segments of the slope position gradient. Species in 
this list are those which attained a Frequency of at least 25% in any 
one stand. 

Species Lower Mid slope UpperDeiJ1ss
io 1. (7) slope (17) (21) slope (5) 

Anemone canadensis 4.3 p 
Artemisia ludoviciana 5.0 27.3 

var. pabu.laris 
Carex lasiocarpa 44.0 8.6 1.2 
Cerastium arvense 9.0 7.3 7.0 
Chenopodium album 15.1 4.8 P 
COIJlandra pallida P 7.0 2.0 
Danthonia intermedia 2.0 6.2 
Elymus macounii 9.0 p 
Erigeron glabellus 6.9 p 
Fragaria virginiana 16.1 3.0 
Geum trifiorum 11.6 P 
Heuchera richardsonii 10.9 4.0 p 
Juncus balticus 12.7 4.6 
Lysimachia ciliata 13.3 
Penstemon proceros 14.1 p 
Poa pra.tensis 7.5 7.9 2.0 
Potenti1la arguta 12.3 2.0 P 
Potentilla gracilis 5.8 1.2 9.0 
Po1ygonum amphibium 25.2 P 
Stellaria longipes 12.8 3.5 
stipa comata 5.4 2.1 
Thalictru.11l venulosum 2.0 4.4 4.3 
Viola pedatifida 1.0 12.4 P 4.0 

11 Bracketed figures indicate the number of stands included within each 
segment. 

y 'p f indicates that a species was present but of average Frequency 
less than one percent. 
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