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ABSTRACT

Rare plant species have small populations and limited distributions but make
significant contributions to the richness of biodiversity in the grasslands of western
Canada. Ecology of rare vascular plants was examined as part of the Prairie Ecosystem
Study (PECOS), a multidisciplinary study on the sustainability of biophysical resources
and human communities in southwest Saskatchewan. Land use practices can have
significant impacts on rare plant populations in the PECOS study area (a 15,000 km2
area in the Agricultural Census region 3BN). Assessment of the extent of these impacts
requires better information on the numbers, distribution and ecology of rare plant
species. This study was designed to collect basic population data and characterize
habitats of rare plants in the PECOS area.
Rare plant sites were selected by examining specimens in the W.P. Fraser
Herbarium at the University of Saskatchewan. In total 42 rare plants were discovered
within the boundaries of the PECOS area in the last century. During two summers of
field research, 22 of the rare plants were found. Of the 113 reported rare plant
populations in the study area, 63 were re-located. These 63 populations were found at
50 different sites.
Some rare plant populations could not be relocated. The original herbarium record
may have been poor or, the plant may have been inconspicuous or temporarily in the
seed bank, making the population difficult to find. In several cases, the plant
disappeared from the original site due to destruction or alteration of habitat. Sometimes
the habitat was intact but the plant was not present. In four cases, the population was not
found because landowners would not allow access to their property.
At each site where a rare plant was found, the size of the plant population was
determined, the slope/aspect were measured, the position and habitat were described,
and the soil and vegetation were sampled. Latitude and longitude were recorded using a
Global Positioning System. The soil samples were used to determine bulk density,
texture, pH and conductivity. Soils, vegetation and habitat data were used in Two-way
Indicator Species Analysis (TWINSP AN) and Canonical Correspondence Analysis
(CCA). Landscape and soil maps were used to characterize the generalized landscape
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type and habitat at each site.
Rare plant communities in slough and sand dune habitats were unique resulting in
their early separation in both TWINSPAN and CCA analysis. Sites in riparian areas and
hill lands shared many plant species. Sites in these areas were grouped closely together
in statistical analysis. Environmental variables that most influenced the CCA ordination
were sand content of soil, position of the plant on a slope and aspect. Conductivity, silt
content of soil and slope also influenced the CCA, but to a lesser degree.
Rare plants were found in six landscapes: wetlands, drylands, plains, hill lands,
bedrock uplands and valleys. Within the six landscapes, rare plants were found in ten
habitats: aquatic habitats, slough edges, moist draws, valley breaks, moist valley flats,
mobile dunes, dune blowouts, morainal hills, dissected uplands and disturbed areas.
Some rare species were found in the same habitats, suggesting that they may be rare for
similar reasons. Rare plants were found in eight different soil associations: Haverhill,
Chaplain, Weyburn, Dune Sand, Exposure, Alluvium, Hillwash and Runway.
Rare plants were most often found in valleys, active dune complexes, wetlands and
hilly areas with regosolic or miscellaneous soils. Any area that contains these features is
likely to contain rare plants. Ruderal plants that colonize disturbed areas are the
exception; they can occur in many different landscape types.
Rare plants are currently threatened by a variety of direct and indirect human
activities. Direct activities are those that destroy habitat while indirect activities alter the
habitat in some manner. Conservation of these species will require habitat protection,
land management, and continued research and monitoring.
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1.0 INTRODUCTION
Rare plants tend to have small populations and limited distributions (Argus &
Pryer, 1990). Conservation activities are focused on rare species because of their
susceptibility to stochastic affects. Natural catastrophes, genetic, demographic and
environmental uncertainties increase the likelihood that rare plants will become
extinct or extirpated (Shaffer, 1991). While widespread plant species can easily
recolonize areas where populations were extirpated, rare plant species may not be able
to re-establish for several reasons. First, if a plant is endemic to an area, loss of one
population may result in extinction of the species. Second, dispersal of propagules
into a new area may be impossible for a rare plant if the distance between two habitats
is large. Besides stochastic affects, rare plants are also threatened by human
activities. Thus, concern regarding persistence of rare plants is warranted.
Rare plants are important for a variety of reasons. They make up close to 30%
of the total native vascular plants in the province (Harms, 1995). Their presence adds
greatly to the floristic diversity of our province, making it more attractive for tourism.
Rare ruderal and riparian plants have important ecological roles as they can grow on
steep, unstable hillsides, thwarting soil erosion. Rare species may act as indicators of
land management (Harms, 1992). If rare plants are not present, the landowner may be
putting undue stress on the land. Genetic diversity is important for species
persistence as it allows adaptation and evolution. Without genetic diversity, species
may be unable to cope with global climate change, impoverishing our biological
resources. Harms (1992) notes that loss of rare species could result in losses of
valuable gene resources. These resources may aid humanity's search for medicinal,
horticultural and agronomic products. Aside from utilitarian reasons, species
preservation is seen as ethically important. Is it morally acceptable for us to
knowingly exterminate another species?
The rare plant research outlined in the literature review is either very specific or
very general. Specific research involves the study of individual rare species;

biological and genetic characteristics and habitats are measured and described in
detail. General research examines many rare species and attempts to find similarities
between them. Global theories on the causes of plant rarity rarely hold up in reality;
there is always an exception to any rule. Fiedler's theory (1986) is the only one that
adequately explains rarity; he believes there are numerous factors affecting it,
resulting in rare species with different characteristics.
Within a particular ecozone, rare plants may exhibit some similarities. Within
Saskatchewan there are hot spots of rare plants in certain areas (Harms, 1995). The
presence of rarity hot spots suggests that rare plants within these hotspots are rare for
similar reasons and may have similar characteristics. Some hot spots contain rare
plants due to patterns of plant migration during post-glacial periods (Harms, 1995).
Other plants may be rare because they adapted to a rare habitat (Griggs, 1940).
Griggs theory explains the presence of rare prairie plants in uncommon environments
such as sand dunes and eroding valleys.
This study was conducted in the Prairie Ecosystem Study (PECOS) area,
comprising the agricultural census region 3BN. This 15,000 km2 area contains
cultivated land and native vegetation in southwestern Saskatchewan. PECOS is an
interdisciplinary study of the semi-arid ecosystem in this region. Scholars from the
health, natural and social sciences are attempting to define sustainable development in
this area. Examination of rare plant populations in the PECOS area will help to
identify rare plant hot spots. Conservation of these hot spots will help to ensure that
human activities in the PECOS area do not threaten biodiversity.
The objectives of this research were to: 1) inventory population sizes of rare
plants; 2) characterize habitats of rare prairie plants; 3) determine

i~ there

is a pattern

in distribution of rare plants across the landscape of southwestern Saskatchewan, and;
4) postulate reasons for plant rarity in this area.
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2.0 LITERATURE REVIEW
2.1 Concepts of Rarity
2.1.1 Definition of rarity
The term rare is not rigidly defined; determining whether a plant is rare or not is
somewhat subjective. It is generally agreed that rare species have relatively small
population sizes and/or are restricted to certain geographical areas or habitats (Argus
& Pryer, 1990; Harms et al., 1993). Rare species can exist in restricted areas or they

can be more widespread. Usually a plant is considered rare within a specific
geographical region such as a province or country. A plant can therefore be rare over
its entire range or only over part of its range. Many rare plants in Saskatchewan are at
the periphery of their ranges and are more common further south.

2.1.2 Subjective aspects of rarity
Rarity has both subjective and objective aspects (Drury, 1974). Although rare
species are primarily a biological phenomenon, human opinions and emotions tend to
distort rarity status.
Humans tend to value rare species more than common ones--much like rare
jewels, comics and baseball cards have a higher value than common ones.
Consequently, conservation of a rare species may be considered more important than
conservation of common species or ecosystems. Discrimination among rare species
themselves also occurs (Drury, 1974). Aesthetically pleasing, well-known species
may be given rarity status more readily than ugly or obscure species. For example,
the endangered species list put out by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC) contains only vertebrates and vascular plants. Rare
invertebrates, non-vascular plants, monerans, protists and fungi are not listed.
Recently, there has been some effort to include some of these previously ignored
categories particularly bryophytes, lichens and butterflies (Cundiff, 1995). Finally,
rarity status of a species in any one country is partly artificial, since political
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boundaries and ecological ones seldom match up. A species may be rare in one
country and common in the other simply because the species is at the edge of its
range. For example, buffalo grass (Buchloe dactyloides) is rare in Canada but
common in the United States.
To some degree, the quality of information that we have biases our opinions on
what is rare. Reliability of records, site accessibility, conspicuousness, unusualness,
ease of identification and taxonomic definition may distort rarity status (Westworth,
1990). Some plants may have been incorrectly identified, or may have inaccurate
location descriptions. Areas that are inaccessible may not be visited by field
botanists; therefore, most rare plant records are within 3 km' s of a road.
Inconspicuous, weedy or taxonomically difficult groups may be overlooked or
ignored. Some species also have different ranks (i.e. variety, subspecies) depending
on the opinion of the taxonomist. Some rarities may represent overly split taxa.
Drury ( 1980) remarked that, "the human standards by which the status of rarity is
conferred are complex and to some degree contradictory".

2.1.3 Biological aspects of rarity
In most cases, rarity is a biological phenomenon. Species can be rare in time or
in space (Harper, 1981 ). Through time species become more or less common when
conditions change. Harper ( 1981) lists four reasons for variations in frequency over
time: the plant's recovery potential, longevity of the seed bank, frequency of disasters,
and rate at which the carrying capacity of the environment changes. Plants with low
recovery potentials will be rare after a disaster until the population can build up again.
Longevity of the seed bank will also affect population size; a plant that has a
persistent seed bank will be more common in time than a plant without one. Rare
plant populations also change through time as the frequency of disasters and the
carrying capacity of the environment change.
Plants that are rare in space are restricted to certain habitats. The population
size depends on the time of colonization, and the carrying capacity, size and number
of habitable sites (Harper, 1981). An area that was colonized early, had a low
carrying capacity, was small, and few habitable sites will probably have a small
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population. Poor dispersal ability and the presence of a predator or pathogen may
also affect population size (Harper, 1981 ).
Points of contention regarding the biology of rare species include age, behavior,
habitat and genetic structure. A debate on the age of rare species began in the 1830's.
Rafinesque and Lyell both proposed that species rarity had a geological rationale
(Fiedler, 1986). However, while Rafinesque believed that rare species had just
evolved, Lyell believed that they were old and on their way to extinction. Nearly a
century later, Gleason (1924) argued that both Rafinesque and Lyell were right.
Gleason felt that, "a species could be either old or new, and that expansion and
contraction of a species' range are equally likely events in the life span of a species"
(Fiedler, 1986). Gleason's conclusion seems to be the most probable since Fiedler
( 1986) has found examples of very old rare species (i.e. Sequoiadendron giganteum),
and newly evolved ones (i.e. Clarkia lingulata). Stebbins (1980) also agrees with this
conclusion: "well-documented examples are now available to show that rare and
localized species can be either young, ancient or of intermediate age".
One of the more interesting proposals to be put forth is that rare species behave
chaotically through time. Vandermeer (1982) noted that, "extremely chaotic behavior
includes as a necessary attribute the existence of long periods of rarity followed by
population flushes". While this is an intriguing idea, the recognition of this type of
behavior is difficult because it cannot be observed in a short period (Vandermeer,
1982).
Griggs (1940) concluded that rare species are poor competitors, explaining why
they are found in restricted habitats. According to Grime's (1979) model of life
history (Figure 2.1 ), a plant that is a poor competitor will probably be stress-tolerant
or ruderal to compensate. Competitive plants live in environments with abundant
resources, therefore the best strategy is to use those resources quickly to out-grow
neighboring plants. Stress-tolerant plants live in stressful environments where
resources are limited. In this environment, it is prudent to use resources frugally in
order to persist. Species that are ruderal colonize disturbed habitats and use available
resources to reproduce quickly. Most plants will use a combination of these strategies
rather than just one. It is possible that rare plants are only able to out-compete other
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species in disturbed or stressful habitats where competitive species are not dominant.

~

~----~~----~~------~----~0

Ia(%)
Figure 2.1. Model describing the various equilibria between competition (C), stress
(S) and disturbance (R) in vegetation and the location of primary and secondary
strategies. Ic, relative importance of competition; Is, relative importance of stress; Ic,
relative importance of disturbance (Grime, 1979).

Another ·theory is that rare species are rare because they are genetically
depauperate. Small populations are expected to have low variability. This may cause
genetic problems such as inbreeding depression, genetic drift and low fitness. These
problems result in species that are unable to spread into other habitats. While there is
some evidence to support this theory (Barrett & Kohn, 1991; Stebbins, 1980), there is
also evidence that does not. (Drury, 1974; Menges, 1986). The only thing that is clear
is that more genetic studies are needed to resolve this debate.
Stebbins (1980) and Fiedler (1986) have called for a more 'synthetic approach' to
the evolutionary biology of rare species. In their. opinion there is no single reason for
rarity; numerous influences act upon every species. Nine factors are thought to
influence rarity: the age and genotype of the taxon, evolutionary history, taxonomic
position, ecology, population biology, reproductive biology, land use history and
recent human uses (Fiedler, 1986). Rabinowitz (1981) agrees with this idea: "since
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the products of rarity are diverse, the causes of rarity, and the genetic and population
consequences of rarity are undoubtedly equally multiple". Instead of trying to find a
global cause of rarity, each species should be examined on its own.

2.2 Types of Rarity
2.2.1 Mahr' s typology
Mahr (1963) suggested that there are three main types of rarity based on
geographic distribution. In the first type, large numbers of individuals occur in a few
isolated localities. The second type has small numbers of individuals that are widely
distributed in the community and are found in many suitable areas over their range.
Lastly, species occur as a few individuals at scattered localities, or are restricted to a
single population or small area.

2.2.2 Rabinowitz's typology
Rabinowitz (1981) recognized seven types of rare species (Figure 2.2). Her model
is based on three aspects: geographical range, habitat specificity, and local population
size. Geographical range can be small or large, habitat specificity can be wide or
narrow, and population size can be large and dominant somewhere, or small and not
dominant anywhere. According to this model, the only species that are not rare are
those which have a large geographic range, a wide habitat specificity and a large
dominant population. The other seven categories have some restriction that keeps
them from being dominant. Species in the lower left column contain species with a
wide distribution but have sparse populations, like some grassland forbs. Species in
the second column have large ranges associated with specific habitats like bogs.
Species in the third column include rare species that have a broad habitat specificity
and a narrow geographic range. Endemic species are in the last column; they are
characterized as having a narrow geographic range and habitat specificity."
Rabinowitz (1981) concludes that "competitive abilities are more critical to
persistence than to the regulation of abundance," and, "natural selection may operate
to favour traits which offset the disadvantages of local small population size".
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Figure 2.2. A typology of rare species based on three characteristics: geographic
range, habitat specificity, and local population size (Rabinowitz, 1981 ).

2.3 Biological Characteristics of Rare Plants
Various papers discuss biological characteristics that rare species may possess.
Studies have been done on life history, seed bank size, seed size and germination
rates. Botanists have attempted to characterize rare plants. As well, strategies that
rare plants may use to cope with low populations have been identified.
Plant species have three different life history strategies: reproduction by seed only,
reproduction by seed and vegetative means, and reproduction by vegetative means
only. Unfortunately, generalizations cannot be made about the life history strategies
of rare plants because they use all three (Bradshaw & Doody, 1978). Watkinson
(1981) supports this conclusion; "the intrinsic rate of natural increase is generally not
correlated with the rareness or commonness of species". Generalizations about life
history cannot be made as life history is influenced by habitat, and rare plants occur in
many different kinds of habitats. For example, if a habitat is temporary or
unpredictable, rapid seed production and a short life span are advantageous (Barbour
et al., 1987). In a stable habitat, resources are best allocated for competitive ability
and survival. While there is no global life-history strategy among rare plants, it is
possible that rare species in similar habitats hav~ the same life-history strategy.
The endemic winter annual, Leavenworthia stylosa, has a large seed bank present
in the soil (Baskin & Baskin, 1978). This bank would ensure survival, even if viable
seeds were not produced every year. In addition, a large seed bank, "increases the
size and thus the genetic diversity and stability of the effective breeding population"
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(Baskin & Baskin, 1978). However, this is not a global trait among rare species.
Watkinson (1981) has noted that rare annual plants in Great Britain have virtually no
seeds in the seed bank. This contrasts with most weedy annuals which tend to have
large seed banks (Watkinson, 1981 ). Small seed banks may keep some rare ruderals
from exploiting the disturbed habitats that humans create.
Rabinowitz (1978) studied the seeds of common and rare perennial grasses. Rare
grasses had lighter dispersal units than the common ones. Three hypotheses were
proposed as explanations. The first is that rare grasses are rare because they have
small seeds and the second is that rare grasses have small seeds because they are rare
(Rabinowitz, 1978). Neither of these explanations are satisfactory because they
assume that rare species are unsuccessful (Rabinowitz, 1978). The most probable
hypothesis is that rare plants colonize rare microsites and therefore, require seeds
adapted for long-distance dispersal. This hypothesis complements the theory that rare
species grow in sparse habitats (Harper, 1981) and the theory that they are fugitive
species (Griggs, 1940). Small seed size is not a global trait among rare plants since
Harper ( 1981) has noted that some rare plants have large seeds and poor dispersal
capabilities.
Germination rates of Silene regia individuals on fragmented prairie were lower
than rates on unfragmented prairie (Menges, 1991a). Two possible explanations for
low germination were inbreeding depression and I or decreased pollinator activity.
Both phenomena could lower the fitness of the species and lead to decreased
germination rates. Karron (1991) has also suggested that a decrease in pollinators
may be responsible for declining rare plant populations. Bees, for example, may be
affected by pesticides and habitat loss (Karron, 1991 ). It is possible that plants are
becoming rare because they are having difficulty coping with habitat fragmentation,
an event occurring all over the world.
Rare plants are affected by ecosystem problems like pollution and exotic species
invasion. Bradshaw and Doody (1978) emphasized that species survival is dependent
on the continuing existence of the natural habitat, community and ecosystem.
However, it seems that species in tum help to create healthy communities. Tilman
and Downing ( 1994) have noted that highly diverse grassland communities are more
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resilient than communities with fewer species. Retaining species diversity within
ecosystems is likely crucial for maintaining ecosystem health. Natural processes such
as grazing, fire and erosion also play an important role in species persistence and
ecosystem health (Huenneke, 1988). An ecosystem approach to conservation
(Walker, 1995) would protect all species in a community by protecting the land, and
then ensuring that structure and function are maintained.
To cope with rarity, plants have developed many strategies not seen in many
animals. Drury (1980) proposed five such adaptations. First, vegetative growth in a
stressful environment helps the plant avoid wasting energy on sexual reproduction.
Second, plants have greater latitude regarding developmental patterns. Third,
delaying maturity until the parent is near death can free up resources and reduce intergenerational competition; rare species in stressful environments may utilize this
strategy to improve survival rates among juveniles. Fourth, seeds can remain dormant
for long periods. Finally, hybridization and the development of ecotypes can allow
variability while retaining breeding potential with other populations.
No single biological character is present in all rare species, reinforcing the theory
that rare plants are rare for a variety of reasons. Plants in similar habitats or with
similar life histories may, however, have some features in common.

2. 4 Genetic Characteristics of Rare Plants
Cain (1940) suggested that low levels of genetic heterogeneity caused rarity. One
hypothesis is that species with a small population size will experience genetic
problems that lower fitness (Barrett & Kohn, 1991). Since rare plant populations are
usually small, one would expect to find low genetic variability in them. However,
several authors (Drury, 1980; Huenneke, 1991) have argued that low variability is not
a problem since naturally rare plants have adaptations for coping with the genetic
problems associated with small population size.
Factors that influence the genetic structure of a species include mutation,
migration, selection, drift (< biblio >) and hybridization (Levin et < biblio > ). These
factors work in consort with each other and must also, "operate within the historical
and biological context of each plant species" (Loveless & Hamrick, 1984). Biological
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and ecological traits that influence genetics include: floral morphology, mode and
timing of reproduction, pollination mechanisms, seed dispersal and dormancy,
phenology, life cycle, successional stage, geographic range, and population size,
density and spatial distribution (Loveless & Hamrick, 1984). Time is also a factor.
Genetic diversity within and among populations will vary depending on, "whether a
species has always been rare or whether it has recently become so as a result of
human influence" (Barrett & Kohn, 1991 ). Clearly then, it is the combination of
genetic structure, biology, ecology and time that determines the phenotype of a
spectes.
Five mechanisms are thought to lead to genetic depletion in small populations:
inbreeding, founder events and bottlenecks, local selection, genetic drift and
hybridization. Unfortunately, much of the theoretical work on these mechanisms is
based on outbreeding, diploid animal populations (Barrett & Kohn, 1991 ). This work
is "unrepresentative of most plant species where hermaphroditism, and varying
degrees of self-fertilization commonly occur" (Barrett & Kohn, 1991). These features
may modify the degree of genetic depletion in plants.
Inbreeding depression is thought to be primarily due to the "expression of
deleterious recessive alleles in the homozygous condition" (Huenneke, 1991: 38).
Barrett and Kohn ( 1991) have suggested that inbreeding depression may be caused by
other unknown genetic factors as well. Plants with small populations may have
higher selfing rates than larger populations resulting in higher levels of inbreeding.
However, restricted species may have "specific traits that enable them to tolerate low
local densities" (Huenneke, 1991 ). In fact, "naturally rare species may have been so
thoroughly exposed to inbreeding that depression is unlikely to occur" (Falk, 1991).
Erlich and Raven ( 1969) remarked that even in large populations of plants, extensive
interbreeding does not occur. Gene flow may be even more restricted than originally
thought and inbreeding more common. Observations made by Barrett and Kohn
(1991) show that "inbreeding depression usually occurs in outcrossing plants, is less
severe in species that are partially self-fertilizing, and may be absent altogether in
species that are highly selfing". Thus, it appears that inbreeding depression is less of
a problem in plants than in animals, and it is the lowest in plant species that reproduce
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asexually.
If a plant population is established with only a few parent individuals, or if the
population is somehow reduced in size, genetic variation is expected to decline
(Barrett & Kohn, 1991 ). These are referred to as founder events and genetic
bottlenecks. Loss of alleles that occurs in these situations tends to reduce
heterozygosity, possibly making the plant less competitive in variable environments
(Barrett & Kohn, 1991).
Local selection may also reduce heterozygosity. However, homozygosity is not
always disadvantageous. If the environment is relatively constant, high levels of
homozygosity will be favorable. "The homozygous population has the advantage in a
predictable environment because each locus is self-sufficient and individuals can
produce more viable young at low cost in mortality of ill-adapted gene combinations"
(Drury, 1974). This loss of fitness due to outbreeding has been referred to as
outbreeding depression (Barrett & Kohn, 1991 ).
Genetic drift is random change in allelic frequency (Suzuki et al., 1989). While it
has only a minor effect on widespread species, it may have a greater effect on small
populations (Karron, 1991). A study on the genetic structure of the rare annual

Clarkia springvillensis, noted that drift might be occurring within populations
(McCue et al., 1996). They hypothesized that recent environmental change resulted
in isolated populations, which then experience genetic drift. Drift can potentially lead
to lower variability and increased homozygosity.
Hybridization between rare species and cross-compatible congeners may result in
the decline or extinction of rare species (Levin et al., 1996). Hybridization is thought
to be particularly threatening to island plants since many have weak interspecific
crossing barriers.
Several factors that rare plants may use to compensate for decreased genetic
variability: mutation, microhabitat variations, phenotypic plasticity, and masked
variability. Mutations are processes that result in phenotypic characters differing
from the natural phenotype (Suzuki et al., 1989). They are induced by mutagens-agents that increase the mutation rate (Suzuki et al., 1989). High rates of mutation
may increase genetic variability of a rare species (Barrett & Kohn, 1991 ). Total
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variation in widespread species was greater than the variation in more restricted
species (Huenneke, 1991 ). However, "widespread species possessed no more
variation among populations than did the restricted species" (Huenneke, 1991). The
inter-population variability seen in restricted species may be due to a heterogeneous
or patchy environment. Most ecosystems contain "discontinuities in environmental
character states," (Wiens, 1976) which organisms respond to. These microhabitat
variations may increase the genotypic diversity of even very restricted species
(Huenneke, 1991 ). Phenotypic plasticity may compensate for lower genetic variation
in heterogeneous environments. "Plasticity allows a single genotype to succeed in a
range of environments and may conceal the true extent of genetic differentiation"
(Huenneke, 1991). Drury (1980) suggested that masked variability may be present in
rare species. Allozymes--different enzyme forms coded by different alleles at the
same gene locus--may contain large amounts of unexpressed variability (Drury,
1980). This phenomenon is present in fruit flies, horseshoe crabs and house mice
(Drury, 1980). Although it has not been observed in rare species, it is a distinct
possibility.
Naturally rare plants are probably more threatened by human activities and
environmental effects than by genetic problems (Menges, 1986). However, for
species that have become rare due to habitat loss and fragmentation, genetic stresses
may be more influential (Barrett & Kohn, 1991).

2.5 Conservation of Rare Plants
Conservation biology is a unique natural science because it is crisis-oriented
(Soule, 1985). There are many problems associated with this discipline because there
is often a lack of knowledge about the biology and ecology of the species and
ecosystems being conserved. Decisions are often based on theory instead of on fact.
Two different ways of conserving and protecting species include ex situ and in

situ conservation. Ex situ conservation is when species are protected outside of their
natural habitats. Conversely, conservation of species in their natural habitats is in

situ.
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2.5.1 Ex situ conservation

Ex situ plant conservation involves the collection of propagules or live plants
from the wild (Budowski, 1975). Propagules can be either stored in seed banks or
used to grow plants in botanical gardens or greenhouses. Taking live plants instead of
seeds may avoid some of the difficulties inh~rent in trying to germinate wild seeds in
unfamiliar surroundings (Center for Plant Conservation, 1991 ).
There are several criticisms of ex situ conservation (Budowski, 1975). One is the
concern that the removal of plant parts will impair the ability of the species to persist
in its native habitat. Another is that ex situ collections may be ineffective at
preserving genetic diversity and evolutionary potential (Hamilton, 1994). However,

ex situ conservation can be an important complement to in situ as seed banks can act
as reservoirs of genetic material to overcome catastrophes, detrimental demographic
effects and negative population growth rates (Hamilton, 1994). Thus, ex situ
conservation must act in conjunction with in situ to be truly successful.
The Center for Plant Conservation in Massachusetts wants to create offsite
germplasm collections of rare plants throughout the United States (Falk & McMahon,
1988). Their goal is to work in conjunction with land management agencies to
reintroduce, restore and enhance native populations of plants (Falk & McMahon,
1988).

2.5 .2 In situ conservation

In situ conservation involves land acquisition, and management and monitoring of
species in the preserve. On the positive side, plant conservation may be easier to
accomplish than animal conservation since rare plants are, "generally more restricted
in distribution than are rare and endangered animals" (Holsinger & G-ottlieb, 1991 ).
Nevertheless, there are still many problems and questions to address regarding
effective conservation. Minimum viable populations of rare plants are unknown.
Size and connectivity of a protected area may affect rare plant persistence. Certain
species will have a higher priority for conservation. Why the species is rare will
affect management decisions. Lastly, management of the population may be required.
A minimum viable population (MVP) is, "the smallest isolated population having
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a 99% chance of remaining extant for 1000 years despite the foreseeable effects of
demographic, environmental, and genetic stochasticity, and natural catastrophes"
(Shaffer, 1991 ). Demographic stochasticity arises from chance events that affect
survival and reproductive success. Environmental stochasticity occurs due to
variation of habitat parameters in time. Genetic stochasticity is due to effects like
inbreeding, drift and the founder effect. Finally, natural catastrophes like drought,
fire, and floods may also affect the population. Generally, these factors, "increase in
importance with decreasing population size" (Shaffer, 1981). However, the
importance and severity of each component will vary with the species (Menges,
1991 b). Menges (1991 b) believes that for rare plants, environmental stochasticity and
natural catastrophes are the primary threats, genetic stochasticity is relatively
unimportant and demographic stochasticity can probably be ignored. To determine
optimal reserve size, Soule and Simberloff (1986) suggest calculating the MVP for
the keystone species of a community. The theory is that if you protect enough habitat
for the largest species in a community, you are probably protecting enough habitat for
all other species in the community (Shaffer, 1981). However, some preserves may be
too small to support keystone species. In this case, the MVP can be calculated for the
species of concern. The MVP can be determined by using a variety of techniques:
experiments, biogeographic patterns, theoretical models, simulation models and
genetic considerations (Shaffer, 1981 ).
A topic that has been discussed extensively in the field of conservation biology is
the SLOSS problem--Single Large Or Several Small reserves. This topic will be
considered only with respect to rare and endangered plants, not overall diversity.
Large reserves contain large populations of plants, and tend to be less fragmented than
smaller ones. Holsinger and Gottlieb (1991) emphasize that habitat fragmentation
causes population declines and may threaten the viability of rare plant populations.
Habitat fragmentation may subject plants "to excessive stress from external invaders
such as fire, pesticides, and weed species" (Caroll, 1992). In general, it is felt that the
larger and less fragmented a reserve, the healthier the community will be (Murphy,
1985). However, small areas can play an important role in rare plant conservation.
Jarvinen (1982) noted that, "single large areas do not support higher numbers of
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endangered plant species than smaller areas". Since rare plants are atypical subsets of
a community, preserving a large area may not necessarily increase the number of rare
plants protected, particularly if the additional land does not contain the right habitat
(Jarvinen, 1982). Falk (1991) believes large preserves should be complemented by
protecting additional smaller areas that contain rare species. Environmental
catastrophes may threaten naturally rare species more than genetic problems. By
protecting several small sub-populations rather than one large one, the risk of losing
an entire population to a natural disaster may be lower (Drury, 1974). A buffer area
around smaller reserves would help to minimize negative effects of fragmentation
(Soule & Simberloff, 1986).
Many different criteria can be used to determine priority for conservation.
Holsinger and Gottlieb ( 1991) feel that, "taxonomic distinctiveness is one of the most
significant factors to consider" when determining whether a species deserves
protection or not. Accordingly, hybrid species that have never formed selfreproducing populations, would receive the lowest priority (Holsinger & Gottlieb,
1991 ). Species with interesting morphologies, an important ecological role, or that
are close relatives to economically important species should receive a higher rank
(Holsinger & Gottlieb, 1991). Falk (1991) feels that the species that are most
endangered should receive the highest priority. Endangered species include, "those
reduced to the smallest numbers, declining at the greatest rate, and/or facing the most
irreversible threat" (Falk, 1991 ). However, if a species is reduced to only a few
individuals, recovery may be impossible. It may be wiser to invest more time and
effort into a species that is more likely to recover and persist (Holsinger, 1992).
Mcintyre (1992) believes that species that are in decline due to human activities
should be focused on since these are the ones we can save; a species that is naturally
rare may go extinct despite protective measures on our part. Since widely distributed
sparse species are generally more affected by human activities than species with
restricted ranges and/or habitats, sparse species should have priority (Mcintyre, 1992).
The Canadian Museum of Nature uses the taxon range, population size, threats and
the Nature Conservancy element rank (based mainly on the number and size of
populations) to determine priority (Argus & Pryer, 1990). While not exactly a priority
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rating, rare plant species in Saskatchewan were placed in different categories of rarity:
endangered, threatened, vulnerable or uncertain (Harms et al., 1992). The rare list by
Harms et al (1992) was based on the overall frequency, regional restriction, local
abundance, potential threats and special status considerations. A wide range of
characteristics is used to determine priority, depending on the investigators point of
v1ew.
The reason for rarity will influence the approach to conservation. Species that
have become rare due to human influences may require larger preserves than naturally
rare self-fertilizing species (Drury, 1980). Fragmented populations of outcrossing
species may need translocation of individuals to improve genetic variability (Caroll,
1992). If it is a lack of pollinators that is influencing abundance, improving pollinator
population size and habitat can be beneficial (Karron, 1991 ). Rare plants may receive
more pollinator visitations when there are other plants requiring the same pollinator
present in the habitat (Bobisud & Neuhaus, 1975). Thus, managing for more forbs in
a community may attract and support a larger pollinator population. The persistence
of some species may be contingent on the existence of natural processes like fire,
grazing or floods (Brownell, 1981; Gawler et al., 1987; Grubb, 1986). Managers of
protected areas may need to allow or restore these processes to preserve the species
(Brownell, 1981 ). More study into the causes of rarity is necessary for sensitive,
successful conservation.
Preservationists have argued that nature should be left to its own devices; once an
area is protected, humans should not interfere. However, legally protecting land,
"does not guarantee the perpetuation of the species present nor does it solve many of
the philosophical issues involved in endangered species management" (Bratton &
White, 1980b). The human influence on nature is so prevalent now that some form of
management is probably necessary to help preserve ecosystem integrity (Bratton &
White, 1980a). Typical human-influenced changes include the elimination of top
predators, the introduction of exotic species, fire suppression, flood control, air and
water pollution, and visitor pressure (Bratton & White, 1980a). Changes in the
natural disturbance regime can have devastating effects on biodiversity (Noss, 1992).
Many species do not have the proper mechanisms to deal with new disturbances;
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exotic plant invasions may prevent them from even having a chance (Noss, 1992).
Acknowledging the effect of human activities on natural communities, many
organizations have replaced the preservationist ideal with, "a philosophy of
conservation management that entails calculated intervention into the processes of
ecological succession, competition, and species distribution" (Falk, 1992). After an
area is protected, a program of management strategies should be created to address
any problems. Bratton and White ( 1980b) outlined how rare plant management can
be incorporated into policy. The first step is to establish some basic policy pertaining
to rare plants. Conducting inventories and collecting data will give management
some solid information to work with. Potential management problems can then be
identified and prioritized. Further data collection and active management based on
the additional data, can be implemented. Controlled burns, removal of exotic species
and regulation of visitors may be necessary for the protection of rare plants. An
attempt must then be made to integrate rare plant policy decisions with other
managerial issues. Lastly, monitoring is an essential component of management
since, "it allows detection and documentation of change" (Bratton & White, 1981 ).
Indeed, this is the only way to determine if efforts to preserve a species are truly
successful.

2.6 Rare Plants in Saskatchewan
2.6.1 Criteria for designation
There are four rare plant lists for Saskatchewan. The Committee on the Status
of Endangered Wildlife in Canada (COSEWIC) produces an updated list of nationally
endangered, threatened and vulnerable plants and animals each year. Currently, two
of the rare plants in the PECOS area are on this list: Halimolobos virgata is listed as
endangered and Chenopodium subglabrum is listed as vulnerable. Six more species
in the PECOS area are listed as candidates for rarity (Haber, 1990): Erigeron

radicatus, Gentiana aquatica, Munroa squarrosa, Nothocalais cuspidata, Phlox
alyssifolia and Stephanomeria runcinata. Before a species can be given COSEWIC
status, a report must be written. Botanists are asked to study a species of concern to
determine if it is in danger. After studying the plant, the botanist recommends the

18

appropriate status and conservation actions. Five categories of rarity include: extinct,
extirpated, endangered, threatened and vulnerable. A species that is extinct is no
longer found in any part of its range. Extirpated species are no longer found in
Canada, but exist in another country. Endangered species are threatened with
immediate extirpation throughout all or a significant portion of their Canadian range.
Threatened species are likely to become endangered if factors affecting vulnerability
are not reversed. Lastly, a species that is vulnerable is at risk because of low or
declining numbers, but has no obvious present threats.
The second rare plant list was compiled by Argus and Pryer (1990). Rare plant
lists from the Syllogeus series were used to compile a list of nationally rare vascular
plants. The most important requirement was that the taxon must be rare in each
province and territory in which it occurred (Argus & Pryer, 1990). According to these
criteria, 17 of the rare plants found in the PECOS area are nationally rare.
The third and fourth rare plant lists contain species which are rare in
Saskatchewan (Harms et al., 1992). The third list was compiled by Maher et al.
(1979). Recently this list was expanded and updated by the W.P. Fraser Herbarium
staff (Harms et al, 1992). All 42 rare plants examined in this study were on this list.
The ranking is similar to that used by COSEWIC; the definition for extinct is
identical. A species that is extirpated is no longer found anywhere in Saskatchewan.
An endangered species is threatened with immediate extirpation throughout all or a

significant portion of its Saskatchewan range owing to human actions. A species that
is threatened is likely to become endangered in Saskatchewan if factors affecting its
vulnerability are not reversed. Vulnerable species are at risk because of low or
declining numbers, but have no obvious present threats. Some species have an
uncertain rarity status due to a lack of information. For a plant to appear on this list it
must have a balance between two factors: abundance (i.e. local population numbers)
and geographical distribution (i.e. frequency and range) (Harms et al., 1992). In
addition, evidence or perceptions of human-caused environmental change are taken
into consideration when determining the status of species (Harms et al., 1992)
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2.6.2 Hot spots for rare plants
Prendergrast et al. ( 1993) compared the diversity hot spots of birds, butterflies,
grasshoppers, liverworts and aquatic angiosperms. There was little correlation of hot
spots between these taxonomic groups and rare species were not necessarily found in
diversity hotspots. Therefore, conservation of rare plant habitats may not adequately
protect overall species diversity, or rare species in other taxonomic groups. However,
this study compared taxonomic groups that did not appear to have any crucial
ecological interactions with each other. Species that are ecologically dependent on
each other, like pollinating animals and vascular plants, may be found in the same
area. Along river banks, plant species richness was highest on sites with rare plants
(Nilsson et al., 1988). Thus, protecting rare plants may result in the protection of
overall plant diversity.
Currently 356 taxa are considered rare in Saskatchewan (Harms, 1995). Of
these, five are likely extirpated, 43 are endangered, 101 are threatened and 217 are
vulnerable. When examining a map of rare plant occurrences in the province, clusters
become evident. Harms ( 1995) has created two maps of rare plant hot spots; one map
contains hot spots of nationally rare plants (Figure 2.3) and the other of provincially
rare plants (Figure 2.4). For an area to be considered a provincial hot spot, it must
have nine or more rare species present; national hot spots must have three or more
rarities. There are two national and three provincial rare plant hot spots in the PECOS
area. Rare plant clusters tend to occur in geologically or geographically unique areas
such as the Cypress Hills, the Athabasca Sand Dunes and the Frenchman River
Valley.
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Figure 2.3. Hot spots of nationally rare plants with the number of species per area

and the PECOS area indicated (Harms, 1995)
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and the PECOS area indicated (Harms, 1995)
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3.0 STUDY AREA DESCRIPTION
Most fieldwork was conducted in the PECOS area (Figure 3.1) during the
summer months of 1995 and 1996. This area comprises the census agricultural region
3BN as defined by the Agricultural Census of Canada (1991). The PECOS area
consists of 15,000 km2 covering 14 rural municipalities in southwest Saskatchewan.
Additional sampling was done in Grasslands National Park, Beaver Creek
Conservation Area, and in the vicinities of Cutbank, Central Butte, Dinsmore,
Rockglen, Saskatoon and Simmie.

3.1 Climate
Data on climate of the study area were obtained from the weather station in
Swift Current. The study area is classified as arid with a cold season (Ripley, 1973).
Annual precipitation is 380 mm; one-third of the annual precipitation is snow while
the other two thirds falls as rain (Environment Canada, 1980). About 50 % of the rain
falls from April to July with the highest monthly precipitation occurring in June
(Richard, 1969). The mean annual temperature is 3 .2°C (Environment Canada,
1980). Temperatures can reach 40°C in the summer and- 43°C in the winter.
January is the coldest month on average (-14.7°C) while July is the warmest month
(18.3°C). The average number of frost-free days is 112.
Wind velocities are relatively high and predominately from the northwest.
However, warm drying winds from the southwest are an influence as well. The
abundance of sunshine, low precipitation and strong winds combine to create an
unfavorable precipitation-evaporation ratio (Richard, 1969). Evaporation rates
increase as one moves in a southwesterly direction.

3.2 Geology and Soils
Bedrock material in southwestern Saskatchewan is of Cretaceous origin.
Marine deposits underlie the area because the interior of North America was once
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covered by a large inland sea (Rowe, 1983 ). Exposed Cretaceous bedrock can be
found along the South Saskatchewan and Frenchman Rivers.
The surface material was chiefly deposited during the Pleistocene when the
Laurentide continental glacier advanced and retreated (Gordon, 1979). The deposits
ranged in thickness from a few to several hu~dred meters. Four main types of
deposits: moraine, lacustrine, fluvial and eolian. Morainal deposits were let down by
the glaciers as they melted. The different types of morainal deposits include ground,
hummocky and end moraine, eskers and kames. Glacio-fluvial deposits were created
as moving water altered the deposition of materials. The most common glacio-fluvial
landforms are gravelly outwash, eskers, kames, meltwater channels and eroded till
deposits (Rowe, 1983). Glacio-lacustrine deposits are dotted throughout the area.
They formed at the end of a retreating glacier. The center of lacustrine deposits are
generally made of fine particles like clay whereas the edges of the lake contain coarser
particles (Rowe, 1983). Lacustrine areas are flat. Eolian deposits occur in the
southwest and northeast corners of the PECOS study area. They formed during the
post-glacial period before vegetation could stabilize the soil. Wind easily moved
medium-textured sand creating parabolic dunes.
Several areas in Saskatchewan were unglaciated in the Wisconsian glaciation
including the Rockglen area and the Cypress Hills. However most of the Rockglen
area was covered in the pre-Wisconsian glaciations (Richards, 1969).
Light brown soils are typically found in the PECOS area but there are some dark
brown soils in the northern portion (Mitchell et al., 1944). The light brown soils have
thin Al horizons and relatively low organic matter content. The colour ranges from
light brown to grayish-brown. The dark brown soils vary in colour from medium to
dark brown. This is partially due to the higher organic matter content.

3.3 Topography
The study area lies within the Great Plains physiographic region. This region is
subdivided into three divisions by two eastward-facing escarpments (Coupland,
1950). The study area occurs in the middle division of the Great Plains commonly
known as the Missouri Couteau. The surface consists of rolling to rough topography
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ranging from 300m to 900 min elevation. Important physical features in the PECOS
study area include the Beechy Hills, the Couteau Hills, the Bad Hills, the Swift
Current Plateau and the Seward and Antelope Sandhills (Sauchyn, 1993 ). The rest of
the area is dominated by flat to gently undulating plains.
The plains of southwestern Saskatchewan have been dissected by numerous
valleys. Many of the valleys have only small streams or sloughs in them, though they
once carried large rivers. These rivers began as shallow drainages which cut into the
soil, forming steep banks and terraces (Rowe, 1983). Two of the main rivers in
southwestern Saskatchewan are the South Saskatchewan and the Frenchman. Both
originate in the Rocky mountains, but the South Saskatchewan river drains northeast .
into Hudson Bay, and the Frenchman river flows south into the United States. Most
of the moisture that falls on the plain does not drain into the rivers; it is absorbed by
the vegetation. Extensive drainage does occur in the hills and valleys, resulting in
eroded areas dominated by unique vegetation. Many alkali sloughs occur in
depressions due to the accumulation of soluble salts from the upland.

3.4 Vegetation and Floristics
3.4 .1 Vegetation
The study area is in the Prairie ecozone and includes parts of the Moist Mixed
Grassland and Mixed Grassland ecoregions (Padbury & Acton, 1994). The Mixed
Prairie association (Stipa-Bouteloua) dominates these ecoregions. Four faciations of
the northern Mixed Prairie are present in study area including: Stipa-Agropyron,

Stipa-Bouteloua-Agropyron, Stipa-Bouteloua and Agropyron-Koeleria (Coupland,
1961).
The Stipa-Agropyron faciation occurs on medium textured soils developed on
undifferentiated glacial till deposits in areas with undulating to gently rolling
topography (Coupland, 1950). Where the land is very hilly, this faciation occupies
only sheltered, low slopes. Agropyron dasystachyum and Stipa spartea var. curtiseta
are the two dominant species. Agropyron smithii, Stipa comata, Koeleria macrantha,

Bouteloua gracilis, Carex stenophylla, C. filifolia and C. stenophylla var. digyna are ·
the principal subdominants. Since the dominant grasses are medium in height this
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faciation appears more lush than the Bouteloua faciations. The Stipa-Agropyron
faciation was the most extensive one in the PECOS area, but has been largely
cultivated and is therefore the least abundant.
The Stipa-Bouteloua-Agropyron faciation is more xeric than the StipaAgropyron faciation. It occurs on soils with a loamy texture. The increased aridity in

this faciation is due either to the geographic position or the presence in sandy soils
(Coupland, 1961 ). Since this faciation is found in dry areas, Bouteloua gracilis, a
highly drought-tolerant grass, is common. While Agropyron dasystachyum and Stipa
spartea var. curtiseta still dominate, they are not as vigorous as they are in more

mesic areas. As moisture levels fluctuate, so does relative abundance of each grass.
In drier years, Bouteloua gracilis will be more abundant, and in moist years,
Agropyron dasystachyum will be more abundant. Subdominants of this faciation

include Carex spp. and Koeleria macrantha (Coupland, 1961 ).
The Stipa-Bouteloua faciation occurs on dry soils of a sandy loam texture not
favourable to the growth of mid grasses (Coupland, 1961). Bouteloua gracilis, Stipa
comata and Carex spp. are the dominants in this faciation. This faciation has been the

least affected by cultivation.
The Agropyron-Koelerta faciation is commonly found on lacustrine clay soils
with a high moisture holding capacity. Agropyron dasystachyum and Koeleria
macrantha are the two dominant grasses of this faciation. Stipa viridula is the main

subdominant. This faciation has been greatly affected by agriculture as the soil is
particularly good for growing crops (Coupland, 1961 ).
The dominant forbs in the Mixed Prairie association include Anemone patens
var. wolfgangiana, Artemisia .frigida, Carex stenophylla, Gutierrezia sarothrae,
Heterotheca villosa, Phlox hoodii, Rosa spp., Selagine/la densa, Sphaeralcea
coccinea, and Solidago spp. (Coupland, 1950).

Sand dune areas, "consist of alluvial sands, reworked by wind into dune
formations consisting chiefly of fine sands" (Coupland, 1950). Dune areas contain
unique communities that vary according to the successional stage. Upland areas are
dominated by Sporobolus cryptandrus, Elymus canadensis, Calamovilfa longifolia,
Oryzopsis hymenoides, and Stipa comata.

Low areas are dominated by short shrubs
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such as Arctostaphylos uva-ursi, Artemisia cana, Elaeagnus commutata, Juniperus
horizontalis and Rosa woodsii. Rumex venosus, Calamovilfa longifolia and Psoralea
lanceolata are among the first pioneers on bare sand (Coupland, 1950).

Vegetation in the South Saskatchewan River valley has not been extensively
described, and is often labeled 'valley complex'. Recently, Lawrence ( 1993)
described and classified the tree and shrub communities in coulees near the Matador
Research Station. Likely, the coulees along the entire valley contain similar
communities. Unfortunately, no classification of plant communities along the main
portion of the valley has been done. The valley exhibits, "a complex array of slope
steepness, aspect, moisture conditions, bedrock exposures, soil types and erosional
conditions (Blood & Anweiler, 1979). Vegetation varies as each of these factors
changes.

3.4.2 Floristics
The Mixed Prairie region contains close to 800 native and non-native vascular
plants, the majority of which are angiosperms (Harms, personnel communication).
Only two gymnosperms are common in the grasslands: Juniperus horizontalis and J
communis. Pteridophytes are also rare in this area, occurring only in moist habitats

such as wetlands and wooded coulees.
The 42 rare taxa in the PECOS area are in 19 different plant families. The
family with the most rare taxa is the Chenopodiaceae with seven. The Asteraceae and
the Poaceae are tied for second with six rare taxa each. Six plant families have two
rare taxa in them and the remaining ten families have only one rare taxon each. A
high proportion (45 %) of the rare taxa are either annual or biennial. As annual
species do not make up 45% of the total Saskatchewan flora, native annuals and
biennials of the prairies are particularly rare.

3.5 Rare Plants
Forty-two rare plants have been found within the boundaries of the PECOS
study area (Table 3.1).
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Table 3.1. Scientific, common and family names for rare plants reported in the
PECOS area

Scientific Name

Common Name

Family

Agropyron dasystachyum

Sand-dune Wheatgrass

Poaceae

Astragalus kentrophyta

Prickly Milk-vetch

Fabaceae

Astragalus purshii

Pursh' s Milk-vetch

Fabaceae

A triplex powellii

Powell's Saltbrush

Chenopodiaceae

Atriplex truncata

Wedge-scale Salthrush

Chenopodiaceae

Botrychium campestre

Prairie Dunewort

Ophioglossaceae

Botrychium lunaria

Common Moonwort

Ophioglossaceae

Carex crawei

Crawe's Sedge

Cyperaceae

Chenopodium atrovirens

Dark-green Goosefoot

Chenopodiaceae

Chenopodium dacoticum

Dakota Stinking Goosefoot

Chenopodiaceae

Chenopodium hians

Gaping Goosefoot

Chenopodiaceae

Chenopodium subglabrum

Smooth Goosefoot

Chenopodiaceae

Corispermum nitidum

Neat Bug-seed

Chenopodiaceae

Crepis occidentalis

Western Hawk' s-beard

Asteraceae

Cryptantha celsioides

Clustered Oreocarya

Boraginaceae

Cryptantha kelseyana

Kelsey's Cryptanthe

Boraginaceae

Danthonia californica var.

California Oat-grass

Poaceae

Danthonia unispicata

One-spiked Oat-grass

Poaceae

Draba reptans var.

White Whitlow-grass

Brassicaceae

Elatine triandra

Mud Purslane

Elatinaceae

Eleocharis parvula var.

Dwarf Spike-rush

Cyperaceae

Elymus glaucus

Blue Wild Rye

Poaceae

Erigeron radicatus

Dwarf Fleabane

Asteraceae

var. psammophilum

americana

micrantha

anachaeta
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Table 3.1, continued
Scientific Name

Common Name

Family

Eriogonum cernuum

Nodding Umbrella-plant

Polygonaceae

Franseria acanthicarpa

Bur Ragweed

Asteraceae

Halimolobos virgata

Slender Mouse-ear Cress

Brassicaceae

Juncus interior

Inland Rush

Juncaceae

Lygodesmia rostrata

Beaked Annual Skeleton-

Asteraceae

weed
Munroa squarrosa

False Buffalo Grass

Poaceae

Myosurus aristatus

Awned Mousetail

Ranunculaceae

Nothocalais cuspidata

Prairie False Dandelion

Asteraceae

Penstemon confertus

Yell ow Beard-tongue

Scrophulariaceae

Phlox alyssifolia

Blue Phlox

Polemoniaceae

Polanisia dodecandra var.

Clammyweed

Capparidaceae

Polygonum scandens

Climbing False Buckwheat

Polygonaceae

Potamogeton strictifolius

Upright Narrow-leaved

Potamogetonaceae

dodecandra

Pondweed
Ranunculus cardiophyllus

Heart-leaved Buttercup

Ranunculaceae

Ribes aureum

Golden Currant

Grossulariaceae

Sedum lanceolatum

Lance-leaved Stonecrop

Crassulaceae

Sitanion hystrix

Squirrel-tail

Poaceae

Stephanomeria runcinata

Rush Pink

Asteraceae

3.6 Land Use
The predominant land use in the PECOS area is agriculture (Statistics Canada,
1992). About 75% of the land is currently in summer fallow or being used to grow a
variety of annual and perennial crops. Of the cultivated land, 70% is used to grow
annual crops and the other 30% is "improved" pasture, sown mostly to Agropyron
cristatum. Grain crops make up 88.4% of the annual crops grown. Wheat is the

dominant grain although barley, oats and rye are grown as well. Oilseed, pulse and
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specialty crops are grown on 5.3o/o of the annual cropped land. Fodder crops such as
alfalfa are grown on the remaining portion. Herbicide is used on 86% of cropped
land, and insecticides or fungicides on 5% of cropped land. Commercial fertilizers
are used on 37% of the land in crops . Conventional tillage is practiced on 54% of the
land, conservation tillage on 27% and zero tillage on 19%. Regarding ownership,
60o/o of the farmland is privately owned and 40% is rented.
About 24 % of the land still has native vegetation. Most of the native vegetation
is being grazed by cattle, either privately or communally. Numerous community
pastures are in the area, the largest one being the Matador Community Pasture.
Several different types of protected areas exist in the PECOS study area. Prairie Farm
Rehabilitation Administration and provincial community pastures, and wildlife
habitat protection land make up the largest portion of the protected areas. Community
pastures contain native grassland and "improved" pasture. Provincial parks in the
study area are Saskatchewan Landing and Danielson. While the vegetation in
Saskatchewan Landing is largely native, Danielson houses a large proportion of nonnative species.
The total human population in the area is 28,670. Rural population makes up 48
o/o while the remaining 52 %live in Swift Current, the main urban center. Swift
Current is an important commercial, health and educational service area for the
surrounding farming communities (Anderson, 1993).
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4.0 MATERIALS AND METHODS
4.1 Site Selection
Rare plant records within the Prairie Ecosystem Study area were obtained from
the Rare Plant Database at the W.P. Fraser Herbarium. This database was created to
update the previous Saskatchewan rare list by Maher et al. (1979), and to make
accessing herbarium information on rare plants easier (Harms, 1993). In total, 41 rare
taxa were presumed to occur within the study area. One additional rare taxon was
found in 1996, bringing the total number of rare plants in the area to 42. A total of
105 rare plant populations at 73 different sites had been found in this area previously
(Figure 4.1). There were 13 rare plant populations outside of the study area that were
visited. About 25% of these sites were on public land (federal and provincial parks,
community pastures, wildlife habitat protection land, University of Saskatchewan
land and Meewasin Valley Authority land) and 75% were on private land. During the
1995 field season, I searched for 42 populations in 16 of the 41 rare taxa and in 1996,
I looked for the remaining 63 populations in the 25 remaining taxa. At two sites data
was collected even though the presence of the species could not be confirmed.. In
these cases, the location directions were very precise allowing me to find the exact
spot where they had been found earlier. The plants were likely there only
inconspicuous.
In addition to the sites within the PECOS area, 15 sites outside of the study area
were visited. The purpose of the additional sampling was to collect more information
on taxa that were found at only one site in the study area. The additional sites visited
were well-documented sites of rare plants that also occurred in the PECOS study area.
The additional sites were mainly in southwestern Saskatchewan and included
Grasslands National Park, Beaver Creek Conservation Area, and locations near
Cutbank, Central Butte, Dinsmore, Rockglen, Saskatoon and Simmie.
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Figure 4.1 Study site locations in southern Saskatchewan
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4.2 Site Characteristics
4.2.1 Soils and topography
At each site, two soil samples were taken including a bulk sample and soil
cores. Soil from the 0-15 em layer was collected at four different points in the site
and mixed to give a single bulk sample. Some of this material was used for
determining pH and conductivity using the following procedure: 200 g of soil from
each site was mixed with enough distilled water to make a thick paste. The paste was
allowed to stand for approximately 2- 3 hours after which it was poured into a
Buchner funnel and extracted by applying suction to it. The extract was used to
measure pH, with a Canlab Model 607 pH meter, and conductivity with a YSI Model
32 conductance meter.
The bulk sample also was used for a particle size analysis following the
hydrometer method (Bouyoucos, 1950). Once the percentages of sand, silt and clay
were determined, the data were plotted on a soil triangle to ascertain the overall soil
texture.
Soil cores were used to determine the bulk density of soil. First, soil cylinders
were placed in a pan of water for 24 hours. After this time, the cylinders were
weighed and then allowed to drain for 24 hours. Samples were weighed again and
placed in an oven at 105°C for 24 hours. The oven-dried samples were weighed.
Finally, the soil was removed and tare weights of the cylinders were determined.
These data were then used to determine the bulk density, field capacity, volume of
water at saturation and pore volume percentage.
The slope and aspect that the rare plant populations grew on were measured
with a clinimeter and compass. Aspect values were grouped into eight classes: north,
northwest, west, southwest, south, southeast east or northeast. Each aspect was
assigned a numerical code so this parameter could be used in the statistical analysis.
Aspect codes are the sin of the adjusted angle (A+ 90). The aspect angle (A) was
determined by assigning each aspect a position on a 360° circle. Slope was measured
at five different spots: the upper limit, lower limit, middle, right limit and left limit of
the population. These five values were then averaged.
The position of the rare plant population on the slope was determined by using a
system by Butler (1986). Slope position categories were: summit, backslope,
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footslope, toeslope or flat (Figure 4.2). Summits and flats have low slopes but while
the summit occurs on top of a hill, a flat occurs on a plain. Backslopes occur on the
upper portion of a slope and tend to have a convex surface profile. Footslopes occur
in the middle portion of the slope and can be either concave or convex. Toeslopes
have concave surface profiles with an abrupt change in slope. Each position was
assigned a numerical code for the statistical analysis (e.g. flat = 0, toeslope = 1, ... ,
summit= 4).

SUMMIT

FOOTS LOPE

TOESLOPE
FLAT

Figure 4.2. Topographic position along a landscape gradient.

The exact location of each rare plant site was determined using a Global
Positioning System (GPS) and various maps. While at each site, the GPS was used to
determine the latitude and longitude. These data were used to locate each site on the
"Landscapes of Southern Saskatchewan" map by Acton (1977) and the soil survey
maps by Ayres et al. (1985). Landscape and soil types for each location were then
recorded.

4.2.2 Vegetation
Once the rare plant population was located, the center of the stand was
pinpointed. Five 1 x 1 m quadrats were placed on each side of the center point, and
the presence of all species within each of the ten quadrats was recorded. This
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information was then used to determine the frequency of each species in the
community. Unknown species were collected and pressed, and then identified at the
W.P. Fraser Herbarium with the help of the herbarium staff. All species were verified
by V.L. Harms and John Hudson. Voucher specimens of the species have been
deposited in the W .P. Fraser Herbarium at the University of Saskatchewan. Voucher
specimens were not collected for several of the rare plants due to small population
sizes; photographs were taken instead.
If the rare plant population was relatively small, all plants were counted.
However, if the population was large, the number of plants in one m2 was counted.
This number was then multiplied by the area that the rare plant ranged over to
determine an approximate population size. Area of the population was measure and
rare plant density was calculated by dividing the population size by the area the
population ranged over. Average density for each species was calculated by totaling
the densities and dividing this figure by the number of sites.
Distributional patterns of plants were classified as random, regular or clumped
(Barbour et al, 1987). An additional pattern--linear--was detected for one species due
to its distribution along a road.

4.3 Data Analysis
Vegetation analysis was done using PC-ORD, a program that performs
multivariate analysis on ecological data. A divisive clustering technique and an
ordination were performed on the habitat and vegetation data collected at each site
(Tables A.l and A.2)
Two-way Indicator Species Analysis (TWINSP AN) is a divisive clustering
technique that produces a two-way table. Essentially the entire data set is divided into
smaller groups until the desired level is reached. The first step in TWINSPAN is to
create a Reciprocal Averaging ordination. This ordination is then repeatedly divided
at the centroid to produce dichotomies of samples with positive and negative scores.
Species and samples are divided simultaneously. The ordination is then redone to
emphasize the influence of indicator species identified by the original ordination
(Pielou, 1984). The result is an ordered two-way table based on the presence or
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absence of a few indicator species. Species abundance data are not analyzed directly
with this method because using binary data at this level would result in too much data
reduction. Pseudospecies are used to represent abundance classes for each species.
Creating pseudo species helps to retain most of the quantitative data.
The ordination technique that was used was Canonical Correspondence
Analysis (CCA). CCA is a direct gradient analysis that examines species and
environment data simultaneously (Ter Braak, 1986). The data were centered,
normalized, the rows were optimized, and a joint plot with the environmental data
was created. Joint plots of the ordination and the environmental parameters were
created to assist with the interpretation.
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5.0 RESULTS AND DISCUSSION
5.1 Relocation of Previously-recorded Populations
Of the 105 rare plant populations in the study area, 55 populations could not be
relocated. Some populations were not found for several reasons (Table 5.1).
The most common reason for not relocating a population was a poor herbarium
record. Many collection labels, particularly the older ones, give vague location
descriptions. In several cases, the only information given was the name of a town.
Other labels simply gave an approximate distance and direction from a town, and/or a
very brief habitat description. The earliest botanists to visit the area were Eugene
Bourgeau, the botanist who accompanied Captain John Palliser on his expedition to
Western Canada from 1857-59, and John Macoun, a naturalist with the Canadian
Pacific Railway. Bourgeau was the first botanist to collect in southern Manitoba,
Saskatchewan and Alberta, and although his specimens have historical value, the
location descriptions are often vague. The location "Saskatchewan" was given to
indicate that the plant occurred over the entire region. To some degree, the exact
location can be ascertained by correlating the travel log with the dates on the
specimens, but this has been done for only a few specimens (R.E. Redmann,
unpublished manuscript). Many specimens do not have a location given at all, or
have incorrect locations listed. The published species list from this expedition
(Palliser, 1863) is difficult to interpret as the author used many older synonyms, and
may have identified some species incorrectly. Macoun went on several expeditions
from 1879-81 to find the best route for a railway across the country (Macoun, 1979).
Macounjourneyed through the southern portion of the PECOS study area in 1880
(Waiser, 1989). He collected a few rare species near Swift Current but the exact
locations are vague. The lack of landmarks, roads and accurate maps would have
made it difficult for the early collectors to describe a plant's exact location.
Interpreting these older records is difficult due to the changes in land use that have
occurred in the last century. If a habitat description or approximate location was
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Table 5.1. Explanations for the absence of rare plant populations with the
number of sites where the reason is possible indicated.
Reason
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Species
Astragalus kentropyta
Astragalus purshii
Atriplex powel/ii
Atril!!ex truncata
Botrychium campestre
Chenopodium atrovirens
Chenopodium dacoticum
Chenopodium hians
Chenopodium subglabrum
C orispermum nitidum
Cryptantha celsiodes
Cryptantha kelsey_ana
Danthonia californica var. americana
Danthonia unispicata
Draba reptans var. micrantha
Elatine triandra
Eriogonum cernuum
Gentiana aquatica
Halimolobos virgpta
Juncus interior
Lygodesmia rostrata
Munroa squarrosa
Myosurus aristatus
Nothocalais cuspidata
Penstemon confertus
Phlox alyssifo/ia
Polanisia dodecandra var. dodecandra
Polygonum scandens
Ranunculus cardiophyllus
Ribes aureum
Sedum lanceolatum
Sitanion hystrix
Step_hanomeria runcinata
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0.5
0.3
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0.5
0.3

I
2
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0.5
1
2
I

I 0.5
1

1
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1

1

2

1.5

1.5

1
2

1
1 0.3

0.3

0.3

0.5

0.5
0.5

0.5

1

1

1
2

1
1
2

1
16.8 4.5

5

9.1

10.5

5

Note: Decimal numbers suggest that there is more than one reason for the plant's
absence at one site.
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given, areas that fit the descriptions were searched, although it may not have been the
exact site. Species with a poor record may or may not be in the area. It is possible
that some of these populations were eliminated due to human activities.
Alternatively, the correct habitat may have been searched but if the plant was
inconspicuous, it would have been difficult to locate.
Contemporary records have the potential to be much more accurate. Global
positioning systems and detailed maps make it easier to document the location of
populations. As well, the abundance of roads in southern Saskatchewan makes
descriptions of how to reach the site easier. Habitat descriptions have generally
become more detailed than in the past, as most plant collectors realize the value of
extensive habitat data.
In general, the contemporary records are more accurate than historical ones.
However, both historical and contemporary records often lack demographic data. The
size of the population is usually not counted or accurately estimated. When
abundance is indicated it is usually a descriptive term such as "rare" or "common."
The composition of the population (i.e. adults, juveniles) is generally not indicated
either. While herbarium records indicate the range of a species, they do not document
a decline in species numbers or sites since populations are rarely visited again.
Most contemporary records gave relatively accurate location and habitat
descriptions. Despite the accurate record, the plant was sometimes not found. Three
reasons why the plants were not located under these circumstances include absence of
the plant, presence of the plant only in the seed bank, or inconspicuousness of the
plant. Many rare annuals may not have been found for all three reasons. Rare
annuals and biennials may grow only when certain environmental or biological
conditions are met. In several cases, a rare plant was not found during the first visit
but was located in subsequent visits. This happened with Chenopodium subglabrum
at site 61 and with Munroa squarrosa at site 33. Neither plant was found in 1995, but
both were located in 1996. In 1991, at site 5, Smith (1992) could not find
Halimolobos virgata although the plant was detected five years later by me.

Perennials, on the other hand, were probably either absent or inconspicuous. Plants
were inconspicuous for a variety of reasons. Several species were very small in
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stature (i.e. Botrychium campestre, Draba reptans var. micrantha, Gentiana aquatica
and Myosurus aristatus) and may have been overlooked. Botrychium campestre may
have been present only in the inconspicuous gametophyte stage (Wagner & Wagner,
1986). Two species, namely Danthonia californica var. americana and Danthonia
unispicata, may have been present only in the vegetative stage, making them difficult

to identify. Other inconspicuous species were likely present but not found in the time
allotted for the search.
In several cases, the habitat described on the herbarium label and the habitat
currently found at the site was different. This generally occurred in sand dunes. Six
populations of Astragalus kentrophyta, two populations of Chenopodium subglabrum
and two populations of Lygodesmia rostrata were probably negatively affected by
dune stabilization. As the dunes stabilized, the rare plant niche disappeared, resulting
in their elimination (Smith & Bradley, 1990). In other cases, species such as
Chenopodium atrovirens, Cryptantha kelseyana and Munroa squarrosa occurred on

disturbed areas that are stabilized. The presence of an exotic species may have
affected Polygonum scandens populations; it appears to have been replaced by
Polygonum convolvulus, a non-native twining herb (Hudson et al., 1979).

At five sites the rare plant population was, or may have been, eliminated due to
human activities. Corispermum nitidum and Eriogonum cernuum had their habitat
cultivated. The habitats of one population of Cryptantha celsioides and one
population of Danthonia unispicata may have been cultivated. At the A triplex
powellii site, the habitat appears to have been flooded due to the creation of Gardiner

Dam.
Access to four sites was denied by the landowner. The plants at these sites are
probably still present, as the habitat appeared to be intact.
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5.2 Rare Plant Populations
Of the 42 rare plant species searched for, 22 were found. A total of 63 local rare
plant populations out of 118 were located. In this study, a population is considered to
be a group of individuals occupying a site. Most sites were far apart but sites 29A
and 29B, 29D and 29E, 30 and 31, and 66 and 67 were within 2 km of each other and
probably interbreed. The 63 populations were found at 50 different sites. Therefore,
some sites had more than one rare plant. Certain species were found more often than
others. Stephanomeria runcinata was found most often; 13 populations were located.
Six populations of Lygodesmia rostrata and five of Phlox alyssifolia were found.
Chenopodium subglabrum, Crepis occidentalis and Erigeron radicatus each occurred

at four sites. Three populations of Elymus glaucus were located. Agropyron
dasystachyum var. psammophilum, Chenopodium dacoticum, Cryptantha celsioides,
Franseria acanthicarpa, Munroa squarrosa, Sedum lanceolatum and Sitanion hystrix

each occurred at two sites. The remaining rare plants were each found at one site.
Most rare plant populations contained fewer than 100 plants {Table 5.2). As
Agropyron dasystachyum var. psammophilum has rhizomes, some of the plants may

have been ramets (vegetatively produced population units, Barbour et al, 1987). No
other rare plant species has rhizomes, so each plant would be a genet (population unit
arising from a seed, Barbour et al, 1987). Eight populations had less than ten plants.
The largest population found was that of Potamogeton strictifolius (about 100,000
plants). Four populations consisted of one plant: one Botrychium lunaria, two
Cryptantha celsioides and one Lygodesmia rostrata population. Stephanomeria
runcinata had the most populations being found at 12 sites in the PECOS area and

one site outside the PECOS area.
Eleocharis parvula var. anachaeta had the highest average density of all rare

species. The high average density can be attributed to the mat-like distributional
pattern that the species exhibits, resulting in high concentrations of plants over small
areas. Potamogeton strictifolius had the second highest density. This was due to the
dominance of the entire wetland by this plant. Elymus glaucus populations had
consistently high densities at all three sites. This can be attributed to the clumping
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Table 5.2. Population sizes, habitat areas, densities and distributional patterns for
each population of rare plants, and average densities for each species.
Species

Agropyron dasystachyum

Site
#

Population
size (#/site)

Area
(m2)

Density
(#/m2)

9

30

40

0.75

49

35

20

1.75

Average
density
{#/m2}
1.25

Pattern

Random

var. psammophilum

Botrychium lunaria

3

Carex crawei

17

50

29N

Chenopodium dacoticum

Chenopodium subglabrum

Crepis occidentalis

Cryptantha celsioides

Random
N/A

1

1

15

3.3

3.3

Clumped

8

8

1

1.4

Regular

29S

11

6

1.8

49

39

60

0.65

52

13

15

0.87

Random

61

55

200

0.28

Random

76

4

8

0.5

Random

25

330

70

4.71

29A

75

40

1.88

Clumped

29B

17

20

0.85

Clumped

33

28

12

2.3

Random

26

Regular
0.58

2.4

Random

Random

N/A

1

29C

N/A

Danthonia unispicata

4

13

2

Draba reptans var.

38

4

4

45

3000

10

300

300

Clumped

10

1000

40

25

40

Clumped

29D

1100

20

55

Clumped

29E

800

20

40

Clumped

65

27

20

1.35

68

300

30

10

Regular

70

145

50

2.9

Random

72

36

25

1.44

Random

49

19

60

0.32

61

845

200

4.23

17

5

20

0.25

6.5

6.5

Clumped
Regular

micrantha
Eleocharis parvula var.
anachaeta
Elymus glaucus

Erigeron radicatus

Franseria acanthicarpa

Gentiana aquatica
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3.92

2.28

Regular

Regular
Random

0.25

Random

Table 5.2, continued
Species

Site#

Population
size (#/site)

Average
density
{#/m2}

Pattern

Halimolobos virgata

5

34

700

0.11

0.11

Random

Lygodesmia rostrata

49

43

60

0.72

1.07

Random

52

15

15

1

Random

55

48

50

0.96

Random

Area Density
(m2) (#/m2)

61

NIA

66

50

65

0.76

Regular

67

100

50

2

Regular

36

100

300

0.33

37

72

75

0.96

30

300

600

0.5

31

1000

100

10

Random

69

35

20

1.75

Random

71

38

20

1.9

Random

72

30

25

1.2

Random

Potamogeton strictifolius

40

100,000

500

167

167

Regular

Ribes aureum

59

61

50

1.22

1.22

Clumped

Sedum lanceolatum

60
62.

150

20

7.5

4.4

Regular

80

60

1.3

74
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20

2.35

75

360

100

3.6

13

11

2

5.5

19

225

55

4.1

Regular

20

120

60

2

Regular

21

85

50

1.7

Regular

22

280

50

5.6

Random

25

200

70

2.9

Random

26

50

20

2.5

Regular

27

1200

65

18.5

Regular

29C

30

15

2

Regular

34

600

36

16.7

Regular

73

1800

90

20

Random

Munroa squarrosa

Phlox alyssifolia

Sitanion hystrix

Stephanomeria runcinata

0.65

Linear
Linear

3.07

Random

Random

2.98

Random
Random

6.5

Regular

pattern this plant displays. Halimolobos virgata had the lowest density of all species.
Gentiana aquatica, Chenopodium subglabrum and Munroa squarrosa also had low
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average densities. Coincidentally, these four species are the rarest plants in the study
area according to Argus and Pryer (1990) and Harms et al.(1992). For species with
only one population, the average density is equal to the population density.
The most common distributional pattern was random; 11 species and 27
populations exhibited this pattern. Eight species and 20 populations had a regular
pattern. Six species had plants that were clumped together while five species
exhibited populations with more than one distributional pattern. In general, species
with large seeds and/or fruits tended to have a clumping pattern (e.g. Elymus glaucus
and Ribes aureum). Plants with light, wind-distributed seeds had either regular or
random patterns. Munroa squarrosa was the only plant with a linear distributional
pattern. This linear pattern was due to the habitat-the edge of a road. Within this
linear pattern, M squarrosa plants were clumped together.

5.3 Rare Plant Associations and Habitat Relationships
5.3.1 TWINSPAN classification
TWINSPAN created 13 clusters using the 49 sites where rare plants were found
(Figure 5.1 ). The Potamogeton strictifolius site (# 40) was not included in the
TWINSP AN or the CCA because the species at this site were unique to it. As the
rarest species are eliminated with these methods, the species at this site were not used
in the analyses.
The first division separated the sites into one group of 42 sites and one group of
seven sites. A unique group ofpsammophytes (sand-loving species) were found at
the smaller site: Rumex venosus, Psoralea lanceolata, Oryzopsis hymenoides and

Elymus canadensis. Within this group, three clusters were created. The first cluster
to be separated was a Chenopodium subglabrum site (76); it was separated because it
contained a few species that the other plots did not (i.e. Artemisia .frigida, Juniperus

horizontalis, Petalostemon candidum and Vicia americana). The second cluster
contained two sites (49 and 61) with at least three of the four species of rare dune
plants in them (i.e. Agropyron dasystachyum var. psammophilum,
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Chenopodium subglabrum, Franseria acanthicarpa and Lygodesmia rostrata.) These

two sites contained a few species that were not found in the third cluster (i.e.
Calamovilfa longifolia and Lygodesmiajuncea). The third cluster contained three
Lygodesmia rostrata sites (55, 66 and 67) and one Lygodesmia rostrata/
Chenopodium subglabrum site (52).

The second division split the plots into those with certain ruderal species in
them (i.e. Agropyron cristatum, Lepidium densiflorum, Polygonum arenastrum and
Taraxacum officina/e) and those without them. The other species that caused the

second division were species of mesic sites such as Acer negundo, Anemone
candensis, Juncus balticus and Ranunculus cymba/aria. The ruderal/mesic cluster

was split into three groups. The first group contained the two Munroa squarrosa
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plots (36 and 37). These two plots had a similar combination ofruderal species in
them. The remaining plots were split into those in sloughs (17, 45) and those in moist
valley flats or draws (1 0, 29D, 29E and 59). The slough sites had some ruderal
species in common. The moist draw and flat valley sites contained mesic species.
The third division split the cluster into one large group with 31 sites and one
small group with three sites. The smaller group contained the two Botrychium spp.
sites (3 and 77) and the Danthonia unispicata site (4). These three plots had several
species in common including Achillea millefolium, Antennaria parvifolia, Koeleria
macrantha and Sisyrinchium montanum. These mesic sites were not clustered earlier

because they did not contain any ruderal species.
The remaining plots in the largest cluster were dry grassland sites. The fourth
division split these plots into those with halophytes present and those without them.
The species that separated these plots were Artemisia cana and A triplex nuttallii. The
two Chenopodium dacoticum sites (29N and 29S) and the two Sitanion hystrix sites
(74 and 75) were included in this cluster. One Stephanomeria runcinata site (34) was
included in this group as well, due to the presence of similar vegetation. The
remaining plots in the largest group were further subdivided but these divisions were
not significant as all sites had very similar vegetational compositions.

5.3.2 Canonical Correspondence Analysis
Texture was the main environmental factor affecting the ordination, with
percentage sand having the strongest correlation (Table 5.3). The percentage sand
was negatively correlated with axis one, whereas percentages silt and clay were
positively correlated with axis one. Bulk density was negatively correlated with axis
one. Conductivity was positively correlated with axis two and negatively with axis
three. Position and slope were negatively correlated with axis two, although position
had the strongest correlation. Aspect and pH did not influence axis one or two,
although aspect was negatively correlated with axis three.
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Table 5.3. Interset correlations on three axes for nine environmental variables using a
Canonical Correspondence Analysis.

Correlations
Variable

Axis 1

Axis 2

Axis 3

%Sand

-0.647

0.481

0.158

%Silt

0.654

-0.284

-0.016

%Clay

0.324

-0.446

-0.225

Bulk Density

-0.384

-0.279

-0.098

pH

0.179

-0.020

-0.187

Conductivity

0.193

0.360

-0.507

Slope

0.019

-0.545

0.138

Aspect

0.017

0.173

-0.537

Position

-0.489

-0.561

0.025

On the axis 1 vs. 2 ordination, the sites on the far left had a high sand content
because they were on active to semi-stable dune blowouts (Figure 5.2). Moving right,
the percentage sands decreases and the percentage silt and/or percentage clay
increases. The sites with high clay content tend to be in the lower part of the
ordination while the sites with high silt content tend to be in the upper part. Bulk
density was highest in the lower left portion and decreased towards the upper right.
Sites in the upper right were on a flat while those in the lower left tended to be on
slopes. Slope was highest at the bottom and lowest at the top.
On the axis 1 vs. 3 ordination the sites near the bottom had high conductivity
soils while those near the top had low ones (Figure 5.3). Sites with north, east or west
facing aspects were closer to the bottom while those with southerly aspects were near
the top. Moving from left to right the percentage of sand and the bulk density
decreased.
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AXISl

Figure 5.2 Canonical Correspondence Analysis joint plot of sites, influential
environmental variables and clusters on axis 1 vs. 2. 1, sandy sites; 2, low flat sites;
3, dry steep sites; Positi, position on the slope; Conduc, soil conductivity; Bulk, bulk
density.
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Figure 5.3 Canonical Correspondence Analysis joint plot of sites and influential
environmental variables on axis 1 vs. 3. Positi, position on the slope; Bulk, bulk
density; Conduc, soil conductivity.
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Rare plants in similar environments tend to appear in similar areas on the
ordinations. Rare species on sandy sites were all found on the left side of the
ordination (Figure 5.4). Agropyron dasystachyum var.psammophilum, Chenopodium
subglabrum, Franseria acanthicarpa and Lygodesmia rostrata were all found on

active to semi-stabilized dune blowouts. The distance between these plots indicates
the degree of similarity of the vegetation. Sites that were close together had a very
similar composition of plants, while sites that were a bit further away had a slightly
different composition.
Five species grew in low, flat areas along the edges of wetland habitats (Figure
5.5). Botrychium campestre, B. lunaria, Carex crawei, Eleocharis parvula var.
anachaeta and Gentiana aquatica all occurred in the upper portion of the ordination.

These sites tended to accumulate sediment from the upland resulting in soils with
high conductivity and low bulk densities. Low bulk densities are also associated with
the high dry matter production that generally occurs in moist habitats.
Elymus glaucus, Munroa squarrosa, Ribes aureum and Sitanion hystrix were all

found in low, flat, mesic valley sites (Figure 5.6). These sites are in the upper to
middle portion of the ordination. Elymus glaucus, Munroa squarrosa and Sitanion
hystrix were on flat areas. Ribes aureum was found on a gentle slope that was cool

and moist due to the northwesterly aspect. These sites accumulate sediment and
moisture due to the low position on the landscape resulting in low bulk densities.
Four species were found on dry, steep hills (Figure 5.7). The Danthonia
unispicata site was on a northeasterly slope making it moister than the other sites.

The Erigeron radicatus sites were in the lower portion of the ordination indicating a
high percentage of clay and a high bulk density. Halimolobos virgata was on the
right middle portion indicating the higher percentage of silt. The Phlox alyssifolia
sites were in the middle portion, as they tended to occur on clayey soils with high
bulk densities.
Crepis occidentalis, Cryptantha celsioides, Drab a replans var. micrantha and
Stephanomeria runcinata plots were in dry, steep valley sites (Figure 5.8). All of the

sites are in the lower central portion of the ordination, and have low conductivity,
high bulk densities, and steep slopes. Clay, organic matter and salts are generally in
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Figure 5.4. The location of rare plants in sandy sites indicated by a solid black
diamond on a Canonical Correspondence Analysis ordination. Bulk, bulk density;
Posit, position on the slope.
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ordination. Bulk, bulk density; Posit, position on the slope.
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low concentrations on steep slopes because they erode away. The low moisture
availability on steep slopes results in lower dry matter production, affecting bulk
density. The habitats of these species exhibited similar textures, slopes, aspects and
positions. In all cases, the sites where the same species were found are close together.
The valley sites overlap with the dry, steep h~lly sites, as the vegetational composition
is somewhat similar.
Two species had sites that were far apart on the ordination: Chenopodium
dacoticum and Sedum lanceolatum (Figure 5.9). One Chenopodium dacoticum

population was very high in sand and was put in the upper left portion of the
ordination. The other site was higher in clay and placed in the lower right. Slope also
separated the sites, as the clayey site was much steeper than the sandy site. The
Sedum lanceolatum site in the upper portion of the ordination had a lower slope and

higher sand content than the site in the lower portion.
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5.3.3 Rare plant habitat descriptions

Agropvron dasvstachyum var. psammophilum (Sites 9 and 49)
Agropyron dasystachyum var. psammophilum is a rare variety of northern
wheatgrass found in dry, sandy areas (Harms et al, 1992). It tolerates surface
disturbance, as indicated by its presence on bare, windblown sand. Like all grasses, it
is wind pollinated and therefore not dependent on an animal for fertilization. Seeds
are heavy and fall off the plants when they are ripe, resulting in a clumped
distribution. This plant had not been found in the PECOS study area before; it was
discovered in the Webb sandhills while searching for other rare plants. The
population at site 9 along the South Saskatchewan river appears to be hybridizing
with Agropyron albicans.
At both sites where it was located, the plant was found growing on bare sand
with sparse vegetation around it. At site 9, plants were growing on the south-facing
slope of a mobile sand dune along the river valley. The soil texture was loamy sand.
At site 49, the population was also growing on the upper slope of a sand dune
blowout. The blowout was partially stabilized around the edges but sandy at the
bottom and near the lip of the dune. Soil at this site was almost pure sand (94 %).
The bulk density at site 9 was lower than that at site 49 indicating the presence of
more organic matter.

Calamovilfa longifolia, Heterotheca villosa and Psoralea lanceolata were found
at both sites. Many other species occurred at one site but not the other. Site 9
contained many typical prairie species like Artemisia frigida, Comandra umbellata
var. pallida, Gutierrezia sarothrae and Stipa comata. Site 49 contained many typical
dune plants: Elymus canadensis, Oryzopsis hymenoides and Rumex venosus. There
were also three rare annual plants at site 49: Chenopodium subglabrum, Franseria

acanthicarpa and Lygodesmia rostrata. Both Chenopodium subglabrum and
Lygodesmia rostrata were found at site 9 previously (in 1989 and 1962 respectively)
but they were not relocated in either 1995 or 1996.
The factor that both sites have in common is the presence of bare sand. Based
on the previous rare plant records, and the environmental data collected during this
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study, it appears that the dunes at site 9 are slowly stabilizing. In the past, the plant
community and soil characteristics at site 9 were likely similar to that currently found
at site 49. Years of stabilization have resulted in soil development and plant
succession. The rare dune annuals that had previously been found at site 9 have
probably disappeared due to the change in habitat. If stabilization continues, A.
dasystachyum var. psammophilum may also disappear.

Botrvchium campestre (Site 77)
Botrychium campestre is a small eusporangiate fern. The gametophyte stage of
this plant requires water for fertilization, severely limiting it's distribution on the
prairies. The spores are light and are dispersed by wind.
Although the actual plant was not located, environmental and vegetative data
were collected anyway because the site description was extremely accurate. The plant
had been found on a gentle, east-facing slope at the bottom of a gravelly ridge just
north of Saskatoon in 1994. The site was adjacent to a boggy wetland. The
conductivity was relatively high, indicating an accumulation of salts, and the bulk
density was low, indicating the presence of organic matter.
The ferns had been found growing in a patch of Antennaria parvifolia. The
dominant grasses in the habitat were Agropyron trachycaulum, Schizachyrium
scoparium and Muhlenbergia richardsonis. Common forbs included Achillea
millefolium, Glycyrrhiza lepidota and Plantago eriopoda.

Botrychium lunaria (Site 3)
Botrychium lunaria is a small eusporangiate fern. The gametophyte stage of
this plant requires water for fertilization and the spores are wind dispersed.
A single B. lunaria plant was found growing on sandy loam soil, 5 m from a
wetland edge on a gentle, northwest-facing slope. The soil was gravelly with a layer
of humus on top. The soil had an unusually high conductivity.
The plant was found growing in a patch of Antennaria parvifolia and Artemisia
frigida. Dominant graminoids in this habitat were Juncus balticus, Muhlenbergia
richardsonis and Poa arida. Two small shrub species were common as well: Rosa
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arkansana and Symphoricarpos occidentalis. Botrychium campestre had been found
at this site in the past but was not re-located during my research.

Carex crawei (Site 17)
Carex crawei is a small, wind pollinated sedge. When the seeds are ripe, they
fall off the plant resulting in a clumped pattern of distribution.
C. crawei 's habitat was a wet, calcareous, ground water bog. The soil contained
several centimeters of organic material resulting in a low bulk density. Soil texture
was sandy loam. The plants were found between the hummocks at the edge of the
bog.
Another rare plant, Gentiana aquatica was found growing in the same wetland.
Dominant graminoids in the bog included Agrostis scabra, Agropyron trachycaulum,
Carex aurea, Eleocharis acicularis and Juncus longistylus. There were also
numerous wetland forbs present: Equisetum laevigatum, Glaux maritima, Parnassia
palustris, Potentilla anserina and Ranunculus cymba/aria.

Chenopodium dacoticum (Site 29N, 29S)
Chenopodium dacoticum is a small, annual goosefoot with a distinctive fishy
odor. It is a wind-pollinated plant. As the seeds are light, they tend to be blown
around by the wind, resulting in a regular distribution pattern. This plant was found
in two areas south of the Matador Field Station--once in 1986 and again in 1989.
At the first site (29S) plants were found on a gently sloping, clayey, south-facing
bench between the river breaks. The pH at this site was slightly acidic and the
conductivity was greater than 2 mS cm- 1• At site 29N, a sandy loam site, the habitat
was a dry, eroding, south-facing bank above a wooded coulee. The pH was close to
neutral at this site and the conductivity was low
These two sites had several forbs in common including Artemisia cana, A triplex
nuttallii, Lappula squarrosa, Lepidium densiflorum and Plantago patagonica. These
forbs often grow on dry, saline areas. Bouteloua gracilis and Stipa comata were
present in both plots. Agropyron smithii is dominant at site 29N and Koeleria
macrantha is dominant at site 29S.
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These two sites had little in common. The composition of the vegetation was
similar but the habitat characteristics were not. The different habitat characteristics at
these two sites suggest that Chenopodium dacoticum is tolerant of saline soils, but not
restricted to them.

Chenopodium subglabrum (Sites 49, 52, 61, 76)
Chenopodium subglabrum is a nationally threatened, annual goosefoot. It is a

wind pollinated plant that produces small, light. The plant was found in one area
along the south Saskatchewan river and another in the Webb sandhills. Before 1996,
C. subglabrum had never been found in the Webb sandhills.

At Beaver Creek conservation area, the rare plant was near the river, on top of a
northwest-facing, eroded, sandy slope. Three populations grew in sand dunes north of
Webb. At each of these sites plants were found on active dune blowouts, on either
west or east-southeast facing slopes. At each site, percentage sand was about 94.
Vegetation at the three sites in the Webb area was very similar. Elymus
canadensis, Oryzopsis hymenoides, Psoralea lanceolata and Rumex venosus were all

common. At all sites, there was at least one other rare sand dune plant present. Site
52 contained Lygodesmia rostrata, site 61 had Franseria acanthicarpa and L.
rostrata, and site 49 had all four rare dune species (Agropyron dasystachyum var.
psammophilum, C. subglabrum, F. acanthicarpa and L. rostrata). Vegetation at site

76 was slightly different; it had some typical dune species (e.g. Calamovilfa longifolia
and Oryzopsis hymenoides) as well as grassland species like Heterotheca villosa and
Petalostemon candidum.
Chenopodium subglabrum was found on dune blowouts at each site. The soil

characteristics and vegetational composition were almost identical. Any type of
active blowout is potential habitat for this species.

Crepis occidentalis (Sites 25, 29A, 29B, 33)
Crepis occidentalis is a perennial composite that appears to flower sporadically.

It is insect pollinated suggesting that it may experience negative affects if pollinator
populations were to decline. Seeds are carried by wind, resulting in wide dispersion.
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It was found in several locations along the South Saskatchewan River valley. Three

new populations were discovered during the summers of 1995 and 1996.

Crepis occidentalis was always found on partly eroding, dry, and south facing
slopes in the breaks of the river valley. The plant was discovered at site 29A in 1969.
Soil texture at this site was clay loam. Site 29B was just southeast of29A. At this
location, plants were growing on the midslope of a loamy hill near a Juniperus

horizontalis-covered ravine. C. occidentalis had never been found in Saskatchewan
Landing Provincial Park before. It was found on a partly eroding, Juniperus

horizontalis-covered southern slope above an old road. The Saskatchewan Landing
site was on the south side of the river, west of the Interpretive Center. Soil texture
was silty loam and the conductivity was approximately two mS cm-

1
•

The third new

population occurred approximately 17.5 km' s southeast of Beechy. The soil texture
at this site was sandy loam.
Vegetation at each site was dominated by wheatgrasses. Agropyron smithii was
dominant at site 29A and 29B while A. dasystachyum was dominant at sites 25 and
33. Boute/oua gracilis was another common grass. A diverse assortment offorbs
was found at each site of which Opuntia polyacantha, 0. fragilis, Phlox hoodii and

Thermopsis rhombifolia were the most common. Another rare plant, Stephanomeria
runcinata, was found at or near each C. occidentalis site.
While the vegetation and soil texture are slightly different, there are still many
features that all sites have in common. The plants all grew on the same slope/aspect.
The soil textures were all loamy. This plant appears to be associated with

Stephanomeria runcinata. Thus, when one of these rare plants is found, the other one
may be present also.

Cryptantha celsioides (Sites26, 29C)
Cryptantha celsioides, a biennial plant, is insect (fly) pollinated. The seeds have
hooked barbs on them to facilitate attachment to mammal fur, aiding in distribution.
It had been previously found in two areas along the South Saskatchewan River and
near Hallonquist. Only the sites along the river were re-located.
At site 29C, near the Matador Field Station, the plant occurred on an eroding,
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dry, south-facing slope overlooking a deep coulee. Soil texture was sandy clay loam.
Near Herbert Ferry (site 26) a single plant was located on an east-facing, gentle,
grassy slope atop a butte with eroding sides. The soil texture at this site was loamy.
Koeleria macrantha was the dominant grass at both sites. Common forbs

included Artemisia.frigida, Gutierrezia sarothrae and Phlox hoodii. At both sites,
Stephanomeria runcinata was also discovered.

This plant occurs periodically among river breaks, often on eroded soils. It is
generally not found on saline soils. Other records indicate that it may be found on
eroded bedrock uplands (Harms et al, 1992).

Danthonia unispicata (Site 4)
Danthonia unispicata is a wind pollinated grass species. Ripe seeds fall off the

parent plants, resulting in a clumped pattern (Barbour et al, 1987). This species had
been previously discovered at three sites in the study area although I found it at only
one site.
The habitat was a moist, northeast-facing midslope of a draw. The soil had a
sandy loam texture. There were probably more plants in the habitat but, since they
were not flowering, they would have been difficult to see.
The habitat contained a diverse mixture of forbs and grasses. Agropyron
subsecundum, Festuca altaica ssp. hallii, Helictotrichon hookeri, Koeleria
macrantha, Stipa spartea var. curtiseta and S. viridula were the common grasses.
Galium boreale, Potentilla pensylvanica and Psoralea argentea were the dominant

forbs in this habitat. The only woody species present was Rosa arkansana.
Danthonia californica var. americana was found previously at this site but was not

re-located, probably because it was not flowering and was, therefore, difficult to see.

Draba reptans var. micrantha (Site 38)
Draba reptans var. micrantha is a rare variety of Whitlow-grass. This tiny annual had

been found in several areas along the South Saskatchewan River valley. Of the four
sites where it had been found, the species was only re-located at one.
The plants were found growing on an eroded, rocky south-facing slope west of
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Saskatchewan Landing Park in the South Saskatchewan River valley. The soil had a
sandy loam texture.
The dominant grasses in the habitat were Bouteloua gracilis, Koeleria
macrantha and Stipa comata. Common forbs included Erigeron pumilis, Liatris
punctata, Opuntia polyacantha and Phlox hoodii.

Eleocharis parvula var. anachaeta (Site 45)
Eleocharis parvula var. anachaeta is a rare variety of spike-rush. It is an annual

plant whose seeds are likely ingested and dispersed by migrating waterfowl
(Alexander, 1993). The population at this site was first discovered in 1978. In 1996,
the species was re-located.
The plant grew in mats along the shores of an ephemeral, slightly saline slough.
Approximately 50 to 100 individuals occurred in each mat. These mats were
scattered along the entire lakeshore. This site had the highest conductivity soil of all
the sites.
Several salt-tolerant species including Hordeum jubatum, Puccinellia nutans,
Salicornia rubra, Suaeda depressa and Triglochin maritima were associated with the

rare spike-rush. A triplex truncata, another rare plant, had been found near this same
wetland in the past but was not seen during my research.

Elymus glaucus (Sites 10, 29D, 29E)
Elymus glaucus is a perennial grass. It has heavy seeds that fall off the parent

plants causing a clumped distributional pattern (Barbour et al, 1987). It has been
found in two different areas along the South Saskatchewan River valley: south of the
Matador Research Station and at the Rayner center southwest ofBirsay.
At one of the Matador sites, the habitat was a shady, moist, loamy flat near the
river. The other habitat at Matador was a sunny, slightly saline, sandy clay loam flat.
This site had a particularly high bulk density. At the Rayner Center, the habitat was a
shady, flat, moist, sandy loam coulee bottom.
Sites 10 and 29D had an overstory of Acer negundo. At site 10, Populus
tremuloides was also present These two sites also had a variety of shrubs and
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understory species like Lappula occidentalis and Thalictrum venulosum. The sunnier
site (29E) contained Juncus balticus and Symphoricarpos occidentalis.
The feature that these sites had in common was the position; the grass was only
found on flat areas on the floor of a coulee. These sites may be temporarily flooded in
the spring. It may prefer shady areas in the coulee but it can also persist in sunny
areas.

Erigeron radicatus (Sites 65, 68, 70, 72)
Erigeron radicatus is an insect pollinated, perennial composite. Seeds of this

species are adapted for wind dispersal. The plant was found at one site in the PECOS
study area and at three sites outside the area.
Habitat at the site in the study area was an eroded, cobbly, clay loam butte
referred to locally as Table Butte. The plant grew on bare ground or among Juniperus
horizontalis. At site 68, the habitat was an eroded, cobbly, outcrop of the Whitemud

Formation. Soil at this site was sandy clay loam with deposits of iron minerals.
Conductivity was high indicating the presence of salts. The plant grew on bare
ground, or among Juniperus horizontalis and sparse grasses. A third population was
found southeast of Canopus. The habitat was a cobbly, clayey, south-facing butte
overlooking a coulee. The last population was found just west of Rockglen. The
habitat was a flat, eroded, clay outcrop. The plants grew mainly on bare ground. All
sites had relatively high bulk densities.
A unique variety of forbs was associated with this rare plant: Erigeron
caespitosus, Eriogonum jlavum, Gutierrezia sarothrae, Haplopappus armerioides
Hymenoxys richardsonii, Machaeranthera grindelioides and Phlox hoodii. In

general, grasses were not very abundant in these habitats; Koeleria macrantha was
found at sites 65, 68 and 72, and Poa sandbergii was found at site 70. Juniperus
horizontalis was a common shrub at each site. Other shrubs that occurred in two or

more plots were Chrysothamnus nauseosus, Potentil/a fruticosa and Rosa arkansana.
Site 70 contained the rare Astragalus vexilljlexus. Site 72 had another rare plant
found in the PECOS study area: Phlox alyssifolia.
One feature that these sites have in common is high bulk density and percentage
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of clay in soils. All the sites occurred on cobbly hilltops, often bare of vegetation.
Several unique forbs and shrubs were consistently found at the different sites.

Franseria acanthicarpa (Sites 49, 61)
Franseria acanthicarpa is an annual composite. It is a wind-pollinated plant

that produces small wind dispersed seeds. The plant was found in two blowouts in
the Webb sandhills. The plants were found in this area in 1946 and 1952.
Both populations grew on active dune blowouts, on either east or southeastfacing slopes. Percentage sand was very high, about 94 % but bulk density was low
due to the small amount of dry matter produced on these soils. The conductivity was
low.
The vegetation at the two sites was similar with Elymus canadensis, Oryzopsis
hymenoides, Psoralea lanceolata and Rumex venosus present at each site. Franseria
acanthicarpa was associated with several other rare species including Chenopodium
subglabrum and Lygodesmia rostrata at both sites, and Agropyron dasystachyum var.
psammophilum at site 49.

The two sites were virtually identical. Bare sand was present, conductivity was
low and bulk density high. Vegetational composition was similar. Any type of active
blowout is potential habitat for this species.

Gentiana aquatica (Site 17)
Gentiana aquatica is a small, biennial insect-pollinated gentian. The habitat

where it was found was a wet, calcareous, ground water bog. The plants grew in
between the hummocks at the edge of the bog. The soil contained several centimeters
of organic material resulting in a low bulk. Soil texture was sandy loam.
Another rare plant, Carex crawei grew in the same wetland. Dominant
graminoids in the bog included Agrostis scabra, Agropyron trachycaulum, Carex
aurea, Eleocharis acicularis and Juncus longistylus. Common forbs in the habitat

included Equisetum laevigatum, Glaux maritima, Parnassia palustris, Potentilla
anserina and Ranunculus cymba/aria.
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Halimolobos virgata (Site 5)
Halimolobos virgata is a biennial, insect-pollinated mustard. It is the most

threatened plant in the PECOS area according to Argus and Pryer (1990) and Harms
et al. (1992). Most plants were flowering but two plants had basal rosettes only.
H virgata 's habitat was a grassy, south-facing, loamy flat at the head of a

ravine. It had been found in another location in the Couteau hills, and at several sites
along the South Saskatchewan River valley. Percentage clay at this site was low, pH
was near neutral and the conductivity was low. Salts probably drain from this area
into the lowlands.
The plant community had few species in it. Poa cusickii, Agropyron
dasystachyum and Carex stenophylla were the dominant graminoids while Selaginella
densa and Artemisia frigida were common forbs.
Halimolobos virgata appears to favor silty sites in hilly areas on the uplands and

along gentle river valley slopes and flats.

Lygodesmia rostrata (Sites 49, 52, 55, 61, 66, 67)
Lygodesmia rostrata is an insect-pollinated plant with wind-dispersed seeds. It

is an annual composite. The plant was found in six locations in the Webb sandhills.
At each site, plants were found on either active dune blowouts or active dunes,
on a variety of aspects and slopes. Sand content at these sites was high as was the
bulk density, and conductivity was relatively low.
Vegetation at the sites was very similar with Elymus canadensis, Oryzopsis
hymenoides, Psoralea lanceolata and Rumex venosus being common. At sites 55, 66

and 67 there were no other rare plants present. The three remaining sites had at least
one other rare species. Chenopodium subglabrum was found at all three sites (49, 52
and 61). Franseria acanthicarpa was discovered at two other sites (49 and 61 ).
Agropyron dasystachyum var. psammophilum occurred only at site 49.

Each site had many characteristics in common including high sand content, high
bulk density and low conductivity. The vegetation was similar. Any type of active
complex or blowout is potential habitat for this species.
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Munroa squarrosa (Sites 36, 37)
Munroa squarrosa an annual, C4 grass, has been found in three areas in the
province: Saskatchewan Landing Provincial park, 17 miles southwest of Kyle and
near Hatton (Harms et al, 1992). The Saskatchewan Landing population was
originally found in 1984, and the population southwest of Kyle was discovered by me
in 1996.
At both sites, the plants were growing in gravelly, sandy loam soil on either side
of the road. At Saskatchewan Landing about 100 plants were destroyed by grading.
At the Kyle site, 30 dead plants were destroyed by the same means.
Weedy, species such as Agropyron cristatum, Descurainia sophia, Monolepis
nuttalliana, Polygonum arenastrum and Sa/sola kali var. tenuifolia were associated
with M squarrosa. The plant community at the Kyle site was more diverse than the
one at Saskatchewan Landing.
In Saskatchewan, Munroa squarrosa appears to favour open, bare habitats that

are disturbed enough to maintain bare soil. This plant is more common in the Mixed
and Short grass prairie further south.

. Phlox alyssifolia (Sites 30, 31, 69, 71, 72)
Phlox alyssifolia is a perennial, insect-pollinated forb. It is found in two areas
in the province: the Matador Community pasture and in the Big Muddy river valley.
Two populations were in the PECOS study area and three were outside.
At two sites, one in the PECOS study area and one outside of it, the plant was
occurred on old, cobbly road sides (sites 30 and 69). Soil texture was loamy at both
sites. About 113 of the area was bare or stony. The other population in the study area
was on a dry, slightly eroding, gentle northeast slope with loamy soil. The two
remaining populations outside the study area were found on clayey soil. At site 70,
the habitat was the lower part of an eroded grassy slope. The habitat at site 72 was a
flat, eroded, clay outcrop.
Dominant grasses at the northern sites (30 and 31) and at site 72 were Koeleria
macrantha and Agropyron dasystachyum. At the southern sites (69 and 71 ),
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Agropyron smithii and Stipa viridula were dominant. Two sites in the disturbed

habitats contained two non-native grasses, Bromus inermis and Agropyron cristatum.
In general, the plant communities had a high proportion of forbs, though few occurred
at all five sites. Gutierrezia sarothrae and Thermopsis rhombifolia were found at
each site. Rosa spp. and Juniperus horizontalis were common shrubs at all sites. Site
72 contained another rare species, Erigeron radicatus.
Sites where Phlox alyssifolia was located had one feature in common, the
presence of bare ground. Two of the populations were found on areas that had been
disturbed due to human activities (i.e. road widening), and the other three populations
occurred on eroded hillsides or tops. The plant was discovered on soils with either
loamy or clayey soils indicating some indifference to soil texture. Plants that were
common to eroded and disturbed areas were associated with the rare plant.

Potamogeton strictifolius (Site 40)
Potamogeton strictifolius is an aquatic perennial. The flowers are wind

pollinated, and seeds are likely distributed by migrating waterfowl (Johnson et al.,
1995).
The plant was seen floating in an old streambed now dotted with small ponds
due to the creation of a dam. The pH of the pond water was slightly basic, and the
conductivity was high.
Two other aquatic plants were found in the water with including Myriophyllum
exalbescens and Typha latifolia.

Ribes aureum (Site 59)
Ribes aureum is the only rare shrub in the PECOS area. It has insect pollinated

flowers, and the berries are distributed by a variety of animals.
Habitats were an old farmyard, and a moist north-facing ravine with loamy soil.
Soil had a low bulk density indicating an accumulation of organic matter.
Associated with the shrub was a variety of non-native grasses including
Agropyron cristatum, Bromus inermis and Poa pratensis and the native shrubs
Elaeagnus commutata, Rosa acicularis and Symphoricarpos occidenta/is.
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Sedum lanceolatum (Sites 60, 62)
Sedum lanceolatum is a succulent perennial with Crassulacean Acid

Metabolism. It is an insect-pollinated species. One population was in the PECOS
study area and the other was outside. The population outside the area was a new
location for this plant in the province.
The habitats were moist, northwest or west-facing, low coulee slopes. Site 62
had sandy loam soil while site 60 had loamy soil. Site 60 had a higher conductivity
than site 62.
Carex stenophylla and Carex filifolia were dominant sedges at both sites.

Dominant grasses at the site 60 were Bouteloua gracilis and Poa sandbergii.
Agropyron dasystachyum and Koeleria macrantha were the dominant grasses at site

62. Common forbs at both sites included Heterotheca villosa, Potentilla concinna
and Thermopsis rhombifolia. The shrub Juniperus horizontalis was present at both
sites
Both sites occurred in moist, steep coulees. As the plants were on westnorthwest slopes, the radiation received was low . Habitats that receive low radiation
are cool and moist as little water evaporates. The plant communities varied and were
highly diverse in both graminoids and forbs. The plant appears to be indifferent to
salts in the soil.

Sitanion hystrix (Sites 74, 75)
Sitanion hystrix is a perennial grass with wind dispersed seeds. It was

discovered along the South Saskatchewan River valley in 1964. The two sites in the
study area were not visited, but two sites in Grasslands National Park were studied.
The habitat at both sites was a bare, cobbly, clay loam flat on the floor of the
Frenchman River valley. Soil at both of these sites had high conductivity, indicating
the presence of salts. Bulk densities at these sites were also high, suggesting a low
amount of organic matter (Butler et al, 1986).
Dominant grasses at both sites were Poa sandbergii and Setaria viridis.
Common forbs and shrubs were Artemisia cana, A triplex nuttallii, Machaeranthera
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canescens, Opuntia spp. and Polygonum arenastrum.
Sitanion hystrix seems to prefer habitats that have high conductivity soil. It
frequents dry, often saline sites in river valleys.

Stephanomeria runcinata (Sites 13, 19, 20, 21, 22, 25, 26, 27, 29A, 29B, 29C, 34, 73)
Stephanomeria runcinata, a perennial composite, is an insect pollinated plant
with wind dispersed seeds. It occurs in a variety of locations along the South
Saskatchewan and Frenchman River valleys. In total, I discovered six new
populations of this plant in the study area.
The habitat at all sites was a dry, eroding, slope in the breaks, fans and coulees
of a river valley. Stephanomeria runcinata was growing along an old south-facing
road grade at one site. At 12 of the sites the plant was located on south facing slopes.
At the site in Grasslands National Park, however, the plant grew on south, southwest
and northeast facing slopes. The soil textures it was found on were clay, clay loam,
sandy clay loam, sandy loam, loam and silty loam.
In heavily eroded areas, the vegetation was very sparse. In less heavily eroded
sites the community was generally more diverse. Dominant grasses were Agropyron
dasystachyum, A. smithii, Bouteloua gracilis, Koeleria macrantha and Stipa comata.
. There were seven forbs that occurred in more than half of the sites: Artemisia frigida,
Comandra pallida var. umbellata, Gutierrezia sarothrae, Opuntia polyacantha,
Penstemon nitidus, Phlox hoodii and Thermopsis rhombifolia. Artemisia cana and
Symphoricarpos occidentalis were the two shrubs that were regularly associated with
Stephanomeria runcinata.
Stephanomeria runcinata was found only at sites that were dry and eroding. It
was usually found on a south-facing slope although it may occur on west or east
facing slopes if they are dry and eroded. Southerly slopes are hotter and drier than
other slopes suggesting that this species is stress tolerant. Soil texture does not appear
influence the distribution of this species as it grew on many different soils.
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5.4 Rare Plant Habitats
5.4 .1 Relationships to landscapes and soils
Based on the landscapes of southern Saskatchewan map (Acton, 1977), rare
plants were located in six major landscape types: wetlands, drylands, plains, hill
lands, bedrock uplands and valleys (Table 5.4). However, the rare plant sites were not
evenly distributed over the landscape types; close to one half of the 50 sites were in
valleys.

Table 5.4. The landscape types and subtypes that each rare plant occurred in.
Landscape type

Subtype

Species

Wetland

Saline alluvial plain

Sitanion hystrix

Dryland

Hummocky dune

Agropyron dasystachyum var. psammophilum,
Chenopodium subglabrum, Franseria
acanthicarpa, Lygodesmia rostrata

Plains
Hill land

Fluvial plain

Agropyron dasystachyum var. psammophilum

Lacustrine Plain

Botrychium lunaria, Elymus glaucus

Loess Plain

Eleocharis parvula var. anachaeta

Hummocky moraine

Botrychium campestre, Carex crawei, Erigeron
radicatus, Gentiana aquatica, Halimolobos
virgata, Phlox alyssifolia, Ribes aureum

Bedrock Upland

Dissected plateau

Erigeron radicatus, Phlox alyssifolia,
Stephanomeria runcinata

Gullied thinly glaciated

Erigeron radicatus

upland
Valley

Bedrock valley

Sedum lanceolatum

Glacial valley

Chenopodium dacoticum, Crepis occidentalis,
Cryptantha celsioides, Danthonia unispicata,
Draba replans var. micrantha, Elymus glaucus,
Munroa squarrosa, Potamogeton strictifolius,
Stephanomeria runcinata

Wetlands are plains of low local relief with soils of various textures (Acton,
1977). They are usually associated with streams, lakes, bogs or fens, and are
frequently flooded. One species, Sitanion hystrix was located in this landscape type
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on a saline alluvial plain. Drylands are plains or hilly areas with coarse textured
sandy and gravelly soils with dry surfaces. These soils are rapidly drained. Four
species grew in this landscape type; all four occurred on hummocky dunes and one
was also on a fluvial plain. Three species were found on plains or land with relief less
than 10 m. Soil texture on plains is medium to fine. Botrychium lunaria and Elymus
glaucus were on lacustrine plains and Eleocharis parvula var. anachaeta was on loess

plain. Seven species were on hill lands; areas that are subject to excessive surface
drainage. The relief is greater than 10 m, and the soil texture is medium to fine. All
species in this landscape type were on hummocky moraine. The bedrock uplands
have strong topographic expression due to preglacial erosion of near surface bedrock.
Soils are of medium texture and are well drained. Erigeron radicatus occurred on
both gullied, thinly glaciated upland and dissected plateau. The other two species,
Phlox alyssifolia and Stephanomeria runcinata were on dissected plateaus. Most

sites were in valleys--elongated depressions in the surface formed by stream erosion.
Sedum lanceolatum was, found in a bedrock valley and nine species were in glacial

valleys.
Agropyron dasystachyum var. psammophilum was found in two different types

of dryland habitats: hummocky dunes and fluvial plains. Elymus glaucus was in two
landscape types: lacustrine plains and glacial valleys. Erigeron radicatus and Phlox
alyssifolia occurred on both hummocky moraine and thinly glaciated bedrock upland.
Erigeron radicatus was also found on dissected plateaus of bedrock uplands.
Stephanomeria runcinata was mainly in glacial valleys but at one site it was on

bedrock upland.
The rare plants were located in eight different soil associations described in
Ayres et al. (1985) (Table 5.5). Five species were found in the Haverhill association
of chemozemic brown soils. These soils developed from unsorted glacial till. In the
Chaplain association there were two rare species found. These soils developed on
glacial outwash or stream-eroded tills and sandy loam. Two species were on soils of
the Weybum association. These soils are chemozemic dark brown soils that
developed from unsorted glacial till. Four species occurred on the Dune Sand
association. This association contains regosolic soils developed from coarse textured
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Table 5.5. The soil associations, series and dominant series complex that each rare
plant occurred in.

Association

Series

Dominant Series Species

Haverhill

Chemozemic

Orthic brown

Botrychium campestre, Eleocharis parvula

var. anachaeta, Ha/imolobos virgata,

brown

Phlox alyssifolia, Ribes aureum

Chaplain

Chemozemic

Orthic brown

Carex crawei, Gentiana aquatica

Orthic dark brown

Botrychium lunaria, Danthonia unispicata

Orthic regosol

Agropyron dasystachyum var.

brown
Weyburn

Chemozemic
dark brown

Dune Sand

Regosolic

psammophilum, Chenopodium subglabrum,
Franseria acanthicarpa, Lygodesmia
rostrala

Exposure

Regosolic

Erigeron radicatus, Phlox alyssifolia,

Regosolic

Stephanomeria runcinata

Alluvium

Miscellaneous

Miscellaneous

Sitanion hystrix

Hillwash

Miscellaneous

Miscellaneous

Chenopodium dacoticum, Crepis
occidentalis, Cryptantha celsioides, Draba
replans var. micrantha, Elymus glaucus,
Erigeron radicatus, Munroa squarrosa,
Stephanomeria runcinata

Runway

Miscellaneous

Miscellaneous

Agropyron dasystachyum var.
psammophilum, Elymus glaucus,
Potamogeton strictifolius, Sedum
lanceolatum

eolian, sandy glacio-fluvial and sandy glacio-lacustrine deposits. Five sites were
located on exposure complexes. These sites have modified tertiary deposits of brown
and grey wooded and regosolic soils. The remaining sites were on miscellaneous
soils, having variable parent materials and profiles. Sitanion hystrix was found on
alluvium complexes. These complexes are poorly drained subsoils without excessive
salinity and various textures. Eight species and close to half of the sites (22 sites)
were in the hill wash complex. Soils of the hillwash complex consist of regosolic and
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weakly developed chemozemic, and shallow solonetzic series developed from
variable textured colluvial and eroded deposits. Three species were on runways--a
series developed from variable textured glacial and recent deposits associated with
glacial meltwater channels.
Phlox alyssifolia was found on Haverhill orthic brown soils and hillwash.
Agropyron dasystachyum var. psammophilum was located on the dune sand and

runway associations. Stephanomeria runcinata occurred on both exposure and
hillwash. Elymus glaucus was found on hillwash and runway.
Based on a texture analysis of the soils, several trends were observed (Figure
5.1 0). There were no rare plant sites on soils with greater than 60% clay or 60% silt.
There were, however, 14 sites on soils with greater than 60% sand, and nine of those
sites were on soils with more than 80% sand. This suggests that very sandy soils tend
to contain unusually high numbers of rare plant populations. Five plots have greater
than 40% clay in them which is enough to classify them as clay textured soils. Most
sites (26) had 40% to 60% sand, 40% to 60% clay and 20% to 40% silt. These sites
had sandy clay loam, sandy loam, loam or clay loam textured soil. Seven sites had a
silt content of 40%- 60%. These sites had loam or silty loam textured soils. No pure
silty soils occurred in the PECOS area.
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Figure 5.10. The percentage sand, percentage silt and percentage clay at the rare
plant sites with each bar representing one site.

Using the data collected, I devised my own classification system of rare plant
habitats in the PECOS area {Table 5.6). I utilized the landscape maps and habitat
descriptions to create this classification. The plants were found in ten habitats:
aquatic, slough edges, moist draws, valley breaks, moist valley flats, active dunes,
dune blowouts, morainal hills, dissected uplands and disturbed areas. The aquatic
species was found in a valley landscape. Species in sloughs occurred on plains or hill
land landscapes. Species in moist draws were in valley or hill land landscapes.
Species in eroded valley breaks were in valley landscapes except for one

Stephanomeria runcinata population that was .on bedrock upland. I included it in the
valley habitat as the coulee was part of the Frenchman River valley. Species in moist
valley flats were in valleys, plains or wetlands. The species that occurred on the plain
landscape actually occurred on a floodplain near the river. Sitanion hystrix was on a
wetland landscape but I included it in the moist valley flat habitat as it was on the
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Table 5.6. The habitat and landscape that each rare plant was found in with the
number of rare plant populations in that habitat in parentheses.
Habitat

Landscape

Species

Aquatic

Valley

Potamogeton strictifolius (1)

Slough edge

Hill land

Botrychium campestre ( 1), Car ex crawei ( 1), Gentiana
aquatica ( 1),

Moist draws

Valley breaks

Plains

Botrychium lunaria (1), Eleocharis parvula var. anachaeta (1)

Valley

Danthonia unispicata ( 1)

Hill land

Ribes aureum ( 1)

Valley

Chenopodium dacoticum (2), Crepis occidentalis (4),
Cryptantha celsioides (2), Draba reptans var. micrantha (1),
Sedum lanceolatum(2), Stephanomeria runcinata (11)

Bedrock

Stephanomeria runcinata ( 1)

Upland
Moist valley flats

Plains

Elymus glaucus ( 1)

Valley

Elymus glaucus (2)

Wetland

Sitanion hystrix (2)

Mobile dunes

Dry land

Lygodesmia rostrata (1)

Dune blowouts

Dry land

Agropyron dasystachyum var. psammophilum (2),
Chenopodium subglabrum (4), Franseria acanthicarpa (2),
Lygodesmia rostrata (5)

Morainal hills

Hill land

Halimolobos virgata (1), Erigeron radicatus (1), Phlox
alyssifolia (1)

Dissected

Bedrock

uplands

Upland

Disturbed areas

Valley

Munroa squarrosa (2), Stephanomeria runcinata (1)

Hill land

Phlox alyssifolia (2),

Erigeron radicatus (3), Phlox alyssifolia(2)

floodplain of the Frenchman River valley. Any habitat that was in a dry land
landscape was considered to be in a dune habitat. The morainal hill and dissected
upland habitats corresponded to the hill land and bedrock upland landscapes
respectively. Erigeron radicatus and Phlox a/yssifolia were located on both types of
hilly landscapes. Three species were found on soils that had been disturbed by
humans or other animals. Two Munroa squarrosa populations were in valley
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landscapes, two Phlox alyssifolia populations were in hill land landscapes, and the
Stephanomeria runcinata population was found in a valley landscapes.
Sometimes rare species were in the same habitat. In valley breaks,
Stephanomeria runcinata was associated with Crepis occidentalis and Cryptantha
celsioides. In sand dune areas Agropyron dasystachyum var. psammophilum,
Chenopodium subglabrum, Franseria acanthicarpa and Lygodesmia rostrata were
associated with each other. On dissected uplands, Erigeron radicatus and Phlox
alyssifolia are sometimes found together (Smith, 1995). Carex crawei and Gentiana
aquatica were in the same slough, as were the two Botrychium species. The two rare
Danthonia spp. were reported to occur in the same moist draw. Finding several
species in the same habitat suggests that if one rare plant is found, the area should be
closely examined for other rare plants. Many of the sites examined had unique
vegetation present. Knowing the plant community that is associated with a rare plant
may help in identifying its habitat. However, five species occurred in 16 or more rare
plant sites and may not be valid indicators of a rare plant population: Artemisia
frigida, Comandra umbellata var. pallida, Koeleria macrantha, Phlox hoodii and
Thermopsis rhombifolia.
Habitats of rare plants not found during this study were determined from the
information on the herbarium labels. According to the labels, rare plants occurred in
six habitats (Table 5.7). The majority of plants (16 species) were found in valley
habitats like draws, breaks and flats. Slough edges contained seven rare species,
disturbed areas six, sand dunes habitats five and morainal hills three. Eriogonum
cernuum had been found on flat upland and in a valley. Gentiana aquatica occurred
in sloughs and moist draws. Halimolobos virgata was on morainal hills and in
valleys. Valley habitats have the highest percentage of missing rare plant populations
because large numbers of rare species occur in this landscape.
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Table 5.7. The habitats in which each 'missing' rare plant was found, the percentage
of missing plants in each habitat, and the species with the number of populations in
parentheses.
Habitat

%

Species

Slough edge

18%

Atriplex truncata (1), Botrychium campestre (1), Elatine triandra (1),
Gentiana aquatica (2), Juncus interior (1 ), Myosurus aristatus (2),
Ranunculus cardiophyllus (2)

Valley habitats

45%

Astragalus purshii (2), Atriplex powellii (1), Chenopodium dacoticum (3),

(draws, breaks,

Chenopodium hians (1 ), Cryptantha celsioides (1 ), Danthonia unispicata (2),

flats)

Danthonia californica var. americana (2), Draba replans var. micrantha (3),
Eriogonum cernuum (_1),Gentiana aquatica (1), Halimo/obos virgata (2),
Polygonum scandens (1), Ribes aureum (1), Sedum lanceolatum (1), Sitanion
hystrix (2), Stephanomeria runcinata (1)

Sand dunes

20%

Astragalus kentrophyta (6), Chenopodium subglabrum (2), Lygodesmia
rostrata (2), Polanisia dodecandra var. dodecandra (1)

Morainal hills

6%

Halimolobo$ virgata (1), Nothocalais cuspidata (1), Phlox a/yssifolia (1)

Flat upland

2%

Eriogonum cernuum ( 1)

Disturbed areas

9%

Chenopodium atrovirens ( 1), Corispermum nitidum ( 1), Cryptantha kelseyana
(1), Munroa squarrosa (1), Penstemon confertus (1)

1 Indicates

the percentage of missing rare plant populations that occurred in that

habitat.

5.4.2 Reasons for plant rarity in the study area
Rare prairie plants exhibit a diverse set of characteristics. There are annuals,
biennials and perennials, each in a variety of habitats. Perennials make up 55%,
biennials 5 % and annuals 40 %.
Annual plants tend to occur in four habitats including sloughs, sand dunes,
valleys and disturbed areas. Annual plants in moist areas often occurred in muddy
habitats along river and stream banks, and slough edges. These habitats are rich in
nutrients, and may support rapid plant growth. Grime ( 1979) notes that species that
exploit disturbed marshland are often annuals of high potential growth rate. A few of
the rare wetland species observed in this study appear to behave in this way. For
example, the original record for Myosurus aristatus at site 6 noted that the plants were
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abundant over 1/2 acre. When the site was visited in 1996 however, the species was
not found. These fluctuations in population size suggest that the species experiences
rapid growth during certain years, but not in others. Perhaps this boom and bust
pattern is in response to fluctuating water levels.
The four rare annuals and two rare perennials found in dune environments are
early successional species. These species probably migrated north as the Wisconsin
glacier retreated, and sand dunes formed from the bare, unstable soil. Through time,
the extent of these dunes fluctuates with climatic change. In the Brandon Sand Hills,
dated paleosols indicate the beginning of 10 major droughts in the last 4300 years
(Sauchyn, 1993). Dunes would expand during these dry periods, and stabilize when
drought ended. Abundance of early successional plants would likely fluctuate
through time as the dunes expanded and contracted. Currently, we are in a period of
dune stabilization, explaining the rarity of many dune plants (Smith & Bradley, 1990).
The exact reason for stabilization is unknown, although a combination of climate
change, fire suppression and grazing alteration are the most likely causes (Sauchyn,
1993). Dunes less than 6 m2 become active only during major droughts; larger ones
are affected by both minor and major droughts (Epp & Townley-Smith, 1980). Fire
and grazing may help maintain active complexes and blowouts.
Some rare species in the South Saskatchewan River valley and on the uplands
were on human and animal-caused disturbances including roads and trails, rodent
burrows and abandoned fields. As human disturbances are relatively recent, these
species must have been originally adapted to some type of natural disturbance.
Formerly, the prairie environment was occupied by a unique assemblage of animals,
performing similar functions as the animals of sub-Saharan Africa today (Bell, 1971).
Herds of herbivores (e.g. bison, antelope, deer, and wapiti) would have traveled
across the continent, followed closely by carnivores and scavengers (e.g. wolves,
plains grizzlies, coyotes). As the herbivores moved across a landscape, they would
have consumed large quantities of vegetation and decreased the plant cover (Bell,
1971; Larson, 1940). Trampling and wallowing disturbs the soil, creating bare
patches (Hornaday, 1889; Mack & Thompson, 1982). The prairies also contained
large populations of burrowing mammals like the black-tailed prairie dog,
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richardson's ground squirrel, pocket gopher and badger. The activities of these
mammals created mounds of soil (by burrowing) and large patches of bare ground (by
grazing and wallowing).
Two other processes may have been important factors in the creation of soil
disturbances: fire and erosion. Fire would have been particularly important on
upland areas and soil erosion in the river valleys and coulees (Butler et al., 1986). I
hypothesize that many of the rare annuals of the plains would have colonized the bare
patches created by animals, fire and erosion. This hypothesis is supported by the
occurrence of rare plants on disturbed, bare patches of ground. Mack and Thompson
(1982) also support this idea. They noted that large, disturbed areas were initially
colonized by annuals and replaced by perennials after one to three years (Mack &
Thompson, 1982). As the perennial population increased, the rare annuals would
have disappeared, leaving seeds temporarily in the seed bank. Native animals were
largely eliminated as European colonization of the prairies began. Natural grass fires
were gradually suppressed. When animals disappeared and fires ceased, the number
of disturbed sites decreased.
Recently, rare annuals adapted to human-induced disturbances, as they are
sometimes similar to natural disturbances (Sousa, 1984). In the Short grass prairie,
Munroa squarrosa is relatively common (McGregor et al, 1986). In Saskatchewan,
Munroa squarrosa is occurs on bare, sandy sites adjacent to little-used gravel roads.
This prostrate C4 species does not seem to compete effectively for light in the Mixed
prairie based on its presence on bare open ground. High light levels also raise the
temperature of the microsites; this C4 species is well adapted to high temperatures.
Another reason that Munroa squarrosa is found along roadsides is that it is tolerant of
compaction. Munroa squarrosa has several features that make it resistant to
compaction: an annual habit, prostrate growth form, flowers in leaf axils and pliable
stems (Bates, 1935). Perhaps Munroa squarrosa was more common here in the past,
colonizing herbivore compacted soils with little vegetative cover. Alternatively, this
plant may have been introduced into this area from the United States (Looman, 1992).
Non-native, weedy species (i.e. Bromus inermis, Agropyron cristatum, Melilotus
spp., Polygonum arenastrum) may be competing with native annuals in disturbed
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habitats. Since rare annuals and non-natives often occur in the same habitats, it may
only be a matter of time until the native annuals are eliminated. Native annuals may
be retreating into natural disturbances in the remaining native prairie.
Rare perennial plants tend to occur in four types of habitats: sloughs, sand
dunes, valleys and hill lands. A few perennial species are found near sloughs. Three
of these species, Botrychium campestre, ·B. lunaria and Carex crawei might be more
common than we realize. The lack of field botanists familiar with sedges and
moonfems, and the lack of botanical fieldwork in sloughs, could result in their being
overlooked, and explain why they are considered rare. Botrychium species are also
hard to find as they may spend several years in an inconspicuous gametophyte stage
(Wagner & Wagner, 1986). Even when a Botrychium spp. sporophyte does appear,
its small stature results in it being hidden in the surrounding wetland vegetation.

Botrychium spp., Carex crawei and Potamogeton strictifolius may have limited
distributional abilities due to the heavy seeds contributing to their rarity. The
increasing isolation of prairie potholes by habitat fragmentation may be affecting seed
dispersal by creating unsuitable habitat between sloughs. Botrychium spp. requires an
association with a fungus to persist (Wagner & Wagner, 1986). The presence or
absence of the fungal associates may determine whether the species can colonize a
new area or not. Fungal associates may affect the distribution of other species as
well.

Elymus glaucus, Sedum lanceolatum, and Sitanion hystrix are rare because they
are at their northern range limit. Many of these rare perennials are only rare
provincially, not nationally. Other species in valleys, Astragalus purshii, Crepis

occidenta/is, Cryptantha celsioides and Stephanomeria runcinata, appear to be stresstolerant. Low nutrient content, low water availability and high temperatures that
occur on eroded south-facing slopes make it a stressful environment for more
common species. Rare perennial species in valleys exhibit traits of stress-tolerant
plants: slow rates of growth, infrequent flowering, low dry matter production and
conservative utilization of water and nutrients (Grime, 1979).
Perennials that occur on hill lands are usually on steep, often eroded areas and
are generally more common in the foothills of Alberta. Smith (1995) notes that
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Erigeron radicatus and Phlox alyssifolia are often associated with unglaciated areas.
These two species probably spread from glacial refugia into ecologically similar areas
in the prairies as the glaciers retreated. However, why they did not spread into more
hilly areas in the province is unknown. Over the last century, they may have begun
experiencing negative effects due to habitat fragmentation and cultivation.

5 .4 .3 Predicting rare plant occurrences
Data collected in this study suggest that rare plants are more likely to occur in
certain habitats than in others. In the prairies, most rare plants are ruderal or stresstolerant, supporting Griggs (1940) theory that rare plants are not competitive. Many
rare species are ruderals, adapted to a variety of soil disturbances. Other species are
stress-tolerant, occurring in habitats with few resources. Species that do not fit these
categories may be rare due to distributional problems or range limitations.
Rare plants are generally not found on plain landscapes. Historical records do
not record the presence of many rare plants on plains. There are few recent records of
rare plants growing on plains that still contain native vegetation such as Matador
Community Pasture. In flat, upland habitats, competition for resources is severe.
Therefore, if a rare plant were to grow in this habitat it would need to be competitive.
If a plant were competitive in common environments, it would probably not be rare.
When a rare plant occurs on a plain, it is likely in or near a slough or stream, or in a
disturbed area. Rare prairie plants are particularly common in dryland, valley, hill
land and bedrock upland landscapes. Within the drylands, dune ecosystems with
active complexes and blowouts are most likely to support rare plants. Rare plants can
be expected along both glacial and bedrock valleys, particularly on steep, eroded,
south-facing slopes. On hill lands and bedrock uplands, eroded, steep slopes with
exposed bedrock are more likely to contain rare plants than gentle slopes. Smith
( 1995) notes that unglaciated areas in Canada often contain rare plants.
Rare plants usually grow on poorly developed regosolic or soils with variable
profiles. Soil textures in most rare plant habitats are either very sandy or loamy. The
pH of most soils in rare plant habitats is near neutral, and therefore is not a
particularly strong indicator of rarity. The percentage of salts is generally low (less
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than 0.54 mScm- 1), but saline wetlands and saline flats along river valleys contain
rare, salt-tolerant goosefoots (Chenopodium spp.).
Some rare species appear associated with certain plants. The four rare sand
dune plants are consistently associated with Calamovilfa longifolia, Elymus
canadensis, Oryzopsis hymenoides, Psoralea lanceolata and Rumex venosus. These
plants were found in every habitat that the rare plants were in. Rare plants on eroded
valley slopes or hills often occur with Artemisia cana, Carex filifolia, Eriogonum
flavum, Haplopappus armerioides, Juniperus horizontalis, Machaeranthera
grindeloides and Penstemon nitidus. These species may suggest the possible presence
of a rare species.

5.5 Potential Threats to Rare Plant Population Sustainabilitv
Humans threaten plants directly through habitat destruction and species
collection, and indirectly by altering habitat. Activities such as cultivation, wetland
drainage and industrial development such as oil and gas mining may destroy rare plant
habitat. Collecting rare species for medicinal, horticultural or scientific purposes may
affect the sustainability of populations. Indirect activities alter the habitat in some
way but do not destroy the habitat. The disturbance regime, habitat fragmentation,
pesticide exposure, exotic species invasion and decreasing populations of associated
animals may make the habitat less suitable for rare species.
Plants in sloughs are among the most threatened. Drainage and cultivation
threaten sloughs, especially those that do not hold water every year. Since many
wetland areas have not been examined for rare plants, it is difficult to say how many
rare plant populations would be lost remaining sloughs were destroyed. Habitat
fragmentation appears to decrease the fitness of rare plants by isolating populations
and reducing genetic diversity (Menges, 199la). Cultivation of land surrounding
sloughs may be isolating populations of rare plants, resulting in decreased rates of
pollination and seed dispersal. Many exotic species are present in slough areas and
may be slowly displacing native plants.
Plants in dune habitats are threatened by many factors of which stabilization is
the biggest threat (Smith & Bradley, 1990). Climate, suppression of fire and current
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grazing regimes may be encouraging stabilization. Best and Budd (1960) noted that
livestock grazed young Franseria acanthicarpa, therefore, consumption may be a
threat. However, cattle may be beneficial as they destabilize sandy soil around active
complexes and blowouts, creating a niche for the rare plant. Oil and gas activity in
sand dune areas has recently increased in the Webb area. Oil and gas development
near dune complexes may destroy rare plant habitat or prevent the natural evolution of
dunes. Oil spills are another potential problem.
Plants in riparian areas are probably not in danger of being cultivated since the
topography is generally quite rough. Cattle grazing and trampling may cause some
damage to rare plants--particularly to those populations on low slopes as these areas
are heavily used. Two plant species discovered in the valley were partially consumed
by large unknown herbivores (i.e. Crepis occidentalis and Stephanomeria runcinata).
Whether they were eaten by cattle or by native herbivores like deer, is unknown.
While exotic species encroachment was generally more severe in other areas, it is
occurring in some riparian areas and may be a threat.
Plants in hill lands are threatened by cultivation, particularly where the slopes
are not very steep. There was no evidence of consumption of rare plants by cattle at
the hill land sites; trampling may cause minor damage. Population isolation is a
concern for these species since cultivated fields cut off many populations from each
other. Smith (1992) noted that exotic species are taking over Halimolobos virgata
habitats in several areas in Alberta and Saskatchewan.
Plants adapted to disturbed areas may be negatively affected by the spread of
non-native species into their habitat. Lack of natural disturbances due to the
alteration of the natural grazing and fire regime, and the elimination of burrowing
animals may be taking its toll on the rare species.
Agricultural activities dominate the landscapes of Saskatchewan. Many rare
plant sites, particularly those in sloughs and hill lands, were adjacent to cultivated
fields. Since 86% of the cultivated land in the PECOS study area has herbicides
applied to it (Statistics Canada, 1992), the potential for damage to non-target plants in
adjacent areas is high. The amount of chemical drift is generally ten times greater
when using aerial spraying as opposed to ground spraying (Marrs et al., 1992). Plants
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near cultivated fields may experience reproductive failure (Fletcher, 1996) and lower
rates of growth (Bowes & Spurr, 1995). Indirectly, pesticides may be negatively
affecting rare plant pollinators (Forsyth, 1993; Mineau et al., 1994).
Harvesting of plants for medicinal, academic or horticultural purposes does not
appear to be threatening these rare plants yet, but it has the potential to be a problem
(Falk, 1987). Currently, there are no known medicinal uses for plants examined in
this study although this can change. Rare plants may be of interest to plant collectors
because they are rare. Several of the plants are attractive from a horticultural
perspective.
Cultivation and fragmentation of the remaining patches of native prairie will
eliminate the habitat of pollinating and seed dispersing animals, native herbivores and
burrowing animals. Rare plants may not be able to exist without these associated
organisms. Elimination or reduction of associated organisms may result in extinction
or extirpation of some rare plant species.
5.6 Conservation and Policy Issues
The land use of this area has changed drastically through time. These changes
have affected the abundance of rare plants. After the ice age ended about 10,000
years ago, the grasslands that we know today began to develop. The climate, soil and
topography influenced the type of vegetation that would thrive. Once the vegetation
invaded, animals like bison and antelope followed. Fires began to occur, first due to
lightning strikes and later set by the first aboriginal inhabitants to improve forage
quality. Therefore, vegetation on the great plains of North America adapted to
periodic fire and grazing.
Five centuries ago Europeans 'discovered' North America. Early European
r "~1v e 1o \:'
settlers were responsible for the extinction of great herds of bison and antelope. Once
these herds were largely eliminated, the nomadic lifestyle of the aboriginals was
replaced with an agrarian lifestyle. Huge tracts of grassland were cultivated to grow
crops. Rare plants must adapt to new disturbances like cultivation and exotic species
invasion to survive in this changing ecosystem. However, while native plants had
many centuries to adapt to the original disturbances, recent changes to the
Saskatchewan prairies happened in the last two centuries. Whether rare plants will be
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successful in adapting to recent disturbances is debatable and must be observed
closely.
Conservation of rare plants requires that specific actions be taken to protect
them. However, that is not enough. True conservation requires that people appreciate
and recognize the importance of natural areas. Until nature is valued by all people,
the destructive practices that have been done in the past will continue to occur.
Religious and educational institutions must teach people about the importance of
nature, and encourage a respectful attitude towards it. Governments must create laws
that are sensitive to the protection of native species and ecosystems. Once humanity
has respect, awe, and an appreciation for nature, our actions will reflect this attitude. .
Conservation of all rare Saskatchewan species is important even if a rare plant is
more common in the United States or the rest of Canada. Goff et al. (1982) noted that
species preservation requires that the whole range of genetic variation, and range of
conditions that the species can survive in, be protected. It is irresponsible to put the
burden of biodiversity conservation on another country or province while we plunder
the resources in our own. Peripheral plant populations tend to have unique genetic
characteristics and adaptations that may prove extremely important to species
persistence during periods of climate change (Harms, 1995).
Currently, the federal government is attempting to introduce legislation that
would protect endangered species. The Endangered Species Act would prohibit,
"anyone from killing or harming a species at risk, or damaging its residence" (John &
Schroeder, 1996). Only species on the official COSEWIC list would receive
protection. Even then, protection would only occur if the species were on crown land.
The provincial governments may extend this legislation to include provincial lands as
well (John & Schroeder, 1996). Were this legislation passed as it stands, only two of
the rare plants in the PECOS area would receive legal protection: Halimolobos
virgata and Chenopodium subglabrum. However, as most populations of these

species occur on private land, they would not be fully protected. It seems clear that
unless changes are made to protect endangered species on private lands as, this
legislation is limited in its usefulness.
Argus (1977) noted that the most effective way to protect rare plants is to
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conserve ecosystems in which they occur. A program to protect the remaining native
ecosystems is an essential strategy for protecting rare plants. Franson (1972) stated
that ideal ecological reserve legislation would have the following characteristics:
1. provide for acquisition and designation of Crown Land for the program;
2. give power to expropriate or to accept gifts of private land conditioned on
use as an ecological reserve;
3. provide protection against arbitrary removal of reserved lands from the
program;
4. exclude the operation of other statutory powers that would be inimical to the
program;
5. create opportunities for coordination of the provincial program with
programs run by other provinces, the federal government, and private
organizations;
6. provide the means for obtaining continued scientific input for the resolution
of questions regarding management of the reserves;
7. provide for management of reserves.
The greatest danger to rare plants in southern Saskatchewan is cultivation and
wetland drainage. Acquiring· and protecting lands where rare plants grow is one
method of protecting plants from these threats. Rare plant habitat could be bought by
the government as Wildlife Habitat Protection lands, or by non-profit conservation
organizations such as the Nature Conservancy, Ducks Unlimited or Nature
Saskatchewan. However, a lack of funds may prevent the outright purchase of land
and some farmers may not be interested in selling their land. Developing agreements
with landowners regarding land use practices is an alternative approach (Huenneke,
1988). The land would be protected from destructive practices, and the landowner
would still be able to use the land for non-destructive practices such as haying or
grazing. The Conservation Easement Act that was implemented by the Government
of Saskatchewan in 1996 makes this form of conservation possible. Another way to
discourage landowners from cultivating native prairie and draining wetlands is to tax
it at a lower rate than land that has been broken. A slight increase in the tax on
broken land could pay for this compensation, resulting in no net loss of tax revenue.
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Developments like roads, oil and gas wells, and urban expansion should be
restricted in rare plant ecosystems. Conducting thorough rare plant surveys before
any construction would help ensure that rare plant habitats are avoided. Epp &
Townley-Smith (1980) have published guidelines for transportation, petroleum and
natural gas exploration, water well placemen~s, recreation, research and agriculture in
the Great Sand Hills. These recommendations are valid for any dune ecosystem.
Development of regulations regarding harvest of wild plants would help to
ensure their protection. When harvesting rare plants for medicinal and horticultural
purposes, only a certain percentage of the seeds from a population should be
collected. Picking rare plant specimens should only be allowed if the plants will be
incorporated into a herbarium and used for scientific study. Only enough of a
perennial to positively identify it (a branch and a flower) should be collected so that
the entire plant is not destroyed. Annuals should only be picked if the plant is
relatively abundant. Photographs are another way to verify rare plant populations
without removing a specimen.
Some rare species may persist only in habitats that are disturbed by large
herbivores. Therefore, the cessation of grazing on all critical rare plant habitats may
be unwise. In most areas, grazing can be part of the management strategy. While
certain rare plants may benefit from overgrazing, it is not advantageous overall as it
tends to decrease plant diversity (Harms, 1995). Sustainable grazing (at the proper
stocking rate) is more desirable in the end as the species diversity is maintained. In
habitats with grazing-sensitive rare plants, grazing may need to be restricted. To
maintain a diversity of habitats over the landscape, some pastures should not be
grazed, some lightly grazed and some heavily grazed. Maintaining landscape
diversity would require organization and co-operation among ranchers.
Using non-chemical pest control is the best way to avoid negative effects on
non-target species. If pesticides must be used, aerial application should be avoided as
contamination of non-target areas is much greater with this technique than with
ground spraying (Marrs et al., 1992). Ground sprayers should not come within 5 to 10
m of a native prairie as damage to non-target plants occurs within approximately 6 m
of the spray (Marrs et al., 1992).
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To protect rare plants from habitat fragmentation we must ensure that the
remaining patches of native prairie are protected from cultivation. In the future, it
may be possible to connect fragmented patches of land by a network of corridors
facilitating gene exchange with neighboring populations (Forman & Godron, 1986).
Exotic species can cause extinctions, and alter the physical environment
(Coblentz, 1990). Rare annuals may be declining due to competition with exotics for
habitat. At several sites, exotics were found instead of rare plants, demonstrating that
they are invading rare plant habitats. As exotic species become more widespread and
the prairies more fragmented, the problem of exotic invasion is likely to worsen.
Control of these weeds may be required to protect rare plants should they continue to
spread. Monitoring of rare plant habitats will help determine if non-native weeds are
continuing to spread. If rare plants are threatened, control of exotic species may be
warranted. For small patches of exotics, a spritz of glyphosate or equivalent herbicide
before the weeds flower may be effective. For larger patches, some combination of
burning and herbicide application may be necessary (Grilz & Ramo, 1995).
Unfortunately, for control to be effective, the procedure would have to be continually
repeated. Whether this is desirable or not is debatable.
Annual plants of the prairies were adapted to disturbances such as grazing,
trampling, fire and soil disturbance (Hobbs & Huenneke, 1991). Several of the rare
annuals in the study area were found on areas that were disturbed, either naturally or
by humans. Some of the disturbed areas were small such as rodent mounds, while
others were larger, like migrating sand dunes. For rare species that require
disturbance, two techniques can be used to restore these critical processes. The first is
to allow natural disturbances like wildfires to occur. The second is to identify and
duplicate the critical successional stages required by the species (Huenneke, 1988).
Grazing, trampling and soil disturbance by large, native herbivores can be simulated
using livestock (Mack & Thompson, 1982). In southwestern Saskatchewan,
prescribed burning would probably be looked on more favorably than allowing a
wildfire to run its course. Humans caimot successfully duplicate small rodent
disturbances. Burrowing mammals create tunnels in the earth, consume vegetation
and defecate in concentrated areas besides churning up the soil (Huntly & Inouye,
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1988). While humans may be able to churn up the earth, we are not capable of
creating the entire range of mammal-related influences. Conserving burrowing
creatures and their habitat is the best way to ensure that this process continues to
occur. The conservation of sand dune plants may require the manipulation of their
habitat. Periodic destabilization of active complexes and blowouts using fire and
heavy grazing may be necessary (Smith & Bradley, 1990).
Overall protection of the environment is important. The quality of water, soil
and air will affect the health of rare plant populations. Maintaining large tracts of
native grassland will protect habitat for pollinators, seed-dispersers and native
mammals, and will help prevent further species extinction (Morrissey, 1996).
Monitoring is essential if we are to determine the status of the rare plants. Few
of the original herbarium records I examined gave any indication of population size.
If we want to determine if rare plant populations are declining, we must re-visit rare
plant sites periodically to inventory the population. Demographic monitoring is
important for determining extinction probability and requires knowledge of mortality,
growth and reproduction (Menges, 1986). A monitoring census can be done by
marking individual plants and repeatedly measuring characteristics of their
performance (Pavlik & Barbour, 1988). Two field seasons are thought to be enough
to calculate extinction probability, but some species may require several years of
monitoring if populations fluctuate from year to year (Allen & Gould, 1993). After
determining the biological status of the species, life history stages that are critical to
population growth should be noted (Schemske et al., 1994). Once this is done, the
biological causes of variation in critical life history stages will be known (Schemske
et al., 1994). This information can then be used to decide how the area should be
managed.
The Ontario Wildlife Working Group (Prescott & Aniskowicz, 1993) has
suggested focusing on the conservation of critical rare plant habitat. Conducting
inventories can identify rare plant habitats. Goff et al. (1982) outlined a procedure for
identifying rare plants during a floristic survey. A timed meander search is done,
covering all topographically unique areas to ensure that all community types are
included in the survey (Goff et al., 1982). A second method of identifying rare plant
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habitats is to combine maps of known rare plant populations with maps of unique
topographical features such as hills, coulees, dunes and valleys. The areas of overlap
would indicate sites that are of critical importance for rare plants.
Certain rare plants require autecological research more than others. Those
species whose populations fluctuate through time need to be studied to determine why
this phenomenon occurs. Annuals like Munroa squarrosa, Chenopodium dacoticum,
Eriogonum cernuum, biennials like Halimolobos virgata and perennials like
Botrychium campestre and B. lunaria should have priority for research.

Rare plant habitats on plains usually occur in sloughs. Since all sloughs
potentially contain rare plants, efforts should be made to protect all remaining
wetlands. Fuller and Riemer (1997) recommend reimbursing farmers for not draining
wetlands. To achieve this goal, a government rebate of municipal land taxes for
retaining wetlands could be created. They also suggest levying a drainage tax and
redesigning the process by which we allocate quotas (currently it is based on
cultivated acres) to discourage wetland drainage. Rare wetland plant conservation
could be achieved by working with existing conservation organizations that are
already involved in wetland protection like Ducks Unlimited.
Conservation requires an appreciation of all living things and a desire to protect
them. Without this appreciation and desire, landowners will not care what happens to
rare plants. Education is the only way to convince landowners that conservation is
important. Once the importance of conservation is known, landowners must be made
aware of how management practises affect rare plants. With this knowledge, they
will be able to make informed choices regarding land management.
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6.0 SUMMARY AND CONCLUSIONS
This project was designed to investigate the ecology of rare plants in the Prairie
Ecosystem Study area in southwestern Saskatchewan. Objectives of the research
were to: 1) inventory population sizes of rare plants; 2) characterize the habitats of
rare prairie species; 3) determine if there is a pattern in the distribution of rare plants
across the landscape of southern Saskatchewan, and; 4) postulate on the reasons for
plant rarity in this area.
A total of 42 rare plants were searched for during the summers of 1995 and
1996; 22 rare plants were found. Of 118 previously recorded populations, 63 were
located. These 63 populations occurred at 50 different sites. Most populations
contained fewer than 100 plants.
The frequencies of species in the rare plant communities were compared to
produce a TWINSPAN classification. Plant communities and environmental
variables were also compared using ordination. The variables that most influenced
the ordination were percentage sand, percentage silt, percentage clay and position on
the first axis, and slope, position, percentage sand and soil conductivity on the second
axis. Soil conductivity and aspect influenced the third axis.
There were six types of landscapes that rare plants were found in: wetlands,
drylands, plains, hill lands, bedrock uplands and valleys (Acton, 1979). Among the
six landscapes, there were rare plants in ten habitats: aquatic, slough edges, moist
draws, valley breaks, moist valley flats, active dunes, dune blowouts, morainal hills,
dissected uplands and disturbed areas.. Rare plants were found in eight different soil
associations: Haverhill, Chaplain, Weyburn, Dune Sand, Exposure, Alluvium,
Hill wash and Runway.
Rare plants tend to occur in certain habitats more than others. A few ruderal
species are the exception, occurring in a variety of landscapes on soils disturbed by
animals. Rare plants are concentrated in habitats such as sand dunes or blowouts,
eroded valley slopes, wetlands and hill lands. Most species in these habitats exhibit
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ruderal or stress-tolerant habits, supporting the theory that rare plants are not
competitive in common environments. Rare plants in sloughs or hills may have
distributional problems that prevent them from spreading into adjacent areas.
Plants in the PECOS area are threatened by several factors. Direct threats
include cultivation, wetland drainage, industrial development and harvesting. Indirect
threats are dune stabilization, alteration of natural grazing regimes, exotic species
invasion, air and water pollution and habitat fragmentation. To conserve rare plants,
their habitats needs to be protected from direct threats. Outright purchase, landowner
agreements and economic incentives will help to save rare plant habitat. Protecting
plants from indirect effects is more difficult as management of certain habitats may be
required. Fire and heavy grazing may help to de-stabilize existing dune blowouts but
may not help form new ones. Changing the grazing regime may benefit rare plants
that cannot withstand grazing. Exotic species may need to be controlled chemically if
they prove too invasive. Lastly, combating pollution and habitat fragmentation will
benefit all species as well as rare ones.
Further investigation of rare plants in the province is required for numerous
reasons: 1) it is not known whether rare plant populations are increasing or
decreasing; 2) without demographic information it is difficult to determine which life
history stage is crucial to persistence; 3) the habitats of many species have still not
been characterized; 4) the degree to which rare plants are affected by indirect threats
such as habitat fragmentation and herbicide use is unknown.
Conclusions from this study are as follows:
1. Rare plants contribute to plant diversity of southwestern Saskatchewan.
2. Hotspots of rare plants may occur in certain habitats--usually topographically
unique areas.
3. Historical records of rare plants are often difficult to relocate due to poor location
descriptions.
4. Rare plants may be difficult to find as many are inconspicuous, or experience
population fluctuations from year to year.
5. While rare plants are found in all six landscape types, close to half were found in
valleys.
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6. Rare plants are often found on poorly developed regosolic and miscellaneous soils.
7. Rare plants are rare for several reasons: the habitat they are adapted to is rare, they
have distributional barriers or they are at the edge of their range
8. Rare plants are affected by both direct and indirect threats. The degree to which
rare plants are threatened by indirect activities is unknown.
9. Habitat conservation, management and monitoring are required to protect rare
plants.
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APPENDICES

Appendix 1. Scientific and common names, and site locations for each plant species
occurring at rare plant sites in Southwestern Saskatchewan

Scientific Name

Common Name

Site Location(s)

Acer negundo L. var. interius (Britt.) Sarg.
Achillea millefolium L.
Achillea millefolium L. ssp. borealis (Bong.)
Breitung
Agropyron albicans Scribner & Smith X A.
dasystachyum (Hook.) Scribn. var.
psammophilum (Gillet & Senn) Voss
Agropyron cristatum (L.) Gaertn.
Agropyron dasystachyum (Hook.) Scribn. var.
psammophilum (Gillet & Senn) Voss
Agropyron dasystachyum (Hook.) Scribn. var.
dasystachyum (Scribn. & Smith) Bowden
Agropyron smithii Rydb.
Agropyron subsecundum (Link) AS. Hitchc.
Agropyron trachycaulum (Link) Malte var.
trachyacaulum
Agrostis scabra Willd.
Allium textile Nels. & Macbr.
Amaranthus retroflexus L.
Androsace septentrionalis L.
Anemone canadensis L.
Anemone cylindrica A. Gray
Anemone multifida Poir
Anemone patens var. wolfgangiana (Bess.) Koch.
Antennaria parvifolia Nutt.

Manitoba maple
Woolly yarrow
Woolly yarrow

10, 29D
3,25,29D,29E,31, 77
4

Wheatgrass hybrid

9

Crested wheatgrass
Sand-dune wheatgrass

34,36,37,59,60
49

Northern wheatgrass

5,21,25,26,27,30,31,33,34,
37,61, 62, 65, 72
13, 19, 20, 29A, 29B, 29N, 69, 71
4,34, 77
3, 17, 29D, 29E, 77

Arabis hirsuta (L.) Scop. var. pycnocarpa
(Hopkins) Rollins
Arabis holboellii Homem. var. retrofracta
(Graham)
Artemisia campestris L.
Artemisia campestris L. ssp. caudata (Michx.) A.

Western wheatgrass
Awned wheatgrass
Slender wheatgrass
Rough hair grass
Prairie onion
Red-root pigweed
Pygmyflower
Canada anemone
Long-fruited anemone
Cut-leaved anemone
Wild crocus
Small-leaved
everlasting
Hirsute rock cress

17
5, 13,25,26,29A,29N,29S, 71,75
37
3
2, 10

4

17, 65,68
5,25,27,31,38,62, 72
3,4,25,68, 77
3, 29N

Reflexed rock-cress

38,62

Plains wormwood
Plains wormwood

9

Artemisia campestris L. var. douglasiana (Bess.)
Koch.

Plains wormwood

29C

Artemisia cana Pursh

Hoary sagebrush

Artemisia frigida Will d.

Pasture sage

Artemisia ludoviciana Nutt.
Aster spp.
Aster adscendens Lindl.
Aster brachyactis Blake
Aster canescens Pursh
Aster ericoides L. ssp. pansus (Blake) A. G. Jones
Aster falcatus Lindl.

Prairie sage
Aster
Western aster
Rayless aster
Canescent aster
Many-flowered aster
White prairie aster

9, 19,20,21,22,25,27,29A,29B,
29C,29N,37,59,65, 71, 74,75
3,5,9, 13, 19,20,21,25,26,27,
29A, 298, 29C, 29E, 29N, 29S, 30,
31, 33, 34, 37, 38, 60, 62, 69, 71, 72,
74, 75, 76
4, 13,25,27,29A,29D,60
65
3, 17
45
29C, 74,75
34, 77
65

13, 30, 68, 70

&C.

106

Appendix 1, continued
Scientific Name

Common Name

Site Location(s)

Aster laevis L.
Aster ptarmicoides (Nees) T. & G.
Astragalus spp.
Astragalus bisulcatus (Hook.) Gray

Smooth aster

4, 77
77

Astragalus gilviflorus Sheld.
Astragalusjlexuosus (Hook.) G. Don
Astragalus pectinatus Doug!.
Astragalus striatus Nutt.
Astragalus vexilljlexus Sheld.
Atriplex nuttalli S. Wats.
Botrychium lunaria (L.) Sw.
Bouteloua gracilis (HBK.) Lag.
Bromus inermis Leyss.
Calamagrostis neglecta (Ehrh.) Gaertn., Mey. &
Schreb.
Calamovilfa longifolia (Hook.) Scribn.
Campanula rotundifolia L.
Carex aurea Nutt.
Carex crawei Lam.
Carexfilifolia Nutt.
Carex parryana Dewey
Carex pensylvanica Lam. var. digyna Bock.
Carex praegracilis W. Boott
Carex sprengelli Dewey
Carex stenophylla Wahl. ssp. eleocharis (Bailey)
Hulten
Cerastium arvense L.
Ceratoides lanata (Moq.)
Chamaerhodos erecta (L.) Bunge var. parvifolia
(Nutt.) C.L. Hitchc.
Chenopodium album L.
Chenopodium berlanderi Moq. ssp. zschackei
(Murr.) Zobel
Chenopodium dacoticum Standi.
Chenopodium leptophyllum (Nutt.) S. Wats
Chenopodium gigantospermum Aellen

30
Milk-vetch
30
Two-grooved milkvetch
25, 29C
Cushion milk-vetch
Slender milk-vetch
3
Narrow-leaved milk29B
vetch
Ascending purple milk- 4, 13,27,29A,30,33,68
vetch
Few-flowered milk70
vetch
29N, 29S, 34, 74, 75
Nuttall's saltbrush
3
Common moonwort
25,29A,29B,29N,29S,33,38,60
Blue grama
59,69
Smooth brome
Narrow reed grass
17

Parry's sedge
Sun-loving sedge
Graceful sedge
Sprengel's sedge
Low sedge

9, 29A, 33, 49, 76
77
17
17
19, 25, 26, 29A, 29B, 33, 38, 60, 62,
69, 70
17
13,20,25,62
3, 17
10
5,29E,60

Field chickweed
Winterfat
Chamaerhodos

3,62
20,26,29S
38,60

Lamb's quarters

22
29N

Dakota stinking
goosefoot
Narrow-leaved
goosefoot
Maple-leaved
goosefoot

29N, 29S

Sand grass
Harebell
Golden sedge
Crawe's sedge
Thread-leaved sedge

10,45

Hedge bindweed

9, 19, 20, 22, 29N, 29S, 37, 55, 61,
71,76
45
49, 52, 61, 76
65, 71, 72, 75
17
4,25, 77
25
9, 13, 19,27,29A,29B,29C,29N,
30,65, 68, 69, 70, 71, 72, 73, 77
57

Bugseed

52, 77

Chenopodium pratericola Rydb.
Chenopodium sa/inurn Standi.
Chenopodium subglabrum (Wats.) Nels
Chrysothamnus nauseosus (Pull.) Britt.
Cirsium spp.
Cirsiumjlodmanii (Rydb.) Arthur
Cirsium undulatum (Nutt.) Spreng.
Comandra umbellata (L.) Nutt. var. pal/ida (DC.)
G.N. Jones
Convolvulus septum L. var. americanus (Sims)
Greene
Corispermum hyssopifolium L.

76

Oak-leaved goosefoot
Smooth goosefoot
Rabbi thrush
Thistle
Flodman's thistle
Wavy-leaved thistle
Bastard toadtlax
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Corispermum orientale Lam. var. emarginatum
(Rydb.) Macbr.
Coryphantha vivipara (Nutt.) Britt. & Rose
Crepis occidentalis Nut.
Crepis runcinata {James) T. &G. var. glauca
(Nutt.) Boiv.
Crepis tectorum L.

Villose bugseed

76

Ball cactus
Western hawk's-beard
Smooth hawk' s-beard

29N, 68
25, 29A, 29B, 33
34, 77

Narrow-leaved hawk'sbeard
Clustered oreocarya
Clustered oreocarya
One-spike oat grass
Salt grass
Short-fruited tansy
mustard
Flixweed
Creeping whitlowgrass
Silverberry
Needle spike-rush
Creeping spike-rush
Dwarf spike-rush

17

Cryptantha celsioides (Eastw.) Payson s. str
Cryptantha macounii (Eastw.) Payson
Danthonia unispicata (Thurb.) Munro
Distich/is stricta (Torr.) Rydb.
Descurainia pinnata (Walt.) Britt. var.
brachycarpa (Richards.) Fern.
Descurainia sophia (L.) Webb
Draba reptans (Lam.) Fern. var. micrantha (Nutt.)
Fern.
Elaeagnus commutata Bernh.
Eleocharis acicularis (L.) R. &S.
Eleocharis palustris (L.) R. &S.
Eleocharis parvula (Roem. & Schultes) Link var.
anachaeta (Torr.) Svenson
Elymus canadensis L.
Elymus glaucus Buckl.
Equisetum laevigatum A. Br.
Erigeron asper Nutt.
Erigeron caespitosus Nutt.
Erigeron compositus Pursh
Erigeron pumilis Nutt.
Erigeron radicatus Hook.
Eriogonum flavum Nutt.
Erysimum cheiranthoides L.
Erysimum inconspicuum (S. Wats) Mac
Festuca altaica Trin. ssp. hallii (Vasey) Harms
Frageria glauca (S. Wats.) Rydb.
Franseria acanthicarpa (Hook.) Cov.
Gaillardia aristata Pursh
Galium boreale L
Gaura coccinea Pursh var. glabra (Lehm.) Torr. &
Gray
Gentiana affinis Griesb.
Gentiana amarella L.
Gentiana aquatica L.
Geum triflorum Pursh
Glaux maritima L.
Glycyrrhiza lepidota (Nutt.) Pursh
Grindelia squarrosa (Pursh) Dunal var. serrulata
(Rydb.) Steyermark
Gutierrezia sarothrae (Pursh) Britt. & Rusby
Hackelia americana (Gray) Fern.
Halimolobos virgata (Nutt.) O.E. Schulz

Canada wild rye
Blue wild rye
Smooth scouring-rush
Rough fleabane
Tufted fleabane
Compound fleabane
Hairy daisy
Dwarf fleabane
Yell ow umbrellaplant
Wormseed mustard
Small-flowered prairierocket
Rough fescue
Smooth wild
strawberry
Bur ragweed
Great-flowered
gaillardia
Northern bedstraw
Scarlet gaura

26,29C
49,52
4

3
22
29D, 37,74
38
59,68,69, 77
17
45
45
49,52,55,61,66,67
10, 29D, 29E
17
65
4, 9, 13, 25, 33, 62, 65
68, 70
29B,38, 70
65,68, 70,72
13, 19,27,29A,29C,30,33,68, 70,
72
10
3,60
4,62
31
49,61
62,68
3,4,29D,29E,29N,31,62,68
29A, 33, 34, 37

Oblong-leaved gentian
Northern gentian
Moss gentian
Three-flowered avens
Sea milkwort
Wild licorice
Gum weed

77
77
17
4, 31,
17,45
77
29A, 29E, 33

Common broomweed

9, 19,20,21,26,27,29A,29C,29N,
31,38,65,68,69, 70, 71,72
10, 29D

Nodding stickseed
Slender Mouse-ear
Cress
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Site Location(s)

Haplopappus armerioides (Nutt.) A. Gray

Narrow-leaved
stenotus
Northern hedysarum

26,27,30,68, 70, 71,72

Northern hedysarum

9,34

Annual sunflower
Beautiful sunflower

29S
4,69

Prairie sunflower
Hooker's oat grass
Cow parsnip
Hairy golden aster

25,45
4, 68
29E
9, 13, 17,25,29C,49,60,62,68, 70,
76
4,60
17, 36,45
13, 20, 21, 27, 29A, 29C, 60, 68, 70,
72
19,33
17
3,29E,45, 77
45
17
22,29B,33,60,62,65,68, 70, 72,
76
3,4,5,9, 13, 19,20,21,26,27,
29A, 29B, 29C, 30, 31, 38, 62, 68,
72, 73, 77
9, 29N, 29S, 37, 74
37
9, 17,29N,29S,37, 75
26,38, 70
77
4, 29A, 38, 60, 71
3,26,27,30,31,65,68,69, 70,72
38
9, 29A, 60

Hedysarum boreale Nutt. var. cinerascens (Rydb.)
Rollins
Hedysarum boreale Nutt. var. boreale (Richards.)
Hitchc.
Helianthus annus L.
Helianthus laetiflorus Pers. var. subrhomboideus
(Rydb.) Fern.
Helianthus petiolaris AA.
Helictotrichon hookeri (Scribn.) Henr.
Heracleum lanatum Michx.
Heterotheca villosa (Pursh) Shinners var. villosa
Heuchera richardsonii R. Br.
Hordeumjubatum L.
Hymenoxys richardsonii (Hook.) Cockerell

Alumroot
Wild barley
Colorado rubberweed

Iva axillaris Pursh
Juncus spp.
Juncus balticus Willd. var. montanus Engelm.
Juncus bufonius L.
Juncus /ongistylis Torr.
Juniperus horizontalis Moench

Povertyweed
Rush
Baltic rush
Toad rush
Long-styled rush
Creeping juniper

Koeleria macrantha (Led.) Schultes

June grass

Lappula occidentalis (S. Wats.) Greene
Lappula squarrosa (Retz.) Dumort.
Lepidium densiflorum Schrad.
Lesquerella arenosa (Richards.) Rydb.
Liatris ligulistylis (A. Nels.) K. Schum.
Liatris punctata Hook.
Linum lewisi Pursh
Linum rigidum Pursh
Lithospermum incisum Lehm.

Bluebur
Bluebur
Common pepper-grass
Sand bladderpod
Meadow blazingstar
Dotted blazingstar
Blue flax
Yellow flax
Narrow-leaved
puccoon
Kalm's lobelia
Hairy-fruited parsely
Small lupine
Skeletonweed
Beaked annual
skeletonweed

Lobelia kalmii L.
Lomatium foeniculaceum (N utt.) Coulter
Lupinus pusillus Pursh
Lygodesmiajuncea (Pursh) D.Don ·
Lygodesmia rostrata A. Gray
Machaeranthera grindeloides (Nutt.) Shinners
Medicago sativa L.
Melilotus officina/is (L.) Pall.
Monolepis nuttaliana (R. & S.) Greene
Muhlenbergii richardsonis (Trin.) Rydb.
Munroa squarrosa (Nutt.) Torr.
Musineon divaricatum (Pursh) Nutt.
Myriophyllum exalbescens Fern.
Oenothera caespitosa Nutt.
Opuntiafragilis (Nutt.) Haw.
Opuntia polyacantha Haw.

Alfalfa
Yellow sweet-clover
Spear-leaved goosefoot
Prairie muhly
False buffalo grass
Leafy musineon
Spiked water-milfoil
Gumbo evening
primrose
Fragile prickly-pear
cactus
Prickly-pear cactus
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9, 72

17
25
9
9, 20, 61

49,52,55,61,66,67
13, 19, 21, 29A, 30, 65, 68, 70
3,34
34,69, 74
29N, 37,74
3, 19,33, 77
36,37
13, 29A, 29C, 70
40
65
25, 29A, 29C, 29N, 60, 74
13, 19, 20, 21, 25, 26, 29A, 29B,
29C,29S,33,34,38,60, 75

Appendix 1, continued
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Common Name

Site Location(s)

Orobanche fasciculata Nutt.
Orthocarpus luteus Nutt.
Oryzopsis hymenoides (R. & S.) Ricker
Oxytropis campestris (L.) DC.
Oxytropis sericea Nutt. var. spicata (Hook.)
Bameby
Parnassia palustris L. var. tenuis Wahl.

Clustered broom-rape
Owl's clover
Indian rice grass
Late Yell ow locoweed
Early yellow locoweed

33
77
49,52,55,61,66,67, 76
29C
4, 13, 26, 38, 70

Northern grass-ofpamassus
Low whitlowwort
White beardtongue
Smooth blue
beardtongue
Slender beardtongue
White prairie-clover
Purple prairie-clover
Blue phlox
Moss phlox

17

Paronychia sessiliflora Nutt.
Pentstemon a/bidus Greene
Penstemon nitidus Dougl.
Penstemon procerus Dougl.
Petalostemon candidum (Willd.) Michx.
Petalostemon purpureum (Vent.) Rydb.
Phlox alyssifolia Greene
Phlox hoodii Richarson
Plantago eriopoda Torr.
Plantago patagonica Jacq. var. patagonica
Plantago patagonica Jacq. var. spinulosa (Dcne.)
Gray
Poa cusickii Vasey
Poa interior Rudb.
Poajuncifolia Scribn.
Poa pratensis L.
Poa sandbergii Vasey
Polygonum arenastrum Jord. ex Bor
Populus tremuloides Michx.
Potamogeton strictifolius Bern.
Potentilla anserina L.
Potentilla arguta Pursh ssp. arguta
Potentilla concinna Richardson
Potentilla fruticosa L. ssp. floribunda (Nutt.) Elk.
Potentilla gracilis Dougl. var.jlabelliformis
(Lehm.) Nutt.
Potentilla hippiana Lehm. var. hippiana
Potentilla pensylvanica L.
Potentilla platensis Nutt.
Prunus virginiana L. var. melanocarpa (A. Nels.)
Sarg.
Psoralea argentea Pursh
Psoralea esculenta Pursh
Psoralea lanceolata Pursh
Puccinellia nuttalliana (Schultes.) Hitchc.
Pyrola asarifo/ia Michx. var. incarnata Fern.
Ranunculus abortivus L.
Ranunculus cymba/aria Pursh
Ratibida columnifera (Nutt.) Wooton & Standi.
forma columnifera
Rhus radicans L. var. rydbergii (Small) Rehder
Ribes aureum Pursh
Ribes oxycanthoides L.
Rosa acicularis Lindl.

Saline plantain
Pursh's plantain
Spinulose plantain

13, 38, 68, 70
9,27
13, 21, 25, 27, 29A, 29B, 29C, 33,
70,72
3,4
20,34, 76
4, 13, 33, 38, 68
30, 31, 69, 71, 72
13, 19,20,21,25,26,27,29A,29B,
29C,30,33,38,62,68, 70,72
77
29N
29S

Early blue grass
Wood blue grass
Alkali blue grass
Kentucky blue grass
Sandberg's blue grass
Doorweed
Trembling aspen
Upright narrow-leaved
pondweed
Silverweed
White cinquefoli
Early cinquefoil
Shrubby cinquefoil
Graceful cinquefoil

5
10,62,69
17,29N
3, 17,45,59
13,60, 70, 74, 75,77
29N,29S,36,45, 74,75
10
40

Woolly cinquefoil
Prairie cinquefoil
Low cinquefoil
Black-fruited
chokecherry
Silver-leaved psoralea
Indian breadroot
Lance-leaved psoralea
Nuttall's salt-meadow
grass
Pink wintergreen
Smooth-leaved
buttercup
Seaside buttercup
Prairie coneflower

69
4, 17
25, 77
10, 29D

Poison-ivy
Golden current
Northern gooseberry
Prickly rose

29B
59
29D
10, 59, 69
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17
4
30,60,62
69, 70, 72
17,65,68

4, 20,21
4, 13, 29A, 33
9,29C,49,52,55,61,66,67
45
17
29D, 45
17
37
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Rosa arkansana Porter

Prairie rose

3,4, 17, 19,22,25,29A,30,31,33,
65,68,67, 71,73

Rubus idaeus L. ssp. melanolusius Focke.
Rumex venosus Pursh
Salicornia rubra. Nels.
Salix spp.
Sa/ixexigua Nutt.
Salix maccallinana Rowlee
Sa/sola kali L. var. tenufolia Tausch.
Schizachyrium scoparium (Michx.) Nash
Scirpus americanus Pers.
Scirpus paludosus Nels.
Sedum lanceolatum Torr.

Wild red raspberry
Sand dock
Red samphire
Willow

Selaginella densa Rydb.
Senicio canus Hook.
Setaria viridis (L.) Beauv.
Silene drummondi Hook.
Sisyrinchium montanum Greene
Sitanion hystrix (Nutt.) J.G. Smith
Smilacina stellata (L.) Desf
Smilax herbacea L. var. lasioneura (Hook.) DC.
Solidago spp.
Solidago gigantea Ait. var. serotina (Ait.) Cronq.
Solidago missouriensis Nutt.
Solidago mol/is Bartl.
Solidago nemoralis Ait. var. longipetiolata (Mack.
& Bush) Palmer & Steyermark
Solidago rigida L.
Sonchus arvensis L. var. glabrescens Guenth.,
Grab. & Wimm.
Sphaeralcea coccinea (Pursh) Rydb.
Stephanomeria runcinata Nutt.

Velvet-fruited willow
Russian thistle
Little bluestem
Three-square bulrush
Prairie bulrush
Lance-leaved
stonecrop
Prairie club moss
Silvery groundsel
Green foxtail
Drummond's cockle
Blue eyed grass
Squirreltail
False solomon's seal
Carrionflower
Goldonrod
Late goldenrod
Low goldenrod
Velvety goldenrod
Showy goldenrod

5, 25, 62,
13, 19, 298, 62
74, 75
17
3,4, 77
74, 75
29E, 77
10

17
10, 29A, 59
4,21,30,38,68, 72
4,60
77

Stiff goldenrod
Perennial sow-thistle

3,68
17,45

Scarlet mallow
Rush pink

5, 19,20,25,298,33,37, 74
13, 19,20,21,22,25,26,27.29A,
298, 29C, 34, 73
9, 13, 19, 20, 298, 29C, 29N, 29S,
37,38, 71, 74
4,49
4,20,21,27,30,31,33,34,37, 71

Stipa comata Trin. & Rupr.

Spear grass

Stipa spartea Trin. var. curtiseta Hitchc.
Stipa viridula Trin.

Porcupine grass
Needle and thread
grass
Western sea-blight
Western snowberry

Sueda depressa (Pursh) S. Wats.
Symphoricarpos occidentalis Hook.

10

49, 52,55, 61, 66
45
17
52
17
29N,36,37,49,55,61,66
77
17
45
60,62

45
3,9, 10, 17, 19,25,27,298,29C,
29D,29E,34,59,69, 71,77
10, 29D

Thalictrum venulosum Trel. var. lumellii (Greene)
Boiv.
Thermopsis rhombifolia (Nutt.) Richards

Veiny meadow rue
Golden bean

3, 19,20,21,22,25,29A,30,33,
60,62,65,68,69, 70, 71, 72,73

Tragopogon dubius Scop.
Triglochin maritima L.
Typha latiflia L.
Urtica dioica L. ssp. gracilis (Ait.) Selander

Goat's beard
Arrow-grass
Cattail
Stinging nettle

4

Vicia americana Muhl. var. minor Hook.

American vetch

Viola adunca J.E. Smith var. adunca (Gray)
Barneby
Viola canadensis L. var. rugulosa Greene C.L.
Hitchc.
Zygadenus elagens Pursh

Early blue violet

5, 19, 22, 26, 27, 29A, 298,31, 62,
76
3,25, 77

Western Canada violet

29D

Smooth camas

17

Ill

17,45
40
29D, 59

Appendix 2. Mean (x) and standard deviation (s) for nine habitat factors in each of
50 rare plant sites in southwestern Saskatchewan. See end of table for coding.

Site
#'s
x=
s=
x=
4
s=
x=
5
s=
x=
9
s=
x=
10
s=
x=
13
s=
17
x=
s=
x=
19
s=
x=
20
s=
x=
21
s=
22
x=
s=
x=
25
s=
x=
26
s=
x=
27
s=
29A x=
s=
29B x=
s=
29C x=
s=
29D x=
s=
29E x=
s=
29N x=
s=
29S x=
s=
x=
30
s=
x=
31
s=
3

Factors
%Sand o/o Silt %Clay Bulk Density
(g cm-3)
71.6
1.18
55
4.12
46.1
5.6
87
0.65
42
3.5
47.6
4.24
83.2
4.66
46
0.87
46.2
0.8
36.2
4.84
43.8
4.8
55
8.84
48.6
0.46
45.2
4.84
43.2
4.2
49.2
4.24
48
0.42
64
10.4
47
3.2
24.2
2.24
73.2
0.16
48.2
0.64
46.6
0.64

20.4
0.98
37
2.53
45
3.25
5.3
2.79
46.2
4.36
22
4.24
11.2
1.48
40.6
8.55
25.4
3.54
37.4
4.24
20.2
6.22
29
6.1
34
7.15
30.4
8.34
31.4
11.36
34.4
2.83
24
7.07
21
3.6
26
3.53
23.4
7.65
17.4
6.35
28.4
7.07
38.4
7

8
1.24
8
1.13
9
2.2
7.7
2.3
11.8
5.63
30.4
1
5.6
0.59
13.4
2.12
28.4
9.2
26.4
2.8
36
4.24
16
4.12
17.4
7.64
24.4
13.39
25.4
3.64
16.4
4.14
28
7.3
15
8.49
27
8.24
52.4
4.21
9.4
1.56
23.4
5.94
15
6.01

pH

7.55

0.79
0.06
0.79
0.04
0.97.
0.16
1.24
0.03
0.44
0.21
1.1
0.7
0.87
0.15
1.37
0.33
1.34
0.05
1.15
0.22
0.98
0.02
1.55
0.13
1.21
0.16
1.22·
0.02
1.26
0.03
1.08
0.08
1.08
0.13
1.02
0.16
1.32
0.21
1.27
0.06
1.13
0.04
1.58
0.3
1.15
0.26

7.55
7.35
7.65
7.5
8.55
7.75
7.65
7.85
8.25
6.15
7.25
7.25
7.65
7.55
7.7
7.45
7.6
8
7.45
6.5
7.9
7.8
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Conductivity Slope
(0)
(mS cm- 1)
0.49
0.03
0.49
0.06
0.19
0.12
0.21
0.01
0.41
0.09
1.78
0.27
0.44
0.02
2.1
0.02
0.33
0.39
0.36
0.07
0.52
0.02
0.51
0.3
0.25
0.2
0.41
0.01
0.3
0.39
0.38
0.07
0.25
0.2
0.54
0.09
0.83
0.09
0.45
0.21
2.11
0.16
0.31
0.07
0.41
0.07

5
2.4
20.3
1.15
3
1.83
24.8
4.11
0.5
0
16.3
2.36
7.9
6.6
23.3
1.18
17
1.41
24.3
4.19
17
2.16
15
4.43
10
1.83
20.6
2.52
19.5
2.16
17.5
1.26
10
2.58
0.5
0
0.5
0
27
6.16
5.6
2.08
25
17.7
21.3
10.7

Aspect

Position

0.7
0
0.7
0
-1
0
-1
0
-1
0
-1
0
0.7
0
-1
0
-1
0
-1
0
-1
0
-0.7
0
0
0
-1
0
-1
0
-1
0
-1
0
-0.7
0
-0.7
0
-1
0
-1
0
0.7
0
0.7
0

2
0
3
0
4
0
3
0
0
0
3
0
1
0
3
0
3
0
3
0
3
0
3
0
3
0
3
0
3
0
3
0
3
0
0
0
0
0
3
0
3
0
2
0
2
0

Appendix 2, continued

Site
#'s
33
34
36
37
38
40
45
49
52

55
59
60
61
62

65
66
67
68
69
70
71
72
73
74

%Sand %Silt %Clay Bulk Density
(g cm-3)
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=
x=
s=

42.4
7.6
41
3.26
73
1.12

53
0.96

55
4.64

52.4
5.64

55
6.26
16.9
2.1
30.4
1.75
25.4
3.68

5.2
4.4
4
7.49
10.1
1.21
16.6
0.98
19.6
3.15

pH
7.45

0.9
0.13
1.1
0.22
1.26
0.16
1.54
0.02
1.1
0.08

7.5
7.65
7.45
7.5
8.85

35
0.16
94.2
0.11
94
0.08
94
0.7
45
5.16
75.6
19.1
94.2
0.7
48.6
6.42
35.6
11.06
93.6
0.7

95
0.16
51.2
11.03
48.4
12.24
15.8
7.35
22.6
8.24
26.2
8.8
31.6
7.4
43.6
7.64

57.6
3.65
1.2
1.97
0.2
2.36
1
2.8
36.3
3.21
18.4
1.54
0.2
2.14
34
0.78
32.4
6.3
5.4
2.79
4
2.17
23.4
6.36
29.2
5.24
45.8
2.27
33.2
1.6
31.6
0.76
23.4
2.26
22.2
6.61

7.4
0.67
4.6
0.97
5.8
2.3

5
1.72
18.7
3.54
6
4.35
5.6
2.13
17.4
1.56
32.1
4.74
1
2.15
1
1.26
25.4
3.79
22.4
1.25
38.4
3.17
44.2
3.62
42.4
1.32
45
1.24
34.2
1.22

0.58
0.33
1.72
0.06
1.62
0.12
1.3
0.04
0.82
0.19
1.09
0.05
1.28
0.07
1.01
0.05
1.36
0.01
1.56
0.02
1.59
0.03
1.37
0.01
1.36
0.25
1.29
0.04
1.71
0.23
1.53
0.06
1.06
0.01
1.53
0.35

7.95
7.15
7.95
7
7.1
7.85
7
7.5
7.95
7.95
7.85
7.45
7.55
7.75
7.55
7.45
6.65
7.45
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Conductivity Slope Aspect Position
(mS cm- 1)
CO)
2.17
0.02
2.05
0.36
0.45
0
0.45
0.01
0.26
0.05
3.6
0
15
0.26
0.15
0.09
0.16
0.05
0.29
0.01
0.17
0.05
1.77
0.09
0.26
0.14
0.24
0.09
0.38
0.31
0.14
0.05
0.16
0.02
2.14
0.13
0.37
0.06
0.34
0.23
0.46
0.06
0.34
0.26
0.41
0.21
2.76
0.09

10.3
1.26
42.3
0
0.5
0
6.8
0.96
20
3.74
0
0
1.5
1.41
8
7.41
9.7
3.95
8.3
3.3
9
2.58
9.6
1.26
8.3
4.35
23.6
1.26
12.5
2.08
10.7
3.4
7
0.82

5
3.79
11.6
3.1
23.3
3.5
10.6
9.43
5.7
7.35
19.3
4.03
0.1
0

-1
0
-1
0
1
0
-1
0
-1
0

0
0
-0.7
0
0
0
-0.7
0
1
0
0
0
0
0
0.7
0
0.7
0
1
0
-1
0
0.7
0
-1
0
-0.7
0
-0.7
0
0.7
0
-0.7
0
1
0

4
0
3
0
0
0
1
0
3
0
0
0
I
0
4
0
4
0
4
0
1
0
I
0
4
0
2
0
4
0
3
0
3
0
4
0
1
0
4
0
1
0
4
0
3
0
0
0

Appendix 2, continued
Site
#'s
75
76
77

%Sand %Silt %Clay Bulk Density
(g cm-3)
x=
s=
x=
s=
x=
s=

18.4
9.21
93.8
0.92
46.8
6.36

30.2
4.56
0.6
3.59
45.6
1.15

51.4
2.16
5.6
1.72
7.6
0.65

pH

Conductivity
(mS cm- 1)

7.75

1.65
0.26
1.28
0.07
0.83
0.03

7.2

7.7

2.64
0.12
10.18
0.09
10.8
0.03

Slope Aspect

Position

CO)
0.1
0
17.3
1.83
3
1.95

I
0
0.7
0
0
0

0
0
4
0
1
0

Key to Aspect and Position Codes from Appendix 2

Position Codes
Flat = 0
Toeslope = 1
Footslope = 2
Backslope = 3
Summit = 4
Aspect Codes
North = 1
Northeast = 0. 7
East = 0
Southeast = - 0.7
South = - 1
Southwest = - 0.7
West = 0
Northwest = 0.7
Note: Aspect codes are the sin of the adjusted angle(= A+ 90). The aspect angle (A)
was determined by using a 360° circle to represent the eight directions.
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Appendix 3. Latitude/longitude, legal land description and land ownership of each
site visited.
Site#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29A
29B
29C
29D
29E
29N
29S
30
31
32
33
34
35
36
37
38
39
40

Latitude
51°12'N
51° 09' N
51 o 05' 36.2" N
51 o 20' 39.4" N
51 o 07' 28.4" N
51°15'N
51 o 14' 40" N
51°ll'N
51° 19' 15.2"N
51 o 02' 59.2" N
51° 02' N
50° 56' N
50° 45' 50.4" N
50° 44' N
50° 42' N
51°12'N
50° 34' 25" N
50° 46' N
50°45' 18.7"N
50° 45' 35.6" N
50° 47' 0.80" N
50° 43' N
50° 43' 56.9" N
50° 43' N
50° 42' N
50° 40' 45" N
50° 39' 37" N
50° 29' N
50° 40' 46.1" N
50° 40' 46.1" N
50° 41' 13.9" N
50° 41' 40.8" N
50° 41' 40.8" N
50° 41' 30.0" N
50° 40' 36.8" N
50° 46' 55.2" N
50° 46' 42.9" N
50° 48' N
50° 38' 09.0" N
50° 39' N
50° 38' N
50° 38' 44.3" N
50° 40' 39.0" N
50° 40' 26.9" N
50° 33' N
50° 35' 20.6" N

Legal land description

Longitude
108° 02' w
107° 55' w
107° 25' 37.4" w
107° 23' 59' w
107° 11' 30.2" w
107° 03' w
106° 55' w
106° 51' w
106° 56' 47.4" w
106° 50' 35" w
106° 53' w
106° 57' w
106° 58' 38.9" w
107° 02' w
107° 01' w
107° 16' w
107° 04' 34.9" w
107° 13' w
107° 15' 01.5" w
107° 14' 34.1" w
107° 12' 28.8" w
107° 22' w
107° 21' 49.8" w
107° 23' w
107° 23' w
107° 24' 53.5" w
107° 30' 45 .5" w
107° 38' w
107° 42' 37.1" w
107° 42' 37.1" w
107° 45' 19.2" w
107° 42' 27.6" w
107° 42' 27.6" w
107° 42' 06.1" w
107° 42' 30.0" w
107° 39' 39.7" w
107° 42' 02.4" w
107° 57' w
108° 00' 18.7" w
107° 59' w
108° 01' w
107° 59' 42.5" w
108° 10' 47.0" w
108° 11' 08.6" w
108° 20' w
108° 25' 42.2" w
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SIO T26 R15 W3
S30 T25 R14 W3
NEI/4 S35 T24 Rll W3
NWI/4 S30 T27 Rl 0 W3
LSD16 S9 T25 R9 W3
LSD 11 S34 T26 R8 W3
S26 T8 R7 W3
S36 T25 R7 W3
S31 T25 R6 W3
SIS T24 R6 W3
S35 T24 R7 W3
SEl/4 S5 T23 R7 W3
LSD2 S12 T21 R8 W3
LSD8 S34 T20 R8 W3
S34 T20 R8 W3
SEl/4 S12 T26 RIO W3
SW LSD2 S5 T19 R8 W3
SWI/4 S8 T21 R9 W3
NWl/4 S8 T21 R9 W3
SEI/4 S7 T21 R9 W3
S16 T21 R9 W3
S8 T21 R9 W3
S31 T20 RIO W3
LSD7 S25 T20 Rll W3
NWl/4 S23 T20 R11 W3
LSD9 S11 T20 R11 W3
LSD2 S12 T21 R8 W3
S1 TIS R13 W3
SIO T20 R13 W3
SIO T20 R13 W3
S9 T20 R13 W3
SW1/4 S14 T20 R13 W3
SWI/4 S14 T20 R13 W3
S11 T20 R13 W3
S3 T20 R13 W3
SWl/4 S18 T21 R12 W3
S14 T21 R13 W3
S24 T21 R15 W3
S26 T19 R15 W3
S2 T20 R15 W3
S28 T19 R15 W3
S35 T19 R15 W3
SW1/4 S9 T20 R16 W3
SW1/4 S9 T20 R16 W3
S19 T18 R17 W3
S9 & 10 T19 R18 W3

Ownersh"1 l
PR
PU
PR
PR
PR
PR
PU
PR
PU
PR
PR
PR
PR
PR
PR
PR
PR
PR
PR
PR
PR
PU
PR
PR
PR
PR
PR
PR
PU
PR
PR
PR
PR
PR
PR
PU
PU
PR
PU
PU
PR
PU
PR
PR
PR
PR

Appendix 3, continued
Site#
4I
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6I
62
63
64
65
66
67
68
69
70
7I
72
73
74
75
76
77
78
79

Latitude

Longitude

Legal land description

50° 29' N
50° 23' N
50° IO' N
50° II' N
50° I2' 26.2" N
50° I2' 39.6" N
50° 13' N
50° 13' N
50° 14' 45.4" N
50° 14' N
50° 15' N
50° 15' 45.5" N
50° 17' N
50° 16' N
50° 17' 21.8" N
50° 16' N
50° 17' N
50° 16' N
50° 17' 40.8" N
49° 56' 57.4" N
50° 17' 10.0" N
50° 04' 14.3" N
50° 05' N
50° 05' N
50° 10' 21.2" N
50° 15' 21.3" N
50° IS' 30.5" N
50° 4I' 24.9" N
49° 10' 27" N
49° Il' 04.5" N
49° 09' 50.4" N
49° 09' 53.7" N
49° 12' 58.5" N
49° 09' 02. 7" N
49° 09' 34.5" N
51 o 59' 06.9" N
52° I2' 09.2" N
50° 07' N
50° 07' N

I07° 46' w
I08° 00' w
I08° IS' w
I08° I2.1' w
I08° 08' 34.7" w
108° 08' 49.7" w
108° 09' w
108° 12' w
108° Il' 58.9" w
108° 14' w
108° I2' w
108° I2' 25" w
108°12' w
108° IO' w
108° 07' 3I.9" w
107° 58' w
107° 47' w
107° 44' w
107° 13' 11.4" w
108° 07' 40.1" w
I08° 07' 17.6" w
108° 02' 34.7" w
107° 54' w
107° 33' w
107° 23' 25.3" w
I08° IO' 49.6" w
I08° 10' 47.2" w
I06° 46' I4.2" w
I06° 03' 16.3" w
106° 11' 37.9" w
I05° 57' I0.7" w
105° 57' 20" w
107° 33' 58.1" w
I 07° 29' 44.4" w
107° 28' 41.6" w
106° 42' 58.6" w
106° 34' 50.2" w
I07° IS' w
106° 58' w

S4 TIS R6 W3
S28 TI6 RIS W3
SIS TI4 RI7 W3
S24 TI4 RI7 W3
LSDII S24 TI4 RI6 W3
LSD12 S33 Tl4 Rl6 W3
LSD7 S32 Tl4 Rl6 W3
NEl/4 S36 Tl4 RI7 W3
SWl/4 S7 TIS RI6 W3
Sl TIS Rl7 W3
S7 TIS RI6 W3
Sl8 TIS RI6 W3
S30 TIS RI6 W3
SEl/4 Sl3 TIS Rl7 W3
SWI/4 S26 TIS RI6 W3
Sl4 TIS RIS W3
S4 Tl8 R6 W3
S21 TIS RI3 W3
S5&6TI6R9W3
S33 Tll Rl6 W3
SWI/4 S26 TIS RI6 W3
NWl/4 S7 TI3 RlS W3
S6 TI4 Rl4 W3
S8 Tl3 RIO W3
Sl3 Tl4 Ril W3
S8 TIS RI6 W3
SI7 TIS RI6 W3
LSDI SI6 T20 R6 W3
SEl/4 S3 T3 RI W3
NEl/4 S3 T3 R2 W3
El/2 S33 T3 R30 W2
El/2 S33 T3 R30 W2
NWI/4 SI6 T3 RI2 W3
SWl/4 S24 T2 Rl2 W3
SWI/4 S24 T2 RI2 W3
NEl/4 S7 T35 RS W3
LSD IS S35 T37 RS W3
S25 TI3 RIO W3
S26 TI3 R8 W3

1

Private/
Public
PR
PR
PR
PR
PU
PU
PU
PR
PR
PR
PR
PR
PR
PR
PU
PR
PR
PR
PR
PR
PU
PR
PR
PR
PR
PU
PU
PR
PR
PR
PR
PR
PU
PU
PU
PU
PR
PR
PR

Private land is designated by aPR and public land is designated by a PU. Public lands
include federal and provincial parks, community pastures, wildlife habitat protection land,
University of Saskatchewan land and Meewasin Valley Authority land.
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Appendix 4. Taxonomic descriptions of each rare plant species found in the PECOS
area (Bassett & Crompton, 1982; Budd, 1979; Catling & Spicer, 1987; Frankton &
Bassett, 1970; Harms, unpublished; Hudson, 1977; Looman, 1982; McGregor et al.,
1986; Moss, 1983; Scoggan, 1979; Stubbendieck et al., 1982).

Agropyron dasystachyum (Hook.) Scribn. & Sm. var.psammophilum (Gillett & Senn)
Voss I Sand-dune Wheatgrass
Poaceae
A loosely tufted perennial with long creeping rhizomes, 4- 13 dm tall; leaves flat to
involute, often glaucous; ligules membranous, obtuse, lacerate, to 1 mm long; auricles
clawlike, clasping, slender, to 2 mm long; collar divided, smooth, light green;
inflorescence a spike to 2.5 dm long; rachilla disarticulating above the glumes; rachis
pubescent below spikelets; spikelets 4- 8 flowered, loosely overlapping, solitary,
sessile, compressed; glumes prominently five nerved, linear to linear-lanceolate,
scarious margined, acute or awn pointed, scarious or pubescent, sub- equal, shorter
than the lemmas; lemmas densely long villose, firm, 5 - 7 nerved, awnless or short
awned, about 1 em long; paleas to 11 mm long; fruit a caryopsis. Jun - Jul. Active
sand dune blowouts. A. psammophilum Gillett & Senn. cSask-swMan, nMich-sOnt.
Astragalus kentrophyta Gray I Prickly Milk-vetch
Fabaceae
A low, decumbent, much branched, mat-like perennial with a taproot; stems freely
branching, pubescent, 1 - 4 dm long; leaves 2 - 3 em long; leaflets 5 - 7, linear to
lanceolate, silky strigose, spine-tipped, 1 - 2 em long; stipules becoming acerose, 1.5 6 mm long; inflorescence 1 - 3-flowered racemes, almost hidden among leaves;
flowers in clusters of 1 - 4 in leaf axils; pedicels to 1. 7 mm long; sepals 5, pubescent,
2 - 3 mm long; petals 4, yellowish white with a purplish tinge, 4 - 6 mm long; stamens
10; a single simple pistil with a superior ovary and one locule; fruit an elliptic,
laterally compressed, strigulose pod, 3.5- 7 mm long; seeds, brownish to blackish,
smooth, 1 - 3 per fruit, 2 - 3 mm long. Jun - Jul. Active to semi-stabilized sand-dune
flats. sAlta-swSask, s to nColo-nwNeb-ND.
Astragalus purshii Dougl. I Pursh's Milk-vetch
Fabaceae
A low, densely tufted, cushion-like or prostrate perennial with a deep taproot and
caudex; stems densely pubescent, usually prostrate, densely villose, 1 - 8 em long;
leaves odd-pinnate, 8- 12 mm long; leaflets 9- 15, elliptic to oval, silky villose,
usually acute; stipules membranaceous, 3 - 15 mm long; inflorescence a raceme, 1 - 6
flowered, 2- 3 em long; sepals 5, in a cylindric tube with short teeth; petals 4,
yellowish white with a purple-tipped keel, about 2 em long; stamens 10; a single
simple pistil with a superior ovary and one locule; fruit a spreading, sessile, obliquely
ovoid, villose-tomentose pod, 1.3 - 2. 7 mm long; seeds 2 - 3 mm long, brownish,
smooth. May- Jun. Dry, eroded short grassland. sBC-swSask, s to Cal-Colo-ND.
Atriplex powellii Wats. I Powell's Saltbrush; Silverscale
Chenopodiaceae
Annual; stems erect, branched from the base with the lower branches longer and
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curving upwards, farinose at least above, 3 - 10 dm tall; lower leaves petiolate, the
upper sessile, alternate, usually three nerved, with kranz type venation, ovate-deltoid,
base truncate to cuneate, entire-undulate, gray-scurfy, 0.5 - 2.5 em long, 0.4 - 1.8 em
wide; monecious, some entirely pistillate, flowers in glomerules in terminal and
axillary spikes; pistillate flowers in axillary glomerules, with bracteoles connate,
ovate-triangular and lobed, 3- 5-nerved, tuberculate to rarely smooth, 2- 3 (4) mm
long and nearly as wide; staminate flowers in upper axils, clustered, without
bracteoles but with a 5 lobed calyx and 5 stamens; seeds light or yellowish brown,
round, shiny, 1.7-2 mm diameter. Jul- Aug. Subsaline clayey flats. sAlta-swSask,
s to Ariz-NM.
Atriplex truncata (Torr.) A. Gray I Wedge-scale Saltbush
Chenopodiaceae
Annual; stems erect, often freely branched, 1.5 - 4 (1 0) dm tall; leaves sessile or short
petioled, alternate, broadly ovate-deltoid, base cuneate to subcordate or hastate, entire
or sometimes undulate, gray-farinose or glabrate, 1 - 2.5 (4) em long; monecious,
flowers in glomerules in terminal and axillary spikes; pistillate flowers with triangular
bracteoles, mostly with three teeth at apex, surface smooth or with 1 - 2 tubercles, 2 2.5 (3 .5) mm long; staminate flowers without bracteoles but with a 3 - 5 lobed calyx
and 3 - 5 stamens; seeds about 1.5 mm long. Jun - Aug. Dry alkaline flats and
sloughs. BC, seAlta-sw Sask, s to Ariz-NM.
Botrychium campestre W. Wagner & Farrar I Prairie Dunewort; Plains Grapefern
Ophioglossaceae
Perennial, 6 (12) em tall; stems underground with tiny nearly spherical bodies in
grape like clusters; fertile frond stubby, usually equal to or slightly longer than fertile,
all axes fleshy and flattened; sterile frond sessile to short-stalked, stalk and midrib
fleshy and 2 - 4 mm broad; blade outline oblong to linear oblong, commonly widest
above middle, pinna pairs less than six, segments linear to oblong or spatulate, the
largest asymmetrical and bifid, the lower lobes 113- 213 the length of the upper,
largest pinnae 7 mm long and 4 mm wide, lowest pinnae narrower and less complex,
margins shallowly crenate or dentate; spores finely verrucate, small (30) 34- 38 (44).
Jun- Aug. By prairie sloughs and stabilized sand-dune meadows. B. lunaria auctt.,
non (L.) Sw.; B. matricariifolium auctt., non (A.Br.) A. Br. sAlta-sSask, s to neWyonNeb-nwla-swMinn, neColo.
Botrychium lunaria (L.) Sw. I Common Moonwort; Moon-fern
Ophioglossaceae
Perennial; roots fleshy with a sheath at the base of the frond containing the following
years bud; fertile frond paniculate, well raised above the sterile blade, 3 - 25 em tall,
bearing spore-bodies, glabrous, slender or stout and fleshy; sterile frond inserted near
the middle of the stem; blade sessile, reflexed in vernation, 2 - 5 em long, 1 - 2 em
wide, with a sheathing base, once pinnate, the 3 - 7 pairs of segments broadly fanshaped, obovate or semi-circular, often overlapping, with lower margins descending,
entire, sometimes toothed; sporangia sessile or nearly so, crowded. Jun - Aug. Open
woods, drying prairie sloughs and moist meadows. Alas-Lab, s to Ore-Nev-ArizwColo-ecSask-neMinn-nPa-Mass.
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Carex crawei Dewey I Crawe' s Sedge
Cyperaceae
A perennial with creeping rootstocks forming small tufts; stems stiff, one to several,
triangular, 4 - 15 em tall; leaves pale green, stiff, flat folded, recurved, 1 - 4 mm wide;
sheaths tight, hyaline ventrally; inflorescence with a single terminal staminate spike, 1
- 2 em long, and 2 -3 lateral, sessile or short peduncled pistillate spikes with 10- 25
flowers, 1 -2 em long; bracts leaf-like, the upper reduced; pistillate scales much
shorter than the perigynia, reddish brown with hyaline margins and a green midrib;
perigynia about 3 mm long, ascending, often resinous dotted and obscurely nerved,
beak very short, light green, ovoid, rounded at base, inflated; stigmas 3; achenes
sharply triangular, 1.7-2 mm long, 1.2 mm wide. Jun- Aug. Wet, seepy, often
calcareous sedge meadow, fens, marly bogs and shores. seBC-sAlta-sSask-Ont-QuewNfld, s to Wash-Utah-Wyo-Kans-Mo-nAla.
Chenopodium atrovirens Rydb. I Dark-green Goosefoot
Chenopodiaceae
Annual, 1 - 5 dm, semi-erect with many ascending to arched or drooping branches;
leaves alternate, ovate-oblong, obtuse to rounded at apex, rounded to cuneate at base,
entire or with two basal lobes, sparsely farinose becoming glabrate, thin, entire or
with blunt basal lobes or teeth, 1.5 - 3 em long, 0.5 - 1.5 em wide; flowers small,
greenish, perfect, in dense glomerules in simple or interrupted paniculate spikes;
sepals 5, obovate, not covering seed at maturity, only sparsely farinose; stamens 5;
stigmas 2; fruits horizontal, 1.1 - 1.3 mm in diameter, pericarp adherent to free; seeds
dark red-brown, shiny, obscurely rugulose, lens-shaped, 1 - 1.3 mm long, 0.9 - 1.3
mm wide. Jul- Sep. Open, disturbed areas. C. fremontii Wats. var. atrovirens
(Rydb) Fosberg. BC-wSask,. s to (?Cal-NM-Tex)
Chenopodium dacoticum Standi. I Dakota Stinking Goosefoot
Chenopodiaceae
Annual, fishy-smelling; stems angular, much branched, sometimes solitary or weakly
branched above, erect or ascending, sparsely to densely farinose, 2 - 15 em tall; leaves
alternate, broadly rhombic-ovate, rounded or obtuse at the apex, base cuneate, entire,
thick, densely farinose, 1.5- 3.5 em long; inflorescence leafy, glomerules large, in
short dense paniculate spikes; flowers greenish, perfect; sepals 5, ovate or oblong,
densely farinose, enclosing fruit at maturity; stamens 5; stigmas 2; fruits horizontal,
0.9 - 1.1 mm in diameter, pericarp adherent, white at maturity; seeds lens-shaped,
coarsely rugulate, 1.0 - 1.3 mm long, 0.9 - 1.3 mm wide. Jul - Sep. Dry silty or
clayey, eroded valley benches. C. watsonii auctt., non A. Nels. seAlta-swSask, s to
wUS
Chenopodium hians Standi. /.Gaping Goosefoot
Chenopodiaceae
Annual, 4 - 8 dm, erect; stem simple or with a few branches, copiously and coarsely
farinose; leaves alternate, green and glabrate above, densely and coarsely white
farinose beneath, entire, elliptic-oblong or lanceolate oblong, petioles stout and 112 as
long as blade, 1.2 - 3 em long; inflorescence erect, stout, dense, axillary or narrowly
paniculate spikes; flowers small, greenish, perfect; perianth lobes rounded-oblong,
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farinose; pericarp smooth, adherent; seeds lens shaped. Jul - Sep. Dry prairie. C.
leptophyllum auctt., non (Moq.) Nutt. swSask(-BC?), s to (?Cal-Ariz-NM
Chenopodium subglabrum (Wats.) Nels. I Smooth Arid Goosefoot; Smooth
Goosefoot
Chenopodiaceae
Annual, glabrous to sparsely farinose in the inflorescence; stems erect or semi-erect
with many ascending branches, light green, 1-5 (6) dm tall; leaves alternate, linear,
entire, 1-veined, fleshy, 1 - 5 em long, 1 - 4 mm wide; inflorescence open, leafy,
glomerules small, widely spaced, in terminal and axillary panicles; flowers greenish,
perfect; sepals 5, glabrous, covering the fruit; stamens 5, stigmas 5; fruit horizontal,
0.9 m- 1.1 mm in diameter, pericarp non-adherent; seeds lens-shaped, 1.3 - 1.6 mm
long, 1.2 - 1.4 mm wide. Jul - Sep. Active to stabilized sand-dune blowouts. C.
leptophyllum (Moq.) Nutt. var. subg/abrum Wats. sAlta-swSask-swMan, s to
e Wash-Ore-Nev-Utah-Kans.
Corispermum nitidum Kit. I Neat Bug-seed
Chenopodiaceae
Annual with spreading branches; stems solitary, glabrous or somewhat stellatevillose, stiff, green or reddish, much-branched; leaves alternate, sessile, linear, apex
acute, entire, 1-nerved, glabrous or hairy, 1 - 7 em long, 1 - 3 em wide; flowers
perfect in the axils of leaf-like bracts arranged in an open terminal spike less than 4
mm wide; bracts ovate or lanceolate, scarious margined, lower bracts narrower than
fruit, 4- 5 (6) mm long; sepals 1 (3), minute, scarious, oblong to ovate, apex rounded;
stamens 1 - 3, rarely over 5; ovary flattened, erect; styles 2, short, persistent; fruit
oval, smooth, winged, 2.5- 3.5 mm long, pericarp firmly attached. Aug- Sep. Sandy
and disturbed areas. C. hyssopifolium L. var. rubricaule auctt., non Hook. sBC-Altanw&sSask-wOnt, s to Ariz-Tex-Mo-Ind.
Crepis occidentalis Nutt. I Western Hawk's Beard
Asteraceae
Perennial with milky juice, 1 - 4 dm tall, with a taproot and 1 - 3 stems from a
caudex; stems and foliage gray-tomentose, or glabrate in age, often glandular-hairy
above; basal leaves runcinately toothed to deeply pinnatifid with toothed lobes,
tapering to a winged petiole, 1 - 3 dm long; upper leaves similar to basal but smaller,
the uppermost bract-like; inflorescence of2- 20 heads in an open, corymbiform
cluster; flowers ligulate and perfect, yellow, heads mostly 12 - 20 flowered; involucre
cylindric with the bracts in two series, with gland-tipped hairs, 11 - 19 mm high, 5 10 mm wide at middle; receptacle nearly flat, naked or short ciliate; stamens 5; ovary
inferior, of 2 carpels but 1-loculed and with 1 ovule; style 2-cleft; achenes fusiform,
brownish, 6 - 10 mm long; pappus of numerous white capillary bristles. May - Jul.
Dry eroding coulee slopes. sBC-swSask, s to Cal-NM-SD.
Cryptantha ce/sioides (Eastw.) Payson s. str. I Clustered Oreocarya; Cryptanthe
Boraginaceae
Perennial from a tap-root, the caudex simple or branched; stems stout, erect, 2 - 4 dm
high, spreading setose, the setae translucent; lower stem and basal leaves oblanceolate
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to spatulate, keeled, entire, setose, tomentose, often pustulate, 5 - 8 mm wide; cauline
leaves longer and narrower, acute to obtuse, alternate, vestiture less dense than the
basal leaves; inflorescence narrow and glomerate at first, paniculate with age, the
bracts below conspicuous; flowers regular, hypogynous; sepals 5, linear, setosehirsute, 8 - 10 mm long; corolla salverform, white, 3 - 4 mm long, 6 - 9 mm wide; of
5 connate petals; stamens 5, epipetalous, included, with short filaments; ovary deeply
four -lobed, style arising from the center; nutlets rough, tuberculate, dull to somewhat
glossy, 3-4 mm long. May- Jul. Eroding grassland slopes. C. nubigena (Greene)
Payson var. celsioides (Eastw.) Boivin; C. nubigena auctt., non (Greene) Payson.
sBC-sAlta-sSask, s to (Cal?-)Ida-Mont.
Cryptantha kelseyana Greene I Kelsey's Cryptanthe
Boraginaceae
Annual; stems slender, diffusely branched from the base and in the inflorescence,
spreading setose, the setae translucent; leaves spatulate-oblanceolate, alternate,
setose-hispid, pustulate, entire, 2- 4 em long, 2- 6.5 mm wide; inflorescence elongate
and scorpioid to raceme-like with age, ebracteate or with a few bracts below; flowers
regular, hypogynous; sepals 5, linear with a thin green mid-nerve, setose-hispid, the
setae translucent, 8 - 10 mm long; corolla salverform with 5 lobes, white,
inconspicuous, 3-4 mm long; stamens 5, epipetalous, included, with short filaments;
ovary deeply four-lobed, style arising from the center; nutlets dimorphic, one large
and smooth, 3 smaller and tuberculate. Jun - Aug. Dry, eroded grassland. C. fendleri
s. lato, auctt. non (Gray) Greene. sAlta-sSask, s to Mont-Utah-Cal.
Danthonia californica Boland. var. americana (Scribn.) Hitchc. I California Oatgrass
Poaceae
A tufted perennial, 9 dm tall; leaves flat or involute, densely spreading pilose; ligule a
tuft of hairs, 0.5 - 1.5 mm long; auricles absent; collar short pilose; inflorescence a
panicle, open, erect to spreading, 3 - 9 em long; spikelets 3 - 8 flowered,
disarticulating above the glumes; glumes equal, papery, usually longer than florets, 10
- 18 mm long; lemmas pilose on callus and lower margin, rounded, obscurely nerved,
8 - 12 mm long, with two long aristate teeth at apex; lemma awns stout, flat,
geniculate, 5 - 10 mm long; palea shorter than lemma, papery; fruit a caryopsis. May
-Jul. Open upland meadow slopes. D. americana Scribn.; D. macounii Hitchc.;
excluding D. intermedia Vasey. sBC-sAlta-swSask, s to Cal-NM.
Danthonia unispicata (Thurb.) Munro I One-spiked Oat-grass
Poaceae
A densely tufted perennial, 1.5 - 2.5 dm tall; leaves with pilose blades and sheaths,
the sheath hairs spreading or reflexed; ligule a tuft of fine hairs; auricles absent; collar
distinct, broad, continuous, yellowish _with long pilose hairs at margins; inflorescence
a panicle reduced to a single spikelet or sometimes 2 (3); spikelets 3 - 8 flowered,
disarticulating above the glumes, 1 - 2 em long; glumes usually longer than florets;
lemmas pilose on callus and margins otherwise glabrous, rounded, obscurely nerved,
two teeth at apex, about 1 em long; lemma awns stout, flat, geniculate, 6 - 8 mm long;
palea shorter than lemma, papery; fruit a caryopsis. May- Jul. Moist draws. sBC121

sAlta-swSask, s to Cal-Utah-Colo.
Draba replans (Lam.) Fern. var. micrantha (Nutt.) Fern. I White Whitlow-grass;
Creeping Whitlow-grass
Brassicaceae
Annual; stem erect, simple or branched basally, hispid below, glabrous above, 5 - 15
(20) em long; basal leaves ovate to obovate-spatulate, entire, blunt, 5- 20 mm long, 2
- 10 mm wide, bristly with simple and mostly long-stalked bifid and trifid hairs;
cauline leaves 1.- 3, near the base, alternate, obovate, sessile; racemes at maturity
congested, the axis glabrous; flowers regular, hypogynous, white, dimorphic, those of
branches smaller and often apetalous, in subumbellate racemes; sepals 4, linear to
oblong, with simple hairs, 1.5 - 2.5 mm; petals 4, clawed, blade obovate, 3 - 4 mm
long; stamens 6, tetradynamous; one pistil with two united carpels; style lacking; fruit
a minutely hispid, linear ~ lanceolate silicle, slightly curved with a persistent septum,
5 - 20 mm long and 1 - 2 mm wide; seeds elliptic-oblong, biseriate, in two rows in
each of two locules, 0.2- 0.5 mm long. Mar- May. Dry, silty or sandy, eroded,
grassland slopes and flats. D. micrantha Nutt. Wash-sAlta-sSask-sMan-Minn-MichsOnt-Conn, s to NM-Tex-Ga
Elatine triandra Schk. I Mud Purslane
Elatinaceae
Annual semi-aquatic mud plant with slender stems rooting at nodes, often forming
mats; stems rather succulent, glabrous; leaves opposite, entire or nearly so, rather
succulent, linear to obovate, glabrous, tips truncate or emarginate, punctate above,
papillate below, 3- 8 mm long, 1.5- 3 mm wide; flowers minute, regular, perfect,
solitary in axils, 3-merous; pistil1, the ovary superior, 2- 3 loculed, with numerous
ovules on axile placentae; fruit a many-seeded, septicidal capsule, globose; seeds
cylindric, straight or slightly curved, areolate with 9 - 25 pits in longitudinal rows,
numerous. Jun- Aug. Wet to drying wetlands. sBC-Sask-sOnt-NB, s to sCal-nMexTex-Okla-Mo-Va.
Eleocharis parvula (Roem. & Schultes) Link var. anachaeta (Torr.) Svenson I Dwarf
Spike-rush
Cyperaceae
A mat-forming annual with tuber-bearing stolons; culms soft, simple, erect, filiform,
terete or occasionally flattened; sheaths short and membranaceous; leaves glabrous,
bladeless; the solitary, erect, ovoid, flattened, terminal spikelet is thicker than the top
of the culm, with fewer than 10 flowers, to 7 mm long; scales thin and deciduous,
ovoid, green to pale brown, spirally arranged, imbricate, less than 3 mm; flowers
perfect; styles 3-branched; achene without perianth bristles, gray brown and
longitudinally fine lined, to 1.5 mm long, stylopodium confluent with achene summit.
Jul -Aug. Moist salt-flat shores of saline lakes. swSask, s to Cal-Tex-La.
Elymus glaucus Buckl. I Smooth Wild Rye; Blue Wild Rye
Poaceae
A slender tufted perennial, 5- 10 dm tall, often short-decumbent at base; culms
hollow; leaves flat, scabrous, glaucous, usually 5 - 10 mm wide; sheaths glabrous,
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lower ones sometimes hirsute; ligule membranous, truncate, lacerate, 1 - 2 mm long;
auricles well developed, clawlike, usually clasping the stem, 1 - 2.5 mm; collar
narrow, glabrous, continuous, sometimes divided, yellowish-brown, often oblique;
inflorescence an erect or nodding spike, usually dense, 5 - 15 em long; spikelets 2 - 3
(4) flowered, disarticulating above the glumes; glumes flat, 3 - 5 nerved, acuminate to
short-awned, equal, twisted in front of the spikelet, rigid; lemmas glabrous or nearly
so, rounded on back, long-awned; awns 1 - 2 em long; paleas somewhat shorter than
lemmas; anthers 1.5 - 3 mm long; fruit a caryopsis. Jul - Aug. Mesic, open woods
and thickets. seAlas-YT-BC-sSask-Ont, s to Cal-NM-Ark-Mich, wNY.
Erigeron radicatus Hook. I Dwarf Fleabane
Asteraceae
Perennial with a taproot and a branching caudex; stems 5 em high or less, finely
hirsute or villose; leaves all or nearly in a basal cluster, oblanceolate or linearoblanceolate, glabrous to finely pubescent, the margins somewhat ciliate; cauline
leaves when present, 2 or 3 small, linear, pubescent; heads radiate, solitary; involucre
cylindric with the bracts in two series, viscid and finely short-villose, 5 mm high, the
bracts greenish and narrowly lanceolate to oblong; stamens 5; receptacle nearly flat,
naked; ligules 20- 50, white, 5-8 mm long; ovary inferior, of2 carpels but 1-loculed
and with 1 ovule; style 2-cleft; achenes 2-nerved; pappus double, the inner of 6- 12
fragile bristles, the outer of fine squamellae or setae. Apr - Jun. Dry, eroded, often
cobbly grassland slopes and flats. Alta-swSask(-ND?), s to ND(-Mont?).
Eriogonum cernuum Nutt. I Nodding Umbrella-plant
Polygonaceae
An annual from a slender taproot, 1 - 4 dm tall; leaves basal, long-petioled, entire,
petioled, orbicular to oval, base rounded to subcordate, white-tomentose beneath, less
above, 1 - 2 em broad; flowering scape paniculate, with slender, spreading or recurved
branches, glabrous; flowers small, regular, perfect, surrounded by an involucre of
united bracts; involucres glabrous, borne singly; sepals 6, white or pinkish, about 2
mm long; no petals; stamens 9; filaments slender; ovary superior, 1-loculed, 1-ovuled;
styles 3; fruit a triangular achene, enclosed by the calyx. Jun - Aug. Dry eroded
grassland slopes. seAlta-swSask, s to Ore-Cal-NM-Mont.
Franseria acanthicarpa (Hook.) Cov. I Bur Ragweed; Franseria
Asteraceae
Annual; stems 2 - 6 dm high, diffusely branched, strigose and hirsute with white
hairs; leaves alternate and sessile above, opposite and petiolate below, deeply
bipinnatifid, hispid-strigose on both sides or glabrate above; plants monecious;
discoid staminate and pistillate flowers in different heads; staminate heads nodding in
long terminal clusters, without subtending leaves; involucres 3 - 9 lobed, with united
oval bracts, 3 - 12 mm across; pistillate heads solitary or clustered in upper leaf-axils,
1 flowered and 1-beaked; involucra! bracts united, enclosing the pistil and armed over
the surface with 8- 15 divergent spines; fruit bur-like, reticulate ridged and very
spiny; pappus none. Aug - Oct. Active to semi-stabilized sand-dunes. Ambrosia
acanthicarpa Hook. sAlta-swMan, s to Wash-Cal-Tex-ND.
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Gentiana aquatica L. I Moss Gentian
Gentianaceae
Annual- biennial; stems branching from base, 3- 10 em tall; leaves many, basal
leaves obovate, cauline leaves linear - lanceolate, opposite, white margined, glabrous,
simple, entire, less than 6 mm long; flowers solitary and terminal, regular, purple to
green, 5-8 mm; sepals 4, to 8 mm long; petals 4, fused into a tube, to 10 mm long;
stamens 4, alternating with the corolla lobes; pistil of two united carpels; ovary
superior, one loculed, with two parietal placentae; fruit a capsule opening into two
valves; seeds not winged. Aug- Oct. Moist, springy, calcareous or saline meadow
depressions. G. fremontii Torr.; G. prostrata auctt., non Haenke. w Alta, wc-swSask,
s to Cal-Colo.
Halimolobos virgata (Nutt.) O.E. Schulz I Slender Mouse-ear Cress
Brassicaceae
Biennial (annual); stems 1 or more, 1 -4 dm tall, simple or branched, pubescent with
a mixture of longer, straight, simple or forked hairs and shorter, branched hairs;
leaves of the basal rosette lanceolate to oblanceolate, denticulate to dentate, 3 - 6 em
long, 5 - 15 mm wide; cauline leaves alternate, several, reduced above, at least the
upper sessile and auriculate; inflorescence and ebracteate raceme; flowers white with
pinkish veins, on slender pedicels 7- 11 mm long; sepals 4, often purplish, 2- 3 mm
long; petals 4, 3- 4 mm long; stamens 6, tetradynamous; pisti11, consisting oftwo
untied carpels; ovary 2 loculed with a septum extending across the parietal placentae;
fruit a glabrous, erect, linear, terete, silique 1.5 - 4.0 em long and 1 mm wide; seeds
irregularly biseriate. May - Jul. Dry prairies. Arabidopsis stenocarpa Rydb. seAltaswSask, s to Nev-Utah-Colo.
Juncus interior Wieg. I Inland Rush
· Juncaceae
Perennial; culms rounded in cross section, dark to pale green, pinkish-red basally,
caespitose, 8- 40 em high; leaves 3 - 7, with a broad central channel, linear, 1/3 - 314
the length of the culms, 0.6 - 1 mm wide; sheaths basal; auricles rounded,
membranous, white to pale brown, less than 1 mm long; inflorescence a loose to
somewhat compacted cyme; bracteoles ovate, acuminate to aristate, 1 - 2 mm long;
perianth segments approximately equal, lanceolate, acute- subulate, pale green to
light brown with scarious margins, appressed ascending, sub-equal to slightly
exceeding capsule, 3-4 mm long; stamens 6, 112 the perianth length; capsule oblong
-ovoid, obtuse- retuse at apex, 3 -4 mm; seeds ovoid to ellipsoid-obovoid, with
darkened ridges, 0.3- 0.5 mm long. May- Aug. Wet to drying wetlands. sAlta-s
Sask-wOnt, s to Ariz-Wyo-Ind-Ohio.
Lygodesmia rostrata Gray I Beaked Annual Skeleton-weed
Asteraceae
Annual with milky juice; stems rigid and tough, erect with ascending branches, 3 - 10
dm tall; leaves alternate, narrowly linear and entire, the uppermost small and subulate,
mostly 5 - 20 em long; heads radiate, spread along the branches; involucres
cylindrical, with 7 - 9 principal bracts, 10 - 16 mm high; flowers mostly 7 - 9; stamens
5; ovary inferior, of 2 carpels but 1-locules and with 1 ovule; style 2-cleft; fruit a
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slender achene, 8 - 10 mm long; pappus whitish, of many soft bristles. Jul - Sep.
Active sand dunes. sAlta-swSask, swMan, s to Colo-Tex.
Munroa squarrosa (Nutt.) Torr. I False Buffalo Grass
Poaceae
Low, tufted annual, prostrate, much branched with spreading culms, often rooting at
nodes; internodes scabrous; leaves fascicled, blades stiff, the margin scabrous with a
whitish band, folded in the bud, 1 - 3 em long, 1 - 3 mm wide; sheaths glabrous to
scabrous, crowded; ligule a fringe of hairs, 0.4- 0.8 mm long; auricles absent; collar
divided, narrow, pilose on the margins; spikelets clustered among the leaves, crowded
in 2' s or 3 's, the lower 3 - 4 flowered, the upper 2 - 3 flowered; glumes of lower
spikelets equal, 1-nerved, narrow, acute, those of the upper spikelet unequal, the first
short or obsolete; lemmas 3-nerved, those of the lower spikelet leathery, tipped with a
point, those of the upper spikelet membranaceous, palea narrow; fruit a caryopsis.
Jun- Aug. Dry plains slopes and disturbed areas. seAlta-swSask, s to Nev-Ariz-NMTex-Minn.
Myosurus aristatus Benth. I Mountain Mousetail; Awned Mousetail
Ranunculaceae
Small annual; roots fibrous, leaves linear, entire, 2 - 8 em long; scapes 3 - 10 em long;
flowers small, perfect; sepals 5, spurred at the base, blades 1 - 3 mm long, 3-nerved,
spurs 1 - 3 mm long; petals 5, inconspicuous, linear, nectiferous at the tip, 1 - 3 mm
long; stamens 5 - 10; carpels numerous, borne on a slender receptacle becoming
elongated; spikes of achenes 0.5-2.5 em long; achenes crowded on the axis; beak of
achene extended 0.5- 1.5 mm beyond body, divergent from spike. Mar- May. Wet
to drying, clayey, usually alkaline or calcareous wetlands. M minimus L. var.
aristatus (Benth.) Boivin; M minimus L. ssp. montanus Campbell; M apetalus auctt.,
non Gray. BC-sAlta-sSask, s to Cal-Ariz-Utah-Mont-nwND.
Nothocalais cuspidata (Pursh) Greene I Cuspidate Small Lettuce; Prairie False
Dandelion
Asteraceae
Perennial from a stout taproot; stems scapose, villose-tomentose upwards or glabrate,
1 - 3 dm tall; leaves basal, narrow, linear, entire, margin villose-ciliate, often crisped,
7 - 30 em long; flowers ligulate and perfect, yellow, heads solitary, erect; involucre
cylindric with the bracts in two series, sometimes speckled, 17 - 25 mm high; stamens
5; ovary inferior, of2 carpels but 1-loculed and with 1 ovule; style 2-cleft; achenes
beakless, 8 - 10-nerved, 8 - 10 mm long; pappus of long capillary bristles intermixed
with attenuate scales hardly broader than bristles. Apr- Jun. Dry, often eroded
grassland slopes. Microseris cuspidata (Pursh) Schultz-Bip.; Agoseris cuspidata
(Pursh) Raf. sAlta-swMan, s to Mont-SD-Tex-Ark-Ill.
Penstemon confertus Dougl. I Yellow Beard-tongue
Scrophulariaceae
Perennial; stems slender, glabrous, erect, often forming small clumps, 1 - 5 dm tall;
lower leaves oblanceolate, glabrous, entire; upper leaves opposite, mostly lanceolate,
sessile; inflorescence a terminal raceme, interrupted; calyx 5 mm long, the lobes
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acuminate, scarious-margined, erose; corolla irregular, tubular, sulfur-yellow, 2
lipped, about 1 em long; upper lip 2-lobed; lower lip equaling or longer than the
upper, 3 lobed; fertile stamens 4, didanymous, their filaments arched; sterile stamen
present, filiform, about as long as the fertile ones, narrowly spatulate and bearded at
the apex; style elongate, stigma capitate; capsule ovoid or conic, septicidal, with
numerous angular seeds. May - Jul. Meadows and moist open slopes. seBC-sAltasSask, s to Ore-Mont.

Phlox alyssifolia Greene I Blue Phlox; Pointed Blue Phlox
Polemoniaceae
Perennial, branches nearly prostrate, from a somewhat woody base, 3 - 10 dm tall;
leaves mostly oblong-linear, cuspidate, mostly opposite, usually glabrous, sometimes
glandular-pubescent, thick with white, hard, ciliate margins, 10 - 18 mm long, 2 - 4
mm wide; inflorescence a compact cyme with (1) 3 (5) flowers; pedicels densely
glandular pubescent, subsessile to 10 mm long; calyx glandular hairy, the teeth
bristle-pointed, 7 - 8 mm long; corolla salverform, the limb showy, pale bluish, purple
or white, 15 - 18 mm long; stamens inserted at different levels on the corolla tube;
style 6- 12 mm long; capsule ellipsoidal, enclosed by the calyx, 3-valved, few seeded.
Apr- Jun. swAlta, scSask, s to Mont-Colo-wSD.

Polanisia dodecandra (L.) DC. var. dodecandra I Clammyweed
Capparidaceae
Annual; stems viscid pubescent, clammy, malodorous, branched, 2- 8 dm tall; leaves
palmately trifoliate with petioles, entire, 1 - 4 dm long; leaflets oblanceolate to
narrowly ovate, 1 -4 em long, 4-20 mm wide; flowers in terminal bracteate racemes;
sepals 4, lanceolate, tinged with purple; petals 4, yellowish white, notched at apex,
6.5 (8) mm long; stamens 5 - 16, purple, scarcely passing petals, unequal in length, 1
(1.4) em long; ovary sessile with two carpels and one locule; style purple, 4- 6 mm
long; fruit a capsule, sessile, turgid, veiny, two-valved, pod-like, 3 - 5 em long, 5 - 10
mm wide; seeds many, areolate and often rough. Jun- Oct. Eroded sandy slopes. P.
graveolens Raf. sSask-swQue, s to Cal-Mex-Tex-Tenn-Md.

Polygonum scandens L. I Climbing False Buckwheat
Polygonaceae
Perennial twiner; stems glabrous or minutely scabrous, with swollen joints, somewhat
angular; leaves alternate, entire, broadly ovate, deeply cordate at base, acuminate, the
basal lobes obtuse or rounded, their ocreae very oblique, the lower leaves petiolate;
racemes interrupted, loose, axillary, 4- 20 em long; flowers perfect, axillary; pedicels
delicate, winged above the joint; flowers divergent; calyx 1.5 - 2.5 mm long, whitish,
the outer lobes broadly winged in fruit, the wings flat and 1.5- 3 mm broad; stamens
3- 9; styles 2 or 3; mature fruit 7- 10 mm long; achene 3-angled, black, shining,
closely covered by the calyx, 3 - 6 mm long. Jun - Oct. Clearings and shores.
(sAlta?-) s&ecSask-sMan-Ont-Que-Nfld-NS, s to ND-Tex-Ark-Minn.

Potamogeton strictifolius Benn. I Upright Narrow-leaved Pondweed
Potomogetonaceae
Perennial with jointed mostly rooting stems; stems very slender, branching above,
126

terete, thick; leaves all submersed, alternate, linear, firm, tapered to a slender bristle
tip, margin often revolute, usually 3-nerved, the lateral nerves indistinct, 2- 6 em
long, to 1.5 mm wide; stipules whitish, basally united and sheathing, becoming
fibrous, 6- 16 mm long; with or without nodal glands; peduncles very slender, raising
the spike above the water; spikes slender, cylindric, with 3 or 4 remote small greenish
flower clusters in whorls, 6- 13 mm long; stamens 4, their anthers bearing sepal-like
appendages; ovaries 4, separate; stigma sessile or on a short style; fruits greenish
brown, obovoid, drupe-like with an enclosed nutlet, with a very low dorsal keel or
none, 2 - 3 mm long. Jul - Aug. Shallow water of lakes, stream and sloughs. P.
strictifolius Benn. var. rutiloides Fern; P. pusillus L. var. rutiloides (Fern.) Boivin; P.
pusillus L. var. pseudorutilus Benn. eYT, cAlta, s-cSask, neMan-Ont-Que, s to UtahWyo-Neb-Minn-Ind-Pa-Vt.

Ranunculus cardiophyllus Hook. I Heart-leaved Buttercup
Ranunculaceae
Erect perennial from fibrous roots, little branched, the stems stout, more or less
villose, 1 - 4 dm high; basal leaves stalked, mostly ovate-cordate and coarsely crenate,
occasionally lobed, 2- 6 em long; cauline leaves alternate, short-stalked to sessile, 3 7 cleft or deeply parted into several linear lobes; flowers few to several, rather large,
usually on long thick stalks, subsessile to sessile; sepals 5, yellowish, spreading,
pilose dorsally, 6 - 10 mm long; petals 5, ovate-orbicular, yellow, with a nectariferous
pit at the base, 8 - 15 mm long; stamens numerous; carpels 5 to numerous, each with a
single basal ovule; fruit a globose head of achenes; achenes pubescent, in a large
oblong-cylindric head, the beaks short. Jun- Jul. Moist meadow and open woods. R.
pedatifidus J.E. Smith var. cardiophyllus (Hook.) Britt. BC-Alta-swSask, s to ArizNM.
Ribes aureum Pursh I Golden Currant
Grossulariaceae
Erect shrub; leaves alternate, deeply 3- 5 lobed and dentate, cuneate to subcprdate at
base, glabrous or nearly so, palmately veined, convolute in the bud; inflorescence a
raceme of few flowers, the pedicels with bractlets at the middle; flowers slightly
irregular; bracts 5 - 10 mm long; hypanthium-tube yellow, cylindrical, 6 - 10 mm
long; sepals 5, more than half as long as the tube; petals 5, yellow, often tipped with
red; stamens 5, inserted in the mouth of the hypanthium; pistil of2 united carpels, 1loculed, with two parietal placentae; ovary inferior; styles 2; fruit a black, red or
yellow berry. May- Jun. Riverbanks and rocky slopes. sBC, sAlta-swSask, s to
Wash-Cal-NM-ND.
Sedum lanceolatum Torr. I Lance-leaved Stonecrop; Common Stonecrop
Crassulaceae
Perennial herbs from slender rootstocks that have sterile shoots; leafy stems
succulent, tufted, 5 - 15 em high; basal leaves succulent, crowded; cauline leaves
simple, exstipulate, sessile, linear, terete, mostly near the base and crowded on sterile
shoots, 3 - 12 mm long; cyme with several branches, dense; flowers regular,
hypogynous,
4-5-merous; petals yellow, lanceolate with acuminate tips, separate, 7- 10 mm long;
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sepals united at base, persistent in fruit, 2- 5 mm long; stamens 8 or 10; pistils 5,
basally connate; fruit a group of erect follicles, becoming striate and brown; seeds 0.7
mm long, 5 - 25 in each follicle. Jun- Aug. Dry slopes and ridges. S. stenopetalum
auctt., non Pursh. seAlas-YT-BC-Alta-swSask, s to Ore-Utah-Colo.
Sitanion hystrix (Nutt.) Sm. I Squirreltail
Poaceae
Tufted perennial; culms erect or spreading, smooth, rather stiff, hollow, 1.8- 5 dm
high; leaf blades flat or involute, rolled in buds, glabrous or pubescent, 1 - 4 mm
wide, 2 - 16 em long; sheaths glabrous to closely pubescent, the upper often inflated;
ligule truncate, lacerate, membranous, less than 1 mm long; auricles clawlike, usually
present; collar continuous, light green, glabrous, sometimes indistinct; inflorescence a
bilateral spike, 2 - 10 em long, as broad as long (including awns), partly included,
green or purplish, later pale, readily breaking up into segments; spikelets 2-fewflowered, 2 at each node of the rachis, this disarticulating at the base of each joint
which remains as a pointed stipe to the spikelets above it; glumes subulate, 1 - 2
nerved, each nerve extending into a divergent awn, 5-9 em long, sometimes bifid or
bearing a bristle on one margin; lemmas firm, scabrous to puberulent, convex on
back, 1 - 3-awned at apex, the awns widely spreading, 2- 10 em long; palea 2-keeled;
anthers 1 - 2.1 mm long; fruit a caryopsis. May - Aug. Dry plains and open woods.
sBC-swSask, s to Cal-Tex-Mo.
Stephanomeria runcinata Nutt. I Rush Pink; Runcinate-leaved Skeleton-weed
Asteraceae
Perennial; stems usually several, sparingly branched from base, glabrous to weakly
scabrous-puberulent, 1 - 2 dm tall; leaves alternate, linear to linear-lanceolate,
runcinate-pinnatifid, 1 - 7 em long, 4- 15 mm wide, upper leaves reduced and bractlike; heads solitary at the end of branches, ligulate, mostly 5-flowered, pink or white;
involucre 9- 12 mm high; achenes about 5 mm long; stamens 5; ovary inferior, of2
carpels but 1-loculed and with 1 ovule; style 2-cleft; fruit an achene, rugosetuberculate; pappus white, plumose. Jul - Aug. Dry eroded valleys. sAlta-swSask, s
to Mont-eWyo-nColo-nwNeb.
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