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PREFACE

Every five years, the Fish and Wildlife Division of Alberta Sustainable Resource Development reviews
the general status of wildlife species in Alberta. These overviews, which have been conducted in 1991
(The Status of Alberta Wildlife), 1996 (The Status of Alberta Wildlife) and 2000 (The General
Status of Alberta Wild Species 2000), assign individual species “ranks” that reflect the perceived level
of risk to populations that occur in the province. Such designations are determined from extensive
consultations with professional and amateur biologists, and from a variety of readily available sources of
population data. A key objective of these reviews is to identify species that may be considered for more
detailed status determinations.

The Alberta Wildlife Status Report Series is an extension of the general status exercise, and provides
comprehensive current summaries of the biological status of selected wildlife species in Alberta. Priority
is given to species that are A Risk or May Be At Risk in the province, that are of uncertain status
(Undetermined), or that are considered to be at risk at a national level by the Committee on the Status
of Endangered Wildlife in Canada (COSEWIC).

Reports in this series are published and distributed by the Alberta Conservation Association and the Fish
and Wildlife Division of Alberta Sustainable Resource Development. They are intended to provide
detailed and up-to-date information that will be useful to resource professionals for managing populations
of species and their habitats in the province. The reports are also designed to provide current information
that will assist Alberta’s Endangered Species Conservation Committee in identifying species that may be
formally designated as Endangered or Threatened under Alberta’s Wildlife Act. To achieve these
goals, the reports have been authored and/or reviewed by individuals with unique local expertise in the
biology and management of each species.
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EXECUTIVE SUMMARY

This report synthesizes and analyses information currently available on tiny cryptanthe (Cryptantha
minima)—an annual vascular plant species considered as May Be At Risk in Alberta. Tiny cryptanthe,
found in Alberta and reported historically in Saskatchewan, was designated as Endangered by the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC) in 1997 and 2000. This report,
which includes additional, more recent information, including results of field surveys in 2003 and 2004,
will be used to more formally evaluate the species’ status in Alberta using criteria established by the
World Conservation Union (IUCN 2001).

In Alberta, tiny cryptanthe is known only from the vicinity of the lower Bow River and South Saskatchewan
River valleys in the Dry Mixedgrass Natural Subregion. The species’ habitat is native mixed grasslands in
moderately active depositional environments including abandoned sandy terraces on meander lobes in
the river valley floodplain, sandy valley slopes, and sand hills near the valley edge. Eighteen subpopulations
or occurrences are reported, which make up the known provincial population. Seventeen occurrences
are along a 120-km reach of the South Saskatchewan River valley downstream of Medicine Hat and
one occurrence is in sand hills near where the Oldman and Bow rivers join to become the South
Saskatchewan River, about 105 km upstream of Medicine Hat. Plant numbers appear to fluctuate greatly
from year to year within subpopulations. Occurrence reports range from one individual to tens of thousands
of individuals. The known area of occupancy of all reported occurrences is less than 1 km? and extent of
occurrence is less than 2000 km?. One extant occurrence is reported in Saskatchewan near the provincial
boundary on a tributary valley of the Red Deer River, about 60 km from the nearest occurrence in
Alberta. The nearest extant population in northeast Montana is 450 km distant.

A large amount of potential river valley and upland habitat in Alberta has been altered by human activity
to the point that it is no longer available for colonization by tiny cryptanthe. Activities include cultivation or
seeding to non-native pasture, development of oil and gas well sites, urban and rural residential
development, construction of permanent access roads and invasion of native grasslands by non-native
plant species. There are specific examples of conversion of native prairie in or near known tiny cryptanthe
habitat within the last few years. Further reduction in tiny cryptanthe habitat and area of occupancy is
predicted if current trends continue and measures are not taken to identify and protect known
subpopulations.

A national recovery strategy for tiny cryptanthe is being developed by a team of federal and provincial
representatives. Monitoring and research of tiny cryptanthe in Alberta is recommended, to obtain more
complete understanding of the species’ habitat requirements and distribution, population size and trends,
and the genetic variability and connectivity required to sustain long-term viability of the provincial population.
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INTRODUCTION

Tiny cryptanthe (Cryptantha minima Rydb.),
also known as small cryptanthe and little cat’s-
eye, is an annual vascular plant species found in
semi-arid grasslands of the great plains (and
intermontane basins) of western North America
from Texas to Canada. Its known range in
Canada is in the dry mixedgrass prairie of
southeastern Alberta and southwestern
Saskatchewan.

Tiny cryptanthe is considered as May Be At Risk”
according to the preliminary general status
review of plant species in Alberta (Alberta
Sustainable Resource Development 2000a). The
species is ranked as S1 by the Alberta Natural
Heritage Information Centre (ANHIC)
(Vujnovic and Gould 2002). In Saskatchewan,
tiny cryptanthe is also ranked as SI
(Saskatchewan Conservation Data Centre 2003).
The Committee on the Status of Endangered
Wildlife in Canada (COSEWIC) designated the
species as Endangered in 1997 and re-examined
and confirmed the designation in 2000
(COSEWIC 2003a). In the United States, tiny
cryptanthe is ranked as S3 in Wyoming, S4 in
South Dakota and SNR in the seven other states
in which it occurs: Montana, Nebraska,
Colorado, Kansas, New Mexico, Oklahoma and
Texas (NatureServe 2004).

This report compiles and summarizes historical
and recent information on tiny cryptanthe in
Alberta to enable more comprehensive
assessment of provincial status.

HABITAT

1. Habitat Attributes — In Alberta, tiny
cryptanthe is found in the Dry Mixedgrass
Natural Subregion of the Grassland Natural
Region and is restricted to the vicinity of the
South Saskatchewan River valley. The climate
is continental, characterized by extremes in

* See Appendix 1 for definitions of selected status
designations.

temperatures with warm summers and cold
winters. In the South Saskatchewan River valley
at Medicine Hat, the mean July temperature is
19.5°C and the mean January temperature is
-10.2°C (Environment Canada 2003a). Extremes
for the period of record range from a high of
42.2°C to a low of -46.1°C. Dry summers and
winters are typical. Average annual precipitation
for the South Saskatchewan River valley at
Medicine Hat is 334 mm with average annual
rainfall of 250 mm and average annual snowfall
of 95 cm. Most rainfall occurs in June.
Frequently high wind speeds cause high rates of
evaporation throughout the summer months.

Site descriptions for occurrences of tiny
cryptanthe in Alberta are provided in Appendix
2. Appendix 3 provides descriptions of sites
where tiny cryptanthe was sought but not found
during a survey in July and August 2003.
Characteristically, sites where tiny cryptanthe is
found are on poorly developed sandy soils of
fluvial or aeolian origin (rego brown
chernozems) (Kjearsgaard and Pettapiece 1986).
Elevation ranges from 750 m (2460 ft) in the
Lower Bow sand hills on the upland north of
the confluence of the Bow River and Oldman
River (km 0 * of the South Saskatchewan River)
to 625 m (2050 ft) in the South Saskatchewan
River valley bottom through Canadian Forces
Base (CFB) Suffield and the Drowning Ford
Grazing Lease. Habitat is generally described as
xeric to sub-xeric with substrate of sandy to silty
texture on level to gently sloping valley bottom
terraces about five to ten metres above mean
river level. The origin of these abandoned
terraces is attributed to a large, post-glacial river
believed to be a precursor to the current South
Saskatchewan River (Adams et al. 1997). In
addition, tiny cryptanthe has been found on
valley slopes with up to 50% slope, and on
undulating to rolling sandy upland near the valley
breaks.

* River kilometres are based on maps provided in
Dickinson and Baresco (1996).



Vegetation communities in which tiny cryptanthe
occurs in Alberta are described generally as
grasslands dominated by needle-and-thread
(Stipa comata) and blue grama (Bouteloua
gracilis) grass. Commonly associated species
include prickly pear (Opuntia polycantha),
Indian rice grass (Oryzopsis hymenoides), low
sedge (Carex stenophylla), Pursh’s plantain
(Plantago patagonica), silver sagebrush
(Artemesia cana) and winter-fat (Eurotia
lanata). Usually there is 10 to 30 percent bare
soil. Some sites are described as disturbed and
associated with pipelines and vehicle or livestock
trails through native vegetation.

In Saskatchewan, the habitat for tiny cryptanthe,
based on one occurrence, is described as a south-
facing valley slope with sandy loam substrate.
Vegetation is dominated by needle-and-thread
grass and Dakota goosefoot (Chenopodium
dacoticum) with 30% to 40% bare soil
(Saskatchewan Environment 2003, C. Elchuk
pers. comm.).

In the United States, tiny cryptanthe is found on
plains and intermontane basins east of the
continental divide of the Rocky Mountains.
Habitat is generally characterized as dry
grassland on sandy or gravelly (talus) substrate
in valley bottoms, at the base of sandstone and
limestone outcrops, lower valley slopes, on
plains and on stabilized or active sand dunes
(Correll and Johnston 1970, McGregor et al.
1986, University of Colorado 2004, D. Dyer
pers. comm., B. Heidel pers. comm.). Besides
occurring in grasslands, tiny cryptanthe also
occurs in shrublands dominated by sand sage
(Artemesia filifolia) or big sage (Artemesia
tridentata) and in open ponderosa pine (Pinus
ponderosa) woodland. Roadsides and reservoir
margins also are mentioned as habitats. Botanists
studying vegetation in southwest Kansas and
southeast Colorado found tiny cryptanthe on
prairie dog (Cynomys ludovicianus) colonies and
not on adjacent non-colonized short-grass prairie
(Winter et al. 2002).

A common attribute of habitats for tiny
cryptanthe appears to be that the sites have been
subjected to moderately active depositional
processes through the action of water (sandy
river terraces), gravity (lower slopes, midslope
benches), wind (sand dunes and plains) or short-
term soil-disturbing activities of animals (prairie
dogs, large herbivores) or humans. Substrates
on which this annual species establishes are
generally sorted and coarse in texture, and are
composed of silty sands, sands or mixed sands
and gravels rather than unsorted tills or deposits
rich in clays and organic matter. Tiny cryptanthe
does not appear to occupy habitats experiencing
active erosion (cutbanks, eroding valley slopes)
or intense and repeated disturbance (active point
bars, cultivated fields). It also has not been found
in vegetation communities with high canopy
cover, high litter and little exposed soil. Opening
of the vegetation canopy through natural
processes (drought, fire, grazing) or human
disturbances (establishing trails, mowing)
appears to stimulate germination of seeds in the
seedbank or provide a seedbed free of
competition where plants can establish, but tiny
cryptanthe is not associated with sites that have
been compacted (well sites, roads) or where there
is major alteration of native vegetation (seeded
pasture). Livestock grazing may help maintain
populations of tiny cryptanthe as has been shown
in studies of the effects of grazing on annual
plants (Osem et al. 2002, Hayes and Holl 2003).
Further study would be required to determine
what factors or combination of environmental
factors benefit tiny cryptanthe, such as
availability of moist bare sites for seed
germination, rapid drainage, absence of soil
compaction, absence of litter, exposure to
sunlight, and lack of competition with other plant
species for space and nutrients or minerals.

2. River Valley Habitat and Loss — Most known
occurrences of tiny cryptanthe in Alberta are in
river valley habitat, on second- or third-level
terraces 5 m to 10 m above river level (Appendix
2). These terraces were deposited by a larger



post-glacial river (Adams et al. 1997). Over the
last 100 years, these habitats have experienced
little, if any, flooding. Tiny cryptanthe was also
found on valley slopes of south, east and west
aspects with up to 50% slope and on adjacent
upland within a few hundred metres of the valley
edge.

The 51-km reach of the South Saskatchewan
River valley in which tiny cryptanthe has been
found in the valley bottom (km 157 to km 208)
has a broad valley across which the river channel
moves, creating large meander lobes. CFB
Suffield flanks the valley on the west, and public
lands under lease to the Drowning Ford Grazing
Association border it on the east. Large portions
of terraces on some meander lobes in this reach
have been converted to crested wheat grass
(Agropyron pectiniforme) pasture (Appendix 3).
Tiny cryptanthe was found only in native mixed
grassland and not in areas converted to non-
native pasture. Crested wheat grass appears to
be persisting and expanding into native
vegetation. It is known to persist for several
decades on mixedgrass prairie sites where it has
been seeded, particularly on regosol and brown
chernozem soils, and has been documented
invading native grassland communities (Bush
2001, Bradley 2003, Henderson et al. in press).

All meander lobes on which tiny cryptanthe was
found within the Drowning Ford Grazing Lease
also have active gas well sites and access roads
where vegetation had been removed (Appendix
3). At one site there is a gravel pit. Tiny
cryptanthe was absent from the areas that receive
repeated disturbance or compaction even when
present immediately adjacent to them. Tiny
cryptanthe was found in areas of native
vegetation on and adjacent to a pipeline right-
of-way on the valley slope (Appendix 2).

A 67-km reach of the South Saskatchewan River
upstream of CFB Suffield to Redcliff (km 90 to
km 157) can also be characterized as a broad
valley across which the river channel moves
creating large meander lobes. Observations from

accessible viewpoints of the valley top indicated
that all meander lobes in this reach have been
altered to some extent by cultivation, irrigation
and human settlement. Two meander lobes at
km 148 and km 156 were searched on foot; tiny
cryptanthe was not found (Appendix 3). The
meander lobes have been largely converted to
irrigated cropland, and remaining fragments of
native vegetation are experiencing salinization
from increased moisture and conversion to
species associated with mesic habitats. Tiny
cryptanthe was found on valley slopes and
nearby uplands at km 110 and km 112 but not
on adjacent river valley terraces, which have
been mostly converted to irrigated cropland and
urban residential development (Appendix 2).
Terraces within Police Point Park in Medicine
Hat (km 105 to km 109) still support substantial
areas of native grassland vegetation; however,
tiny cryptanthe has not been found in vegetation
surveys (Appendix 3, D. Baresco pers. comm.).
Although river valley habitat in this reach
appears to have been suitable for tiny cryptanthe
at one time, there is low potential for extant
populations because of the high level of
conversion of native vegetation to non-native
cropland and pasture and human settlement.

The 90-km reach of the South Saskatchewan
River upstream of Redcliff (km 0 to km 90) has
a narrow valley and the channel is of low
sinuosity and often confined by bedrock. There
are a few meander lobes with fluvial terraces of
low slope. The large majority of quarter sections
in this reach are mapped by the native prairie
vegetation baseline inventory as having less than
75% native vegetation (Alberta Sustainable
Resource Development 2000b). Uplands south
of the river valley are largely cultivated and
under irrigation. Tiny cryptanthe was not found
during a 1996 survey of the Express Pipeline
crossing in this reach (AXYS 1996).
Investigations of valley bottom terraces on
meanders near the Grand Forks found large areas
that had annual crops under irrigation or had
been converted to non-native pasture (Appendix
3). Invasion of native grassland fragments by



non-native species is occurring. No tiny
cryptanthe was found. This reach is considered
to have low potential for supporting populations
of tiny cryptanthe.

Downstream of CFB Suffield to the provincial
boundary, for 89 km (km 212 to km 301), the
valley of the South Saskatchewan River is
narrow and the channel is confined by bedrock
through most of its length. Meander lobe habitat
for tiny cryptanthe is scarce. No tiny cryptanthe
was found in rare plant surveys annually in 2000
to 2003 along the North Suffield Pipeline routing
where it crosses the South Saskatchewan River
valley (AXYS 2002). In 2003, areas of potential
valley bottom habitat for tiny cryptanthe were
searched on foot, including meander lobes near
Sandy Point (km 263 and km 270 to km 276)
and at the Saskatchewan border (km 291 to km
301). Tiny cryptanthe was not found (Appendix
3). Portions of the meander lobes near Sandy
Point have been converted to non-native
vegetation through cultivation, recreation site
development, water pump installation and roads
and facilities associated with major natural gas
pipeline construction. A large meander loop
straddling the provincial boundary remains
largely native vegetation and appears to have
suitable habitat; however, searches in 2002 and
2003 failed to find tiny cryptanthe (Appendix
3).

To summarize, about 50% (145 km) of the length
of the South Saskatchewan River valley in
Alberta historically had suitable meander lobe
habitat for tiny cryptanthe. Since the early 1900s,
most of the potential meander lobe habitat has
been altered to the point that it no longer is
suitable for sustaining viable populations of tiny
cryptanthe. Most of this habitat loss is on private
land; however, river valley habitat under public
ownership also has been cultivated or seeded to
non-native pasture. Most of the remaining
suitable meander lobe habitat lies within a 58-
km reach (km 156 to km 214) bounded on the
west by CFB Suffield (a portion within the
recently designated National Wildlife Area) and

on the east by public lands of the Drowning Ford
Grazing Lease. A large meander loop straddling
the provincial boundary also appears to remain
as potential habitat. Valley slopes with
appropriate habitat characteristics, however, still
support or have the potential to support tiny
cryptanthe.

3. Upland Habitat and Loss — Tiny cryptanthe
was first found in upland habitat in Alberta in
2002, in an area known as the Lower Bow dunes
about 7 km upstream of where the Bow and
Oldman rivers join to form the South
Saskatchewan River, known as Grand Forks
(Appendix 2). The site is 1 km north of a tributary
valley to the Bow River and 3 km north of the
Bow River valley. In 2003, two occurrences of
tiny cryptanthe were reported on sandy upland
of the public lands leased to the Drowning Ford
Grazing Association in the vicinity of previously
documented river valley occurrences. In 2004,
tiny cryptanthe was found in stabilized sand
dunes of the Middle Sand Hills about 2 km west
of the South Saskatchewan River valley breaks
(D. Nernberg pers. comm.). Also in 2004, tiny
cryptanthe was found in undulating sand hills
within 1 km west of the South Saskatchewan
River valley breaks in the city of Medicine Hat
(D. Nernberg pers. comm.).

Tiny cryptanthe has not been found in several
previous surveys of potentially suitable upland
habitat in southern Alberta. For example, surveys
of sand hill and sand plain habitat in the
Mixedgrass Natural Subregion and Dry
Mixedgrass Natural Subregion of southern
Alberta in 1987 did not find tiny cryptanthe
(Wallis and Wershler 1988). Areas surveyed
included Remount-Empress, Hilda, Matzhiwin,
Suffield, Old Channel Lake, Brooks-Vauxhall,
Barnwell, Little Rolling Hills, Lake Newell,
Lower Bow, Lost River, Pakowki Lake and
Wildhorse-Manyberries (including Lost River).
Surveyors reported that Fendler’s cryptanthe
(Cryptantha fendleri) was locally common. Tiny
cryptanthe also was not found during several
subsequent surveys of sand hill and sand plain



habitat for other plant species at risk, including
smooth goosefoot (Chenopodium subglabrum)
(Smith and Bradley 1992), western spiderwort
(Tradescantia occidentalis) (Smith 2001) and
small-flowered sand-verbena (Tripterocalyx
micranthus) (Alberta Sustainable Resource
Development 2003). In addition, tiny cryptanthe
was not found in annual vegetation surveys
during 2000 to 2003 of the North Suffield
Pipeline Project routing through the Middle Sand
Hills (AXYS 2002).

Two intensive vegetation surveys of portions of
CFB Suffield by experienced botanists in 1994-
1995 and 2003 did not find tiny cryptanthe in
upland habitat, although two plants were found
about 9 km apart in river valley habitat
(Macdonald 1997, Environment Canada 2003b,
I. Macdonald pers. comm.) (Appendix 2). A
search of sand hills near Purple Springs and
Hilda in 2003 failed to find tiny cryptanthe
(Appendix 3).

To ascertain whether there is suitable habitat for
tiny cryptanthe on the uplands between currently
known occurrences, C. Bradley examined soil
maps for the presence of sandy soils, acted on
by wind or water, which are found on coarse-
textured parent material of aeolian or fluvial
origin (Kjearsgaard and Pettapiece 1986).
Coarse-textured fluvial or aeolian parent
materials are common along both sides of the
South Saskatchewan River between Medicine
Hat and the Saskatchewan border, generally
occurring within 5 km of the valley breaks.
Included in this band are the Middle Sand Hills,
which are largely within the eastern portion of
CFB Suffield and are now designated as a
national wildlife area. There are a few small
scattered patches of sandy soils in the western
portion of CFB Suffield and in the area west
toward the Lower Bow Dunes; however, the
large majority of parent materials are fine- to
medium-textured calcareous till (Kjearsgaard
and Pettapiece 1986). Most of the area east of
the South Saskatchewan River to the provincial
boundary also is underlain by fine- to medium-
textured calcareous till inconsistent with tiny

cryptanthe habitat. Significant portions of these
uplands are under cultivation (Alberta
Sustainable Resource Development 2000b).

In Alberta, native prairie is estimated to have
declined by 60 to 70 percent since colonization
in the late 1890s, as a result of human activities
including cultivation, roads and urbanization
(Alberta Environmental Protection 1997, Alberta
Sustainable Resource Development 2000b).
Grasslands in Alberta are in decline with the Dry
Mixedgrass Natural Subregion containing most
of what is left. However, native prairie in this
subregion is also under threat.

The total amount of native prairie remaining in
the Dry Mixedgrass Natural Subregion, based
on interpretation of 1991-1993 aerial
photography, is estimated at 54% (2 576 667 ha)
(Alberta Sustainable Resource Development
2000b). This implies a decline of 46% over 100
years. Actual rate of decline of native prairie
could be higher, as the interpretation of aerial
photography does not allow the interpreter to
ascertain which “grasslands” are dominated by
non-native species. More detailed inventory and
tracking of changes in the amount of native
prairie are proposed (Prairie Conservation
Forum 2001).

The degree of fragmentation of grasslands in the
Dry Mixedgrass Natural Subregion is high.
Aerial photo interpretation of the amount of
prairie remaining by quarter section found that
only 33% of quarter sections have 76-100%
native prairie, 14% of quarter sections have 51-
75% native prairie and the remainder (55%) have
less than 50% native prairie (Alberta
Environmental Protection 1997). Relatively
large parcels of native grasslands include those
portions of the South Saskatchewan River valley
and adjacent uplands where tiny cryptanthe has
been found in Alberta (Alberta Sustainable
Resource Development 2000b).

Specific to the Lower Bow location for tiny
cryptanthe, native prairie on sand plain about
10 km east was cultivated for potato production



in 2003 (Bray and Wallis 2003). No survey
information for rare plant species is available
for this site prior to cultivation.

Native prairie in the Grassland Natural Region
is becoming increasingly fragmented not only
by cultivation but also by development of oil
and gas well sites, country residential
subdivision and development and roads. In 1993,
there were 51 931 oil and gas well sites in the
Dry Mixedgrass Natural Subregion for an
average density of 1.11 well sites/km? or 103
well sites per township (Alberta Environmental
Protection 1997). Major oil and gas fields
include Grand Forks and Suffield (including
public lands under lease to the Drowning Ford
Grazing Association), both areas of known
habitat for tiny cryptanthe in Alberta.

The number of well sites within potential habitat
for tiny cryptanthe has continued to increase over
the last decade. For example, the “Forks™ area
at the confluence of the Bow and Oldman Rivers,
including the Lower Bow Dunes site for tiny
cryptanthe, has seen a rapid increase in oil and
gas well sites and access roads since the early
1980s. In a 15-km? area just north of the
confluence, about 50 well sites and 50 km of
access roads were constructed between 1977 and
1998 (Prairie Conservation Forum 2003). This
rapid rate of fragmentation is also occurring on
the public lands under lease to the Drowning
Ford Grazing Association (C. Bradley pers. obs.,
J. Nicholson pers. comm.). Activity proceeds
without rare plant inventory. These
developments not only remove native vegetation
but also provide avenues for invasion of
aggressive non-native plant species into native
prairie.

Specific to the Medicine Hat location for tiny
cryptanthe, recent urban residential development
has eliminated a portion of the subpopulation,
thereby fragmenting it into two subpopulations.
The development occurred prior to
documentation of the tiny cryptanthe
subpopulation within the city. The remainder of

the subpopulation on the upland in Medicine Hat
is threatened by planned urban residential
expansion (D. Nernberg pers. comm.).

A project to model the cumulative environmental
effects of human activities in the Grassland
Natural Region using the landscape simulator
ALCES has led participants to the following
conclusion: “If we factor in future land deletions
caused by the expansion of settlements, energy
development, agricultural production and
transportation networks, we will see a gradual
reduction in native prairie through time” (Prairie
Conservation Forum 2003). Conservative
projections are that 1000 ha of native prairie will
be lost each year, resulting in a 25 percent
reduction in native prairie over the next 100 years
(Prairie Conservation Forum 2003). More than
double that amount of loss is predicted if current
rates of expansion of the human footprint
continue.

A conclusion from the information provided in
this section is that a large portion of potential
native upland and river valley habitat for tiny
cryptanthe has been lost owing to human activity
over the last century, and substantial further loss
is predicted if current trends in land use continue
without measures being taken to identify and
protect sites where tiny cryptanthe occurs.

CONSERVATION BIOLOGY

Tiny cryptanthe, also known as small cryptanthe,
little cryptanthe or little cat’s-eye, is an annual
vascular plant species in the borage family
(Boraginaceae). Annual plants only grow for one
year and a large portion of their life cycle is as
seed.

The type specimen of tiny cryptanthe was
collected in Colorado in 1900 and described by
the American botanist Rydberg in 1901 (New
York Botanic Garden 1901). The stem of the
plant is branched from near the base. The bristly-
hairy branches can reach 20 cm in height and
often are prostrate. The leaves are bristly-hairy,
alternate, with blunt tips and tapered bases, and



linear, up to 3 cm long and 0.5 cm wide. The
small white flowers are tube-like with lobes at
right angles at the top and a yellow “eye” in the
centre. They measure up to 3 mm long and
2 mm across. The flowers can be present in up
to two-thirds of the plant’s height, on one side
of the uncoiling branches. The sepals enlarge to
about 5 mm long when the plant is in fruit and
have veins that are whitish, thick and hard. Each
flower (or fruit) has a leaf-like bract below it on
the stem. The fruits are four whitish nutlets. They
are of two sizes, with one nutlet being smooth
and larger (2 mm x 1.2 mm) and the other three
being rough (with bumps) and smaller (1.5 mm
x 0.9 mm). The odd nutlet is more firmly
attached to the base (receptacle) than the other
three.

Tiny cryptanthe superficially resembles two
other species, Fendler’s cryptanthe and Kelsey’s
cat’s-eye (Cryptantha kelseyana). Fendler’s
cryptanthe has branches arising closer to the top
of the stem, bracts only under the lowest flowers
and smooth-sided nutlets. Kelsey’s cat’s-eye also
has bracts only under the lowest flowers but its
nutlets are similar to those of tiny cryptanthe,
with one larger and smooth and three smaller
and rough; however, the midrib of the calyx is
not as thick as in tiny cryptanthe. Fendler’s
cryptanthe is a common species in sand dune
areas in southern Alberta whereas Kelsey’s cat’s-
eye has only recently been documented as
occurring in the province. Tiny cryptanthe occurs
in habitats that also may support Fendler’s
cryptanthe and Kelsey’s cat’s-eye. Close
examination is required to differentiate the
species.

In Alberta, tiny cryptanthe has been found
flowering in late June and early July.
Reproduction is sexual. Agents for pollination
are unknown; hence, the minimum distance that
one tiny cryptanthe plant must be to another for
cross-pollination to occur is also unknown. As
well, it is not know what factors affect seed
production in tiny cryptanthe.

Fruits of tiny cryptanthe mature in late July and
August in Alberta. It is likely that most of the
small seeds of tiny cryptanthe are dispersed close
to the parent plant; however, a small proportion
may be dispersed further by the action of wind,
water or animals (birds, mammals, insects)
digging or walking (Primack and Miao 1992,
Murphy and Lovett-Doust 2004). Annual and
short-lived plant species generally are adapted
to germinate on bare soil. Persistence of an
occurrence of tiny cryptanthe or establishment
of'a new occurrence therefore partly depends on
having suitable bare soil habitat accessible to
dispersing seeds (Harrison et al. 2000,
Freckleton and Watkinson 2002).

Ofthe seeds produced each year by annual plants
such as tiny cryptanthe, some are non-viable,
some are lost to seed predators, some form
seedlings and some are stored in the seed bank
for germination in a future year. Seed bank and
germination ecology are especially important to
annual plants, but information on these topics is
extremely difficult and time-consuming to
gather; therefore, little is known (Elzinga et al.
1998). For example, it is not known what
proportion of tiny cryptanthe seeds is stored in
the seed bank or for how long seeds remain
viable. As a general rule, annual plants depend
on seed longevity to buffer their populations
against environmental unpredictabilities (Harper
1977). It is not known what conditions stimulate
germination of tiny cryptanthe seeds.

Many species of annual plants experience large
flushes of germination when conditions are right,
which may occur as infrequently as once in a
decade or more (Elzinga et al. 1998). Plant
numbers may fluctuate wildly from year to year
depending on the seed production in previous
years, germination of seedlings, and
environmental conditions, such as the timing and
amount of rainfall (Bush and Lancaster in press).
As well, there may be random environmental
influences, such as weather, habitat changes,
herbivores and fire or flood that affect growth



and survival of plants once germination occurs.
Subpopulations may disappear and others appear
(Harrison et al. 2000). There is some evidence
that such large fluctuations are characteristic of
tiny cryptanthe (see Population Size and Trends
section).

In summary, very little is known about the life
cycle and ecology of tiny cryptanthe. Challenges
to monitoring populations and evaluating their
potential viability are greater for annual plants,
such as tiny cryptanthe, than for perennial
species because traditional demographic
approaches, which consider age or stage class
and rates of mortality, recruitment, or growth,
are not appropriate (Elzinga et al. 1998).

DISTRIBUTION

1. Alberta — All reports of tiny cryptanthe in
Alberta are along the South Saskatchewan River
valley (except for one report along the Bow River
valley) within the Dry Mixedgrass Natural
Subregion of the Grassland Natural Region.
Eighteen occurrences are identified in Appendix
2 and mapped in Figure 1. These occurrences
have been documented by several botanists and
are contained in the records of the Alberta
Natural Heritage Information Centre (ANHIC).
For the purposes of this document an occurrence
is defined as the location of a subpopulation,
which is consistent with the definition used by
ANHIC (J. Gould pers. comm.). Subpopulations
are defined as geographically or otherwise
distinct groups in the population between which
there is little known exchange, of either pollen
or seed (IUCN 2001). For annual plants,
subpopulations are separated by distances of a
few hundred metres and more because long-
distance dispersal of plant seed beyond a few
hundred metres is rare (Cain et al. 2000). A
population is the total number of individuals in
the province.

The first Alberta report of tiny cryptanthe is
based on a collection by John Macoun made on
2 June 1894 near the “police barracks, Medicine
Hat.” The collection is filed with the Canadian

Museum of Nature National Herbarium (1894;
Macoun #5803, CAN 93956). The collection
was made before formal description of the
species in 1901. The three specimens on the
herbarium sheet were identified by Macoun as
Krynitzia crassisepala, which today is known
as thick sepal cryptanthe (Cryptantha
crassisepala), a species of the southern U.S.
Great Plains. The specimens later were revised
by F. Johnston to be in part tiny cryptanthe
(C. minima) and in part Kelsey’s cat’s-eye
(C. kelseyana). In 1964, the identification of
specimens was revised to Fendler’s cryptanthe
(C. fendleri) by H.G. Scoggan who notes in The
Flora of Canada that the identification requires
clarification (Scoggan 1979). C. Bradley
examined the specimens in May 2004 and
determined that the one specimen with nutlets
is C. kelseyana but the other two specimens are
too immature for positive identification. Later
botanical surveys of Police Point Park in
Medicine Hat—the site of the old North West
Mounted Police barracks—including the 2003
survey by C. Bradley, failed to find tiny
cryptanthe (D. Baresco pers. comm.). In 2004,
however, large numbers of C. minima and
C. kelseyana were reported on valley slopes and
sandy uplands 1 km northwest of Police Point
Park (D. Nernberg pers. comm., Appendix 2).
This likely is the subpopulation sampled by the
1894 collections.

The second Alberta report of tiny cryptanthe was
in 1973, at km 164 (SS6) on the west side of the
South Saskatchewan River near the southern
boundary of Suffield Military Reserve, about 55
km downstream of Medicine Hat. There is some
uncertainty about the precise location. A
specimen was collected by Hope Johnson in late
July and had mature fruits, allowing positive
identification.

Following this discovery, the species appeared
in a supplement to the Flora of Alberta (Packer
1974) and a decade later was listed in 4 Checklist
of the Rare Vascular Plants in Alberta (Packer
and Bradley 1984) and in the revised Flora of
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Alberta (Moss 1984), prompting botanists to
search for additional occurrences during
vegetation surveys. In 1994, an individual tiny
cryptanthe plant was found at km 208 (SS14)
during a rare plants survey within the proposed
National Wildlife Area on CFB Suffield
(Macdonald 1997). In 1998, another individual
was found during a rare plant survey of a
proposed pipeline route crossing at km 158
(SS2a), on public land leased to the Drowning
Ford Grazing Association (D. Bush pers.
comm.).

In 2002, tiny cryptanthe was reported in the
Lower Bow dunes (BR1), near where the Bow
and Oldman rivers merge to form the South
Saskatchewan River, over 155 km upstream of
the nearest previously reported occurrence (B.
Smith pers. comm.). Two occurrences also were
reported within 1 km of each other, near km 157
(SS1a) and km 158 (SS2b), where a proposed
pipeline right-of-way crossed the South
Saskatchewan River valley. One of these, SS2b,
coincides with the 1998 occurrence (D. Bush
pers. comm.).

In 2003, eleven occurrences of tiny cryptanthe
were reported during two surveys. One rare plant
survey focused search effort in the National
Wildlife Area of CFB Suffield on the west side
of the South Saskatchewan River and reported
one individual tiny cryptanthe plant at km 208
(SS14) (I. Macdonald pers. comm.). The other
survey was conducted by C. Bradley along the
South Saskatchewan River outside of CFB
Suffield, from the river’s origin at the Forks near
Bow Island to the Saskatchewan border. The
survey specifically focused on tiny cryptanthe.
Eleven occurrences of tiny cryptanthe were
reported between km 157 and km 190. Two of
these occurrences were in locations where
subpopulations had been previously reported
(SS1b and SS2c¢) and nine were in locations
where subpopulations had not been previously
reported (SS3, SS4, SS5, SS7, SS8, SS9, SS10,
SS11, SS12) (Appendix 2).
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A 1996 collection of a cryptanthe near Empress
on the Red Deer River was initially reported as
tiny cryptanthe but in 2003 it was re-identified
as Kelsey’s cat’s-eye (B. Smith pers. comm.),
the first confirmed record of that species in
Alberta. In 2002, a cryptanthe species, initially
identified as tiny cryptanthe, was found along a
pipeline right-of-way at km 263, on the upland
and at the base of the valley slope (N. DeCarlo
pers. comm.). It has tentatively been re-identified
as Kelsey’s cat’s-eye by C. Bradley. In 2003, river
valley terraces in the Red Deer River valley near
Empress and 3 km upstream were surveyed by
C. Bradley (Appendix 3). Tiny cryptanthe was
not found; however, Kelsey’s cat’s-eye was
found on a disturbed site corresponding to the
1996 occurrence. In 2004, three additional
occurrences of tiny cryptanthe were reported, one
in the Middle Sandhills of CFB Suffield and the
other two within 1 km of each other on sandy
uplands and valley slopes in Medicine Hat.

In summary, 18 occurrences make up the known
population of tiny cryptanthe in Alberta.
Seventeen occurrences are within a 120-km
reach of the South Saskatchewan River
downstream of Medicine Hat between km 110
and km 230 (Figure 1, SS1-17). Distances
between known occurrences in this reach vary
from a few hundred metres to about 20 km. One
occurrence is highly disjunct from the others,
located 75 km directly southwest in dunes along
the lower Bow River valley just upstream of its
confluence with the Oldman River (Figure 1,
BR1). Given that there is no information on
genetic exchange among known occurrences and
that long-distance dispersal of plant seed beyond
a few hundred metres is rare (Cain et al. 2000),
it is recommended for the purposes of status
assessment that these occurrences be considered
subpopulations. Subpopulations are defined as
geographically or otherwise distinct groups in
the population between which there is little
exchange (typically one successful migrant
individual or gamete per year or less) (IUCN
2001). Further study would be required to
confirm this conclusion.



There has been substantial search effort for rare
vascular plant species in sand dune and sand hill
habitat in southeastern Alberta as described in
Wallis and Wershler (1988), Smith and Bradley
(1992), Macdonald (1997), Smith (1997), Smith
(2001), Alberta Sustainable Resource
Development (2003) and in Appendix 2 and
Appendix 3. These sources also contain
documentation of some search effort in the South
Saskatchewan and Red Deer river valleys. In
addition there have been several rare plant
surveys along proposed pipeline routings
through sand dune and sand hill habitat and
crossing river valleys. Therefore, there is some
degree of confidence that the provincial
distribution mapped in Figure 1 is truly
representative of the actual distribution. A
caution that must be placed on this conclusion,
however, is that tiny cryptanthe is an annual plant
which may or may not be found during surveys
even though it may be present in the seed bank.
More systematic monitoring of known locations
and searching of suitable habitat over several
years are required to verify the provincial
distribution.

The extent of occurrence of the tiny cryptanthe
in Alberta can be calculated in two ways. One is
to make a polygon by drawing straight lines
between the most northerly, westerly, southerly
and easterly occurrences. The area circumscribed
by this polygon is about 1600 km?. Alternatively,
it could be assumed that the polygon representing
extent of occurrence can be defined as the Bow
and South Saskatchewan river valleys and
adjacent uplands from Lower Bow Dunes to km
230, a total distance of about 235 km. Valley
length is about 190 km, less than channel length
because of channel sinuosity. Assuming an
average valley width of about 3 km to include
valley bottom, slopes and adjacent uplands,
extent of occurrence is about 570 km?.

Area of occupancy, defined as the area within
the extent of occurrence that is occupied by tiny
cryptanthe excluding unsuitable or unoccupied
habitats (IUCN 2001), is about 820 000 m?,
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slightly less than 1 km?, based on information
provided in Appendix 2 and Table 1. The loss of
the Medicine Hat population to urban residential
development would result in a 30% decline in
known area of occupancy of the Alberta
population.

2. Other Areas — In Saskatchewan, there is one
known extant occurrence of tiny cryptanthe on
the slopes of a tributary valley of the Red Deer
River 2 km east of the border with Alberta (C.
Elchuk pers. comm.). Its area of occupancy is
reported as about 2800 m?. There is also a 1981
collection from this location (Smith 1997). A
collection in 1977 near the town of Westerham
(25 km east of the provincial border and 5 km
south of the South Saskatchewan River) was
identified as tiny cryptanthe (Smith 1997).
Subsequent surveys of this location, however,
have not found tiny cryptanthe but report an
abundance of Fendler’s cryptanthe and some
Kelsey’s cat’s-eye, which are similar in
appearance to tiny cryptanthe (S. Lamont pers.
comm., C. Elchuk pers. comm.).

The closest known extant occurrence of tiny
cryptanthe in the United States is Sheridan
County in northeast Montana, about 450 km
southeast of the Alberta range (B. Heidel pers.
comm.) (Figure 2). The range of the species
extends south through the plains of eastern
Montana and Wyoming, the southwest corner
of South Dakota, western Nebraska and Kansas,
the eastern plains of Colorado and some western
intermontane basins, eastern New Mexico, the
panhandles of Oklahoma and Texas and south
in western Texas to Mexico. The species’ range
in Canada is less than one percent of its
continental range.

POPULATION SIZE AND TRENDS

1. Alberta — The population of annual plants,
such as tiny cryptanthe, consists not only of the
plants that are rooted and growing but also of
the buried viable seed (Harper 1977).
Determining population size, therefore, requires
not only counting the number of plants on the






surface but also analyzing the size and viability
of the seed bank using techniques that extract
soil cores and use flotation to separate the seeds
for counting or grow out the cores in a
greenhouse (Elzinga et al. 1998). As well, given
that the seed bank may represent an
accumulation of seeds from many previous
generations, determining fluctuations or trends
in population size requires that cohorts of new
additions be distinguished from the bulk
accumulated from the past. Harper (1977) refers
to this as a “hidden overlap of generations.”
Furthermore, germination can be spatially
variable from year to year; hence, permanent
plots may be of little value unless they are
designed to capture changes in location of
disturbance patches. Nonetheless, counts of
mature plants in a location where they have been
previously reported can be undertaken to
determine germination and establishment in a
given year, to assess factors which promote
germination and establishment, and to assist in
evaluating the status of subpopulations over time
and their significance for the larger population
(Elzinga et al. 1998, Morris et al. 1999).

Data available for number of tiny cryptanthe
plants associated with reported occurrences in
Alberta are presented in Table 1. For some
subpopulations, plant numbers are provided for
more than one year. These data were collected
by a variety of botanists for various purposes
using different techniques and in different years.
Number of mature individuals reported for any
one occurrence varies from 1 to estimates of
50 000. These data are provided as preliminary
information but are insufficient for assessing the
size of the provincial population because they
have been obtained without systematic survey
methodology and without standardized sampling
techniques, represent only a small number of
years and do not consider seed bank.

The data suggest that plant numbers of tiny
cryptanthe fluctuate greatly from year to year.
For example, at the Lower Bow Dunes site
(BR1) no plants were found in surveys in 1987,
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2001, 2003 or 2004; however, in 2002, 62 plants
were counted in a 5 m x 8 m area (Wallis and
Wershler 1988, Alberta Sustainable Resource
Development 2003, Appendix 2). Similarly, at
km 157 on the South Saskatchewan River (SS1),
tiny cryptanthe was found at a density of 0.06
plants/m? in 2002 and at an average density of
0.23 plants/m? in 2003 (Appendix 2). At km 198
on the South Saskatchewan River (SS2), 1 plant
was found in 1998, no plants were found in 1999
or 2000, 74 plants were found in 2002 and 170
plants were found in 2003 (Appendix 2).

Although different survey techniques by
different botanists may account for some of the
fluctuation in plant numbers from year to year,
this fluctuation is also indicative of the biological
characteristics of annual species. Many species
of annual plants experience large flushes of
germination when conditions are right, which
may occur with a frequency of every few years
or perhaps once in a decade or more (Elzinga et
al. 1998, Bush and Lancaster in press). Hence,
plant numbers may fluctuate wildly from year
to year depending on the seed production in
previous years, germination of seedlings, and
environmental conditions, such as the timing and
amount of rainfall.

Since challenges of monitoring annual plant
populations are so great, management objectives
may be better focused on habitat features such
as level of human activity, invasion of exotics
and other changes in plant community
composition caused by succession or alteration
in natural disturbance regime (Elzinga et al.
1998).

Noteworthy is that the predicted loss of the large
Medicine Hat subpopulation of tiny cryptanthe
(SS16) to planned urban residential development
would result in immediate loss of a seed bank
capable of producing 50 000 mature individuals
in one year—a subpopulation three times the size
of the next largest annual subpopulation of
mature individuals previously reported in
Alberta (SS7).



Table 1. Summary of data on number of plants for occurrences/subpopulations of tiny
cryptanthe in Alberta. (see Figure 1 for occurrence locations; see Appendices 2

and 3 for site descriptions and more details)

Occurrence/ Date # Plants Area (m°) Density
Subpopulation (plants/m®)
BR1 1987 Not found n/a -

2001 Not found n/a -

12 Jul 2002 62 40 1.55

30 Jul 2003 Not found n/a -

9 Jul 2004 Not found n/a -

SS1 1998 Not found n/a -
16 Jul 2002 160 2 500 0.06

1 Aug 2003 11 500% 50 000 0.23

SS2 3 Jul 1998 1 n/a -
1999 Not found n/a -

2000 Not found n/a -

15 Jul 2002 74 n/a -

4 Aug 2003 170 5000 0.03

SS3 4 Aug 2003 555 5000 0.11
SS4 4 Aug 2003 Numerous n/a -
SS5 5 Aug 2003 110 4 000 0.03
SS6 22 Jul 1973 2 n/a -
Aug 2003 Not found n/a -

SS7 5 Aug 2003 17 500* 250 000 0.07
SS8 5 Aug 2003 several n/a -
10 Jul 2004 80 80 1.00

SS9 5 Aug 2003 12 120 0.10
SS10 10 Aug 2003 7 500% 250 000 0.03
SS11 11 Aug 2003 37 25 1.40
SS12 11 Aug 2002 2 3 0.67
SS13 22 Jul 2003 1 n/a -
SS14 7 Jul 1994 1 n/a -
SS15 14 Jul 2004 399 300 1.33
SS16 10 Aug 2004 50 000* 250 000 0.20
SS17 15 Aug 2004 500% 5000 0.10

* indicates that values are estimates based on subplot counts and estimated extent.
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2. Other Areas — In Saskatchewan, the one
known extant population of tiny cryptanthe was
estimated to be 12 000 plants in 2004 (C. Elchuk
pers. comm.). An expanded search of the area
would likely have resulted in more mature plants
being reported (C. Elchuk pers. comm.). No
other data are available on population size or
trends in that province.

There is no known effort throughout the species’
range in the United States to document
population size or trends in population of tiny
cryptanthe (C. Emerson pers. comm., B. Heidel
pers. comm.).

LIMITING FACTORS

Limiting factors discussed in this report are
major factors that affect habitat quality and
availability, reproductive output, or survival of
individuals. The focus is on factors that have an
anthropogenic origin. Three major limiting
factors have been identified by C. Bradley:
modification of climate, modification of natural
disturbance regime and changes in land use.

1. Modification of Climate — The reason(s) why
tiny cryptanthe occurs in Alberta but is confined
to the vicinity of the South Saskatchewan River
valley (and Bow River valley) probably relates
to climate. The core of the species’ range
comprises hotter and drier environments in the
central Great Plains of the western United States
(Figure 2). Perhaps tiny cryptanthe colonized
southern Alberta during a period of warmer and
drier climate and, as climate cooled, persisted
in that portion of Alberta where climate is most
similar to that in the core range. The international
scientific community has concluded that there
is compelling evidence that human activity,
particularly activities associated with energy use
and deforestation, is accelerating the
concentration of greenhouse gases in our
atmosphere and that climate change is a likely
consequence accompanied by largely
unpredictable impacts on the earth’s ecosystems
(Government of Canada 2002). A shift to a
warmer climate may result in expansion of the
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species’ range provincially, provided that there
is not significant disruption of the native habitats
in which it occurs and that the frequency of
successful seed production and germination
events is adequate. A rapid shift to a cooler
climate could lead to extirpation of tiny
cryptanthe from Alberta. Either way, climate
change introduces considerable uncertainty
regarding the species’ survival.

2. Modification of Natural Disturbance Regime
— Tiny cryptanthe appears to be adapted to
habitats of sandy substrate, with varying amounts
of silt, that experience disturbance. Its affinity
to sandy river terraces and undulating or rolling
sand dunes, stabilized or not, suggests a reliance
on wind shifting sand to create and maintain
suitable habitat. Its affinity to habitats in dips
and benches on valley slopes may indicate a
reliance on slope wash to create openings for
establishment and persistence. Drought and fire
may play important roles in removing canopy
vegetation to promote germination or in
destabilizing sandy substrates to create new sites
for establishment. Finally, tiny cryptanthe’s
association with trails and mounds of burrowing
mammals suggests an adaptation to the
disturbance processes associated with the
activities of native animals, such as ground
squirrels and bison. Today, domestic livestock
mimic to some extent the historic role of bison
in the prairie ecosystem.

If a disturbance regime is modified beyond the
range of natural variability, consequences for
native species can be expected (Bradley and
Wallis 1996). For example, climate change or
water management that reduces periodic large
floods and inhibits channel migration could
havenegative implications for the creation and
maintenance of tiny cryptanthe habitat.
Stabilization of sand dunes through fire
suppression could also have negative effects.
Elimination of burrowing mammals as a result
of pest control programs or complete removal
of large grazing animals from the grassland
ecosystem also have the potential for negative
effects on habitat for tiny cryptanthe.



3. Changes in Land Use — Information on past
and predicted changes in land use since the early
1900s within the range of tiny cryptanthe in
Alberta is provided in the Habitat section of this
report. Key conclusions include the following:

* Most of the potential meander lobe habitat
in the South Saskatchewan River valley has
been altered by cultivation or seeding to non-
native pasture and by invasion of non-native
plant species to the point that it is no longer
considered suitable habitat for tiny
cryptanthe.

» Native prairie on uplands in the Dry
Mixedgrass Natural Subregion, including
sand plain and sand hill habitats suitable for
tiny cryptanthe, has declined by at least 46%
over the last century due to cultivation.
Considerably more suitable habitat has been
fragmented by roads, residential development
and oil and gas well sites, which not only
remove native vegetation but also provide
avenues for invasion by aggressive non-native
plant species.

* Modelling of the cumulative environmental
effects of human activities predicted in the
Grassland Natural Region over the next 100
years suggests further reduction in native
prairie by between 25 and 50 percent.

* There are specific examples of conversion
of native prairie in or near known tiny
cryptanthe habitat within the past 10 years
including cultivation of sandy plain for potato
production in the Lower Bow area, urban
residential expansion in Medicine Hat, and
rapid development of oil and gas wells and
access roads in the Lower Bow, Suffield and
Drowning Ford Grazing Lease areas.

Alberta’s tiny cryptanthe population is small in
extent of occurrence and area of occupancy. It is
disjunct by 60 km from the only population
known in Saskatchewan and by 450 km from
the nearest known extant population in Montana.
Little genetic exchange between subpopulations
separated even by a few hundred metres is
expected. Direct loss of even one subpopulation
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of tiny cryptanthe in Alberta and isolation of
subpopulations through further fragmentation of
suitable habitat can result in a provincial
population so reduced in genetic resources and
connectivity that the long-term viability of the
provincial population is threatened.

STATUS DESIGNATIONS*

1. Alberta—Tiny cryptanthe is considered as May
Be At Risk according to the preliminary general
status review of plant species in Alberta (Alberta
Sustainable Resource Development 2000a).
Considerations that went into the assessment in
the late 1990s were that the species had been
assessed as endangered nationally, there were
few reported occurrences in Alberta hence very
little was known about population size and
distribution, and petroleum and natural gas
activities were a threat to its known habitat.

The Alberta Natural Heritage Information Centre
(ANHIC) database has ranked tiny cryptanthe
as S1 since the provincial vascular plant tracking
list was first compiled in 1996. ANHIC botanists
and an advisory group of professional botanists
review rankings periodically and until the
present have chosen to maintain the S1 rank
given that five or fewer occurrences are reported
and only a few individuals were associated with
each occurrence (Vujnovic and Gould 2002).
Threat to the species’ habitat from oil and gas
development activity also was a consideration.

Information from a variety of rare plant surveys
since 2002 has greatly increased our knowledge
about tiny cryptanthe in Alberta. The information
is summarized in this report, which will be used
to evaluate the provincial status of the species.

2. Other Areas — The Committee on the Status
of Endangered Wildlife in Canada designated
tiny cryptanthe as Endangered in 1998 based on
a status report submitted in January 1997 (Smith
1997). COSEWIC re-examined the report and

* See Appendix 1 for definitions of selected status
designations.



confirmed the designation in May 2000 using
revised [UCN criteria (COSEWIC 2003a). The
species qualified for Endangered status because
the known population at that time in Canada was
fewer than 250 individuals (IUCN criterion D1).
Low relative mobility and distance from nearby
populations were considered to likely limit the
rate of exchange with populations in the United
States hence ranking was not downgraded. This
report provides substantially more information
on occurrences of tiny cryptanthe in Canada than
was contained in the 1997 report.

Globally, tiny cryptanthe (also known as little
cat’s-eye) is ranked as G5, meaning that there
are more than 100 occurrences and/or it is
demonstrably secure (NatureServe 2004). Its
national heritage status rank in the United States
is NNR, meaning that tiny cryptanthe has not
yet been ranked nationally (NatureServe 2004).
In Canada, the national heritage status rank is
N1 (22 March 1989) (NatureServe 2004). In
Saskatchewan, tiny cryptanthe is ranked as S1
(Saskatchewan Conservation Data Centre 2003).
Tiny cryptanthe is ranked as S3 in Wyoming, S4
in South Dakota and SNR in the seven other
states in which it occurs: Montana, Nebraska,
Colorado, Kansas, New Mexico, Oklahoma and
Texas (NatureServe 2004). The species is widely
distributed in most of these states; hence the SNR
ranking may indicate that the species is not
considered at risk and has not been a priority for
ranking (McGregor et al. 1986, University of
Wyoming 1998, New Mexico Natural Heritage
Program 2004, Texas A&M University
Bioinformatics Working Group 2004, United
States Department of Agriculture 2004,
University of Colorado 2004, C. Emerson pers.
comm., B. Heidel pers. comm.). In the Great
Plains of the United States, state-wide estimates
of mixedgrass prairie habitat loss since pre-
settlement times range from a low of 30 percent
in Texas to as high as 75 percent in Nebraska,
suggesting threats to tiny cryptanthe habitat
similar to those in Canada (Bachand 2001).
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RECENT MANAGEMENT IN ALBERTA

Tiny cryptanthe is listed as Endangered in
Schedule 1 of the federal Species at Risk Act
(Government of Canada 2004). Three Alberta
occurrences are within the Suffield National
Wildlife Area, which is managed as a protected
wildlife area under federal jurisdiction. A
national recovery strategy is in development by
a recovery team that includes representatives
from Environment Canada, Agriculture and
Agri-Food Canada, Department of National
Defence (CFB Suffield), Alberta Sustainable
Resource Development, Saskatchewan
Environment, Manitoba Conservation and the
Canadian Cattlemen’s Association (R. Gutsell
pers. comm.).

SYNTHESIS

Tiny cryptanthe (Cryptantha minima) is an
annual species found in the vicinity of the lower
Bow River and South Saskatchewan River
valleys in the Dry Mixedgrass Natural Subregion
of southeastern Alberta. Its habitat is moderately
active depositional environments on sandy
meander lobe terraces in the river valley
floodplain, sandy valley slopes, and sand hills
near the valley edge. Eighteen subpopulations
are recognized: 17 are found along a 120-km
reach of the South Saskatchewan River
extending downstream from Medicine Hat
through CFB Suffield (west side) and public
rangelands leased by the Drowning Ford Grazing
Association (east side), and one subpopulation
is widely disjunct, occurring on public land in
the Lower Bow sand hills. The extent of
occurrence of the species in Alberta is estimated
at 570 km? or 1600 km? using two different
methodologies, and the known area of
occupancy is less than 1 km?.

The results of substantial search efforts to date,
and analysis of maps of soils and land use,
indicate that the species is unlikely to occur in
the river valley and uplands between the Lower



Bow sand hills and Medicine Hat. A few
additional subpopulations may be found in and
along the South Saskatchewan River valley
downstream of Medicine Hat; however, their
discovery would be unlikely to increase either
the known area of occupancy or population size
significantly. More structured and systematic
surveys would be needed to confirm this
conclusion. Most potential meander lobe habitat
in the South Saskatchewan River valley has been
altered by cultivation or seeding to non-native
pasture and by invasion of non-native plant
species to the point that it is no longer available
for colonization by tiny cryptanthe. Upland
habitat has experienced similar pressures. There
are specific examples of conversion of native
prairie in or near known tiny cryptanthe habitat
within the last few years. Modelling of the
cumulative environmental effects of human
activities predicted in the Grassland Natural
Region over the next 100 years suggests further
reduction in native prairie between 25 and 50
percent should current trends continue. Other
potential limiting factors are modification of the
natural disturbance regime and modification of
climate.

Estimates of plant numbers of tiny cryptanthe at
the 18 known occurrences range from 1 to
50 000 plants and suggest large fluctuations
depending on the seed production in previous
years, germination of seedlings, and
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environmental conditions, such as the timing and
amount of rainfall. This fluctuation is
characteristic of annual plant species, which
spend a large part of their life cycle as seeds. To
get a better understanding of the number of
subpopulations, their distribution, annual
fluctuations, trends and factors that affect
survival, it is necessary to implement a
standardized monitoring methodology of known
occurrences and suitable habitat over several
years.

Alberta’s tiny cryptanthe population is small in
extent of occurrence and area of occupancy. It is
disjunct by 60 km from the only population
known in Saskatchewan and by 450 km from
the nearest population in Montana. Little genetic
exchange between subpopulations separated
even by a few hundred metres is expected. Tiny
cryptanthe is designated as Endangered by
COSEWIC, first in 1998 and reassessed in 2000
(COSEWIC 2003a), and is listed in Schedule 1
of the federal Species at Risk Act (Government
of Canada 2004). A national recovery strategy
is being developed. Direct loss of even one
subpopulation of the current population of tiny
cryptanthe in Alberta and further isolation of
subpopulations through fragmentation of
suitable habitat could result in reductions in
genetic resources and connectivity to the point
that the long-term viability of the provincial
population is threatened.
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Appendix 1. Definitions of selected legal and protective designations.

A. The General Status of Alberta Wild Species 2000 (after Alberta Sustainable Resource Development 2001)

2000 Rank 1996 Rank Definitions

At Risk Red Any species known to be A¢ Risk after formal detailed status
assessment and designation as Endangered or Threatened in
Alberta.

May Be At Risk Blue Any species that may be at risk of extinction or extirpation, and is
therefore a candidate for detailed risk assessment.

Sensitive Yellow Any species that is not at risk of extinction or extirpation but may
require special attention or protection to prevent it from becoming
at risk.

Secure Green Any species that is not At Risk, May Be At Risk or Sensitive.

Undetermined Status Any species for which insufficient information, knowledge or data

Undetermined | is available to reliably evaluate its general status.

Not Assessed n/a Any species known or believed to be present but which has not yet
been evaluated.

Exotic/Alien n/a Any species that has been introduced as a result of human
activities.

Extirpated/Extinct | n/a Any species no longer thought to be present in Alberta
(Extirpated) or no longer believed to be present anywhere in the
world (Extinct).

Accidental/Vagrant | n/a Any species occurring infrequently and unpredictably in Alberta,
i.e., outside its usual range.

B. Alberta Wildlife Act/Regulation

Species designated as Endangered under Alberta’s Wildlife Act include those listed as Endangered or Threatened in
the Wildlife Regulation.

Endangered | A species facing imminent extirpation or extinction.

Threatened A species that is likely to become endangered if limiting factors are not reversed.

C. Committee on the Status of Endangered Wildlife in Canada (after COSEWIC 2003b)

Extinct A species that no longer exists.

Extirpated A species that no longer exists in the wild in Canada, but occurs elsewhere.
Endangered A species facing imminent extirpation or extinction.

Threatened A species that is likely to become endangered if limiting factors are not reversed.

Special Concern A species of special concern because of characteristics that make it particularly

sensitive to human activities or natural events.

Not at Risk
Data Deficient

A species that has been evaluated and found to be not at risk.

A species for which there is insufficient scientific information to support status
designation.
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Appendix 1 continued.

D. Heritage Status Ranks: Global (G), National (N), Sub-National (S) (after Alberta Natural Heritage
Information Centre 2002, NatureServe 2004)

G1/N1/S1 5 or fewer occurrences or only a few remaining individuals. May be especially
vulnerable to extirpation because of some factor of its biology.

G2/N2/S2 6 to 20 or fewer occurrences or with many individuals in fewer locations. May be
especially vulnerable to extirpation because of some factor of its biology.

G3/N3/S3 21 to 100 occurrences, may be rare and local throughout its range, or in a restricted
range (may be abundant in some locations). May be susceptible to extirpation
because of large-scale disturbances.

G4/N4/S4 Typically > 100 occurrences. Apparently secure.

G5/N5/S5 Typically > 100 occurrences. Demonstrably secure.

GX/NX/SX Believed to be extinct or extirpated, historical records only.

GH/NH/SH Historically known, may be relocated in the future.

GNR/NNR/SNR | Unranked—conservation status not yet assessed.

E. United States Endangered Species Act (after National Research Council 1995)

Endangered Any species which is in danger of extinction throughout all or a significant portion of
its range.

Threatened Any species which is likely to become an endangered species within the foreseeable
future throughout all or a significant portion of its range.

25




0.3 2510

‘qIv uay) ‘Iwy spps ‘gns 12y ‘qod undQ V43
mog ‘wod dyg wdy z40) ‘Und 3Ly P -

WY UL 9,68 ‘JOMOJ UI 9,6 - OLIOX - osea] Surzeln) pio4 Surumoi(q
10U 0} T pue yinos 0} ¢z ‘M Oy durjedid yousq (19€# “‘SAXYV) (op1s 1sea ‘ggT uny) | SO Od
PaqImsIp uo () ‘payunod syued 4/ - | adoysprw pue (94,0€-2491) 2dofs Furoej-1som ysng eue( 7002 I ST IOATY UBMIYDIEYSES INOS | /9SS
000T 10 6661 OLIRX -
Suump ysng eueq Aq Aem Jo 3w surjodid pues 0AnOE - oseoT Suizein) p1o Surumorq
pasodoid jo AoAins ur punoj syuerd ou - adois Surpois doogs - (eprsised ‘gs1 ) | SO OH
paunoo juerd | - W G99 UOTJBAJ[D - ysng eueq 8661 INf € IOATY UBMAUDIBYSES YINOS | /BZSS
pasiadsip
Suraq syopnu pue (3[n11q) peap sjueyd - 24,02 [10S 91eq ‘S1Y 2PAE]
Y2Iess | 9nd uvjJ vy spps ‘uv] o4ng ‘Jod undp ‘uvo
noy-9 jurod [ENUO WOIJ 1SIM PUB ISBD | 5745 ypim puessels .S jnog-uios dyg ui -
‘YInos ‘yjIou 0} S}03SURI} W G X W () INOJ O1I0X -
pue sjo[d w0 X w [ 10y SuIsn Pajewnsd ojensqns Apues-£is -
Ayisuap yuerd < wysiuerd 770 Asuop sy0adse snorrea ‘9dofs 94,6-94( [OAJ I9ALL osea] Suizein piog Surumorq
"aA® Juisn (LW GTO 61) W $9T X W 68T | or0qe W §-9 ‘0081Id) PROIq t0N0q AJ[[RA - (s00-c09D) (ep1sisea ‘sgruny) | SO OA
uo3£jod e ur pajewnsa syuerd 0og 17 - (19 5L07) W 0g9 uoneadd - | Aopperd jA1y) €007 30V | ToATY uemayJeyses ynog | /qISS
Koaams 8661 ul punoj syueld ou -
g
uo213 Jurreaq pue padojordp Ay syuerd - Kpoom -
SOIOW PaIpUNY [BIJAIS SPUIXD ensqns () Aeyo - 9seaT Surzeln) piog Surumoi(q
uonendod (srduresqns) jord (,wr 00$7) ougAygns - (E9¢# 'SAXY) (oprsisea ‘LGT uny) | S0 Od
w ()G X W (g ur pajunod syuerd (97 - adors 94,0 ynm urerd pooyy - ysng eue( 2002 10 91 IOATY UBMIYDIEYSES INOS | /B]SS
00T AInf pue €00z Sny %S 1-%01 [10S a1eq ‘uap 1do7
ur Ao[pe1g [A1oy) Aq Bae Jo yoreas ur 1o | ‘snd 1dng ‘pas ddoy ‘uvj sosg wd uvjg ‘jod
100 U1 prus oruuog Aq punoj syueid ou - | undg ‘uaf di1) ‘vid uay)) ‘wods dyg yyum -
dag z uo Afuo iy fmr 71 Jrensqns Apues - (suowroads (19ATY uBMOYOIEYSES
uo JIniy pue 1amofj ‘padofordp Ay syuerd - adojs 1oddn o1y} ., OV N) [INOS 2y} JO () W) JOATY
BOIR Pue 35010 Qunp pazifiqess Apaed puerdn - P[BUOPOBIA Ue[ 7007 dos ¢ UBWIP[O YIM 20UIN[JUOD | 80 O
(W of) w g X w g & ul pajunoo syuefd g - (13 0S+7) W 0. uoneAdJa - P aruuoyg 00T Inf 1 Jedu JoATY mog IomoTT | /1dd
(# wond9I0)) PIAIRSqO H#OU
uopeuLIoyu] Yo.1eds/uonemdod uondridsa As JIAIISqO (s)areq uoned0| JHNS

(+007 sn3ny) euaqry ul (vuitunw vyjuvidds)) saypueldL1do Aun Jo s9OULINII0 pawyuo)) g Xipuaddy

26



pasiadsip

3uraq syopnu pue (ayn11q) pesp syueld -
syuerd

JOo Joquunu 3unod 03 10 Aouednodo Jo eare

[10S 2Ieq
Jo sayojed ‘puejsseid »..3 jnog-utoo dyg ur -
OLIOX -

ojensqns Apues-AJIs -

s30adse snorrea ‘adofs 9,0 1-20 ‘Ad[[eA

oseo] Surzein) p1o Surumord

JUIJOP 03 YOIBaS OU {[IeI} S[OIYIA B JO SIPIS | IJALL Jo 93pa uo pueldn Sunemnpun Apuas - SIMIT STUUI[D) (oprsised ‘gs1 wy) | SO OH
J10q Suofe paArIdsqo syue[d snorownu - (3 0$77) W G8Y UONBADD - Koppeig [£194) €007 Sy IOATY UBMIYDJBYSES INOS /7SS
pasiadsip
Suraq sjopnu pue (9[n1q) peap sjueld -
7SS se uonendodqns
Juwres 9y} PIopISu0d oq Al -
[oIeas [10s 21Bq JO
Inoy-f <[rexn oy Jo ised (L 000¢) W o | seydyed fjod undg ‘uop vip) ‘wdy zL4Q uvo
x w ()0 uo3A[od € ur syued ¢z1 pue ‘[ren | 24p YNm pue[sseid v.43 jnog-uiod dig ul -
oy} Jo ysam dip e opur Jurpuaixa (LW 0001) OLIOX - (ojoyd
w (7 X w (oS uo3£jod e ur syuerd (¢ ojensqns Apues-AJIs - ‘L00-€0€9D
‘OpIS YoBd W ¢ SUIPUIIXd pUR [Ie1) J[OIYA & s30adse snorrea ‘adofs 9,0 [-20 ‘Ad[[eA ‘900-£049D) oseo] Suizein) p1o Surumoird
Surpnpout (w 0OOT) W O X W Q] 10PLI0d | I2ALI Jo 23pd uo puejdn Sunemnpun Apuag - SIMIT STUUI[D) (oprsised ‘g1 wry) | SO OH
e ut syuejd oo payunod syuerd ¢g¢ - (13 0577) W gg9 uoneadd - | Aopperd jA1y) €002 30V ¢ IOARY UBMIYDIEYSES YINOS | /€SS
pasiadsip [1os
Suraq sjopnu pue (9[n11q) peap sjueld - a1eq jo soyoyed ‘uidy zL40) ‘jod undg ‘uvo
€SS se uonendodqns 211 YIM pue[sseId »..3 jnog-utod dyg ui -
Juwres 9y} paIopISuod oq Aeu - OLIOX -
[0Ieds INOY-§ ‘Q0UBQINISIP ojensqns Apues-AJfts -
ouradid yo yinos ‘odoys 03 [oqered sixe 10adse 3som ‘adofs 9,0 1-24,0 ‘dip pue (ojoyd) oseoT Suizeir) p1o SurumoIrq
Suoy yum (;w 006%) W g¢ X w [ uodAjod | youaq adoys-prur ‘adofs Aofjea Suroej-jsom - SIMIT STUUS[D) (eprsised ‘gs1 wry) | SO OH
' ur sdwmyo 91 ur pajunod syue[d oL - (3 00727) W (L9 UONBAQ[D - Ko[peig [£194D) €00z Sy IOATY UBMAUOJBYSES IPINOS | /9ZSS
(# wona9y[0)) PIAISqO HOH
uoneuLIoOyu] Ydaedg/uonemdog uondrsaq Mg JIAIISqO (s)aeq uonedI| JHINS

27



pasiadsip

Suraq sjopnu pue (9[n11q) peap sjueld -
LSS se uonendodqns

owres ) 9q Aew ‘syued Jo Joquinu Junod

[10s a1Bq
Jo sayojed ‘pueysseis »..3 jnog-utoo dyg ur -
OLIOX -

ojensqns Apues-Ajfis -

odo[s 94,() {[OAS] IOALI 9AOQR W ()-8 ‘90B1ID)

sie[q ysnrg
oseoT Surzein) pioq Surumoi(

01 10 Aouednooo Jo BAIR SUIJAp 0] YOIBAS OU peoIq {2q0] I9pUBAW WON0q AJ[[BA - SIMQIT STUUQ[D) (oprsisea ‘g1 W) | 71 Od
{J1en 9[O1Y2A FUO[B PaAIdSqo sjueld [BIDADS - (13 SL07) W 09 UONRAQ[D - Ka[peag [A194) €007 Sny ¢ IOATY UBMAUDIJLYSES INOS |  /B8SS
pasiadsip
8uraq syopnu pue (apn1q) pesp syueld -
8SS se uonendodgns swres oY) 9q Aew -
yo1eas moy-¢ gurod NN
WOJJ JSAM PUE JSBI “YINOS ‘YJI0U 0} S}OISuLI) [10S aI1eq 9/,G 9720 dA4)) ‘uv] o4nyg V43
w ¢ X W ()6 Inoj Sursn (spdwesqns) | nog ynum puesseid jod undg-uioo dig ui -
(;wr 000 01) W 00T X w QT J01d OLIOX -
& ul pajeunsa syuefd 0oL < wysyuerd £0°0 ojensqns Apues-Ais - syelq ysnug
JO AyIsuop winwirxew pue jeiqey d[qeyns | ado[s 94() {[9AS] JIOALI JAOQE W ()-8 ‘OILIII) (sojoyd) osea] Surzeln) pio4 Surumoi(q
ST 9qO] JOPUBAW JO BY GT INOQR JWNSSE peOIq {2q0] I9pUBAW WON0q AJ[[BA - SIMQIT STUUQ[D) (oprsisea ‘z 91 wy) | 71 OH
Jusiuerd og L1 > ye pojeumsa uonejndod - (1 §L07) W 0€9 UONBAJJD - Adppeag 14104 £00Z 30V ¢ I9ATY UBMIYIJENSES TINOT /LSS
Sye[] Ysnig Uuo IOALI
o JO 1580 9q A[remoe Aew Sunysis oy
pue mof st uondrrosop 931s oy} Jo AoBINOJE -
€00 SNV Ul P[EUOPIRIA Ue] 89'69°¢Ld B3IR Ud{ [Ing ‘PIPYINS "d'dD
Aq yo1ess moy-¢ SuLmp punoj syue[d ou - AVINd (op1s1som ‘por uny) | 10 OH
unJy ur ‘g6 ul payunod syuerd g - uosuyof odoy €L61 INf TT IOATY UBMAYDIBYSES IN0S /9SS
pasiadsip [10S 218q %0 7Y
Suraq syopnu pue (9[n1q) peap sjueld - §p§ ‘upy oanyg wd uvjg ‘Al DD YPIM
1sam | pueysse1d jod und()-v43 jnog-utod dig ul -
oy 03 syued euonIppe 9q AeW (SSIS JRAYM OLIOX -
PISAID 0] PALIAAUOD UI2Q SBY 2qO] JopuBIUI ajensqns Apues-£is -
310U 0} <yInos 10 3sed 03 punoj sjuerd ou - 10adse ynos “adoys
[oIB3S INOY-¢ ‘IQALL O} 0/4,5-9%0 ‘[OAS] IOALI QAOQE W -9 ‘QOBII0) (soyoyd) oseoT Suizeir) p1o SurumoIrq
0} [o[[ered srxe Suof pim (W 000H) W 0T peOIq ‘9qO] JopuBaW WO0)}0q AJ[[BA - SIMIT STUUS[D) (eprsised ‘o1 ) | 11 0Od
X W ()0 wodA[od e ur pajunood syued g7 - (3 SL0T) W 0£9 UONBAQJ[D - Ko[peig [£194D) €00z Sy ¢ IOATY UBMAYOJBNSES IN0S /SSS
(# wona9y[0)) PIAISqO HOH
uoneuLioyuy yo.reds/uonemdog uondLidsaq g JIAIISqO (s)areq uoned0| JHNS

28



pasiadsip

3uraq syepnu pue (ayn1q) pesp syueld -
uo3Ajod

JU} WOIJ ISOMYNIOU J03SUBT) W-()()S & Suofe
SUOT)BOO] IOYJO I} Je PaAIasqo sjueld -
[0IBaS INOY-§ ‘IOALL 0} [o[[eIed sIxe

Suoy M (W 671 ¢) w Gz X w gz uosAjod
e ur pajunos syuefd 9¢ * wysyuerd €00

Jo Aysuap jueld wnwirxew pue jejiqey

[tos
o18q %G ‘1 211y Wwd uv]g ‘UDI 214 PIM
puersseis jod undQ-v.i3 jnog-utod duig ur -

OLIOX -

ojensqns Apues-Ais -

10adse ynos “adoys 9,01

-0/6() “[QAJ JOALI QAOQE W § PUB W G ‘S[QAJ]

Suo1Eo0[ £QIEU IOYJ0 pue
oseoT Surzein) pioq Surumoi(

9[qe}Ins SI 9qO[ JOPUBAW JO BY G SUINSSE 008113} 0M) £9qO] JOpUEBAW WO030q AJ[[BA - (op1sisea‘grruny) | ST OA
Jusuerd 0og, > e pajewnss uonendod - (13 0507) W GT9 UONBAJJD - Aopperg 14104 €00T 80V 01 JOATY UeMIYDJEISES (N0 | /OISS
pasiadsip [10s a18q 9,0 ‘722 dA1) ‘317 017
Suroq syepnu pue ([n11q) peop syueld - ‘od uv|g 14 214 J1f 2400 ‘U0 DIPD) PIM
jeIqey 9[qelns jsow | pue[sseid jod und()-v43 jnog-uiod dig ui -
9q 03 pareadde yorym 1ses Y} 03 YoIeas oLIOXqNs -
QAISUQIXQ UI PUNOJ SUOU JIOAIMOY] }SOM pue ojensqns Apues-Ajfts - Sye[,] JOUTA]
yinos syue[d [euonrppe are a1oy Aqissod - 10adse § ‘adors 94,7-9%0 [Joud [[ews uo (ojoyd) oseo] Suizein) p1o Surumoird
oress moy-1 :(,w Og[) W | £0qO[ JopuBsW paUOpUBge ‘W0)0q A[[BA - SIMIT STUUI[D) (eprsised ‘p 1 wy) | 1 OH
X w () uo3Ajod & ur poyunood syuerd 77 - (3 SL0T) W 0£9 UONBAQD - Koppeig [£194) €00z Sy § IOATY UBMIYDJBYSES INOS /6SS
syopnu SuLIBaq puE WOO0[q Ul [10S 21Bq 9,(0€ 202 bydS "uv] 04N UUD
‘3urpey saae9[ pue padofoaap Aqny syuerd - 172y ‘1od undp yym pue[sseisd v.3 mog
[ren ay) Suoe Joyyny sjue[d axowr |  -w02 dig Ul [1e1) J[OIYdA JO uidrew Juofe -
9q Aewr 2191} ‘FULIBI[D 21IS [[oM AqQIedU Uo oLIXqNS -
pUNoJ JOU pue Spue[sseId Judoe[pe ur punojy ojensqns Apues-AJfts - sye[ ysnig
10U (g Ul pamowr uoaq pey pue[sserd | ado[s o) {[OAS[ JOALI JA0QE W ()[-§ ‘Q0E1Id) (100-709D) oseoT Suizeir) p1o SurumoIrq
O} 2IOYM [IBI} S[OTYIA U} JO IPIS ISB o} peoIq {9qO[ I9pULBIW WOH0q AJ[[EA - ueoun(y epury (op1sisea ‘gor uny) | 71 OA
uo dijs wr g X W () B Ul pajunod syued (g - (1 $L0T) W 0£9 UONBAJJD - Aappeig [£10y) 00T 10 01 IOARY UBMIYDIENSES YINOS | /q8SS
(# wona9y[0)) PIAISqO HOH
uoneuLIoOyu] Ydaedg/uonemdog uondrsaq Mg JIAIISqO (s)aeq uonedI| JHINS

29



(LTS tved Aaqrea sgunidg 1091 NN
€00Z Sny ul p[eUOPIBIA UR] Aq PUNOj jou - a1e AJod ‘ewe 1Axy ‘e1id uoy) ym - AVINd ea1e saxd X ‘prowyns ‘gD
NI dINJBLULIL - puod 1eou punoi3 Apues poqImsip - ¥ TINH) (op1s you ‘goz ury) | 7o OA
querd 1 - W G79-019 UOneA[a - PJBUODPIEIN UB] v661 100 L I9ATY UBMIYDJBISES (INOS | /¥ISS
200 pyd§ ‘vif undp 2200 npL)
‘our Y7 ‘uoj vy 0ad 043y ‘D43 InOg ‘Uvd
21y YNM pue[sseIs woo dys-udy zALi0 ul -
pasiadsip oLIIXqNs -
8uraq syopnu pue (e[nuq) pesp jueld - djensqns pues auly 0) WNIpaw -
AKJUIOIA 93 ur say1s pues uado pue s[ren oen 9[o1ydA Surpoyrered Ovn
O[1eO SE [[9M SB PROI AQIBAU U} JO Y0J2IIS [ren oeo Juore ‘adofs A9[[ea Jo aseq ‘TeTTLOEOH) BAIR NBWOOY PIOYNS " 1D
w-(0g uole pue jue[d oy} Jo snipel W-Og 18 90B1IQ) {9qO[ JOPUBAW W0}0q AJ[[BA - Iomoi], A1ren (op1s 1sea ‘g1 W) | 81 OH
UM BOJR PAYQIeds (pajunod jueld | - (¥ 0S07) W GZ9 UONBAJ[D - PIeUOPIRIA U] €002 I0f 2T IOATY UBMIYDIBYSES YINOS | /€TSS
[10S 318q %01 ‘14 211} ‘Sty apaf] ‘wd
uvq ‘jod undQ) ‘uvj o4ng ‘uvo a1y YPIM
pasiadsip puersseis unl vog-v.43 ymog-uiod dig ur -
Suroq syepnu pue ([N1q) peop syueld - OLIOX -
2qo] ojensqns Apues-AJIs -
JIopueoW JO JOPUIBWIAI JO OIBIS DAISUIXD joodse
urJo w ()] X w ([ uo3£jod Jo yoreas q)Iou ‘ado[s 947 OAS] JOALI 9AOQE W ()| oseoT Suizein) p1o SurumoIrq
QAISUQJUI Ul punoy sjue[d [euonIppe ou - -8 “90B119) (0O JOpPUBAW WO0)}0q AJ[[BA - (oprsised ‘o1 W) | L1 OH
[o1eas moy-¢ ‘uede w ¢ poyunod syuerd g - (3 0S07) W ST9 UOIIBAJ[D - Koppeig [£194) €007 Sy 11 IOATY UBMAUOJBYSES IPINOS |  /ZISS
[10S 3I8q %S T-%01
pasiadsip | ‘i apty 900 ddv ‘ivd uvig ‘jod undg ‘unf
Suraq syopnu pue (9[n1q) peap syueld - pOJ YNM pUR[SSeIS p.13 Jnog-uiod dig ul -
9QO[ IOPUBIW JO IIBIS SAISUXI UL OLIOX -
10 [# 9IS Je W ()7 X W () uo3£jod jo yoreas ojensqns Apues-AJIs -
QATSURJUI Ur punoj sjueld [guonIppe ou - 100dse 3som “adOTs 947-940 [OAS] JOALL
[OIB3S INOY € ‘T# 9IS oAOQE W ()] ‘90r1Id) prOIq U0 odO[S A9[[eA (ojoyd oseoT Suizeir) p1o SurumoIrq
¥e (Jw g7) w ¢ X w ¢ uo3Ajod ur pajunod | Jo aseq JEAU 12qO] JOPULAW W0}0q Ad[[eA - 010-€09D) (eprsised ‘181 W) | 91 OH
syuefd 9¢ pue [# ays Je pajunod jueyd | - (13 0507) w gz9 uonease - | Agpperg jA10YD) | €007 SNV [ TOATY UBMAYDIENSES YINOS | /TISS
(# wona9y[0)) PIAISqO HOH
uoneuLioyuy yo.reds/uonemdog uondLidsaq g JIAIISqO (s)areq uoned0| JHNS

30



UOTJBOYTJUIPI
[eNSIA JOJ QINJBWIWL 00} 9IdM SUAWIAdS
0M] OO Y} ‘DuvAas12y ) S1I1 PAUTULINNAP
oouay ‘yue[d ouO UO S)OLIq JO AOUISqE

pue syapnu o1ydiowo1)dy pajou (007

ur) Aopperg D ‘(. ypoows ‘AIejrjos jopnu,,)
‘Lajpuaf D 01 (961 ur) ues300S "O'H Aq
pasiaar {(g961 ur) utatog £q . ipif,, pajou
Saed ur pugun - pue Jed ur puvdasjay

") 0} ('p'u) uoIsuyo[ ; Aq posIAal

¢ puvdasjay vyjupydls) K1qeqoid, 0} (‘p'u)

uonsanb ur
ST UOL}BOLTIUSPI

uosAed "g'q Aq PaSIAAI £"I0) pjadasiSsp.id (956£6 NVD JeH QUIJIPIIN
vizjiud.Ly se unodey £q uonedynuapI ‘€08G# UNOJEBIA]) (op1s 3som “Z11-801 UDi~) | €0 OA
reurduio ‘syuerd oIt JO ST UOIJIJ[[0D AU} - JeH SQUIOIPIIA ‘syorlreq d01[0( - UNooBIA Uyof 681 UNf ¢ JOATY UBMAYDILYSES YINOS | /B9[SS
Lf aray “oul
Y7 ‘noo yap “ uaf dia)y ‘na a1ap ‘1wd uvjg
‘uap 1da7 ‘uvy 10sg ‘0ad 043y ‘uoj VYY)
)M pUB[SSeIS ov43 jnog — utod dig ur -
OLIOX -
9JeNSqNS pues 0) pues AWLO[ ISIBOJ AIdA -
SYOBI) I1) UIIMIOQ PUR [IRI) ) JO 700 Ul PagInJsIp [re1) SS99J. pue Aem (sard X a1V QJI[PIIM
93pe ayj Suofe pa1mooo syueld {[ren oyl JJo -yo-1y3u1 surjadid & Suofe sadofs 94,6 1-%¢S (ojoyd) [euoneN pregns gD
oIoM Gj pue [Ten} oY) SUO[e 1M {G¢ [Ten $JOI[Q1 91BIOPOW ‘P[AIJ dUNP PULS UBI[OL - S1oquioN uea(g (op1sisom ‘gz uny) | eUQOF
Jo wr (G 1 Inoqe Juore pajunod syuerd g¢ - W G7/ UOTRAQJ[Q - IS Juarg 00T In[ ST IOATY UBMIYDILYSES oS | /STSS
(# wona9y[0)) PIAISqO HOH
uoneuLioyuy yo.reds/uonemdog uondLidsaq g JIAIISqO (s)areq uoned0| JHNS

31



WNLIEQIOY EHOQ[Y JO WNISNIA] [EIOUIAOL] — HVIA |,
wnireqray A1es[e) Jo ANSIOATUN — DV ¢

(9661) 09sareg pue UOSUDI( Ul papraoid sdewr uo paseq oI SENOWO[D JOATY ,

“M0[0q 9JON] 99§ "aseqelep s, OIHNYV Ul UorjewIojur y3im 310dai siy) ur papraoid uoneuwiojul SurouaIdfaI-ssoIo Ul
1SISSE 0} 219y pap1aold are soquinu OF MUel JI3Y) SSISSE 0} PUB YSLI J 9q AW YoIYM so19ads Jo uonendod [erouraoid oy yoen 0} DIHNV Aq pasn aJe sroquunu
04 "o1ud) uoreWIOU] 93BILISH [BINJEN BMAq[Y oY) AQ PAUSISSE JqUINU I0UIJOI 9JULNII() AW Y] SI #OH 9IS dWes oy} wol syrodar 20ua1moso
[euonIppe Sa)EdIPUI 9, °,q,, * 8,, ‘Ad[perd "D Aq paunyp se uonendodqns € Jo 95ua1mMI20 Ay 0} UAAIS sesodind Furddewr 10§ TequINU 00ULIJAI OY) ST # NS |

uonemdodqns ojeredas

B POIOPISUOD 20Uy uawdO[oAIP [eNUIPISAI
ueqin £q 91SS woiy pojeredas AJjuadar -
pasiadsip

Suraq syopnu pue (9[n1q) peap syueld -
Pa10Npuod JOU JUXI

pue az1s uone[ndod jo Koains paqreidp

[108 d18q %0S< “uub 12f |0y

SIS ‘qIp 0uay") YPIM DURQINISIP PAJLIAZIA
Kyosieds ur pue und jp17 ‘wpd 214y

11f 214 ‘Uap 1do7 ‘238 2400 ‘Jod undp) ym
pue[sseId uap vja5-0.43 Jnog-uiod dyg ui -
o1I0X QNS -

ojensqns pues Aweo| 0} Weo| Apues -
‘uoneasoA

JAIJRU JO [BAOWRI AQ PAGINISIP BAIE JO
uoniod ‘speol £q papunoq pue[sse3 dAneu
Jo vare JueUWwI J0adse jsearnos ‘odoys

JeH] SUIIPIJ

;W 000S) W (G £q W (OO INOqe eAIE %St-%0 :2dos Aaj[ea saddn oy -pru - (opisysom ‘o[ wy) | €0 Od
ue ur sjuefd (0¢ < e payewnsa uonendod - W ()()L-G89 UOTIBAI[O - SroquioN uedq $00Z 30V ST IOATY UBMIUDIEYSES [0S | /LTSS
juowdooaap
[enIuapISaI ueqIn AQ POAONSIP U2 | [10S AIBq 9,()€-%S ‘Uld osa( 000 ddvT ‘uap
Apuaoar aaey ‘vonyerndodqns ayj jo jred 1da7T ‘uvs pog apnjour saroads pajeroossy
A[I0ULIO} 9JOM OTUM ‘SIOqUINU UMOUNUN JO ‘uap vjag 10 /pue jpd uvjg ‘qod undp
syue[d ‘uoneoo[ SIy} Jo YInos Adjerpawuul - WAy zAL4) ‘21§ 2.4p7) SHUBUTWOP-00 YIIM
pasiadsip pue ».3 jnog pue wiod diyg Aq pareurop
8uraq syopnu pue (a(11q) peap syueld - SANIUNUIMIOD PUB[SSEIF PIXIW UI -
adogs Aarea o3 uo sdwnyo oLIXqNS -
ut syuepd G¢ pue adofs A9[Tea pue puejdn ojensqns pues Aweoy -
O} UO S[IeI} [OIYIA SUO[E POIBIIUIOUOD | BIIE ) OSIQARI) S[IRI) J[OIYA udwdo[oaap
syuerd (.1 G Inoqe ‘spue[sseid puerdn [ENUIPISAI UBQIN JOJ PATBI[O BAIB
o3 ynoygnoay) sdwnpo ur syuerd (98 €7 03 Juaoelpe ‘s1o00dse 3sea pue Ynos Ap3sowr
Surpnjout pajunoos a1om sjueld G/ ¢ ¢ Inoqe | 9do[s 9,()G-9%0 SOINIL] UBI[OOR PIZI[IE)S (po1091]09 JeH QUIOIPIN

‘w ()0s x w Qs eaxe ue ur syuerd 0o 05 m adors Asfea pue puedn Sunemnpun - syueld [B19A9S) 002 (eprsisom ‘zrruny)) | €0 0Od

Jo 19p10 Q3 U st oyewnysd uonendod [e03 - w ()(£-S89 UONJBAJ[D - S1oquioN ueaq 8nv G1- 01 IOATY ueMmaydIeySeS YINos | /9SS

(# wona9y[0)) PIAISqO HOH

uoneuLIoOyu] Ydaedg/uonemdog uondrsaq Mg JIAIISqO (s)aeq uonedI| JHINS

32



*S90UDIINDJ0 0M]
I ueaMmIq Jelqey d[qenns Apuaredde ur aypuedA1o Aur Jo JURQPILS B 10U ST 919 TR} AJUTRLIAD )IM PAJE]S 2 JOUURD I1 (8SS PUB /SS "8°9) SOOUALINIOO JWOS
10J UONIPPR U] "SAIAW ()¢ Uey) SSI] APYSI[s Aq pajeredos a1e asayy 20uIs / [SS Pue 9SS pinoys se uonemndodgns auo paIapIsuod aq pnoys ¢SS pue Ss ey
pansie oq pnoo 31 y3Snoyiye ‘epaqy ur aypueldAio Aun jo suonendodqns g1 I 919y} 90USLINDI0 JO UONIUIJOP S, AS[pelq ") 03 SUIpI0od0y ‘BMaqy Ul aypueydLio
AU JO SOOUILINDI0 JUSWI[S ¢ dIB I} UONIULAP S, DTHNV 03 SUIPIOIIY "SOOUILINDI0 JUIWIS 9)eredas se otowr 10 wry [ A[ysnor £q pojeredas suonemndod
jued sdewr DITHNV ‘I9AMOY “UOTJBRWLIOJUT O130UAS JO 90UISqR Y U] "SOI_UW ()7 Uey a1ow ou Aq pajeredos syuerd jo sdnoisd se uonemndodgns e Jo 00uo1Imn000
9} SUIJap 20Uy pue ‘Ieak udAI3 Aue ur jueld juared oy} WO sanAW PAIPUNY MIJ B UBY) dI0W PasIadsip aq 03 Ajoxrpun a1e udjod 10 sjopnu apuedAio

Aury sopnjouod A9[pelq ‘) ‘QInjeIdlI] JO MIIAJI PUB SUOIIBAIOSGO P Ioy uo paseqd (1007 NDNI) (SS9 10 1834 1od 9jowreS 10 [enpIAIPUI JUBISIW [NJSSAIONS

ouo A[reordAy) o3ueyoxa oIy ST 219y} Yorym udamioq uonendod oy ur sdnois jounsip asmmIayo 10 A[edrydei3oas se pauryop are suonemndodqng :910N

33



‘pupAasjay ") IoU pULUIW

D Ioypieu punoy Ad[perq ‘D ‘€00T Ul ‘vuiuiu

") pay0dal JoU dARY dIUIS JIed JUI0d AJ1[0g

Jo sKoans [eo1ue)og “1L2]puaf ") 0} PISIAL U
pue 1aed ur puvdasjay - pue yred ur vunuiw )

0 pasiaal ‘([pppdasissv.ao vyjuvid(s)] aypuerdAio
[edos o1y} se umous] mou) vjadasissv.ao vIZUlLY
SB PIIJIIUIPI SeM 68 UT JBH SUIDIPIJA UI SyoeLIRq
so170d 913 WOIJ UONI[[0D SA1ads pypuvydli) v

'$)SO10J POOMUO}I00 PUB SPUB[QNIYS

[1e3 s1xoddns 9qo[ Jopueaw 9y} JO IIPUIBIAI Y} JO ISOJA "S[I0S [OLI-AB[O dI0W
uo (8170juap1020 sodivorioyduiAg) ysniqxonqg pue (vuvd visiualiy) ysniqages
1oddns suorssaxdap sea1dym [10S Apues U0 pue[sseld (puio0d pdyg) pealy)-pue
-9[paau 11oddns 9qo[ Jopueaw 9y} JO SUONEAI[D JOYSIY "punoy “dds vypuvidii)
ON JBH QUIDIPIIA JO A1) 9U)} UI JIed JUIod 991[0d Ul 913U IOJISIA ) TedU
90BIIQ) JOALI AU} UO seare pue[sseld udado Jy 100J uo paydIeds (s1y 7) 3ny 9

K315 943 JO ypIou A9[[eA
JOALL PUE JBH QUIDIPIIA
Ul 3Ied juiod 201[0d
(601-S0T Uny) I9ATY
UBMIOJBYSES YINO0S

"SOJBIID) JOALL
JO uoneAnno pue A9[[eA IOALI moireu ‘puerdn oy
uo sysodap [ero1yIns Jo AJIqensun 03 dnp vunuiu
pyjuvidA4?) 103 AI[1qeINS MO[ JO 9q 0} PAUTULIANP
SeMm JBJIQRT] 9} Sk YIIeas Jou PIp A3[peld D

‘3uneSLUI JO 9SBY PUR SS9008 APBAI 0} anp PIIBATND A[ISOW

oIe 9591} ‘ToAMOY ‘9dOTS MO[ JO SOOBII) [BIAN]] YIIM SOQO] JOPUBSW MIJ B oI8
QISY, "Y00Ipaq Aq PAULJUOD PUB AJISONUIS MO[ JO ST [QUUBYD O} PUB MOLIRU ST
KQ[[BA JOATY UBMOYOIBYSES INOS YL, "PAIBATIND USq 9ARY seare puedn jsowr
pue 13 Apueurwopald a1e yoeas siy} Suofe 210ymas[d puefdn oy uo sysodop
[eroyans ‘syisodop ueIjooR/[BIAN[] YIIM €I SIO] puelD) 9y} 10y 1dooxy 1ejqey
o[qelns 10J fenusjod mof 9q 03 sreadde 219Y) SE ‘paYOIBAS J0U SBM BIIE SIY T,

(S01-T uny) 10Ary
ueMaIYIIBYSES IN0S

budtuiud "7 pury jou pip

Ka[pelg D ‘€00T U “puituiu vyjuvidds) 110da1 jou
PIP 00T Ul YIS g £q pue L6 UT JO[YSIOM D
pue siepm D Aq seunp s3uridg ojding jo Aoains y

"puirui ")) ou Inq ‘Li2[puaf ") Jo S}0[ punoj pue s3I0

puein jo ynos puerdn uo (seun(g ssuridg o1ding) sy pues pakoains Ayorg
"SSBIJ JBaUM PO)SaId AQ PIPBAUL PUB PAIBAN[ND SI weansdn 9qo] Iopuesy
‘punoy dds pyjupidds) oN "I9ALI JO OPIS YINOS UO Spue[sseid (vivuiod vdiyg)
PBAIYI-PUE-[PAU YIIM JBLID) IDALL 9} JOOJ UO PayoIeds *(smoy g) 3ny 9

SYIO]
puern ¢, (1-0 wny) AR
UBMIYOIENSES YIN0S

'so10ads asay) 10J paje[dwod axom syrodar
90UQIINDO0 JUSW[d D[HNYV OM} PUe Punoj a1om
(snyjuvao1u xA]020.42)d1.L] ) BUOGIOA-PUBS POIOMO[J
-[rews pue (idydo.juay snjp3v.4Sy) YOIA I
ApPoud “puipuius ) puiy 1ou pip Ad[peid "D ‘€00T
U] "Z00T Ul P[eUOPIBIN ' pue ynws ‘g £q 219y
payodar sem puirutus *) v vygunidd(i) 110dax
10U PIP (0T Ul WS g AQ pue /86T UT I9[YSIOM
D pue SI[EM "D Aq seunp mog I9moT Jo AoAIns

"puiiuiw ) 30U mq Lajpuaf D) Jo sayored

punoy ‘vuituiul vyjuvidA4’) JOo 90UdLIND0 pajrodar A[snoraaid e Jo uonduossp
oy Suryojewr sunp pazifiqels Ajjented oF1e € SI ¢ BOIY “MO[J UINIAI UONEILLIL
SurA11es Ao[[eA € JO opIs 3som ot} uo ado[s Apues e SI g BaIY "ounp pues
pazi[iqess o31e & SI | 8oLy J00J UO SBIIE 921U} PAYOIeS “(sInoy £) [nf [€-0€

(rae)
(s10A11 MmOg pue UBWpP[O

JO 90UaN[JUOD JO Y}IoU)
soun(y Mog oMo

$9J0N] [BITUB)Og AIeWIUINg

MOy Ya1eds

uonedo

‘(3sndny €1 — An[ o) A9[peag "D Aq s910U [ed1URJOq ATRWIWNS PUR 1I0JJ YIIBAS (AQAINS puitut vyjuvidAi) ¢00g € Xipuaddy

34



‘pudtuiu *)) 10§ parodwod

o10Mm $)10da1 95ULINOJ0 JUSWA[S DIHNYV N0
‘Ko[TeA JO 93pa e soy1s pue[dn U0 0M) pue Youdq
adors A9[[eA U0 ‘90e119} AJ[[BA JIOALI UO :SUON)BIO]
1Inoj ye pusuiu - punoj As[peig - ‘€00T

uJ "700¢ Ul 0M] B PUB 866 UI UONJBIO] U0 I8
ysng ' Aq 219y payiodar sem vusruiu vyjunidii)

‘suonjendod [euonIppe ou punoj pue

K9[[BA JOALL OJUI [T} Y3IM UOTIOUN[ 0) WK G'[ IOYJOUR [181) SUO[E 10U SA0I(]
*KI0JUSAUL JOU PIP INq UOLIBOO] PSRN "W () I8 Puitutis -7 punoj pue a3pa
K9[[BA JOALL SMOT[O] Je) [Te1} Suole yiiou da01(] suonendod parrojusau] "Iny
[ uo pasrew sayIs 93pa Laq[eA oM} 0} pawnjal 3ny  uQ suonendod [euonippe
OU PAISJUNOJUD PUE JONI) 0} JSBS W G | payep\ “uonendod pasIeN pustuiiu
*) 9IOW PAIAIUNOOUD SOIIOW PAIPUNY MIJ B Ul PUE FULIBaq A[10)SBD UB UO
payrep ‘uonendod pasrewr pue vusuiu <) punoy "pojiodar Ajsnoraaid vunuiu
') a19ym odo[s A9[[eA UO Youaq 0} }SeaIou ury | payjem a1y wol ‘uonemndod
POLIOJUSAUL pue pusiuis -7y punoy “poytodar Aisnoradxd sem vuuiw vyjuvidii)
QI9UM /G ury J& AS[[BA IOALI U} UL UONBIO[ B 0} ISOMYINO0S-1SoM W G'Z Pay[em
pue 3onn payred 8ny | uQ "(9doad g x smoy §) Sny § pue (smoy §) Sny |

(¥SS ‘€SS “TSS ‘ISS)
oseoT Surzein

p1o4 Surumoir( ‘(851
-LST Ury) ,9PIs 1583 “IOARY
ueMaIYIIBYSES IN0S

‘uone3LuI Aq padsuanyjur

U29q 9ABY $9qO[ Jopuedw Jo uontod 1omof

Uo seale pajeAnnoun pue ‘puejdoro pajesLuI 0}
PII2AUOD U JARY SAIBIIA) AD[[BA JOATY "AQ[peig
D Aq punoy sem puituiul pyupidAi) ou ‘€00 U]

"PAIBAT)[ND OS[E SI JOALI JO IPIS }SOM UO 2qO] JOPUBIW
JBY) PAAISSqQ) "punoj so1oads vyjuvdds) oN "(‘dds snjojijapy) 104070 309MS pue
(stusour snuwo.ag) swoiq yoows ‘(duriofiurgoad uo4ddo.L3y) sseid yeaym pajsaId
Furpnour sa10ads 9A1jRU-UOU AQ POPBAUL SI PUB UONEBILLI AQ PAOUIN[JUL ST BOIE
SIY I, "oJensqns YoL-Ae[0 uo pue[qniys ysniqodes Aq pardnooo Apueuropaid
SIJnq S[[ouy] ApUes uo SPUB[SSBIS PBAIY}-PUB-I[PISU JO saydjed sey yorym

(JOAS] JOALI 9AOQE W ()[>) 90LLID) JOMO] Y} J00J U0 payoreas puefdord pajedLun

0} POHIDAUOD UII(q SBY 0BLID) JAISUIXS Y Jo uonaod xoddn ayp ur puey orjqng
(¢S uny) 9qo[ Jopueaw Jo uonIod JI9MO][ 03 ISOMYINOS U} PUB [T} AJ[[EA JOALI
Uo JO[Pa9J SAIAB( JO [IIOU dA0I(] ‘pPunoj saroads vyjuviddi)) oN “(wniivwmn.is
wniyuvy’) IMQI09 pue (vrvuuid piuI.AnIsa(]) pIeisnw Asue) uadid (viwdoos
p1yo0Y) ssaidAo-1owuns :sa10ads Apaam Aq pardnooo pue pagImisip 2qof
Jopueaur Jo diy uo puej d1jqng "puedord pajeSLLI 0] PAJIIAUOD U2q SBY I0B1I)
oy jo uonod 1oddn oY) U0 puB[ AJBALIJ "IOUIPISAI AU} JO YPNOS 2qO[ JOpULBIUW
91} JOOJ UO PAYDILAS 6] U] B JOUIPISAI SIAIAR(] 0} 2A0I(J “(SInoy ¢) Sny ¢

Ky1adoad Suryouey
SI[[ pue ase9] salaeqg

"M (9ST-811 W) 1Ay
ueMadIeYSeS YINos

"UBI[O9B IO [BIAN[} PAIN)XI}-0SI1B0D AIdA sk paddewr
oIe JOALL 9Y} JO SOPIS joq uo spuejdn ‘payeAnno
U99q 9ABY] $9qO[ JOPUBAWL UO SIILLI) AJ[[BA JOATY

‘PoIBADNO U 9ARY [f] W O} €[ UL WOIJ SOQO[ JOPUBIW
UO S99€119) AS[[BA JOALL JB) POAISqQ (NI [[OYNTIA) 9€T W 18 Ju10dmIIA B
01 £G Py 983 U0 YiIou 2A0Ip SNy €] UQ "PAIBANND UIQ SABY JOALI dU} JO SOPIS
)oq uo £ W 0} (] | W WOIJ S9qO] JOPUBSW UO SI0BIII) AJ[[BA IOALL JBY)
PaAIasqQ) "G Wy 03 dn AS[[eA JOALI AU} JO SMIIA SOpIA0Id YoTyM ‘N 9AVY [
U0 JeH SUIDIPIIA JO YIou dA0Ip Sny 9 uQ ‘(sinoy g) Sny ¢] pue (anoy [) Sny 9

(LYPT-60T W) JoATY
ueMaIYIIBYSES IN0S

S9JON] [BITUB)Og AIewIuing

R0 ic RICREEIN

uonedxo|

35



"UOTJBLUR[OAI UI PAPIIS U93q dARY 0) sreadde

PUR JuBpUNQE SBM JI SB Pa3a[dwod jou sem 310dar
90UALINIO0 JUIWID Uk Ing “ISI] SuDyoRn DIHNV
UO ST YOIYM ‘DSO.LDNDS DOLUNp] Sem PIAIISQO OS[Y
‘pudruiul *7) 10§ pA3R[dwod sem 310dor 9oUdLING0
AW DTHNYV QUQ 99811} A[[BA JOALL

AU} UO JAYJO OB JO WI ()()S UIYIIM SUOIIBIO[ INOJ

ye puntun vyjuvydAs) punoy A3rperq D ‘€00 Ul

"Kem Jo Jy3u1 ourjadid pawre[da1 B UO pue ‘YIou 0} un| g Jnoqe

J10J [req} 9[o1yaA 33pa Ao[[eA ay) Suofe ‘1Y (vso.Lipnbs po.iunyy) sseid orejng
9s[eJ PAAIASq() "PuUNOJ J0U SeM pusuiu pyjuvidAs) ~a)1s Apues Sul[jol ul W ()G
INOQR SNIPEI YIIM BOIR UB JOOJ UO PIYDILIS ‘S[IR1) 9P AS[[BA pUB AJ[[BA JOALL JO
uonoun( je £a[[eA Jo 93pa u() "AI0JUSAUI JOU PIP INQ DuituIul ) JO SUONBIO] 31}
PasjIew JonI} 0} JoBq ISOMIUIOU Jo3suel) W-()()§ U] "adofs ur yeaiq ay) Suofe

1SBO W ()G [ IN0ge Papualxa jery uonendod poaLIOIUSAU] “puituiul DYIUDIALL)
PAI2IUNODUD W ()()S Ul pue I9ALI 3y 0 [9[ered adofs ur yeaiq & Jo o3pa oy

3uole pay[eA\ "oMS [[oM Je paxaed pue 0qo] Jopueaw 0} 9A0I(J ‘(sInoy ¢) Iny O

(0188)

oseoT Suizein)

pio,f Surumoi( ‘(6L 1
-LLT) 9PIS 1583 “JOATY
ueMaIYIIBYSES IN0S

‘pundasjay ) pue vuuiu ) 10§ pay[dwod

210M $110daT QIUALINDI0 JUAWI[S DIHNY OM, "US
[1om & Jeou pueldn JY} UO PUNOJ SeM PUDADS]AY )
“OBAI SIY) UI 33pa AJ[[BA U} UO pudiuiud *7) pulj jou
PIP A9[pelg ")) 998119} AS[[BA IOALI UO UOI}BOO[ SUO
ye puirunw vyjuvyd(s) punoj A[peig D ‘€00z Ul

‘punuIu ) ou
nq (sap1052722 ")) 9K9 S,J€d qQUIOI-SYO0D PUNO,] [9ABI3 puB pues Aq urepropun
915 93po A9[[eA Pasodxa ue 100} UO PAYDILAS Pue [1e1) 9Fpa AJ[[eA Fuo[e yiIou

9A0I(J ANUIOIA UI puliuiud *7) OU NG UONINIISUOD 9IS [[9M AQ PaqInIsIp pues
uado uo puvdasjay ) puno -0Fpd AS[[eA JeU IS [[oM 0} WY | YIIOU dA0I(]
"PUNOJ puiruius -y ON “OPIS OB W ()G ‘[IeI} JO YdjoMs W-()()] Suofe J00J uo
poyoIeas "91ensqns Apues June[npun Uo PuB[SSLI3 PEAI}-PUB-I[PISU ST IS IS
Sururwr [oAeIS 9A0qe a3po A9[[eA 03 dA01p Sny (] uQ ‘uonemdod poriojusaug
‘puiuIW ) PUNOJ pue 9)1S SUTUTW [oABIS 0) 1SoM W ()] [IBI} S[OTYSA PIMO[[O]
‘puilyiul *7) Pulj JOU PIP PUB SIS [[oM JBU BAIE SNIPRI-W-()()] € JO0J UO PAYOILIS
‘[eUURYD JJOIND JO AJUIOIA UL S)e[J 9y} Jo uoniod Iouul 0} [IeI) J[OIYIA UO ISed
9A0I(] 'puUNOJ puituiul vyJuUYIdALY) OU PUB SSBIS JBIYM PIISAIO 0} PILIIAUOD AIB
SIB[J O3 JO YONJA “§/ [ W 18 SSOO0B IOALI 0 SIE[,] JOUIJA] SSOIOB AJ[[BA JOALI UL
10U [1B1} J[OIYOA 9A0Ip Iny G uQ *(s1y ¢) Sny ] pue (9doad z x s1q §) Iny ¢

(6SS)

s1eld

JIOUIJA ‘9Sed] Surzein
p1o4 Surumorq ‘(9.1
-TLT W) 9PIS ISBI “IOARY
UeMIYIIBYSES IN0S

‘punuiul -7 10§ paR[dwos a1om syodax
90UALINIO0 JUAWI DIHNV OM ], S29.LId) A3][BA
IOALL UO 1}Oq ‘SUOI)BIO] OM) J& Duiluli/ ) Punoyj
Aappexg "D ‘€00¢ Ul 'uosuyor "H £q (udd [[ng)
IOALI 9]} JO 9pIS )som ay) uo A[qeqoid jng eare
st} ur pajxodar sem vuaruiud vypunidAC1) ¢/ 61 Ul

*AJOJUQAUL JOU PIP INq UONRIO] payIe]y "uonendod

snorad1d Jo Jsom w (), puiauiu -0 punoj pue 9qo[ IOPULIU UO YIIOU PUB ISIM
[ren} 9[o1y2A 2401 “uonendod Jo uoniod paLIOJUSAU] “pusUIW *)) PUNOJ PUR
9QO[ JOpUBIW UO ISIMYINOS [1e1} 9A0I([ (9] W) SIe[] ysnig e AS[[BA IOALI OJUT
PopURISIp pue 93pa A9[[eA SUO[e U 7 I0J YMOU [Ie1) J[OIYIA JA0I(] 'SSeId jeaym
P91SAI0 0} PAIIDATOD U SBY 2qO[ Jopuedwi Jo yonjy “uonendod parrojuaaug
‘puiu vy upIdA1?) puno,] -9qo[ IOPUBIW UO ISOMYINOS [IBI) POMO[[O]

pue ()9 Wy J& AS[[BA IOALI UI 9qO[ Jopuedw 0} dA01(] “(9pdoad z x s1y ¢) Sny ¢

(8SS ‘LSS ‘9SS ‘GSS)
s1e[]

ysnig ‘oseaT Suizein)
pio,g Surumor ‘(1L1
-6S T UI) OPIS JSBD “TOARY
ueMaIYIIBYSES IN0S

S9JON] [BITUB)Og AIewIuing

R0 ic RICREEIN

uonedxo|

36



‘pupdasjay ) Se PAIUSPI Uq A[QAIIRIU)

SEY YOIy ‘7007 UI 910y JOALI 9} JO OpIS

1S9M 2} U0 USWI0AdS B Pa3od[[0d O[1BDI( "N IS
wop0q AS[[BA SUO JO YOIBIS © Ul usuiul *) puly
10U pIp As[perq D) ‘puituiu vyuvidA4) 103 1eIqey
91qEIINS ISJJO JOU PIP JO0IPaq Aq POUTJUOD [QUURYD
M AS][EA MOIIEU OY} JY) POUTULISOP SEM JT

S8 A[QAISUQ)IXO PIYOILas J0U SeM OBl SIY} ‘€00 U]

"punoy saroads

pyauvydAs) ON '[9ARIS pue pues Jo sayored yim your Ae[o SI 9jensqns Sseid
1eOUM POISQI0 PUR (snaoun/ snuid]sy) oK1 Plim UBISSIY POPads YIIM SOoUBQINISIP
POWITR[O2I PUB PUB[QNIYS YSNIqIZes A[ureu s uoned3aA ysem adofs
Surouarradxa pue jses o) woiy oFeurelp € Aq paysodop uey moireu B A[jsowr

SI YOIyMm ‘W0)0q A3[[eA 9y} payoIeas Surssord 1Al ourjadid papuadsns jo

s 1 (¢97 uny) Aa[[eA I9ALL 03 707 PY dM T, U0 1som dA01p 3ny 7] UQ) "SOOBILId)
[OAS] Y)IM SOQO] IOPUBIW MOJ AIOA IR IS, “JO0IPaq AQ PAULFUOD ST [QUUBYD
oY) pue MOLIRU SI YOBAI SIY} JNOYSNOIY) A3[[A JOALI AU ], “(SInoy ) Sny 7

(697-91C7 Wiy]) JoATY
ueMaIYIIBYSES IN0S

"EP[TH

JO Y1I0U S[[IY pues 0 JISIA JOLIq © SuLnp Lidjpuaf )
Auo punoj As[peig D ‘€00 Ul “puituiui - j0U Inq
L2jpuaf vyjuvidds) parodal /861 UL IA[YSIIA D
pue si[jeA\ "D Aq S|[1Y pues epJiH Ay} Jo AoAIns

‘(vp13814f visawayay) 93es armsed

pue SSeI3 PeaI)-puB-9[pasu ‘(11Spoom PSSOy ) 9S01 P[IM UOWWOD Aq PIJeUrtiop
uone)agaa ut yojed a1eq uo rojpuaf vyjuvidAs) puno, “epry Jo you

I+ AmH Jo 1sed puejdn 9y uo eIk sunp pues € A[JoLiq paysiA “(1noy [) Iny ||

S[ITYpueg epitH

“(uerd 1) €00z Ut pleygng gD JO LI NEWO0Y]

oy ur pue (yueld [) y661 Ul PYYNS €D JO BaIE
saxd x ur vuniunu vyjuvidA.4)) punoj pleuoqoeN |

_KOAINS €007 Y Ul pOpN[OUI JON

($1SS “€1SS)
QAIDSY ATRN[IA PRYINS

‘(ST1T-€61 uny) 1Ay
uemayoIeyses yinog

‘puiruiu *7) 10§ pA3d[dwod sem jrodax
9OUDLINIIO0 JUIWI[A D[NV UV "UOILI0] U0
ye puntun vyjuvydAs) punoj A3rperq D ‘€00 Ul

“0)IS [[9M JO 1S9M W ()9 ‘UOTJBIO] AUO I8 A[UO punoj vunuiut vyjunidai)
"9JeI)SqNS ApPUeS U0 SPUB[SSeI3 PeaIy[}-pue-o[padul uo JuIsnooj 9ooj uo
9QqO[ JOpPUBAW PIAYDILIS "2qO] JOPUBIW UO IS [[oM 0} dA0I(] “(sInoy 7) Sny [

(z189)

oseoT Surzein

pio Sutumoi( ‘(z61
-681 WKY) 9PIS ISLI “IOARY
ueMaIYIIBYSES IN0S

“PoULFUOD [QUUEYD

O} pUB MOIIRU ST AQ[[BA JOALI O} PUB UIRIOW

[ Sunyenpun Aq urezopun st puefdn oy ], ‘vusruiu
pyjuvydA47 puy jou pip As|perg - ‘€00 Ul

“001paq AQ PAUIJUOD [QUUBYD I} PUE

MOLIBU SI YOBAI SIY} UL AS[[BA IOALI U} JBY) PUB YINOS IYMNJ ULy} ApUes SSI[ SI
puerdn a3 Jey) paAIasqQ ‘puedn uo spue[ssei3 ur punoj vusnuiu vyjuvidii) oN
"A9[[BA J2ALI JO 93Pa UI9)sed Juore uny| 9 JoJ yuou [ren da0xd “(Inoy 1) Sny 1]

oseoT Surzein
pio Surumoi( (881

~€81 W) SPIS 158D ‘IoATY
ueMIYOBYSES YINOS

‘puduiu *7) 10§ pA3R[dwod sem 310dor 9oUdLING0
JUAWI[R DTHNYV QUQ 99811} AJ[[BA IOALL

9} UO I9YI0 OB JO W ()9 UM SUOIIBOIO] OM]
ye puntunu vyjuvydAs)) punoy A3rperq D ‘€00 Ul

‘uonendod patxojuaAu] ‘yInos o3 w ()9 urede pue ado[s AS[[eA IOALI
Jo aseq Ieou puituiw vyjuvidA4’) puno "9jensqns Apues uo Spue[ssels peaiy)
-pue-o[padu uo 3uIsnd0J J00J U0 9qO[ JIPUBIW PAYDILdS *(sImoy ¢) Iny [ |

(01SS)

oseoT Suizein)

pio,f Surumoi( (z81
-08 1 WK) OPIS JSBD “T0ARY
ueMaIYIIBYSES IN0S

S9JON] [BITUB)Og AIewIuing

R0 ic RICREEIN

uonedxo|

37



"pueq Iopueawl d31e[ SIY} UO SIIBLIS}
PISIOM-PULM 3} JO JINOIIO W-G & Suofe puituiu
pypupdq4) puyy jou pip Ad[peig *D ‘€00 Ul

"[9AS] JOALI QAOQE
w ()-8 Inoqe 1oAL1 oY) Sura[ered o3pur pues Jo doy uo rapuaf vyjuviddi)
PIAISSqQ) "PUNOJ Sem dUOU INQ pudtuli vyjuvidAs) 103 [oIeds Ul Spue[sseId
U0 Pasndo, "sI[ems ul spue[qnuys snourea pue sadoys 1oddn pue sdoyjiy uo

pue[qnIys ysniqo3es pue pue[SseI3 PeaIy)-puB-9[pasu SI uonejd39 A S[[IY pues

PasIom-puim JO pasoduwiod ST 9qo[ JOpUBIJA 9[JIYOA 0} Jokq Uy §'7 10] SuLIedq

1SBOUINOS SUO[E UL} PuR 3PS IQALL 0} W ()()S YMOU UIY) ‘Ounp pues dA1}oR d31e]

0} odo[s A9[[eA JO aseq Suo[e UOIOAIIP A[191SoM UI U 7 PIY[BAN "ALIof ssaidwyg

JIoWIO0J Y} JO 9JIS AU} SI Pue BIAQ[Y 0jul sAIp 18t} JOALI 9} Ul PUSq 931e]
® 0] [[e}sIng JO YHOU SPBOI [9ARI3 POMO[[0} UBMAYIILYSES U] *(SInoy ¢) Sny ¢

(10€-96¢ uny) 1oAY
uemoyoleyses yinos

"SQ0B1IQ)
syjoe] pue popis-dools ‘MoILIeU ST A9[[BA JOALL

O ], "JIOALI JO OIS }SOM UO Pudq oSIe[ Ul S[[IY pues
Surjo1 y3noy) syoasues) uny-¢g'g omj Suofe vuiiuiu
pyjupyddi) puy 1ou pip Ao[perq ' ‘€00T Ul

‘Ui <7 jou nq ‘puerdn ur
sayoyed pues a1eq uo rjpuaf vyjunidA) PUNoj "SAJLIId) SB[ pue papis-doo)s
‘MOIIBU ST AQ[[BA JOATY "O[OIYOA 0} JOBq UL "7 POY[BM USY) PUEB ‘UBMOYDIEYSES

ojur Surddip puaq a31e[ © st jutod SIY) 38 YoIyM ‘AS[[BA JOALI 9} 0 S[[IY pUes
SuI[]01 Y3NOIY} UOT)OIIP JSBAYIIOU-ISED U UL G'Z PON[BAN O[OTYQA PasIed ‘[ren
9[OI9A UO JIOU PUE JSBd Uay) pue )7z Py dm I uo 3ses aa0I(q “(smoy ¢) Sny 71

(S6T-167 W) JoATY
uemayoIeyses yinog

‘putui vyjuvdLi) 10§

JBIIqRY 9[qBIINS I9JJO JOU PIP JYO0Ipaq AqQ POULFUOD
[oUUBYD M AJ[[BA MOLIBU U} JBY) PIUTULIAIIP
SeM J1 SB PAYOIBIS JOU SBM (O8I SIY} ‘€00 U]

"SO0B1IQ) [9AQ] YIIM SOQO] JOPUBIW MIJ AIDA TR QIO ], ")00IPdq
Aq paulyuod SI [dUUBYD JY) PUL MOLIRU SI YOBAI SIY} INOYSNOIY) AS[[BA JOALI O],

(687-LLT ury) 1oAY
uemoyoIeyses yinog

‘JeIIqRY 9[qelns 9q 0} pareadde jey
SO0B1IO) JOALL ()1 SIS 9T} JO YOIIS B UI DudIuu
pyjupiddi) puyy 1ou pip Lo[perg ' ‘00T Ul

punoy saroads

pyjunidA17)) oN “uI0d ApuesS 2A0qe puejdn uo 9)1s Surur [9ALI3 punoIe BaIe
payaIeas Ajorrg "punoy seroads nyjuvidAi)) oN -orensqns Apues U0 SPuB[SSeI3
PEBAIYI-PUB-I[PIU UO YIIBIS PAsndo,] “IoALL oy} Surfdy[ered s1oosuer) Suof wy-g |
om) SuIsn G/ z-1/7 W JB I9ALI JO IPIS }SM UO SIIBIII) PAYIIRIS ‘Punoy soroads
pyjuvidd4) ou pue sa10ads dAT)RU-UOU AQ POPBAUI PUB[SSEID) (7,7 W) JUI0]
Apueg 1€ punoi3dures Jo jses isnf 908119} PaYdILaS "punoy sa10ads vyjunidAs)
ON ‘PUB[QMIYS [SNIqaSes UO J0U pue djensqns Apues uo Spue[sseis peaIy)
-puB-9[Pa3U UO [OIBIS PASNI0,] "I9ALI oy} Surjoy[ered sjoosuen) Suo[ uny-| omj}
ursn 1/z-()LZ W 38 J9ALL JO 9IS YINOS U0 SOOBIID) PAYIILAS *(SIY ) Sny 7|

jurod Apues

“(9L2-0LT ury) 10Arg
uemoyoIeyses yinog

S9JON] [BITUB)Og AIewIuing

R0 ic RICREEIN

uonedxo|

38



“Q0TAIOS SJI[PIIAN UBIPBUER)) O} AQ PJOBIUOD

‘syue]d o181 10] ASAINS JUSLINOUOD B UL PIPN[OUL SEM BIIY SJI[PIIAN [BUOTIBN] PIOIINS Y} ‘TOAMOY ‘ASAINS PIAIJ ST} UI PIPN]OUL JOU SBM dAIISIY AIBI[IA P[OLINS
"SI U] 0} €6 WD WOIJ JOALI 9} JO SIPIS [J0q PUB 7] W 03 LG T U] WOL IOATY UBMIYDIENSES (INOS Y} JO dPIS ISOM Y} SHUR[J 0AISY ATRIIA P[OINS
(9661 09sa1Rg pPUE

UOSUDYII(]) 4241y JLiIDAJ JOOQIPING 966 Y} WOLJ USYE) AIE PUE SIOALI UBWIP[() PUE MOE A} JO SOUN[FUOD OY} WO SIUBISIP [UULYD Y} dIE SANOWO[I] JOATY |

"€00¢ U1 219y so103ds nyjuvydAi) Aue puiy jou pip
Aarperg D 1surg Y AQ 6661 Ul 2197 PAJII[[00 Sem
syopnu orydiowoIay ym satoads vyupiddi) v

"JS9M 9} 0} W ()] SuIpu)xo BAIE UR pue puod ay) Jo
SyUuBQ Y} PAYDIBAS 921 piezzeH Jo AIenqLi g Jo peay oy je puod Suridjem
3003S & SI Yorym 110da1 snoradid Jo o31s pansiA (o1doad g x sy €) Sny 9

neaje[d jo
Ppus 159m Je puod Surjem
¥003s ‘s[IH ssa1dA)

DU

pypupidd1)) puyy jou pip Ad[peig *D ‘€00T Ul

‘punoy sem vuituiul pyjupidA4) ON -ounp pues paziqess Arensed

© Jo odo[s o) uo punoj sem Ljpuadf vyjuvidA4) “ure[d poo[J 2A1NIE Y} UO
(saprogjap snpndog) spoomuoyjod sure[d pue so[ems Ul SpuB[qnIS (S17IUaP1I20
pinjag) YoIiq 191em pue (vajuad.iv vip.laydays) A119q orepgnq Auroy ‘sdoy [[Iq uo
SSBIS PBAIYI-PUB-I[PIAU puk (»170fiSu0] vfjlaouin)p,)) sseI3 pues Aq pajeuruop
SpPUB[SSBIS JO OTBSOW B SI UONBJOTOA "9qO[ JOPUBSW Y} UO S[[IY pues Sur[jox

oIe 219U, OBQ PUE JIALI OU) 0) 9QO[ JOPULBIUI O} SSOIOB UOIIAIIP JSIMU}IOU B UT
uny] G'[ PaY[em pue AJ[[eA IOALI Ojul SUIPLI] [Te1} OPISQq [OIYIA padIed ‘ssaxdwyg
Jo weansdn uny| ¢ 19ARY 199 PaY Ay} JO 9PIS YINOS Jf} UO 9qO] JOPUBIW

o31e[ 01 Aem-Jo-1y311 ABM[TRI P[O UO ISoM W G'] dA01(] "(SInoy 7) 3ny ¢

ssaxdwy jo weansdn
uny € ‘I9ATY 109 Py

“po3o[dwod sem 110dor 99ULINOJ0

JUAWA DIHNYV UV ‘ssardwrg Jo 3sam w Qg
JNOQE 90B1IO) JOALI POQINISIP B U0 pupdasjay ‘) pulj
PIp Inq pustuius ) puiy 10u prp Ad[perg D ‘€00 Ul
‘pundas]ay ) 0) €00 Ul PISIAAIL Sem Ing PIug g
Kq 9661 ul 210y payrodar sem puiruiu vyjuvidii)

“JoAL1 o1} Suore odofs

Ul JeaIq 2y} 8 91ensqns Apues uo pueg[sseId pearyi-pue-o[poau paroddns jey)
seare ur pue pajyrodar A[snoraaxd ueaq pey vurtuiiu byjunidA4) dI19Ym UMO) )
JO MANMA U G°() SI0JBAQ[Q UTRIS JO 9)IS JOULIOJ JEQU [[OIBIS PAsndo,] "SSeid jeaym
Po1Sa10 03 POIIDAUOD Ud9q Sey 1red pue 9)Is SUTUTW-[OARIS B SI BoIR o) JO Med
‘[OAS] I9AII SAOQE W Z-()] INOQE 90BII} POUOPURQE PLOIq € ST BAIR 9} JO YONA
"IOATY JI99(T PY Y} 0} Y}IOU pue uone)s ureny ssoxdwryg po aY) Jo }som wy | pue
1SBO WY G'() BAIR UB JOOJ UO PayoIeds *(smoy g) Sny ¢[-g] pue (smoy ¢) (f [¢

ssardwry ‘I0ATY 199 Py

S9JON] [BITUB)Og AIewIuing

R0 ic RICREEIN

uonedxo|

39



No. 1

No.2

No. 3

No. 4

No. 5

List of Titles in This Series
(as of September 2004)

Status of the Piping Plover (Charadrius melodus) in Alberta, by David R. C. Prescott. 19 pp. (1997)
Status of the Wolverine (Gulo gulo) in Alberta, by Stephen Petersen. 17 pp. (1997)

Status of the Northern Long-eared Bat (Myotis septentrionalis) in Alberta, by M. Carolina Caceres and M. J.
Pybus. 19 pp. (1997)

Status of the Ord’s Kangaroo Rat (Dipodomys ordii) in Alberta, by David L. Gummer. 16 pp. (1997)

Status of the Eastern Short-horned Lizard (Phrynosoma douglassii brevirostre) in Alberta, by Janice D.
James, Anthony P. Russell and G. Lawrence Powell. 20 pp. (1997)

No. 5 Update 2004. Status of the Short-horned Lizard (Phrynosoma hernandesi) in Alberta. Alberta Sustainable

No. 6

No.7

No. 8

No. 9

Resource Development. 27 pp. (2004)

Status of the Prairie Rattlesnake (Crotalus viridis viridis) in Alberta, by Sheri M. Watson and Anthony P.
Russell. 26 pp. (1997)

Status of the Swift Fox (Vulpes velox) in Alberta, by Susan E. Cotterill. 17 pp. (1997)

Status of the Peregrine Falcon (Falco peregrinus anatum) in Alberta, by Petra Rowell and David P. Stepnisky.
23 pp. (1997)

Status of the Northern Leopard Frog (Rana pipiens) in Alberta, by Greg Wagner. 46 pp. (1997)

No. 9 Update 2003. Status of the Northern Leopard Frog (Rana pipiens) in Alberta. Alberta Sustainable Resource

Development. 61 pp. (2003)

No. 10 Status of the Sprague’s Pipit (Anthus spragueii) in Alberta, by David R. C. Prescott. 14 pp. (1997)

No. 11

No. 12

No. 14

No. 15

No. 17

No. 18

No. 19

No. 20

Status of the Burrowing Owl (Speotyto cunicularia hypugaea) in Alberta, by Troy I. Wellicome. 21 pp.
(1997)

Status of the Canadian Toad (Bufo hemiophrys) in Alberta, by lan M. Hamilton, Joann L. Skilnick, Howard
Troughton, Anthony P. Russell, and G. Lawrence Powell. 30 pp. (1998)

Status of the Sage Grouse (Centrocercus urophasianus urophasianus) in Alberta, by Cameron L. Aldridge.
23 pp. (1998)

Status of the Great Plains Toad (Bufo cognatus) in Alberta, by Janice D. James. 26 pp. (1998)

Status of the Plains Hognose Snake (Heterodon nasicus nasicus) in Alberta, by Jonathan Wright and Andrew
Didiuk. 26 pp. (1998)

Status of the Long-billed Curlew (Numenius americanus) in Alberta, by Dorothy P. Hill. 20 pp. (1998)
Status of the Columbia Spotted Frog (Rana luteiventris) in Alberta, by Janice D. James. 21 pp. (1998)
Status of the Ferruginous Hawk (Buteo regalis) in Alberta, by Josef K. Schmutz. 18 pp. (1999)

Status of the Red-tailed Chipmunk (7amias ruficaudus) in Alberta, by Ron Bennett. 15 pp. (1999)

Status of the Northern Pygmy Owl (Glaucidium gnoma californicum) in Alberta, by Kevin C. Hannah. 20 pp.
(1999)



No.21

No. 22

No. 23

No. 24

No. 25

No. 26

No. 27

No. 28

No. 29

No. 30

No. 31

No. 32

No. 33

No. 34

No. 35

No. 36

No. 37

No. 38

No. 39

No. 40

No. 41

No. 42

No. 43

No. 44

Status of the Western Blue Flag (Iris missouriensis) in Alberta, by Joyce Gould. 22 pp. (1999)

Status of the Long-toed Salamander (Ambystoma macrodactylum) in Alberta, by Karen L. Graham and G.
Lawrence Powell. 19 pp. (1999)

Status of the Black-throated Green Warbler (Dendroica virens) in Alberta, by Michael R. Norton. 24 pp. (1999)

Status of the Loggerhead Shrike (Lanius ludovicianus) in Alberta, by David R. C. Prescott and Ronald R.
Bjorge. 28 pp. (1999)

Status of the Plains Spadefoot (Spea bombifrons) in Alberta, by Richard D. Lauzon. 17 pp. (1999)
Status of the Trumpeter Swan (Cygnus buccinator) in Alberta, by M. Lynne James. 21 pp. (2000)
Status of the Pygmy Whitefish (Prosopium coulteri) in Alberta, by William C. Mackay. 16 pp. (2000)
Status of the Short-eared Owl (4sio flammeus) in Alberta, by Kort M. Clayton. 15 pp. (2000)

Status of the Willow Flycatcher (Empidonax traillii) in Alberta, by Bryan Kulba and W. Bruce McGillivray. 15
pp- (2001).

Status of the Woodland Caribou (Rangifer tarandus caribou) in Alberta, by Elston Dzus. 47 pp. (2001)
Status of the Western Spiderwort (7Tradescantia occidentalis) in Alberta, by Bonnie Smith. 12 pp. (2001)
Status of the Bay-breasted Warbler (Dendroica castanea) in Alberta, by Michael Norton. 21 pp. (2001)
Status of the Cape May Warbler (Dendroica tigrina) in Alberta, by Michael Norton. 20 pp. (2001)
Status of the Whooping Crane (Grus americana) in Alberta, by Jennifer L. White. 21 pp. (2001)

Status of Soapweed (Yucca glauca) in Alberta, by Donna Hurlburt. 18 pp. (2001)

Status of the Harlequin Duck (Histrionicus histrionicus) in Alberta, by Beth MacCallum. 38 pp. (2001)
Status of the Grizzly Bear (Ursus arctos) in Alberta, by John L. Kansas. 43 pp. (2002)

Status of the Wood Bison (Bison bison athabascae) in Alberta, by Jonathan A. Mitchell and C. Cormack
Gates. 32 pp. (2002)

Status of the Bull Trout (Salvelinus confluentus) in Alberta, by John R. Post and Fiona D. Johnston. 40 pp.
(2002)

Status of the Banff Springs Snail (Physella johnsoni) in Alberta, by Dwayne A.W. Lepitzki. 29 pp. (2002)
Status of the Shortjaw Cisco (Coregonus zenithicus) in Alberta, by Mark Steinhilber. 23 pp. (2002)
Status of the Prairie Falcon (Falco mexicanus) in Alberta, by Dale Paton. 28 pp. (2002)

Status of the American Badger (Taxidea taxus) in Alberta, by Dave Scobie. 17 pp. (2002)

Status of the Yucca Moth (7egeticula yuccasella) in Alberta. Alberta Sustainable Resource Development. 21
pp- (2002)



No. 45 Status of the White-winged Scoter (Melanitta fusca deglandi) in Alberta. Alberta Sustainable Resource

No. 46

No. 47

No. 48

No. 49

No. 50

No. 51

No. 52
No. 53

No. 54

Development. 15 pp. (2002)

Status of the Lake Sturgeon (Acipenser fulvescens) in Alberta. Alberta Sustainable Resource Development.
30 pp. (2002)

Status of the Western Silvery Minnow (Hybognathus argyritis) in Alberta. Alberta Sustainable Resource
Development. 24 pp. (2003)

Status of the Small-flowered Sand Verbena (Tripterocalyx micranthus) in Alberta. Alberta Sustainable Resource
Development. 24 pp. (2003)

Status of the Brown Creeper (Certhia americana) in Alberta. Alberta Sustainable Resource Development. 30
pp- (2003)

Status of the Mountain Plover (Charadrius montanus) in Alberta. Alberta Sustainable Resource Development.
25 pp.- (2003)

Status of the St. Mary Shorthead Sculpin (provisionally Cottus bairdi punctulatus) in Alberta. Alberta
Sustainable Resource Development. 24 pp. (2003)

Status of the Stonecat (Noturus flavus) in Alberta. Alberta Sustainable Resource Development. 22 pp. (2003)

Status of the Sage Thrasher (Oreoscoptes montanus) in Alberta. Alberta Sustainable Resource Development.
23 pp. (2004)

Status of the Tiny Cryptanthe (Cryptantha minima) in Alberta. Alberta Sustainable Resource Development.
39 pp. (2004)



