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ABSTRACT

A study was condgo ted tu‘dotorminv the effects of fire
on thehsubalpinc range of Rocky Mountain bighorn sheep 1n
Mberta. The central objective of the study wa: 1o assess
the ecologrcal feasibility of using prescribed burning to
create or maintain bighorn sheep range in the subalpine
zone. Specific study objectives were: i1 to determine
differences in the quantity and quality of available forage
between burned and adjacent unburned forest sites, 2! to
assess the factors which may Timit or contribute to the use
of fire-disturbed sites by bighorn sheep. and 3 to assess
the effects of burning on the establishment and growth of
iﬁportant range plants commonly utilized by bighorn sheep.

four study areas were selected (Ghost River., Rock
Creek ., RAm Nyuntain. Cadomin Mountain:' to investigate
differences in plant species composition an abundance and
levels of bighorn sheep utilization between burned and
ad jacent unburned sites. The years that fires occurred on
the burned study sites were: 1970 for Ghost River and Rock
Creek. 1921 for Ram Mountain. and 1913 for Cadomin Mountain.

Mean tree stem densities in the burned sites at Ram
Mountain and Cadomin Mount;3n‘were lowest in areas closest
to treeline, and increased with distance downslope from

treeline. Lodgepole pine was the dominant regenerating tree

species at Ghost River and Rock Creek.

1V



species rachness of vascular plants was generally
higher 1 the burned sites of the four study areas. Moot
plant species recoprded in cample plots in each study area

were common to bothy burned and unburned shites. Total mean

cover ot graminoards. forbs-dwarf shrubs, and tall shruabs was
generally higher in the burned sites.

buff deplhs were « gnificantly lower in the burned
sites of 611 the study areas. Concentrations of NP and Kk
(kg ha were higher in the soil samples collected in the
burned sites of all the study areas. Soil pH was also

somewhat higher 1n the burned sites.

Bighorn sheep pe let group densities were higher in the \

burned sites of all four study aréas. Discriminant analysis,
using ten range-related variables measured in the study.
identified distance downslope from treeline. tree density.
and percent cover of bryophytes as the most important
correlates of site utilization by bighorn sheep, as
indicated by pellet group distributions.

The results of the study indicated that burning has
resulted in site conditﬁons which favour- utilization by
bighorn sheep. compared to utilization of adjacent unburned
sites. The reduction or elimination of tree cover appeared
to be the primary benefit of burning. with increased cover

of herb%ceous and shrubby forage of secondary importance.

N
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1. INTRODUCTITON

1.1 General

It is generally accepted that fire has played a
significant role in modifying and shaping wildfand.plant
communities in many forest ecosystems 1n Norfh America. In
recent years resource management agencies have réalized the
need to incorporate fire management concepts and practices
into integrated wildland management programs (Lotan 1379
Egging and Barney 1979). The‘use of fire for wildlife
habitat enhancement 1s one important component of fire
management. It is imperative, however., that wildlife habitat
managers have sound ecological information on the impact of

fire before attempting to use it as a tool for habitat

manipulation.

1.2 Problem

The eastern slopes of the Rocky Mountains in Alberta
provide range for the largest remaining population of Rocky

Mountain bighorn sheep (0Ovis canadensis canadensis Shaw) in

North America. The capability of this range to support
bighorn sheep is primarily governed by the amount and
quality of forage available during the season of greatest
scarcity (Wishart 1978). This is generally the winter
season. Therefore, the quality and extent of available

winter range is of vital importance in determining bighorn

1



.~

sheep population levels. In addition, the quality and extent
of spring and fall range is also important in determining
the overall utilization pressure on the winter range and
therefore the carrying capacity of the range during the
critical winter period.

Forest encroachment on the subalpine wintering
grasslands and forest closure resulting from fire
suppression programs and natural vegetation succession are
regarded as important factors in lowering range availability
and utilization (Cowan 1946, Pfeiffer 1948, Wishart 1958,
1978. Flook 1964, Stelfox 1971, 1876, Elliott 1978]). Inlmany
areas dénse tree cover not only limits the growing space
available for more desirable grasses, forbs and shrubs but
creates a visual barrier thus restdicting the use of
subalpine areas by bighorn sheep. Much of the present
subalpine seral grassland habitat is the result of wildfires
which burned in the mid and late 1800's and early 1900's
before efficient fire suppression programs were initiated

“"- 4k 1964, Stelfox 1976, Wishart 1978). Many of these
aieas = now reverting to forest cover and hence the

avai ab e area for bighorn sheep range is declining.

D - fire has been proposed as a possible
managems: f-r ‘he establishment or maintenance of
subalpir =« shesp range. Prescribed burning'may
provide a: ~=1 wav 3¢ onverting existing subalpine
forest la~d. - asent of Tow product{ve value for

bighorr shes;. ! ~vail~-le and pa]atab]e understory



plant association. The use of prescribed burning for
wildlife habitat manipulation requires that scientists and
managers be able toe predict the effects burning may have on
the habitat prior to 1gnition. Information must therefore be
available not only on the probable response of the plant
community but on factors which may limit or contribute to
the utilization of five-disturbed sites by target wildlife
populations.

At present, little is Known about the effects of fire
in subalpine habitats on the east slopes of the Rocky
Mountains in Alberta. Legs is known about the utilization
patterns .of bighorn sheep on fire-disturbed sites. This
study therefore attempts to proVide some information whi.n
can be used to assess the ecological benefits and risks of

prescribed burning subalpine forest land to create or

maintain bighorn sheep range.

1.3 Study Design and Objectives

A study of the effects of fire on bighorn sheep range
requires an understanding of the interrelated factors which:
1) constitute favourable bighorn sheep range. 2! may limit
sheep population numbers or impact on popu]ation fitness,
and 3) could be improved or suitably altered by burning. The
literature review addresses the first and second topics. “he
third Sppic forms the basis of this study. Table 1 provides

a preliminary outline of the possible effects that fire may
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have on the major components of Rocky Mountain bighorn sheep

range. A brief outline of the study design as related to

these components is also provided.

Since an extensive experimental prescribed burning
program could not have been undertaken within the scope of
this project, data were collected on four existing
fire-disturbed sites in Alberta which are known to be
utilized by bighorn sheep. The primary objectives of the
study were:

1. To determine differences in the quantity of available

forage between burned and adjacent unburned forest

sites.

2. To determine differences in the quality of available
forage between burned and adjacent unburned forest
sites.

3. To assess the factors which may 1imit or contribute to
the use of fire-di%}urbed sites by bighorn sheep.

4, To aggess the effects of burning on the establishment

and growth of important range plants commonliy utilized

by bighorn sheep.



2. LITERATURE REVIEW

2.1 Bighorn Sheep Ecoloqy

2.1.1 General

In Canada. Rocky Mountain bighorn sheep are found
primarily on the east slopes of the Rocky Mountains between
Jatitudes 51°N and 559N, and on both east and west s lopes
south of latitude 51°N (Cowan 1940). There is approximately
34.965 km? of potential bighorn sheep range in Alberta.
18,047 km? controlled Ey National Parks and 16.318 on
provincial lands (Stelfox 1971} . The bighorn’s range
essentially constitutes a strip of alpine and subalpine
habitat approximately 48 by 724 Km in size (Stelfox 18711,

In Alberta, ecology stu-ies of bighorn sheep range have
centered primarily in the national parks {Cowan 1945, 1947,
Pfeiffer 1948, Green 1949, Tanner, 1850, Flook 1964, Geist
1971, Stelfox 1976). Several studies have also been
conducted on provincial rahges {Wishart 1958. Johnson 19751},

-

In the East Kootenays of British Columbia a number of range
réyated studies were conducted in response to the serious
bighorn die-offs which occurred in fhe mid 1960’ s (Demarchi
1965, 1968, Demarchi and Demarchi 1967, Hudson et al. 1972,
Hebert 1973). In the United States, bighorn range ecology
studies were accomplished by Packard (19461, Smith (19541,

McCann (1956): Buechner (1860}, Schallenberger (13965).

-



Oldemeyer et al. (18711, Constan (19721, and Matthews

F1Q73 0.

2.1.2 Patterns of Range Use and Selection

Typical bighorn sheep habitat is semi-open and open
alpine and subalpine habitat types consisting of grasses and
shrubs in close proximity to rugged escape terrain. Winter
ranges are géneral,y at lower elevation (1050 to 2100 m) and
'confined primarily to southern exposures or windblown slopes
adjacent to escape terrain (Stelfox 1976). Snow depth is
very important in determining forage availability for
bighorn sheep (Geist 1871, Stelfox 1976). Bighorn sheep are
not well adapted to deep or crusted snow and generally only
paw or dig for food in the absence of alternative feeding
sites (Geist 1971). They tend to prefer feeding on open
ridges and slopes cleared of snow by wind., snowslides. or
avalanches.

Bighorn sheep show distinct seasonal changes in range
use patterns in response to their seasonally changing
'environment. Stelfox (18761 described the general spring to
fall distribution patterns exhibited by the bighorn
populations in Banff and Jasper National Parks. He found
that-bighorn sheep basica: .y forage upward along slopes
facing éouth and east 1n May and June until they reach the
subaipine and alpine grass]aﬁds. In July and Auc .st they \
forage on south and west slopes at the highest vegetated

-elevations and along alpine valley bottoms as snowfields

P



recede. By late August and early September foraging shifts
to north facing grasslands and open forests where snow melts
the latest, and where herbaceous forage remains succulent
and nutritious late into the fall. ‘

Geist (19711 reported that bighorn sheep have several
seasonal home ranges, as many as six or seven for rams and
four for ewes. He found that some rams may utilize at most a
pre-rut range, a rutt g range, a midwinter range, a late
winter range, a spring range, a salt lick range, and a
summer range. Ewes may have a winter home range. a spring
range. a lambing range and a summer range.

Escape terrainwappears.}o be the most important habitat
criterion oﬁ'bighofn ﬁheep. The availability of such terrain
features as rocky outcrops, ledges. cliffs and steep rocky
slopes in cloge proximity to available forage of suitable
qua]ity~is the major determinant of potential range use.
Shannon et al. (18975] found that distribution of bighorn
sheep was strongly correlated with proximity to escape
terrain regardliess of season. C aemeyer et al. (1971) noted
that most feeding activity ocecurred within 1dO yards of.
escap- terrain. McCann 119561 stated that the most important
requirement of mountain sheep habitat is "broken, craggy
conditions” irrespective of elevation.

' Bighorn sheep generally do not utilize heavily forested
areas. SHannon et al. (1975} found that distribution of
bighorn sheep was negatively related to forest crown

closure. McCann 11956} reported that "mountain sheep seem to

v
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posseus an inborn fear of extensive. heavily timbered

condirtions” .

2 1.2 Food Habits

Bighorns are adaptable feeders and eat a wide variety
of plant épecies‘ndtive to the montane-alpine zones. Diet
selection appe:rs to be quite variab]é depending on the
plant species composition, range eonditions. and season.
Bighorns tend to consume succulent new forage as it sprouts.
Many researchers have stated that forage succulence is more
important, or as important, as specific plants (Todd 19721 .
Stelfox (138761 stated that four factors are important in ¢
analysing seasonal forage quaiities and preferences:

1. _Green, young vegetation is more nutritious, palatable,
and digestible than dormant., dry vegetation (Cook and
Harris 1950, McCann 1956, Capp 1967. Dietz 1970, Hebert
19731

2. Alpine vegetation is nutritionally superigr to low
elevation forage when similar species are compared
(Johnson et al. 13968, Hebert 1973).

3. Free ranging sheep maximize nutrient intake by pursuing
areas of "green-up” which occur on various exposures and.
e]evatfons throughout the growing season.

4. Forage quality is strongly i~ .uenced by climate through
its effect on seasonal variabiiity in plant nutrient
content. the periods of commencement and cessation of

growth, and the seasonal availability of forage.
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In winter, food intake by bighorn sheep depends
directly on the rate of passage of food, which is in turn
directly related to food quality (Geist 1971). Dietz (1970)
defines high quality forage as’forage that has high
:palatabi]ity, optimum levels of vérious nutrients, high
digestibility of nutrient components, volatile fatty acids
in optimum broportions for efficient energy production,
adequate levels of minerals, vitamins, and trace elements,
and effic?ént convertibilit; into compongnks necessary for
the animal body over sustained periods. fhe amount of energy

~ available to a sheep for maintenance in severe cold or for
\\\reproduction and growth is directly related to the quality
’ of available forage. Therefore, under extremely cold winter
conditions, bighorn sheep cannot compenaate for energy loss
by eating more of the same food, but only by eafing better
food. This is usually forage with a higher protein content
(Geist 1871).

A number of researchers have studied or reviewed the
food habits of bighorn sheep. They include Cowan {1947),
Smith (1954), Wishart (1958), Buechner (1960), Flook (1964),
Schallenberger (1965), Capp (1967)., Oldemeyer et al. (19711,
Constan (1972), Todd (1972), Johnson 875), and Stelfox

(1976) .



2.1.4 Population Dynamics

Stelfox (1974), in a study of range conditions,
disease-parasitism, and population dynamics of ungulates on
bighorn sheep ranges in Jasper, Banff, Waterton and Kdotenay
National Parks from 1966 to 1972, did not find an effective
density-dependent, self regulating mechanism in bighorn
sheep populations. He states;

"Bighorn sheep populations tend to increase in number until
the condition of their winter ranges declines from
overstocking. As the proportion of forage per sheep
decfines, endoparasite loads and juvenile mortality
increases, while animal condition decreases. However, the
ewes continue to produce lambs at a normal rate so that the
population continues to iacrease, but at a decreasing rate.
Increased parasitism is accompanied by increases in }he
incidence of lungworms which weaken the lungs and permit the
invasion of pneumonia bacteria. As physiological‘stress
increases under more pronounced malnutrition and increased
parasite burdenc *he sheep become more susceptible to both
the intrinsic prec.ure of disease-parasitism and the
extrinsic pressure of weather. Severe winter anc -~ spring
weather is then capable of 1nitiéting a pneumonia- lungworm
syndrome which effects a major die-off, thus releasing the
heavy grazing pressure of the range.”

The population dynamics of bjghonn sheep were also
réviewed»by Buechner (1860): Streeter (1370) and Wishart

(1978) who found similar relationships between the various



intrinsic and extrinsic factors limiting sheep numbers.

Y

2.2 Bighorn Sheep in Alberta

2.2.1 Past History and E;§§ent Status

Since the early 1800's bighorn sheep pupulations on the
eastern slopes of the Canadian Rockies have undergone a
series of dramatic fluctuations in numbers (Stelfox 1971).
The period from 1800 to 1860 was generally one of abundance
for bighorn sheep: their numbers are estimated to have
é?ceeded 10,000. The period from 1860 to 1910 was generally
one of population decline 1in which‘bighorn.sheep numbers
fell from about 10,000 to 2/600. Among the major causes of
this decline.were the indiscriminate hunting with firearms
by restdent Indians, and an influx of traders, explorers,
settlérs, railway builders and miners. Also of importance
were inter-specific forage competition by large numbers of
horses and cattle, as well as an increased incidence of
man-caused fires, railway and mining construction, and
adverse weather conditions. .

After 1910, an extensive presérvation program was
instituted and a tétal of over 28,500 square Kilometers
along the eastern slopes was closed to hunting. In additi.~
a general improvement in range conditions resulting from
previous forest fires and low numbers of sheep and elk

allowed bighorn sheep populations to increase to about 8,500



in 1936 (Stelfox 1971).
Between 1937 and 1948, a series of major die-offs,
attributed to a pneumonia-lungworm disease, deteriorated
ranges, heavy elk and livestock competition, a general
decrease in grassland ranges caused by forest succession,
and a series of severe winters reduceq populations to about
2,500 by 1950. After 1850, populatjong again increased to a
high of 10,000 in 1966 because of improved range conditions
resulting from light ungulate stocking rates, generall; good
weather conditions, absence of serious diseases, and low
predator populations.
| A major die-off began in B.C.'s Kootenay National Park
in 1966, and the bighorn population declined from about 175
to 40. Populations in both the National Parks and the
provincial ranges in Alberta were as high as they Had been
at any time during this centuryl(Stelfox 1971). General
range deterioratibn was observed in the national parks
during the period of 1966 to 1970 because of very large
bighorn poputations as Well as large populations of elk and
deer. Trefethen (1975) estimated the 1974 bighorn population

in Alberta to be 7,100 to 7,900.

2.2.2 Harvest

The first game regulations passed‘in Alberta with
regard to bighorn sheep were in. 1887 (Wishart 1973). Bag
limits of six head per season were introduced in 18393 and

reduced to three in 18989. Hunting of females and lambs was
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prohibited in 1903. In 1921, regulations were changed
permitting shooting of only one male sheep during the period
?rom the first of September to the end of October. This |
regulation continued until 1945, Due to large die-offs,
hunting was prohibited in the area south of the Bow River in
1946 and the hunting season restricfed to one month in
northern regions. Wishart (1979) outlined the major changes
in bighorn ram regu]ations?since 19507

1} trophy seasons were introduced under the 3/4 curl
restriction in 1956.

2) the 3/4 curl was inéreased to 4/5 curl restriction
in 1968.

3) ex tended November seasons'or "rut” seasons were
tried from 1965 to 1968.

4) Compulsory registration of rams was introduced in
18971.

5) restriction of non-resident shéep hunters to a draw
system began in 1972, and

6) a waiting period for successful trophy hunters of
four calendar years for non-resident alieﬁs and one ca]endab
year for residents andbnon-residents was introduced in 1874.

In 1966, the first non-trophy season was 1ntrbduced in
Alberta to try to avert major die-offs because of
over-populated ranges. Sheep numbers'on provincial ranges
had increased from about 1,500 in 1950 to 5,500 in 1966
(ételfox, 1971). The criterion set for harvest was any

bighorn with horns less than 12 inches in 1ength. However ,

-



since males were se]ectfvely chosen over females, the
regulations were changed in 1968 to include ewes and lambs
only? In the perioﬂ 1950-1978 the recorded legal Kill of
rams averaged about 175 rams per year and in the period
1966-77 the recorded non-trophy sheep kill averaged about
108 pger year (Wi§h§rt 1979).' |

2.2.3 Predation ‘

Natural predators of bighorn sheep include wolves,
coyotes, cougars, lynx. walverines and eagles. Bighorn sheep
effectively avoid excessive predation by escabing to
protective cliffs and extreﬁe]y‘rocky habitats, as well as
by bossessing exceptional eyesigh£ and climbing ability.
Predator control, therefore, is not generally considered
necessary to enhance‘bighorn populations (Wishart 1978). In
fact, some forms’of predator protection may prove beneficial
on ranges that are less accessible to hunting pressure by
maintaﬁn{ng'bighérn populations at acceptable levels,

thereby controlling grazing pressure and parasite loads.

2.2.4 Fire and Bighorn Sheep Range

Throughout the literature on bighérn sheep rénge
studies in Alberta there are references to the role of past
fiees in the creation of bighorn sheep range and to the
iﬁ;ict of forest encroachment on the reduction of
fire-induced ranges (Cowan 1846, Pfeiffer 1948 ,. TannerA1950,
Rowan 1952, Banfield 1958, Wishart 1958, 1878, Stelfox 1971,
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1976). In a discussion of the range relationships of
ungulates in Banff and Jasper National Parks, Flook (1964)
noted that much of the subalpine range had been produced by
fire. He‘also noted, however, that spruce was gradua]]y‘
reestabl%shing and conséquent]y was reducing the available
range land. He noted a‘corﬁesponding decline in the numbers
of elk, moose, deer and bighorn sheep. Geist (197:) reported
that along the Cascade Valley in Banff National Park
bighorns lived primarily on ranges which were created by
past forest fires, but that the grasslands produced were
slowly reverting to forest. Stelfox (1976 .noted that'fiﬁes
and forest succession stréngiy influenced the carrying
capacity of the nationaj parkg for bighorn sheep. Yet it 1s
interesting to note that to date research has neglected to
~\tgst the importance or role of fire in maintaining or

producing RocKy Mountain bighorn sheep range.

2.3 Fire in the Subalpine Zone

2.3.1 General

The suba]pﬁne zone of the northern Rocky Mountains as
designated by Daubenmire (1943), has been investigated by
Rydberg ({915), Larson (1930}, Cormack (1953}, Hor ton
(1956, Patfen (1963), Beil (1966), Ogilvie (1868), Krajina
and Brooke (1970), Day (1972), Lowery (1972), Rowe (1972)

and Franklin and Dyrness -(1973), and La Roj and Hnatiuk

N



(1980). Fire is, and has been, an important t¢-ce in
determining plant species distribution and Qegp ation
patterns in the subalpine zone. Some of the studies which
review or document the importance of fire in high elevation
areas include Clements (1910), Stahelin (1943), Fonda and
Bliss (1969)., Douglas and Ballard (1971), Habeck and Mutch
(1973), Loope and Gruell (1973), Mogren and Barth (13874),

-~

and Dube (1976).

2.3.2 Fire History Studies

'
The specific influence of a fire on an ecosystem and

the scale of its effects depend on the fire regime, which is
the characteristic periodicity, extent, and severify of
fires (Tande 1979). Fire history studies have tried to
describe or document the natural historic fire regime for
different forest ecosystems in western and northern North
America. Fire history studies in the Rocky Mountains of the
United Statés have been conducted_by-ﬂouston (18973) in
Yellowstone National Park, Loope and Gruell (1973) in the
dacKson.Ho1e area of northwest Wyoming, Clagg (1875) in
Rocky Mountain National Park, Colorado, Arno (1976) in the
Bitterroot Mountains of Montana, and Sneck (1977} in the
Coram Experimental Forest, Montana.

A ngmber of studies have also been conducted in the
Canadian Roéky Mduntains in recent years. MacKenzie (1973)
used stand age data to approximate dates of fire origin for

the forests of Waterton Lakes National Park. Byrne (1968)"



used historical ]iferature'in describing landscape change
attributed to fire in Banff National Park. Tande (1977,
1879) used fire-scar analysis andfstand age data to describe
the historical fire regime of Jasper National Park. Hawkes
(1979) used similar techniques to document the fire history
of Kananaskis Provincial Park in Alberta.

Arno (1980) provided a state-of-knowledge summary of
recent forest fire history studies in the Northern Rockies.
Alexander {13879) compiled a bibliography containing 307

references dating back to 1900, and a list of - ‘rent

studies on forest and rangeland fire history.

9.3.3 Fire History Techniques

Recent fire history studies have used
dendrochronological techniques of fire-scar analysis and
forest age-class analysis as well as historical records and
fire. agency records to determine past fire regimes in
wildland areas. Clements (1910) first described many of the
techniques now in use. Stokes and Smiley (1968} provided
information on the basic principles and methods of
dendrochronology or tree-ring.dating, which form the basis
of most fire history studies. Fritts (1971), Arno and Sneck
(1977) and Tande (1977) describe the process of aging and
correlating dates from fire scars on trees and identifying
fire-initiated age classes of trees. |

It is pertinent to outline some of the problems or

drawbacks inherent in fire history studies and in the

\ :



L

19

information obtained from these studies. Many forested areas
are characte}ized by fire regimes that include periodic
large, stand-destroying fires with intervening smaller, less
destructive fires. fire history studies are generally able
to document past large fires but smaller fires may go
undetected. Reasons for this include the destruction of
evidence such és fire-scarred trees and regenerating trees
by the larger fires, or simply the sensitivity of the
sampling design. In addition, surface fires of low intensity
may leave no obvious evidence of their existence if trees
were not scarred or Killed. "vidence of past fires becomes
increasingly difficult to obtain and interbret as the time
span involved increases.

Dates of fire occurrence are often based on age-cﬁass

distributions of trees established following fire (e.g.

“lodgepole pinel. This type of analysis often assumes that

most post—?ire tree recruitment initiates the vear of, or
immediately following, the fire year. This may be an
accurate assumption in some cases but could lead to
inaceurate or misleading results/in others. Woodard (1877)
found a recruitment lag, for lodgepole pine in the Table
Mountain area of Washington, of 15 years between the year
disturbance took place and the date of initial
establishment. Mason (1915) and Horton (1953, 13955 found
that stand regeneration by the major subalpine tree species

usually occurred within 6-8 years following burning.

Stahelin (1843) found natural recruitment periods of 50-100

~.



years subsequent to wildfires were normal for subalpine
sites 1n Colorado and southern Wyoming.

Eife history studies often use the terms fire-free
intégwal (Arno 1976) or fire-return interval (Tande 19798) to
describe the characteristic fire regime for a specific
geographic area, stand type, or forest series. Arno (1980)
defined mean fire-free interval as the estimatedrmean number
of years between fires occurring within small stands (about
40 hectares!). He noted that fire-free intervals at a given
point within a stand would normally be somewhat longer.
Maximum and minimum fire-free intervals may vary
considerably from the mean. When interpreting this type of
data it 1is thereforeéhnportant to note the size of the area
referred to, as well as stand characteristics such as
elevation, exposure, topography and climate, all of which
may {nfluence the characteristic fire regime of stands with
similar species composition.

A common justification or objective for conducting fire
history studies is to provide land managers information from
which they can.develop habitat manipulation prescriptions
involving fire (prescribed burning, "let-burn” policies,
"controlled wildfire" policies). The information may often
be too generalized or speculative. however, to rélate to
specific sites or problem areas. For example, if land
ménagers want to "duplicate” the "natural® fire regime for
an area by prescribed burning at perigdic intervals, they

will have to decide among the mean, maximum or minimum



fire-free intervals as guidelines. As previously mentioned,
these values may vary considerably or may not even be
pertinent to the particular site in question. General fire
history studies should therefore be interpreted in the
coélext for which they were designed. and not necessarily as
management guidelines. Thsy'can, however, be very valuable
in providing basic ecological information or as aids in

understanding plant community dynamics and sucééssioha]

relationships. .

2.4 Effects of Fire on Vegetation

-

2.4.1 Subalpine Forest Succession

Important factors which control stand establishment and’
deve lopment in subalpine forests include climate [(length.of -
growing season, diurnal and seasonal fluctuation in
temperature, seasonal precipitation patterns}, soils
(moisture and nutrient status), physiographic features
(elevation, slope, aspect) and avai{abi]ity of germplasm.
Agents of disturbance such as avalanches, snowslides, .
ungulate grazing. wind. diseases, and insects é]so play a
role in forest structure. In recent years the perception of
the role of fire in forest ecosystems has changed frc. being
an unnatural .agent of disturbance to a natural ecosysfém

3>

process. Heinselman (1370) perhaps epifomizes the "pro-fire"

...fire was the Key

)

viewpoint in his statement,
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environmental factor that initfated new successions,
controlled the specie§ composi}ion and age structure of the
forests, and produced the vegetation patterns upan which the
animal components of the ecosystem also depénded.” The term
"fire-dependent” is now often used to describe many of the
 ant and animal components of'forest ecosystems. Although
this may be an oversimplification in many cases, the recent
body of literature suggests that fire is often one of the
more important factors influencing forest succeés1om and
plant and animal distribution (Lutz 1956, Daubenmire 1968,
Vogl 1970, 1974, Habeck and Mutch 1973, Kozlowski and
Ah]gren.1974,_Kelsa1l’et al. 1977, Gruell 1980). ~

A number of factors have been found to influence plant
regeneration and stand development on burned areas. Woodard
- (1877) emphasfzed the importance of the thérmal environment
(fire intensity and total hea% Qutput) which occurs during
the combustion process, as well as variables such as the
original stand, amount of destruction wrought, seed source
“availability, soil, topography. seedbed suitability, age
since disturbance, and changes in microctimatology. The
exact nature:and magni tude of importance of many of these
factors hayefyet to be quantified in many fire-influenced
plant communities. Variations in geographic location, plant
Species composition, landform, and climatic and edaphic
fe;tures make generalization difficult. & number of workers,
" however, have attempted to develop ecolégical modeTs which

describe or predict pla successional patterns subsequent
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to burning (Wills 1928, Stahelin 1943, Cormack 1953, Lyons
1971, Habeck 1972, Martin et al. 1976, Lyon and Stickney
1976, Cattelino et al. 1979, Davis et al. 1980) . Many of
these models.“ﬁowever, tend to oversimplify the mechanisms
involved and do not account for the variability inherent in

plant succession following disturbance by fire.

2.4.2 Plant Adaptations to fFire

The study of adaptations of live plants to fire 1s
often separated into two classes; 1) adaptations which
increase the fire resistance of plants, and 2) adaptations
which enable p]q?ts to re-establish in burned areas (Hawkes
197G9). Brown and Davis (1973) outline nine factors which may
affect the susceptibiIify of trees and forests to heat
damage. These are: 1) the initial temperature of the
vegetation, 2] the size of the critical tree portion exposed
and its morphology, 3! the thickness and character of the
bark, 4) the branching and growth habit; 5) the rooting
habit, 6) the depth and character of the organic mantle
covering the mineral soil, 7) the flammability of the
foliage. 8) the stand habit, and 9) the season and stage gf
growth cycle. The above factors are important in that they
affect the likelihood of plant tissue reaching lethal
‘temperatures. The period of exposure to high temperature is
also of great importance in determining the degree of damage

to plant tissue (Hare 1961, Martin 1963, Kayll 1968, Wright

1970, Woodard 1977]).



A number of researchers have attempted to categorize
plant species on the basis of their mode of persistence in
fire-disturbed habitats. Rowe (1979) revised an approach by
Noble and Slatyer (1977}, and proposed a classification
scheme applicab¥e to boreal plant species. ge classified
plants as:

1. Invaders; high]y dispersive, pioneering fugitives with
short-lived disseminules.

2. Evaders; species with relatively long-lived propagules
that are stored in the soil or“canopy.

3. Avoiders: tolerant §pecies that slowly reinvade burned
areas, late successional, often with symbiotic
requirements.

4. Resisters; intolerant species whose adult stages can
survive low severity fires.

5. Endurers; resprouting species, intolerant or to]érant,
with shallow or deep-buried perennating buds.

-The mode of persisten;e of the first three species types is

disseminule-based with propagation primarily by diaspores.

The mode of persistence of types four and five is vegetative

-ibased Wch propagation primarily by horizontal and vertical

extension (Rowe 1879).

Stickney (pers. comm.)' has also developed a system of
classifying plants based on their method of reestablishment
following burning. He separates plant species into two broad

1 Peter Stickney. Associate Plant Ecologist, Forestry
Sciences Laboratory, Missoula, Montana, personal
communication, 1981.
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categories, survivors and colonizers. Survivor species are

those present on the site prior to burning and capable of

re-establishi t from on-site surviving plant parts (root
crowns, rhizomes, underground stems). Colonizer species may
be of three types:

1. Residual colonizers; species with on-site seed of long
viability stored in the soil or canopy.

2. Initial off-site colonizers; species with easily )
dispersed airborne seed or fruit that invade and
establish on the burned sites soon after the fire.

3. Secondary off-site colonizers,; species with less
dispersive seed or fruit that generally colonize burned
sites after some site ame]ioratiqn has taken place.

Classification schemes of fire-plant relationships and
plant adaptations to fire such as the ones outlined above,
should be interpreted with care. Lumping of plant species
into specific categories based on structufal-functiona]
criteria may often be misleading and unproductive when
assessing successional trends and relationships. As Rowe

(1979) points out, "phenotypic p]astfcity of perennial

species complicates the categorization of plants as single

structural-functional types. Species frequenf]y display two
or more strategems between perturbationé." Classification

~hemes such as those described above, generally tend to
mask causes and emphasize symptoms.

Forest trees, because of their dominant role in forest

ecosystems and economic importance, have received much of
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the focus of research work on plan} adaptations to fire
(Lutz 1956, Ahlgreﬁ énd Ahigren 1é60, Weliner 1970, Brown
and Davis 1973).The autecological relationship of ;Hrub
species to fire has beeA reviewed or studied by Lutz (1956),
‘Ahlgren and Ahlgren (1960), Buckman (1964), Ahlgren (1974),
Wright (1974), and Miller (1977). Very little quantitative
information is available on the effects of fire on
subordinate plant species (grasses; sedges, forbs and dwarf,
shrubs). Some of the better review articles available
include Ahlgren (1960), Ahligren and Ahigren (1960,
Daubenmire (19685, MclLean (1968, Vogl (1974); Lyon and "

Stickney (1976), and Wright and Railey (18801.

2.5 Fire and Wildlife Management

2.5.1 General

In recent years there has been a growing interest in

g

the study of the effects of fire on wildlife populations.
The rea]izatign that fire has been an important influence in
many fbpest and grassland communities has prompted numerous
>stUd1es én'the use of fire as a habitat management tool.
However . the ability to predict or interpret cause and
(effect relationships between the action of fire and the
response Qf animals is often hamperéd by inadequate |

knowledge of the charactefistics of the fire. This has often

led to contradictory results when assessing the effects of



27

fjre on specific wild{ife species. Fires may vary in
intensity, duration, frequency, location, shape. and extent.
Fire effects may differ with season, nature of fue1,~and
properties of site and soil (Bendell 1974). The effects of
prescribed fire may also differ from those of wildfire. It
is necessary, therefore, when interpreting the findings of
other workers to comprehend the inherent variébility of fire
and the subsequent effect it may have on wildlife
populations.

Much of the literature on fire pertains only indirectly
or speculatively to its effect on wildlife. For present
purposes, this study will review only receat work pertaining
to the effect of fire on ungulates in the Rocky Mountains.
For information on the effects of fire on invertebrates,
fish, .small mammals, and birds the reader is referred to
articles by Bendell (1974), Roppe and Hein (1976), Kelsall

et al. (1977), .and Lyon et al. (1978).

2.5.2 Natural Fire and Ungulate Populations

.

In general, most large herbivores benefit from forest
fﬁfes (Lyon 1971, Bendell 1974, Leege 1974, Roppe and'Hejn
1976, Kelsall et al. 1977, Lyon et al. 1878). The 1mpactfof
wildfire on ungulate'populations, however, dependsyon many
factors; size of the burn, interépersion of burned and
unburnéd areas, successional stage of the pre-burn
vegetation, intensity of the fire, post-burn yegeiation

response, and the competitive relationships of the resident

N
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uhgulate species.

The size of the burn has been shown to affect ungulate
site utilization (Lyon 1971, Roppe and Hein 13876). A large
fire may decrease the "interspersion of food and cover by
increasing the uniformity of the vegetation. In addition,
larger fires may lower the ratio of edge to burned area
which may 1fmit the use of the interior portions of the burn
by wildlife (Roppe and Hein 1976). Several authors have
suggested that fires of less than 20 hectares are most |
beneficial to wildlife (B%swe]l 1960, Harper 1969, Lyon
18971, DeaTy 1974). However, fires Farely burn evenly and
often create patterns of burned and unburned clumps of
vegetation which provide the necessary interspersion of
cover typéswfor wildlife.

Many invgstigators have repo;ted an increase in the
quantity and évai]abﬁ]ity of forage after fire. Lyon (1966}
reported that early stages of suécession maintained a
greater abundance of wildlife thanudia mature stages of
forest sgccession. Pengelly (13961) found that fire a]“&;ed
plant sucpession and increased forage for elk and deer in
IdaHo. Vogl and Beck (1970) found that burning made' new
growth avai]ab]eraﬁfer vegefation had grown out of reach of
white-tailed deer. Leege (13968, 13974) found that prescribed
burning increased browse availability, nutrient levels, and
pa]atabi1ify of new growth. Leege and Hickey (1971) noted
that shrubs sprouted prolifically after both spring and fall

burns in Idaho.
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A number of workers have reported an increase in the
nutrient content of forage species after fire, pregbmab1y
because of an increased uptake of nutrients released in the
ash. However, there is no simple relationsHip among burning,

release of nutrients, uptake by plants, and utilization by

animals (Bendell 1974). Lay (1967) and Dewitt and Derby

(1955) reported a signii{icant inc. = ir utilization of
burned areas and increased prciein in br - plants for
several years after a burn. Miller (18( .} found that after

13

burning, nutrient vadues of browse 1mproved with increases
in crude protein and phosphoric acid. Cowan et al. (1950)
found that the contents of ascorbic acid, ether extracts,
carbohydrates, and protein in moose forage in young
fire-altered forest were superior to that in older stand¢.
Bendell {13874) réVieQed several published reports on the
nutrient content ot deer foods subsequent to burning. He
fou%d that protein levels appeared to increase after fire
but ' there was little eyidence of change in thé amount of
phosphorus or-magnesium and that calcium levels appeared to
decrease. He concluded tha jncreases in nutrient levels, if
any,‘were generally short-lived (1 to 20 years), and that
levels of hutrients in browse plants remain relatively
~constant despite variations in mineral supply. |

Moose and deér appear to benefit most from the early
successional plant growth subsequent to fire. Kelsall et al.
(1977) concluded that the)optima] successiona{L;X%ges for

moose occur between- 11 and 30 years after burning. Edwérﬁs_
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(1954) desgribed the dramatic increase in moose and deer

numbers wyth the burning of mature conifer forest and
subsequend growth of herbs and shrubs in Wells Gray Park,
British Columbia. Meek (1974) reported an increase in the

density of moose in yortheastern Minnesota from less than

0.5 per square mile be%Zre burning to 2 per square mile
following fire. |
There are very few references to the effect of fire on
bighorn, sheep populations in Canada. Elliott (1978) studied
the effect of fire on Stone sheep (Ovis dalli) range in
northeastern British Columbi. H. found subalpine raﬁges
which had been altered by fire p. ted five times the
densffy and absolute populati_.: .ize o sheep. In addition,
he found these ranges averaged 75 percént more lambs in late
winter than on unaltered ranges. Also, rams of the same age
had horns about three inches longer. Peek et.al. (1979)

found after prescribed burning of a big sage brush

(Artemisia tridentala Nutt.)/bluebunch wheatgrass (Agropyron

spicatum (Pursh) Seribn. and Smith) bighorn sheep rangetland
in the Salmon River area of Idaho, that utilization of
bluebunéh‘wheatgrass was gres'er on burned sites than on
adjacent unbuhned sites four years after the burn. The
utilization reﬁained higher even after grass production héd
leveled off. |
There is little quantitative evidence in the.literaturé
{o demonstrate that ungulate poputations actually increase
as a result of burﬁing. Many studies speculate that
S
A\
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increased utilization of burned sites by ungulates or forage
increases are indications of ungulate population increases.
Local poputlation shifts likely account for many apparent
poputation increases (Allen 1971, Lyon 1971). Jo fully
document the response of ungulate populations to burning it
is therefore necessary tHat studies include an evaluation of
population levels prior to, and after burning. Otherwise, it
is very difficult to determine the long term impact that

burning may have on ungulate population numbers.

2.5.3 Prescribed Burning and Wildlife Management

Prescribed burning has been defined by the Canadian
Committee on Forest Fire Controil (Anon. 1976) as follows:
"The burning of forest fuels on a specific area

under pre-determined conditfons sqQ that the fire is
confined to that area to fulf#l11 silvicultural,
wildlife management, sanitary or hazard reduction
requifements.”
and'by the Society of American Foresters’ Task Force on
Prescribed Burning (Martin et al. 1977) as:
"the cont?o]]ed application of fire to fuels-in
either their natural or modified state, under such.
cénditions of weather, fuel moisture, soil moisture,
etc., factors as allow the fire to be confined to a.
predetermined area and at the same time to produce
the intensity of ‘heat and rate of spread required to

further certain management objectives.”

s
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Prescribed burning as a management tool has been used
for hazard reduction, slash disposal, silvicultural site
preparation, disease and insect control, range improvement,
improvement of accessibility or aesthetics, and wildlife
habitat manipulation (Kiil 1869, Alexdnder and Hawkswor th
1975, Martin 1976, 1977, Bailey 1977. Fischer 1978, Martin
and Dell 1978, McRae 1979, McRae et al. 1979, and Wright and
Bailey 1980). Prescribed burning objectives for wildlife
habitat managemént include rejuvenating decadent shrubs,
increasing browse availability, increasing nutrient levels
and palatability of browse ana herbage, providing a seedbed
for grasses, eliminating excessive litter bui 1dup,
manipu]ating plant species cbmpaéition, and maintaining
grasslands subject to tree or shrub encroachment (Leege
1968, Leege and Hickey 197+, Wright 1974, Gordon 1¢
Nelson 1976, Bailey 1977, Martin and Dell 1878, anc . et
al. 1979). :

Elliott (1978) stated‘that the primary benefit of
burning high elevation Stone sheep ranée would be an
increase in the available forage. He also noted that
secondary benefits might include i--reased dispersal or
sublimation of snow, facilitation of.predator detection,
maintenance of herd confact, and increased ve 1- &

4

displacement of year-round available range. Peet 21 »
(1979) stated that fire can be a useful i bigho~n
habitat management by: 1) retarding successiuniil advance of

seral grasslands towards conifer climax, and 2) improving



33

the production and palatability of important‘forage species.



3. STUDY AREAS

3.1 Study Area Selection

Suitable study areas were identified through an
analysis of provincial fire incidence records and personal
communication with Alberta Fish and Wildlife and Forest
Service personnel. The fo]lgwing criteria were used in
selecting specific burned study sites:

1. The burn site was located in the subalpine zone of the
Rocky Mountains in Alberta.

2. The burn site was located within a documented bighorn
sheep range.

3. The burn site was known to be utilized by bighorn sheep.

4. The burn site was 10 ha or 1argér in size.

5. The burn extended from valley bottom up to or beyond
tree line.

6. The overstory tree canopy was Killed in a major portion
of the burn area.

Four study areas which met all of the above criteria
were Jentified. Pfeliminary assessments oi p.ant species
composition and fire histories were obtained during the 1978
summer field séason. The study areas sampled are referred to
_as: Ghost River, Rock Creek, Ram Mountain and Cadomin
Mountain (Figure 1). g

Suitable adjacent unburned sites were also identified

and served as controls. Black and white ¢ --ial photographs

34
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(1:21,120) were initially used }or identification of
adjacent unburned sites in each study area. Similarities in
aspect, slope, topographic relief, and vegetation structure
between burned and unburned sites were used as criteria.
Unburned'§ites immediately adjacent*té‘the burnéd sites were

selected if possible.

3.2 Description of Study Areas \

v

3.9.1 Location of Study Areas

(D]

2.1.1 Ghost River Study Area

‘ The Ghost River study area is located within the
boundaries of the Ghost River Wilderness Area which is
located approximately 80 Km»northwest of Calgary, Alberta,
via Highway 1A dnd the Forestry Trunk Road. The west and
south boundaries of the Wilderness Area border Baiff
National Park. Access to the Ghost River Wi]dernesé ts
limited. Vimhicles can approach within only six to ten km of
the easte . boundary along the Ghost River Valley. fhe

geographic location of the study area is 51°21'N latitude

and 115°24'W longitude.

3.2.1.2 Rock Creek Study Area
The Rock Creek study area 1is within the H»oundaries of
the Willmore Wilderness Area which is located immediately

north and adjacent to Jasper National Park. The geographic
L
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location of the study area is 53°29'N latitude and 1187 W
longitude. Vehicle traffic in the Willmore Wilderness Area
is restricted. The closest road access to the study area is
at Rock Lake, approximately 45 km northwest ci sinton,

’

Alberta.

3.2.1.3 Ram Mountain Study Area ,

Ram Mountain, which comprises the southernmost extent
of the Brazeau Range, is located approximately 60 Km west of
Rocky Mountain House and 25 km southeast of Nordegg.
Alberta. Access is provided via Secondary Highways 940 and
752 from Nordegg and Roéky Mountain House, respeétively.
Access to gpe Ram Mountain Lookout is provided by a
Lrestricted{hse Forest Service road. .The geographic location
of Ram Mountain is 52720’ - 52°25" N latgtude and 1157 41" -

115°55" W longitude.

3.2.1.4 Cadomin Mountain Stugthrea

Cadomin Mountain, together with a seriegvof lesser
mountains, comprise the Red Cap Range in west-central
Alberta. The village of Cadomiﬁ is located at the extreme
west end of Cadomin Mountain. The town of Edson is located
’\approximately 100 Km to the northeast and the town of.Hinton
approximately 65 km to the northwest. Access is proVided'via
“Secondary Highways 47 and 40 from Edson and Hinton,
respectively. The east boundary of Jasper National Park is
approximately 12 km westvbf Cadomin Mountain. Tﬁe gecgraphic

.~ .
location of Cadomin Mountain summit is 52758 N latitude and
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1177 17" W longi tude.

3.2.2 Climate

A1l of the study sites lie in the Front Ranges of the
Rocky Mountains which have a continental boreal-like climate
characterized by extreme differences in seasonal
temperatures and a summer-high, winter-low distribution of
precipitation (0Ogilvie 1969). Temperatures generally
decrease with an increase in elevation at a rate of 3'F for
every 1000 feet rise in elevation (Ogilvie 1969). Nocturnal
temperature inversions are also fairly common in mountain
valleys.

No climatological data are available for ﬁhe immediate
vicinity of the study. areas. Weather records from Alberta
Forest Service weather stations were reviewed, however, and
temperature (Stashko 1971a) and precipitation (Stashko
1971b) data recorded at weathe; stations nearest to the

o

study areas are shown in Table 2.

3.2.3 Geology and Geomorpholoqgy

Much of the geological strata of the Front Ranges is
sedimentary, comprised of limestones, dolomites, sandstones
and shales. Many of the soil-forming materials are
calcareous in nature, derived either from bedrock weathered
in place or transported glacial and alluvial materialg

(Ogilvie 1969} .

P
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The Ghost River Wilderness Area lies in the Palliser
Range formed by Devonian and Mississippian strata. The Ghost
River flows southeasterly along a synciine containing
Mesozoic strata. East of the Ghost River .. .e mounta{ns are
mainly Mississ;bpian carbonates with older Devonian beds on
the Wilderness Area boundary (Hume 1936).

The Rock Creek study area lies in the Persimmon Range
of the Front Ranges. The Persimmon Range extends for
approximately 80 Km from its southeastern end at Rock Creek
Valley to its northwestern extremity just west of longitude
119° 00’ where i1t loses its identity as a separate structural
unit (Irish 1965). The Persimmon Range is underlain by
Devonian and Mississippian strata which have been thrust
relatively northeast over Cretéceous formations on a major“
southwest-dipping thrust called the Rocky Pass fault. The
southwestern slope of the Persimmon Range,'which includes
the Rock‘breek Study area, isglargely yﬁgérlain by Triassic
strata folded 1nto‘numerous small sub—péfg]]el anticlines
and synclines (Iriéh 1965). The crest of each successive
anticline becomes progressively lower in altitude from th®-
summit of the range southwesterly toward the valley occupiéd
by the Sulphur River and the upper part of Rock Creek.
Mississippian and Devonian formations are composed of

limestone and dolomite of marine origin as well as

’ca1Careous shalés of the Banff formation.

The geology of the Ram Mountain area was studied by

Erdman (1950) in the late 1940’s for the Geological Survey

N
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4

of Canada. The Brazeau Range is composed of resistant
kPaleozoic limestones and softer shales which are well
exposed above an elevation of 1818 m. The Paleozoic
formations present in the study area consist af shales,
limestones and dolomites of marine origin. The differential
resistance to erosion of exposed strata is in part a
controlling facior in determining the nature of the
topography. The exposed upthrust mountain strdta in the
immediate study area are composed of marine sediments of
Upper Devonian to Lowér Mississippian age.

Cadomin Mountain forms part of the easternmost
extremity of the Nikanassin Range in the Front Ranges of the
Rocky Mountain!. The Nikannassin Range is a series of
northwestern-trending ranges and valleys composed of
overthrust strata lying between southwesterly dipping faults
(Roed 1968} . The Nikanassin Range is composed largely of ?
Palaeozoic formations, most]y sﬁa]es. dolomites and fine
limestones. Detailed descriptions of the local geological
strata and exposures can be found in MacKay (192%9a, 1929b),

Leeson (1959), and Wi¥1lliams (.1966).

3.2.4 Soils
Soil development in all the study a1 eas is generally
~poor, with thin, immature profiles. Soil profile development
is highly variable because of differences in
microtopography, slope, elevation, vegetation cover, and

3

parent material. Chemical and microbial soil-form%ng
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processes are retarded by low temperatures and short
frost-free periods. The’ main soil groups present in the
Rocky Mountaiﬁs are Brunisols, Podsols, Regosols and b
Gleysols (Ogilvie 1969). Brunisolic spils generally have
weakly developed horizons and’ occur in the drier habitats at
lower elevations, usually under forest cover. Podsolic soils
typicél]y occur in coarse to medium textured acid or
calcareous parent materials, under forest or heath
vegetation, in cool or very cold humid climates (Canada Soil
Survey Committee 1978). Podsolic soils are generally found
at higher elevations under more mesic conditions. Regosolic
soils are generally weakly developed énd are generally
rapidly to imperfectly drained. They are commonly found at -
higher elevations on scree slopes and in shallow deposits
over rock ourcrops, or at low elevations where soil movement
prevents horizon development. Gleysolic soils are uncommon
in mountainous areas and are generally limited to flood
plain sites, shaliow depressions, or level lowlands that are

frequently saturated with water (Canada Soil Survey

.Committee 1978).\

Dumansk{ et al. (1972) conducted a soil survey of the
Edson-Hinton area. In the méuntainous'areas, Luvisolic soils

and Eutric and Dystric Brunisols are found below treeline.

* Above treeline, Alpine Eutric and Alpine Dystric Brunisols

are common. The results of chemical soil analysis for the

specific study areas are presented in a later section.
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3]2.5 Bighorn Sheep Populations

3.2.5.1 Ghost River

There is very little information available concerning
the size and movements of the bighorn sheep population in
the Ghost RiQer Wilderness Area. The most recent aerial .
census conducted by the Alberta Fish and Wildlife Division
in the Wilderness Area reports a total population of 58
bighorn sheep (Cook 1978). This number, however, may
fluctyate somewhat because of movements of sheep between
Banff National Park and the Wilderness Area (Allan Cook
pers. comm. ). Sheep from the Wilderness Area are also
thought to migrate into and out .of the Burnt Timber bighofﬁ
sheep range located immediately to tﬁe north of the Ghost
River Wilderness Area. The bighorn population size in the
Burnt Timber range was 24 as ‘recorded in the last aerial

census (Froggart 1880).

3.2.5.2 Rock Creek

The. Rock Creek study area isAnot located within a
specific bighorn sheep winter range as designated by the
Alberta Fish and Wildlife Division (Bibaud and Dielman\
1980) . Bighorn sheep from Jasper National Park are known to

migfate to the area at certain times of the year.

: -
3.2.5.3 Ram Mountain

A comprehensive study of the Ram Mountain bighorn sheep

population was initiated in 1971 by the Wildlife Research



Section of the Alberta Fish and Wildlife Division (Hoffman
1971) and is continuing at the present time. Ram Mountain
forms an essentially geographically isolated sheep range.
The area is bounded on the north by the North Saskatchewan
River, and undulating forested foothill terrain isolates the
mountain on the other three flanks. The Fish and Wildlife
Division maintains a research station on Ram Mountain and
has constructed a nermaﬁent sheep trap. The sheep are
trapped throughou: the summer. Current year’s 1ambs are
tagged; and the growth and status of all the shééb in the
population are monitored. Movement and range utilization
patterns in the area are also monitored. The bighorn sheep
population size has been maintained at approximately 100

animals for the past several years (Jorgenson 1881).

3.2.5.4 Cadomin Mountain

The Red Cap bighorn sheep range has ' en cTosed to
bighorn sheep hunting since 1969. The c]qsure came as é
response to serioué declines in the sheep population,‘
particularly legal rams, in the late 1960's (Lynch 1971,
Lynch and Wishart 1975). A research program was initiated in
1972 by the Alberta Fish and WildTife Division to
investigate the possible migration of ramé into Jasper
National ParK. Preliminary results suggested that although
some sheep moved into and out of Jasper National ParK;
hunting may'have been the major factor which resulted in the

decline in the number of legal rams (Smith and Lynch 1974,



Smith et al. 1977). The latest aeriaT census conducted by
the Albefta Fish and Wildlife Division (Bibaud and Dielman

1980) reported a total population of 143 sheep on the Red
Cap Range.

45



4. METHODS

4.1 Sampling Scheme

Three baseline transects were established within each
burned site at Ghost River, Ram Mountain and Cadomin
Mountain and within each unburned site at Ghost River, Rock
Creek and Ram Mountin. Four baseline transects were
established in the burned site at Rock Creek. Only two
baseline transects were established in the unburned site at
Cadomin Mountain because of difficulty in locating a
suitable location for a third transect. |

The baseline transects_;gﬁ‘%ownslope from treeline to
the lower perimeter of the burn in the burned sites. In thg
adjacent unburned sites, the baseline transects ran from
treeline downslope to valley boftoa (Figure 2). The lengths
of the baseline transects varied from 400 to 600 meters
depending oh the slope distance from treeline to burn margin
or valley bottom. 2

The locations of the baseline transects were initially
determined using aerial photographs (1:21,120) ‘and modi fied
when necessary in the field. Criteria for locating baseline
transects within each burned or unburned site were based on
a visual estimate of the qniformity of the snag or tree
density and the topographic variation from treeline to
valley bottom. Areas which had large variations in

topography (large rock outcrops, cliffs or talus slopes.] or

46
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distinct differences in ground cover from the rest of the
site were not samp]edt The primary objective in locating
baseline transects was to sample areas that were as uniforé
as possible within a particular site and between burned and
unburned sites in each study area. The lengths of the
baseline transects were measﬁred using a Topoguick r;nqs\\

finder.

~
Each bggeédgdac transect was divided into five segments

of equal lsecondary transect was then located
‘ e P
perpencti b baseline in each segment using a

ed ol samplsrg method (Figure 2). This
restriction doe% not bias the essential feature of sampling
(Greig-Smi th 1964) which allows the observed Variance of the
data to be used.as the basis ¢ tests of significance. Any
point along a baseline transect within a belt 50 m wide had
an equal chance of being represented in the samples.

The exact position of the secondary transect within
each segment was determined using a random numbefs table. If
the random number was odd, the secondary transect was
located to thé left of the baseline. If the random number
‘selected was even, the secondary transect was located to the
right of the baseline. The length of each of the secondary
transects was 25 m (Figure 2).

One'z x 5 m plot was randomly located along each of the
secondary transeéts (Figure 2). The 2 x 5 m plots were
always located on the upsliope side of the secondary

transects. The plot marker pin was always located at the
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outside lower corner of the plot when viewed from downslope
to upslope. The downslope five meter side of the plot was
always located along the secondary transect, perpendicular
to the baseline, and generally along the contour of the
s lope.

Five 0.5 x 0.5 m plots were systematically nested
within each of the 2 x 5 m plots (Figure 2). A circular plot
{(r = 10 m) was established with a centre point at the plot

marker pin.

4.2 Vegetation Analysis

The percent cover by species of subordinate vegetation
(grasses, sedges, forbs, mosses, liverworts, lichens, and
dwarf shrubs) and tree seedlings less than ou cm in height
was estimated to fhe nearest 1% in each of the five 0.5 x
0.5 m p!éts nested within each 2 x 5 m plot. The five
intermébiaie percent cover values for each species were then
averaged to obtain a percent cover value by species for each
2 xﬁg m plot. |

Vascular and non-vascular plant species Pecordéd in
plots in the four study areas were co]fected for
verification of field identifications. Némenc1ature’fo1]ows
Moés (1959) for vascular plants, Hale and Culberson (1970]
for lichens, Ireland et al. (1380) for mosses, and Stotler
and Crandall-Stotler (1877) for liverworts. Nomenclature for

the moss Dicranum brevifolium (Lindb.) Lindb. follows

;



Peterson (1979). Voucher collections are deposited in the
Department of Botany herbarium at the University of Alberta.

" The foliar (crown) diameter (cm) was measured for all
shrubs rooted in each 2 x 5 m plot. The foliar diameter
measurements were then converted to a percent (crown) cover
value for each shrub ;pecies present. Tree seedlings less
than 2 m in height located in the 2 x 5 m plots were counted
and assigned to or. of four height classes (0 - 30 cm, 31 -
60 cm, 61 - 100 cm; 101 - 200 cm).

Stem densities (stems/ha) were recorded for standing
trees and snags greater than 2 m in height 1in each circular
plot (r = 10 m). Live trees were recorded by species but
snags were not.

The percent freguency (number of plots of occurrence
expressed as a percentage of Ehe total number of plots per
site) and percent mean cover of ggch herb, dwarf shrub, and
shrub species were calculated for each burned and "unburned
site in the four study areas. These values were converted to
Prominence Values (p/V.) using the formula P.V. = % Cover x
Vﬂ%“FFéaﬁéﬁEy'(Bea(s 1960, La Roi 1964, Stringer and La Roi
{370, Dube 1976).
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4.§ Range Utilization

4.3.1 Browse Analysis

Browsing intensity of shrubs located within each 2 x 5
m plot was measured by a percent estimape of browsed twigs
(current annual growth) on two individuals of each shrub
species present. The two individual shrub plants of each
species were selectéd on the basis of their proximity to the
plot marker pin. If only one {ndividuaﬂ was present within
the 2 x 5 m plot, a second individua! shrub plant located .
closest to the plot marker pin was selected from outside the
plot. The eétimates for browsing intensity oﬁ shrubs were
not specific for bighorn sheep since it was not possiblg fo
differentiate br‘ov:/sing by bighorn sheep from that of other
ungulate species. The data, howeQer, provide a measure of

the relative utilization of shrubs by ungulates in the

burned and unburned sites of each study area.

4.3.? Fecal Pellet Group Counts
: Bighorn sheep fecal be]]et groups were counted in belt

»transects 4 x 25 m in size (Figure 2}. The beit transects
were located along the length of the 25 m secondary
transects and 2 m on either side. Fecal pé]]et groups of
elk, deer and moose were also recordedhwheg encountered.

Some difficulty was encountered in di%ferentiating
between bighorn sheep and deer pellet grdups. Size and s ape

of individual pellets were dgnerally used as the criteria
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for differentiating between the two species. Habitat type
was used as the deciding factor in cases where other

indicators were not#tonclusive.

4 4 Non-plant Ground Cover -

-

Non-vascular plant ground surface cerr (%) wag
estimated by cover type in each of ‘the 0.5 x 0.5 m plots. A
mean value for each 2 x 5 m plot was then calculated. The
cover types.reéognized were; mosses, lichens, *litter

(conifer needles, twigs, branches, cured vascular ple

material), larger diameter woody material, mineral-soil, and

rock.

4.5 Standvggg Y.

Incremeht cores were taken erm a number of the
dominant live trees located adjacént to each plot ;;éafion
in the unburned sites*to deFermine approximate stand ages.
Coring height was approximately 30 cm on the dQWnslope side

of the bole. Increment cores were also taken from

regenerating trees in the o]déy burned sites at Ram Mountain

-and Cadomin Mountain to determine the‘ygpr of burning.

Fire-scarred cross sections were also taken from surviving

trees in the above two sifes to aid in determinating fire

LLe
years.

The increment cores were stored in plastic drinking

strgws in the field and then transferred to mounting boards
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in the lab. They were then air dried and sanded to make the
annual rings more distinct. . variable-power binocular
microscope was used to obtain accurate ring counts (Stokes

and Smiley 1968, Arno and Sneck 1977).

4.6 Down and Dead Wobdy Fuel Analysis

‘Eétfmateg of down and dead®™oody fuel loadings on
4

-'burgfd and unburned sites were obtained using Brown's (1974)

~ +

line {ntersect method. A line 10 m long was randomly located
in one of Six predetermined directions from the plot marker
15?5. Fuel loadings were determined for the five roundwood
.-d{ameter size class fuels (0.0 - 0.64 cm, 0.65 - 2.5 cm. 2.6
- 7.6 cm, 7.6 + cm Rotten, and 7.6 + CSASolid). A1l weights
per unit area were calculated using Brown's (197{L proposed
constants and equations. All weights are expressed in metric

units (tonnes/hectare) on an oven-dry basis.?

4.7 Physiographic Analysis

* Measurements of percent slope and aspect were made at
each plot. Percent slopé was determined‘with a clinometer
across plot cenfre. Aspect was determined with a hand held
compassi’E]evation was determined from'thographic-maps.

Meaé:Fements pf quff and litter depths were made at

‘each corner of the 2 x % m plots. An average duff and litter

depth for each plot was then calculated.

M
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4.8 Soil Analysis

Soil cores were taken at the down, mid and upslope
locations along each baseline transect in each burned and
unburned site. R 1ise ° poor soil development and

variations in <nil deoth in the study areas, it wasigét

S
possible to obt. rres of the same depth consisgen ly.
n‘

This often resulted in a relatively small soil sample size.
Therefore, to simplify the soil analysis, composite samples
A -]
were prepared. The three soils cores from each of the three o

.. G oy
slope position sampling locations in the burned sites were coT e
combined resulting in a total of three soil samples from
each burned study site. Soil cores from unburned areas were
f%rst iﬁparated into organic (duff and litter) and mineral ‘
soil sections and then combined as above. This resulte? in a
total of six samples (three of organic and three'bf mineral
soil) from each of the unburned study areas.
The Alberta Soil and Feed Testing Laboratcry analysed
the less than 2 mm fraction th%h included tests for
avéilab]e nitrogen (N) (Technicon Auto Apa]xser Method,
Hodgins and Leitch 1977), phosphorus (P} (Technicon Auto
Analyser Method, Hodgins and Leitch 1977),‘pofassium (K)
(ammonium acetate extractable method, Black 1965), soil
reaction (pH), and conductiQity (mhos.) (one to two soil.
water ratio method, McKeague 1976), and sulphur (S)
(Technicon Industrial Method No. 226-72 W, modified byb

Alberta Soil and Feed Testing Lab). Semi-quantitative (low

to high scale) estimates of sodium (Nal (Black 1965) and
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2

sulfate (SO ) (Technicon Industrial Method No. 226-72W) were

also determined. Organic matter was determined by the loss

on ignition method. (Ball 1964). Soil texture range (1 to 6

rating from very course-sand and loamy sand to organic) was

also determined.



5. RESULTS AND DISCUSSION

5. 1 Fire History and Stand Ages of Study Areas

5. 1.1 Ghost River Burned Site

The fire that occurred on the Ghost River burn’site was
detected on August 30, 1970 and was reported controlied on

September 2, 1970. Thg following account of the fire

7 e

A N
R gt Lot
T

parameters and suppfe§§ion activities is taken from the
Alberta Forest Service Individual Fire Report (Form FP 48
(AFS-135), Fire No. DB7-6-70).

The final size of the fire was reported as 214.1 ha
(529 acres). The area burned consisted primarily of 133.5 ha
(330 acres) of uRmerchantable white spruce (Picea

glauca)/lodgepole piné (Pinus contorta var. latifolia.)

i

férest. Other vegetation types burned included 32.4 ha (80
acres) of meréhantab]e white spruFe, 26.3 ha (65 gcres) of
potentially productive young growth or stunted fimben and
brdsh]and, and 21.9 ha (54 acres) of untreed area above
timberline. The ignition source of the fire was thought to
have been an unextinguished campfire.

The peak fire period was reported as being fram 1130 hr
<

" on August 30 to 1700 hr on August 31. The prevailing wind

directfon_was from the south at an average speed of 32 km/hr
Zh
4 August 38 and 40 km/hr on August 31. Gusts up to 50 km/hr

occurred on both déys. Average forward rate of spread during

il

~ 8 ¥
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the peak fire periods was 6.7 m/min (20 chains per hour) on
August 30 and 3.4 m/min {10 chains per hour) on August 31.
The duff moisture conditions wére reported as being very
dry. The fire was generally qguite difficult to control
because of the mountainous terrain which varied from 0-70%,
and the hiéhly variable winds which changed direction and
speed frequently. These conditions were further aggravated
by extremely dry fuel conditions and lack of water for
suppression activities on some portions of the fire area.
Figure 3 shows the location of the burned site in the
Ghost River Wilderness Area. topographic and physical
features of the study area, and the locations of the
baseline transects in both thé burned and unburned sites.
Plate 1 illustrates the generaf‘?éatures of a portion of the

burned site.

) '

'5.1.2 Ghost River Unburned Site

White spruce and lodgepole pine were both-éénstituents.
of_the unbuﬁned stands adjacent to the burned site. White
spruce was most prevaient but geneﬁal]y lower in height than
lodgepolie pine. A totai-of 18 increment cores were taken ™
frém dominant and co-dominant trees adjacent to the_p]ot
1écations. The 12 lodgepole pine trees sampled had é mean g&
age of 81 years with a range of 40 to 101 years. The siX
white spruce trees sampled had a mean age of 61 years with a

range of 41 to 80 years.
. R P

£.-
[}
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Figure 3.

Location of Ghost River study area.




Plate 1.

Plate 2.
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Ghost River burned study site (southwest aspect,
photo date, June 1980].

Ghost River unburned study site (southwest aspect,
photo date, June 18980).
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The stand composition and age structure of the adjacent
forested areas suggests the area may have been burned
approximately 100 to 120 years ago. Since no fire-scarred
trees were found, however, fire history determination was
not possible. Plate 2 illustrates the vegetation cover and

physical features of the unburned area sampled.:

5.1.3 Rock Creek Burned Site

The fire that occurred at the Rock Creek burn site was
detected on October 2, 1970 and was reported cont&olled on
October 6, 1970. The following account of the fire
parameters and §uppression activities is taken from the
‘Alberta Forest Service Individual Fire Rgpért (Form FP 48
(AFS 135), Fire No. DE2-13-70).

The final size of the firé was reported as 169.5 ha
(419 acres). The area burnéd consisted of 105.2 ha (260
acres) of mérchahtable white spruce/lodgepole pine forest.
21.0 ha (52 acres) of potentially productive young growth or
stunted timber and brushland, and 43.3 bha (107 acres) of
untreed area above treeline. The ignit?on source wa§ an
unextinguished campfire left by outfitters.

The peék fire‘period was reported as being from 1200.hr
on October 3 to 0600 hr on October 4. The initial action
crew arrived on the site at 1120 hr on October 3. At that
time the fire was approximately 3.2 ha in size. Direct
action was taken on the southern edge of the fire. Wind

speed was approximately 16 km/hr from the north. At



approximately 1200 hr the wind switched to the
south-southwest at speeds of about 64 to 80 km/hr. The fire,
spread up the mountain side to the north and northeast. The

. high winds persisted until 1600 hs and then decreased. A
moderate south wind per;Fsted until 0800 hr on October 4
when light snow showers iﬁ the area essentially extinguished
the fire.

The maximum and average forward rates of spread on
October 3 were 3.4 m/min (10 chains per hour) and 26.8 ‘m/min
(80 chains per hour), respectively. The duff moisture
conditions were reporfed as being very dry. The Buildup
Index (BUI) and Spread Imddex (SI) measured at Moberly
Lookout, 42 Km east of the fire site, were 56 and 52,
respectively.

Figure 4 shows the location of the burned site,
topographic and physical features(of the study area, and the
locafions of the baseline transects iﬁ both the burned and
unburned sites.'Plate 3 illustrates the general features of
a portion of the @urned site.

5.1.4 Rock Creek Ur -ned Site

A total of 28 increment cores were taken from dominant
ahd co-dominant trees in the adjacent unburned forest at
Rock Creek. White spruce was most prevalent in the unburned
stands. Lodgepole piné}were present at lower elevations but

were lower in density than spruce. The mean age of 20 white

spruce_trees sampled was 170 years with a range of 91 to 2789

-~ ’
¥ . T

-
v’i
45,
a\}’&)
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Baseline Transect

1970 Burn

Figure 4. Location of Rock Creek study

5

area.




63

Plate 3. Rock Creek burned study site. ' iilhwest aspect,
photo date, July 13880).

Plate 4. Rock Creek unburned study site. (southwest aspect,
photo date, July 1980).
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years. The mean age of eight lodgepole pine trees samp5édﬁ
was 143 years with a range of 78 to 207 years. N& direct
evidence was found to indicate that the unburned stands were
of fire origin. Any major fire in these stands would have
occurred at least 300 years ago. Plate 4 illustrates the
vegetatioﬁ covér and physical features . ¢ unburned area

sampled.

5.1.5 RamIMeuQﬁgﬁn Burned Site
'

Ther§ areé ?/number of areas on Ram Mountain that show
evidence of paét fires (Hoffman 1971, Johnson 1975). In most
cases it appears these fires started at lower elevations and
burned upslope to treeline. The specific burned site studied
on Ram Mountain is located in the Upper'reaches of a small
valley drained by a tributary of Rough Creek (Figure 5). The
fire exfénded over several hundred hectares at lower
elevations in the Rough Creek drainage érea_and on slopes to
the east and west of the study site. Dense‘stands of )
lodgepole pine are present at lower elevations. At higher
elevations, such as the area of the study site, the density
of lodgepole pine is reduced, producing a semi-open |
herb/shrub plant community.

Increment cores were taken from 37 lodgepole pine trees

in the burned site to determine the year of burning. Figure

6 shows the age frequency distribution of the sampled treeé.

The maximum age recorded was 55 years for seven o! the

trees. The mean age of the sampled trees was 48 years with a
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range of 36 to*5b years. Tande (13977) calculated a mean
age-correction factor for lodgepole pirme in Jasper National
Park of 4 {3#2) years to reach a coring height of

30 cma®Applying this correction factor to the maximum tree
“ ‘ ~

ageg dged of %5 years gives a fire date of 193)

- yea ¥ No fire records are available to confirm this fire

»
date so it is given only as the probab1e year of the fire.

“fég the purpose of this study the degree of accuracy is
considered suff1c1ent g1ven the proposed objectives. Plate 5

1llustrates the vegetatlon“ﬁbver and phys1ca1 features of

AN .
s, g, . oo

thg Ram Mounta1n burned site. ﬁ& S

“f.\)' v * .
e

5.1.6 Ram Mountain nbugg S1te )
| The unburned §tudy site at Ram Moun}g1n is located in

the upper,reaches oﬁgthe valley“dra1ned4by the headwaters of

Rough Creek (F]gure 5) Lmdrement cores were taKen from 1

L w}“j »
. white spruce trees and o Egsubalp1ne fir (Ab1es 1as1ocarpﬁ)

The mean agé of the wh%te'spruce trees sampled was 256 years
with a range of 168 to 299 years. The, @ge of the suba]plne

fir tree sampled was 156 years. The sité had not been burned

’

for a’ast 300 years and no-evidence was found to indicate

the s was of fire origin.

Fire scar cross sections were taken from two remnant "’

Jodgepole pine, trees located in the same valley but on the

f

opposite slope and to.the south of the unburned study site.

Aging of the fire scars showed that a_fire had burned in

that part of the valley in 1826. It was .ot possible,
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Plate 5. Ram Mountain Murned study site.
: aspect - photo'date, Aug. «1880).
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Plate 6. Ram Mountain unburned study site.

aspect, photo date, Aug. 1980).
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however . to document the extent of the fire paéause g&her

fire-scar evidence, if present, had been destroyed by the
192 fire described ea;lier. The eges of the two lodgepole

pi-- trees were 411 an ears (confirmed by the fire

sarch staff at tﬁe,Nvﬁ “rn Forest Rese;;bh 8Entre,

amonton, Albertal.
« M ‘
Plate 6 illustrates the vegetation cover and physical

features of the Ram Mountain unburned study site.

5.1.7 Cadomin Mounta1n Burned Site

The burned study site at Cadom1n Mountatn is located in
the upper reaches of a va]Jey QPa1ned by an unnamed R
tr1butary of the M&Leod Rirvér 1gure 7). The f1ribthat a
burned on the study site extended over severa] hundred N
hectares in the valley and on slopes to the east and west of
the stddy site. Lodgepole pine is the dominant tree spec1es
present in the burned site but wh1te spruce occur
sporadically at higher elevat1ons The dens1ty of lodgepole
pine is quite variable depending on slope exposure and,
&elevation:__ ©

Ihérement cores were taken from a total of 25 trees (21
jodgepo1e‘pine and 4 wh?\e spruce) in the study site to
determine‘the year of the fire. Figure 8 shows the age
frequency distribution of the lodgepole Bine trees sampled.
The maximum tree ége reeorded was 59 years. A cross sect1qn

was also taken from.a remnant fire-scarred lodgepole p1né

adjacent to the study site. Aging of the fire scar showed a
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fire date of 19139, 61 years ago. The mean age of the 21

lodgepole pine trees samplied was 51 years, with a range of

42 to 59 years. . - wcan age of the four white spruce trees § -Z

sampled was 4( ars. a th range of 26 to 46 years. (
Fire recorus w ¢ not available to confirm the fire

date of 1919. However, the maximum tree age recorded, 59

years, falls within -the limits that Tande (1977) used as an

age-cgrrectioﬁ factor (4ui2’yearg) for lodgepole pine in

Jasper. Plate 7 illustrates the vegetation cover and

topographic features of a portion ofythe Cadomin Mountain

burned 'site. e

(

Y.
»

5.1 gﬁCadomln gun ain Unburned Site

~ 1]

The unburned study site a£‘Cadomin Mountain is tbcated

16 phé upper rea§hes of a sma]] valley'fo the southeast of

the bdrned site fﬁigure 7). Increment cores were taken from 14
eight white spruce and four lodgepole pine trees. The mean

age of the white spruce trees sampled was 129;ré;rs, with a
range of 103 to 151 years. T;; mean age of thé 16dgepo1e .
pine trees sampled was 165 years, wlﬁh a range of 150 to 192
years. No fire-scarred trees were fg:nd on the unburned

study,. site, but it.is possible the stand was of fire origin.

This cénc]usion is based on the fairiy high‘dénsity of

iodgepole pine present. Plate 8 illustrates the vegetation

cover and topographic features of the unburned s.udy site at
. [ 4

Cadomin Mountain.



Plate 7. Cadoming Mountain burned study site.
(soytMsputhwest aspect, photo date, Aug.

5

Plate 8. Cadomin Mountain unburned study site.
(west-southwest aspect, photo date, Aug.

%
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5.2 Vegetation Analysis

5.2.1 Tree and Snag Stem Densities

The numbers of live trees (greater than two meters in

height) and standing snags were recorded in fixed area (r =

10 m) circular plots witﬂ’a centre point at the plot marker
pin. The number of trees‘and}or snags in each\plot was then’ :;~,
converted to a stems’ha value, and a mean stem density value
was calculated for each burned and unburned site’iﬁhble 3).
The tree species composition (%) for each site is presented
in Table 4. ) .
Standing snaq‘density was still relat{vely high in the
10 year old burn éﬁtes at Ghost River and Rock Creek (966
and 981 stems/ha, respectively). At Ram Mountain and Cadomin

Y

Mountain, however, most of the snags had fallen over and
were in various stages of decomposfiion on the ground.

White spruce was the most prevalent tree species in the
unburred sitescﬂ’%he four study areas. Lodgepole pine was
less abundant, with a percent composition of approximatetly
40% in all the unburned sites except the Rar Mountain site,
where only white spruce (398.3%) and subalpinc “ir (1.7%)

" were present.

Figure;9 shows the relationship between tree and Snag

densit{es in the study sites aﬁd the distance downsAopé from

A

~eeline. The individual plotted values represent the mean

”

¢~ all stem density values recorded for plots located within

each 100 m distance interval. Mean tree étem densities were
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Figure 9. Tree and snag densities (stemé/ha) in relation to
~ distance downslope (meters) from treeline. Plotted
values represent mean stem densities for all plots
located within each 100 meter distapce interval,
shown at the midpoint of the interval.
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highest in the midslope (200-300 m) locations of the
wnburned study sites. This was also the case for standing
snag densities in the 10-year-old burn sites at Ghost River
and Rock Creek. Mean tree stem densities in the burned sites
at Ram Mountain and Cadomin Mountain were lowest in areas
closest to treeline and increased aé the distance downslope
from tree line increased. This has important implications in
terms qf bighorn sheep site utilization, as will be shown in

later sections. -
. «
Gy )
%

5.2.2 Conifer Seedling Densities .

‘The hurrbefs_‘;ofgponiﬁer tree-seedlings (by species and

height class) Jess than two meters in h61§ht‘were recorded
, P ’ :
in each 2 x 5. m plot. These values were “then converted, to

< (Y]

per hectare values, and mean seedling densities (by he1ght
ﬂ'lassl were calculated for each burned and‘unburned site

(Ta{gje 5). Table 6 sMows ‘the species distribution (%) of

‘8
conifer seedlqngs in each study s1te

*

Seed11ng recru1tment was very Tow in the burned site at

Rock Creek as compared to that in the burned site at Ghost
River. This is very 1ntefesting since the unburped sites in
both areas iad very similar tree species ébmpositions,
approximately 40% of which consisted of lodgepole pine. The
low regeneration success of lodgepole pine 1nkthe Rock Creek
burned site is difficult to interpret based on the

1nf9ﬁﬁ§?T5ﬁ'ava11able at the time of samp11ng Serotinous

cObres in the crowns of fire- K11]ed lodgepole pine are

T
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generally considered to provide the primary on-site seed
source tor conifer regeneration subsequent to fire (Clements
1910, Horton 195, Lotan 19720, Cone serotiny. a tthough a
fairly common characteristic of lodgepole pine in the Rochy

Mountains ., has been shown to vary with stand aqge, previous
A )

fire hiotory of individual stands, and - grar® locatlion
CBrown 1973, Lotan 19751 One explanat . werefore be
related to the possible lack of seed bec - otinous

cones and subsequent loss of seeds 1n the lodgepole pine
present on the site prior to burning. Other factors known to
adversely affect lodgepole pine seedling germination and
establishment following fire include: depth and chemical
content of the ash (Woodard 19771, high surface temperatures
and desiccation as a result of increased solar radiation on
the blackened il (Crossley 138561, fungus a;d other
pathogen in‘~ctiors Laranyary and Stevenson 19643, adverse
weather conditions at the time of seedling emergence., and
competition from other piant species (Clements 191C". ‘
Browsing by ungulates and rodents has also been shown to
affect the density and vigor of conifer seedlings (Baranyary
.nd Stevenson 19641 .

Spruce and Fir regeneration following fire 1s usually
dependent on a residua} on-site seed source (surviving trees
or unburned seedbeds: or on seed dispersed from adjacent
unburned stands (Alexander “85&., Horton 19581, Spruce
seedlings accounted for 9.8% Table &' of the total seedling

population on the burned site at rost River, but no spruce
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seedlings were recorded on the burned site at Roch (reeh. In
most cases the spruce seedlings were located in upsiope
areas at Ghost River and‘lihely originated from seed
dispersed from surviving trees at treeline. Spruce seedlings
were more abundant in the older burn sites at Ram Mountain
an jomin Mountain, primarily in the upsliope areas of the
sites. Subalpine fir seedlings were not found in any of the
burned sites but were present in all of the unburned sites
sampled (Table 6. Subalpine fir regeneration is
characteristic of older spruce-fir stands in the Rocky
Mountains, where shading and reiatively high duff and litter
accumulations create unsuitable seedbed conditions for
spruce and lodgepole pine seedling establishment [ Alexander
19561 . |

Figure 10 illustrates the relationship between conifer
seedling density and the distance downslope from treeiine in
the burned sites of the four study areas. Individual plotted
values represent the mean seed.ing density for all pl ts
located within each 100 meter distance interval (shown at
the midpoint of each interval!. The results show that
seedling densities were generally highest in'the mid to
lower slope positions in all the study sites. Dube 11376
found that the numbers of pine seedlings decreased with
increasing elevation and slope steepness in the Vermilion
Pass burn in Kootenay National Park. Horton ‘1353! also
found that the steepest slopes were least stocked with pine

seedlings in high elevation areas in Llberta. The decrease
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Figure 10. Conifer seedling density in burned study sites in
relation to distance downslope  from treeline.
Plotted values reprcsent the mean seedling
density for all plots located within each 100
meter distance interval, shown at the midpoint
of each interval.
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i seedling density with increase in elevation and slope
angle was attributed by Dube (1176 to clevationally
correlated temperature and moisture gradients unfavorable 1o
pine establishment and growth. A reduction in the available
seed source, or unsuitable seedbed conditions, may also have
been in part responsible for the apparent unsuccessfu
reqgeneration of the upslone areas by tree seedlings.

A reduction in seedling and tree densities,
particularly in upslope a eas, is very beneficial in terms
of bighorn sheep range improvement. As discussed previously,
bighorn sheep generally tend to avoid areas with high tree
cover . Low seedling recruitment on burned sites could,
therefore, potentially result in more favourable long-term

range conditions.

5.2 3 Species Diversity of the .ascular Flora

O

A total of 135 vascular plant species were identified
in sample plots in the burned and unbgrned sites of the four
study areas. No attempt was made to identify'and record the
entire vascular flora in the study areas. The p]ant-spec}es
recorded in sample p\otsj however ., were found to be very
representative of the vascular flora observed in the
immediate vicinity of the study areas.

It should be nﬁted that the differences in species
numbers between bum«d and unburned sites reported here were
rnot based on pre- and post-burn samples. It is assumed that

species richness in the burned sites would have been similar



to that in the d(L]d(kﬂ\t unburned sites 1f the sites had not
been disturbed by fire

Table 7 shows the numbers of vascular plant species
recorded in each of the burned and unburned sites of the
four study areas. The results indicate that the @urned sites
in all of the study areas. except Ghost River. had a (reater
numberjof species than the adjacent unburned sites. The
differences in spegsies numbers are greatest in the two study
areas with older burned sites. Ram Mountain and Cadomin
Mountain: 59 and 61 years since disturbance. respectively.
The burned site in the Rock (reek study area showed a net
increase of seven p'ant species. This net increase consisted
of increases of eight graminoid species and three forb
species. and decreases of three tree species and one shrub
species. In the Ram Mountain study area there was a net
increase of ten vascular plant species in the burned site.
consisting of five shrubs. two dwarf shrubs, and three forb
species. The Cadomin Mountain study area had a net 1ncrease
of 26 plant species in the burned site. This total consisted
of increases of three shrubs. one dwarf shrub, eight
graminoid species. and 15 forb species.

Sorensen s ('948) index of Similarity was used to

N

illustrate the similarity in plant species composition
between the burned and unburned sites in each study area
(Table 7). “he number of plant species common to both study

sites in the Ghost River. Rock Creek. Ram Mountain and

Cadomin Mountain study areas was 29. 37',36' and 26,
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respectively . The Ghost Raiver study area showed the h 1(het
florastrc saimlaraty belween the burned and unburned o tes
w76 o unburned study site at Ghoot River alaso had the

LA

fowe st recorded mar vmum e age el yvears o of the four

Study areas  Sowever - the Cadomin Mountain study area had
the Towest andes of samidar ity value 70 S5 aven th wugh the
maramum recorded tree age © the unburned o ile was 1Q0

vears, considerably lower than the tree aqes recorded 1n the
1

unburned study sites at Roch (reek and Kam Mountain (1279 and
SO years, respectively . tand age, theretore . did not
appear to sagmificant ly influence similarity indes valuea o
the areas studied. Of special note. ia the pattern of:
rel?atively high similarity index values in all the study
areas. This suggests that the plant species composition 1n
subalpine areas is relatively stable even after disturbance
by fire.

Increases in species diversity following fire in
subalpine areas have been reported in a number of studres.
Dube 2761 found that four years after the Vermilion Pass
fire 1n hootenay National “Yark. nearly twice as many species
wene present in the burned forest as in the sur~ounding
unburned forest. This was attributed to the invasion of a
large number of herbaceous species. coupled with a large
number of resprouting woody residual plants. Dyrness . 13772,
reported a 50% increase 4f to 72 111 the numbers of
vascular plant species si» years after logging and slash

burning in a Douglas fir forest in the western Cascade



Mount sang ot dregon  Invading . abaceous specires provaded a
ma jor ity of the cover two 1o tour yvear at ter bhuarnang, but
residual o species regarbed dominance oy the il th vear

The results of thia study andrcate that regrdual

\

specres accounted for the majoraity ot the piant cpecaes
present an {rw burned cites . However o additional craec e
not present an the unburned sites were consistent iy higher
o number anc the burned sites. In terms of species  ichness,
theretore, the burned sites were superior ! the unburned
si1tes. Although species raichness (armut. be dairectly related
to forage quantity or Quality. the potential for increases

in forage availanility 1s enhdn ed as g result of greater

numbers of plant species beirng present on the burned sites.

re

2.4 weneral Vegetation Kesponse

“he mean percent cover of each of the major plant cover
types 1n each burned and unburned site of the four study
areas 1s presented 1n Table £, The covér valués represent
the total mean cover <or each particular cover type over all
the sample plots in each site. &L Student' s t-test was used
te test for significant differences between mean cover
values 'p - . 2% 1n the burned anc unburned site of ea h
study area.

“here were no sigrificant differences between mean
percent cover of the major cover types in the burned and
unburned sites of the Chest River study area. Both graminoid

and shrub mean cover were higher in the burned site 7 %,
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v, oS and UV vg s et gt Ghaodt Raawee o orhy dwar {0 shiruab

cover was hiagher an the unburoed o be TR vy 10 N
o plant cover s batter D o rotten wood, bace mineral o God o and
rock do nted tor G007 and oS C 0 The ground coveroan

.

the burced and unburned siles, respe Live by

In the Bock reek Study arca. graminoad cover was
cagnifacantly higher an the burnea oo te 0 G vy 7
Forb dwarf oshrub o cover and non o plant cover were o lso highen
mn the burned sttt but the ¢t fe*r‘(;:<:(‘5\ were not saignticant.
both ahrub and bryo rd cover were higher an the unburned i te
al Kook (reekl o0 2 va o Do and ST ony vy 0T bt again,
the difterences were not four;.d to be significant.

in the Ram Mountain study area. both forb-dwarf shrub
cover and tall shfub cover were significantly higher in the

N ~ o

burned si‘e 03 7. vs 7.3 and 2.0% ve. TOA%) . Graminoid

cover was also higher 1n the barned site 7.7 ws. ©.5 0 but
the differedbe was not sigrificant  Bryoid cover was
sign‘ficantly higher in the unburned site ''.5% ve. 7. 3% 1.

~

There was no significant difference in non-plant ~over
between the two Ram Mountain study sites.

n the Cadr o + untain study zarea, sh™ub cover wasg
signaficantly hig ~ .n the burned site 2.3 vs. (.~

“oth graminoid and forb-dwarf shrub cover were alsc higher

3y
a3

in the burned site *:.7. vs. 2. 7. &4 27, S50 TS 00 but
the differences were not sign:ficant. brvoad cover was
significantly higher 1n the unburned site but a sig ficant

difference ir non-plant cover was not found between the twd



cadonn Moomtarn stady o aatey

A the b o the above data, o number of Qe eran
:f‘e‘l.\'div were evident o Total mean araminoid cover tenaed o be
bogher oo a bl of the buroed sates of the four, study areas
Forb dwar b sqrab cover wan bogher in the hurned gites of ol
the study areas ercept ohogt River o shral cover was hagher
1 the bhurned sotes of all the otudy areas o ceplt Kook
(reek Sryord cover tended 1o be haagher oo onburned ites
Non plant cover was generally bighy an all stady srtes Hut
tended 1o be somewhat haagher o the bhurned sites

Fagher cover of graminoads . torh dworf shrubs . and tall
shrubs an the burned sites suggegsts available torage for
bighorn sheep 15 greater 10 quantity in these siles. The
results also represent a measure of the difference in the
Quality of ava:lable ‘forage between burned and unburned
S]TPsA Since higharn sheep are pramara by Qrazer:s. an
increase 1n the cover of graminoids., torhs and dwarf shrubs
N the burned sites suggests a more desirable species
composition in terms ¢of forage preference. L]thougﬁ nutrient

contents of forage species were not measured in 'his study.

Y

has been shown that fores! vegetatinon is generally of
Tower qgualilty than aipine vegetlation. because of reduced
Pllumination and siightly lower temperatures slowing the
growth rate and hence lowering the nutritive gquality of ‘he

ounts B

forage Flein 1570 Hebert iz

—~
'

> The phenology of
herbaceous species 1n the burned sites may also refiect

increases 1n forage sality since commencement of growth in



the woang would he somewhat sorner beo ause of Tncreased
| (

colar ragnat ion gt oground leved.

NoU b ly}LL;‘gij Shreab tratum

he crown diameter of andaivadaal Ca T hrubs
encountered n oeach o hmop ot was measurcd cto the nearest
cmeoand then converted to g percent cover value. The total
percent cover of gl oind iYiC1UL1]:~ of each shrub specae:
encountered was then calculated tor individual plots and the
plat values averaged to obhtain a mean percent cover for each
Gite s Tatle oshaws the frequency 40, mean cover !2“1 and
peominence values 1PV = Mean Lover Y Vfrequency (%1 of
the 0 tall shrub spe?]es identified in the burned and
unburned. sites of the four study areacs ‘ .

Linus crspe and <cmelanchier alnifolia were found®only

1n the burned o te at Fam Mountain., Both species are common
onstituents of early suc~essional subalpine forest types

_~Moss 193G gnd are capable of vegetative reprodu~tion from
~not crowns following fire  Ahigren 960, Rowe 1673, Wright

et al. 771 Retyia glandulosa was found 1n the burned

sites at Book Treen and Cadomin Mountfin and in the unburned
¢ites at ishost River and Rock Creek. It was usually found 1n
the jower slope positions under relatively mesid conditions.
Sercent cover was one percent or less in all the sites 1in

which it was recorded.

Juniperus communis appeared tc e adversely affected by

fire in all the study areas. Mean cover . freguency. and
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prominence values were all lower in the burned sites. A
combination of factors, including high flammability of the
foliage, low trailing grow.n form, and an inability to
reproduce vegetatively from rootstocks (Wright et al. 19791
likely contributed to the observed lower frequency and cover

values in the burned sites.

Populus balsamifera and Populus tremuloides suckers

(less than 2 m in height) were much more prevalent in the

burned sites. Populus balsamifera suckers were found in the

Gﬁost River and Ram Mountain burned sites but were not

present in any of the unburned sites. Populus tremuloides
suckers were found in all four of the burned sites but had
very low cover values (0.1% to 0.5%). Of the unburned sites,
the Ghost River site had the only record of occurrence of

Populus tremuloides. Both Populus species are capable of

reproduction from seed or vegetatively from rootstocks (Lutz
1956, Ahlgren 1960, Lyon and Stickney 13976). Both suckers
and seedlings were found in the Ghost River and Rock Creek

burned sites. It was not possible, however, to determine the

mode of reproduction of Populug tremuloides in the two older
burned sites at Ram Mountain and Cadomin Mountain.

Potentilla fruticosa occurred in all of the burned

sites except Rock Cre®, but had mean cover values of less
than 1.0%. It was also present in all of the unburned sites

except Cadomin Mountain. Rosa acicularis was not found in

either the burned or unburned site at Cadomin Mountain but

was present in all the other study sites. Mean cover va lues
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were generally low (1.0% or less), but with higher
frequency, mean cover and prominence values in the burned
sites at Ghost River and Ram Mountain. The above ground

portions of Potentilla fruticosa and Rosa acicularis are

easily Killed by fire but both species are capable of
regeneratina from root crowns (Ahlgren 1960, Wright et al.
19791 .
&
The various Salix species encountered were grouped
‘because of difficulties in identificating individual plants
in the field. A species list was later compiled from voucher

coliections. The following species were identified: Salix

glauca., S. bebbiana, S. brachycarpa, S. myrtillifolia, S.

discolor, and S. vestita. The most common species

encountered was Salix glauca, which was present in all of

the study areas. The most common method of re-establishment
of Salix species following fire is by resprouting from
underground rootstocks (Lutz 1956). Salix species also
produce light, wind-disseminated seed which germinate well
on exposed minera]bsoi1. §gi11 seedlings were observed
occasionally in the burned sites at Ghost River and Rock
Creek, but most of the willows encountered appeared to be of
vegetative origin.

Shepherdia canadensis was found in all of the study

sites except those at Cadomin Mountain. The frequency, mean
cover, and prominence value were all higher in the burned
\

site at Ghost River but lower in the burned site at Rock

Creek. At Ram Mountain., the mean cover and prominence value



were higher in the burned site ggbut percent frequency was

lower . Shepherdia canadensis 1s regarded as moderately

fire-tolerant by MclLean @ 10n4 . Cyon and Stickney (1976
reported that it is able to res sprout vegetatively from the
root crown following fire. Rowe (1979) descr ibes Shepherdia
canadensis as a semi-tolerant evader species which ié able
to re-establish from seed maintained in a viable state in
the soil for extended periods of time. Most of the
individual specimens examined in the burned sites at Ghost
River and Rock Creek, however, had re-established

vegetatively. .

In summary, shrub species which generally increased 1n

importance in the burned sites were Populus balsamifera,

Popu.lus tremuloides, Rosa acicularis, Salix spp., and

Shepherdia canadensis. Juniperus communis showed a marked

decrease in importance in the burned sites of all four study

areas. Potentilla fruticosa decreased 1in impor tance in the

more recently burned sites at Ghost River and Rock Creek but
increased in importance in the older burn sites at Ram
Mountain and Cadomin Mountain. No trends were evident for

Alnus crispa, Ame]anch1er alnifolia or Betula glandulosa.

A11 of the shrub species, with the exceptlon of Juniperus
communis. are capable of re-establishment by vegetative
means if the above-ground portions are Killed or damagéd by
fire. In addition, several of the shrub species afe capable
of invading ffre-disturbed sites by means of light, wind

disseminated seed (Populus spp.. Salix spp.!. Generally,
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however , the shrub species composition on burned sites in
subalpine areas would be\expected‘to.be ver; similar to that
on the sites prior to bufning. Moderate Sncreases in
abundance of some shrub species could be expected., but based
on the sites studied in this project, and the shrub species

involved, large increases in shrub cover would likely not

_occur.

5.2.6 Analysis of Herbs and Dwarf Shrubs

Frequency (%) and mean cover (%) bﬁ‘each herb and dwarf
shrub species were converted to Promineﬁce Values (P.V. ],
where P.V. = Mean Cover (%) x \Frequency (%7. The frequency,
mean cover, P.V.'s and individual plot cover values for all
vascular species identified in the burned and unburned sites
of.thé,four study areas are given in Appendix 1. The P.V.'s
are synthetic expressions reflecting the relative importance
of eéch plant species in each study site. Tables 10 to 17
'1ist the ten major subordinate vascular plant species in
each burned and unburned site of the four study areas. The
individual species listed in each tahle are ranked according
to their associated P.V.’s, from highest to lowest.

The ten major subordinate plant species and their
associated P.V.'s for the burned and unburned sites of Ghost
River study area are 1i$ted in Table 10 and 11,
respectively. It is interesting to note that eight of the
species were common to both sites. Of the eight species,

three had higher P.V.’s in the burned site (Elymus



Table 10. Prominence Values
(%), max. = 1000) of the ten major subordinate
vascular plant species in the burned site of the

.

(mean cover

Ghost River study area.

(%)

x V¥requency

99

SPECIES

PROMINENCE

VALUE

Elymus i1nnovatus
Epilobium angustifolium
Arctostaphylos uva-ursi
Hedysarum sulphurescens
Linnaea borealis
Solidago multiradiata
Aster spp.

Arnica cordifolia
Achillea millefolium
Vaccinium scoparium

70.
22.
20.
1.

OO N WSS

OO = O L~ O

Table 11. Prominence Values (mean cover (%) x VFrequency
(%), max. = 1000) of the ten major subordinate

vascular plant species in the unburned site of the
Ghost River study area.

SPECIES PROMINENCE
VALUE
Ar~tostaphylos uva-ursi 67.2
Filymus innovatus 54.3
~edysarum sulphurescens 18.5
Lin~aea borealis 15.2
Aarn. .c cordifolia 4.9
Zygadenus elegans 3.5
Cai -~ ~nasti 3.1
Aster v 2.8
So iradiata 2.7
Vacci i “arium 2.3
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innovatus. Solidago multiradiata, and Aster spp.). The other

five species (Arctostaphylos uva-ursi, Hedysarum

sulphurescens, Linndea borealis, Arnica cordifolia, and

Vaccinium scoparium! all had higher P.V.' s in the unburned

site. Epilobium anqustifolium was the most abundant forb

species in the burned site (P V. = 22.5) but had a P.V. of
only 1.7 in the unburnéd site (Appendix 1). Carex rossii was
fairly prevalent in the unburned site (P.V. = 3.11, but had
a ;.V. of 1.6 in the burned site. Zygadenus elegans was also

more abundant in the unburned site.

The high degree of similarity between the species
composition in the burned and unburned sites suggests that
many of the species are capable of re-establishment from
surviving underground plant parts subsequent to burning.

Elymus innovatus., the major graminoid species present in all

of the study sites, is able to resprout from underground
rhizomes (Moss 1859). Other rhizomatous sbecies reported as
being capable of vegetative reproduction following fire

include Solidago multiradiata (Wright et al. 1973), Aster

spp. (Wright et al. 18789), Achillea millefolium {Mclean

1969, Lyon and Stickney 1876). and Vaccinium scoparium

(MclLean 1969. Miller 1977). Hedysarum sulphurescens has a

deep rooted woody caudex (Moss 19591, which is relatively
unaffected by even fairly severe fires.

Epilobium angustifolium, the most prevalent herb

species on the Ghost River burned site, is probably the most

widely recognized perennial fire species f(Lutz 1956, Lyon



and Stickney 19761 . This species generally colonizes
recent iy burned sites by ﬁeans of light, wind disseminated
seed (Ahlgren 19601, but it also has the capability of
vegetative reproduction from tibrous roots and rhizomes

(Moss 1936. Mclean 19691, Arnica cordifolia is also an early

colonizer of burn sites by means of windborne seeds as well
as vegetatively from subterranean plant parts [(Mclean 1969,

Dube 1976, Lyon and Stickney 13761,

Reports on the response of Arctostaphylos uva-ursi to
fire are quite variable. Some researchers regard 1t as very
susceptible tQ fire because of its fibrous roots and stolons
(McLean 19691, and incapable of vegetative reproduction
(Lutz 1956). However ., Rowe (13879) observed that in northern
‘SasKatchewan the species sprouts from basal bur]sﬂ
(lignotubers) in the mineral soil. Scotter (18721 also
observed sprouting of the species following fire. The
results of this study suggest that this species has some
capability of vegetative reproduction based on %ts
re]ativefy high prominence in the burned sites.

L innaea borealis is another species subject to

contrasting reports as to its response following fire.
MclLean (19691 stated that because of its shallow fibrous
roots and stolons, it was very susceptible to fire injury.
Lutz (1956) reported that the species was severely damaged
by fire and that unburned areas usually served as centres
from which the plants spread. Ahlgren (1860!, however.

stated that it was fairly common on burned areas and was



capable of reproducing by vegetative means. Dyrness RVIRE

also found increases 1n the cover of Linnaea borealis after

slash burning in the Western Cascades of Oregon. The results

of this study showed that | innaea borealis was generally

lower in abundance in the burned sites but was still one of
the major species present, suggesting some capability for
vegetative reproduction.

Lyon and Stickney {(1976) noted that Carex rossii may

reestablish, following fire, from viable seeds present in

the soil. Keown (19781 observed that Zygadenus elegans was

generally not harmed by low intensity fires as long as the
tunicated underground bulbs were not damaged.

Tables 12 and 13 list the ten major subordinate plant
species in the burned and unburned sites of the Rock Creek
study area. Seven of the species listed were common to both

sites. Of these seven species. four had higher P.V."s in the

burned site (Epilobium ghqustifolium, Elymus innovatus,

Achillea millefolium, and Aster spp.), ana three species had

higher P.V.’s in the unburned site (Hedysarum alpinum.

L innaea borealis, and Arnica cordifolial.

Agoseris glauca. which showed a dramatic increase n

-

prominence in the burned site (P.V. = 17.4 vs. 1.9 in the
unburned site!, is capable of reproducing vegetatively from
a woody taproot . sexually from light windborne seeds.

(Budd 1979). Stellaria longipes and Bromus pumpellianus.

both increasers in the burned site, have extensive branching

rootstocks and rhizomes. Fragaria virginiana, which had a



Table 17, Prominence Values (mean cover (%) » Virequency
(5 max. = 10001 of the ten major subordinate
vascular plant species in the burned site ot the
Rock Creek study area.

SPECIES PROMINENCE

vaLUE
fpilobium angustifolium 74 .6
Elymus innovatus 711
Agoseris glauca 17.4
Achillea millefolium 15.7
Hedysarum a lpinum 9.7
Linnaea borealis 9.3
Aster spp. 8.8
Bromus pumpellianus 7.7
Stellaria longipes 7.1
Arnica cordifolia 4.6

Table 13. Prominence Values (mean cover (%] x Vireguency
(%1, max. = 1000 of the ten major subordinate
vascular plant species in the unburned site of the
Rock Creek study are . .

SPECIES & PROMINENCE
VALUE
Elymus 1nnovatus 46 .8
Arctostaphylos uva-ursi 43.5
Hedysarum alpinum 18.8
Linnaea borealis 13.3
Epilobium angustifoliunr 11.8
Fragaria virginiana 11.4
Arnica cbrdifolia 10.3
<§Eﬁjllea millefolium 9.2
ster alpinus 6.4
Oxytropis splendens v 5.5

L



higher PV an the unburned sate (11,4 vs, .7 an the burned
Siter, was described by Mclean (19891 as being very
susceptible to fire injury because of its shallow fibrous
roots and stolons. Hooker and Tisdale 18741 noted that this
species may increase after lo:~intensity fires but 1s eastly
hilled in high- intensity fires.

Tables 14 and 15 list the ten major subordinate plant
species 1n the burneg and unburned sites of the Ram Mountain
study area. Seven of the species listed were common to both

sites. 0Of these seven species, four had higher P.V. ¢ in the

burned site (Arctostaphylos uva-ursi, Aster alpinus,

Kobresia bellardii, and Galium boreale), and three species

had higher P.V.' s in the unburned site (Elymus innovatus .

Hedysarum alpinum, and Solidago multiradiata'.

The ten major subordinate plant species recorded in the
burned and unburned sites of the Cadomin NMountain study area
are listed in Tables 16 and 17. respectively. Again, seven
of the species 'listed were common to both sites. Of the
seven spectes., four had higher P.V.'s in the burned site

(Dryas hookeriamna, Cornus canadensis, Epilobium

angustifolium. and Yaccinium vitis-idaea!, and three species

had higher P.V. s in the unburneé site [Vacginium

membranaceum. Elxmus innovatus. and Linnaea borealis:.




Table 14, Prominence Values tmean cover (x! x Virequency
(e mas. = 100001 of the ten major sabordinate
vascular plant species in the burned site of the
Ram Mountain study area.

SPECIES PROMINENCE
VALUE ’

ay Arctostaphylos uva-urs) 63.0
Elymus innovatus 344
Aster alpinus 2308
kobresia bellardii 244
Jygadenus elegans 15,7
Dryas hookeriana 10
Galium boreale B
Linnaea borealis 101
Hedysarum alpintm 9.3
7.8

Solidago multiradiata

Table 15. Prominence Values imean cover (%! x Vfrequency
(%), max. = 10001 of the ten major subordinate
vascular plant species in the unburned site of the
Ram Mountain study area.

SPECIES | PROMINENGE
VLLUE
Elymus innovatus 5
1

Hedysarum alpinum

Solidago multiradiata

Kobresia bellardii

Fragaria virginiana

Gal*um boreale

Andi vsace chamae jasme

Aster alpinus

Oxytropis sericea var. spicata
Arctostaphylos uva-ursi

PO ORI L) B2 0D CD (O P (O
(SR RERIE =N F SRS LE = N R 2 R LRSS
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Table 1. Prominence Values t(mean cover (%) x Virequency
(%), max, = 1000 of the ten major subordinate
vascular plant species in the burned site of the
Cadomin Mountain study area.

SPECIES : PROMINENCE

VAL UL

Dryas hooker 1ana 30.8
Cornus canadensis 26.0
Vacoinium membrdanaceum 149
Epilobium angustifoljum RE A
Arctostaphylos uva-ulfsi 1h K
Vaccinium vitis 1daea 150
Elymus innovatus 3 10 .G
Arnica cordifolia 9.1
Carex rossii 6.0
5.2

L innaea borealis

able 17. Prominmence Values (mean cover (%! x Vfrequency
‘ S 1%), max. = 1000) of the ten major subordinate
vascular plant species in the unburned site of the
Cadomin Mountain study area.

SPECIES PROMINENCE
vALUE
accinium membranaceum 36.2
Linnaea borealis 158
Cornus canadensis 14,7
Elymus innovatus 12.72
Vaccinium vitis-idaea 2
Dryas hooker iana G C
Vaccinium caespitosum B4
Epilobium angustifolium 4. &
Kobresia bellardii .G
- Q

Phyllodoce glanduliiflora
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5.2.7 Successional Trends and Potential Utilization

Table 18 lists 118 plant species identified in the
burned and unburned sites of the four study areas. Also—.__

o

shown is the occurrence of each species in bqfﬁga/and
unburned sites, the relative change in mean ‘over of each
species between burneq and unburned sites,\Ghe estimated
potential utilization of each species by ba horn sheep., and
the probable seasons of prime importanc? of 'each species to
bighorn sheep. l |

Relative change in mean cover is illustrated Qith the
letters I, D and N which represent increase, decrease and no
change, Eespective]y. An increase or decrease in mean cover
is specified if the difference in the mean cover values
between burned and unburned sites for a particular species
was 0.5% or greater. One should note that this is not a
statistica]]y-deriVed value but was chosen by the author for
illustrative purposes. A more rigorous test of significance
was not employed because of the nature of the data.

.~ Information on the potential utilization of each
species by bighorn sheep and its seasonal importance was
obtained from the available literature on bighorn sheep food
habgts and range use patterns. Specific studiescby Cowan
(1947), Wishart (1958) Flook (1964), Oldemeyer et al.

(1971), Todd_{1972), Johnson (1975), and Stelfox (1976) were
used as references.

A number of the species listed fn table 18 show

definite trends in terms of differences in mean cover
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between burned and unburned sites. Species which increased

in cover in the burned sites of at least three of the study

3

areas included Pinus contorta var. latifolia (seedlings]),

Salix spp., and Epilobium angustifolium. Carex rossii

increased in cover in the burned sites of two of the study
aréasf Important forage spe@iéslwhich showed an increase in
cover in at feast one burned.site, with no change in mean
cover between the other sites in which they occurred,

included Alnus crispa, Betula glandulosa, Cornus canadensis,

Poa canbyi, Trisetum spicatum, Achillea millefolium, Aster

alpinus, and Galium boreale.

A number of species also had consistently lower mean

cover values in the burned sites of the study areas.

Juniperus communis decreased in cover in three of the burned

sites. Hedysarum alpinum, an important forage species,

decreased in cover in tworof the burned sites. Important
forage species which showed a decrease in cover in at least
one burned site, with no change in mean cover between the

other sites in which they occurred, included Salix glauca,

Fragaria virginiana, Hedysarum sulphurescens, and Oxytropis

splendens. As noted ear]ier,rArctostaphy]os uva-ursi
decreased in cover in the ten year old burned sites at Ghost
River and Rock Creek, but showed higher mean cover values in
the older iggned sites at Ram Mountain and Cadomin Mountain.
It appears that this species is initially adversely affected
by burning, but eventually (after more than ten years)

develops significantly higher cover in the semi-open, older



\bUkned areas. Potentilla fruticosa and Zygadenus elegans

also appear to follow this type of response péttern to

burning. Elymus innovatus, the dominant grass species in all

the sites studied, had high cover values in the ten year old
burned sites but generally decreased in cover in the o]déf
burned sites. Many of the other herbaceous species listed in
Table 18 were too rare in occurrence to formulate any
general conclusions with respect to their response to

burning.

5.2.8 Non-Plant Ground Cover

In addition to subordinate vascular plant cover, the
ground cover in the study sites comprised six major cover
types; bryophytes, lichens, litter (conifer .needles, cured
plant material, twigs), woody material (down and dead snags
and branches). mineral soil, and rock. Table 19 gives the
frequency (%), mean cover (%), and prominence value (P.V.)
of each of the above cover types in the burned and unburned
sites of the four study areas. The cover of bryophytes and
lichens was not determined for. individual species. The
values given represent total mean cover for ‘the composite
bryophyte and lichen complexes. Voucher spécimens were
collected, however, for later identification of the major
species of bryophytes and lichens present in the study
sites.

Percent cover of bryophytes was higher in the unburned

sites of all the study areas except Ghost River (Table 19).
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However , the species of bryophytes pfesent in the burned
site at Ghost River, as well as Rock Creek, were very
different from those in the unburned sites of the two study
areas. In the burned sites, the bryophyte complex was
composed of species normally associated with disturbed,

untreed sites; Bryum caespiticium, Barbula convoluta,

Ceratadon purpureus, and Polytrichum juniperinum. These

species are capable of reproducing by rhyzoids or gpores and
are common pioneering moss species on burned areas (lLutz
1956) . Thev often formed a continuous, low growi t
directly on mineral soil. In the unburned sites t r

bryophyte species present were Dicranum spp., Hyloc. ~—un

splendens, Pleurozium schreberi, Pohlia nutans, and Pt ' .-

crista-castrensis. These species are normally associated

with more mature subalpine forest stands (Lutz 1956). Moss
cover was generally very low in the older burned sites at
Ram Mountain and Cadomin Mountain (1.0% and 2.1%) but was
considerably higher in the unburned sites (10.3% and 14.1%)
of the two study areas.

Cover of lichens was generally very low in all of the
burned sites, especially at Ghost River and Rock Creek (0.4%
and 0.1%]). Lichen cover was sq@ewhat hiéher in the older
burned sites at Ram Mountain and Cadomin Mountain (1.3% and‘

3.5%). The major lichen species identified in the burned

sites were Cladonia spp. and Peltigera spuria. Both tichen

mean cover and numbers of lichen species were higher in the

unburned sites of the four study arees. The most common

1

\



116

lichen species identified in the unburned sites included

Cladina mitis. Cladonia cenotea, Cladonia gracilis. Cladonia

pleurota, Hypogymnia physodes, Letharia vulpina, Peltigera

aphthosa, and Usnea sp.

Lutz [ 1956) reported that reproduction of lichens may
be either sexual or asexual, but fragmentation and
production of soredia appeéred to be the most common méans
of reproduction. Those species which appear earliest on
burned areas are generally of low stature and probably
regenerate from subterranean parts and bits of unburned
thallus f(Lutz 19561.

Cover of litter and down and dead woody material was
higher in the unburned sites of all four study areas. Cover
of bare mineral soil and rock was higher in the burned sites
of all four study areas. These results are not suprising
since the fires would have consumed much of the litter and
woody material present on the ground at the time of burning.
thus exposing more mineral soil and rock on the sites.
Erosion or soil slumpage did not appear to be a problem in
any of the burned sites studied even though slopes of 30% to

/

70% were common in the study areas.

5.2.9 Duff and Litter Depths

Table 20 presents mean duff and litter depths (cm]
méasured in the burned and unburned sites of the four study:
areas. A Student’'s t-test was used to test for significant

differences (p < .05) between mean duff and litter depths in
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burned and unburned sites of each study area. The results
show that duff depths were significantly lower in the burned
sites of all four study areas. Litter depths were
significantly‘jower in the burned sites at Rock Creek and
Cadomin Mountain but no significant differences were found
in litter depths between burned and unbufned sites at Ghost
River and Ram Mountain. |

Fires remove varying proportions of the organic iayer
ovérlying the mineral soil, the amount depending mainly on
the“moistufe Content of the organic layer at the time of the
fire (Van Wagner 1979). The quality of the resultant seedbed
and the fate of plants whose underground parts are located
within or just below the organic layer are highly dependent

on the depth of burn (Mclean 1969, Rowe 1979, VanwWagner

-

1979) .

Depth of burn may be independent of fire intensity.
which is a measure of the fire's rate of energy release
expressed as Kilowatts per meter of fire front [(Van Wagner
19721 . Rowe (1979) stated that the term "fire severity" may
be a more appropriate descriptor of the degree of organic
material removal and of soil heating as related to the
survival of perennating plant parts buried in the soil.
Fires may be of low intensity (low rate of energy release)]
but may nevertheless be'of high severjty, if all the.crganic
soil material is removed, and buried seed. rhizomes, and
roots ;be Killed. THis situation may occur when duff

moisture levels are very low and residence time (the length
{

)
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of time for the fire front to pﬁss a pointl is long. Since
underground plant parts are uswaslly located in the upper
soil horizons, the combustion of the organic soil material
will have a large impacl on the survival of underground

A

reproductive structures.

5.2.10 Down and Dead Woody Fuel Loading

Estimates of down and dead woody fuel loadings
{tonnes/hal by roundwood diameter size class for burned apd
unburned sites are presented in Table 21. Percent of totai
fuel weight per site of each roundwood diameter size class
is also given. A Student’'s t-test was used to test for
significant differences (p < .51 between total mean fuel
loaaings in the burned and unburned sites of each study

area.

Y

Total mean woody fuel loadings in the unburned sites at
Ghost River and Ram‘Mountain were significantly higher than
those in the burned sites of the two study areas. This
relationship was reversed, however, for the Rock Creek and
Cadomin Mountain study areas. where total mean fuel loadings
were higher on the burned sites.

In the Rock Creek study area, the higher fuel loading
on the burned site was primarily a result of the high
loading of down and dead large diameter (7.6 + cm! solid
fuel particles (24.023 tonnes/ha). These were generally
recently faillen snags. Fewer snags had fallen in the Ghos't

River burned site where t~~ Joading of large diameter solid
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fuel Qarticles was 9.710 tonnes/ha. In the Cadomin Mountain
study area, the higher fuel loading on the burned site was
primarily a result ot the high loading of large diameter
rotten fuel particles. These were generally snags which had
fallen a number of years previously and were partially
decomposed.

Fahnestock (1976) found that in burned subalpine
spruce-fir stands in northern Washington, few fire-Killed
trees fell within the first 10 years, and 20 or 30 years may
elapse before appreciable downfall occurred. He found that
typically, most of the snags fell within 25 to 40 years, and
the mass of materia] remained essentially intact to at least
60-years after the fire. He estimated that fire-caused fuels
became unimportant to fire spread and intensity in about 100
to 125 years.

An important consideration in prescribed burning is the
amount and continuity of fuel available for combustion
(Martin‘and.Dell 1978). Although fire behavior and intensity
can be manipulated through variations in ign;?TGH patterns
and‘prescription_parameters, it is essential that sufficient
fﬁel be available to fulfill the objectives of the
bresénibed ern.'In the sites studied: considerable
varﬁation}existed in both the loading and the horizontal
continuity-of the down and dead fuel. Ups]Qpe areas tended
to have much lower fuel loadings than mid and downs lope

areas. Therefore, both fuel loading and continuity should be

considered if prescribed burning for‘Eighorn sheep range
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improvement is contemplated.

5.2.11 Soil A ysis

The results of the soil chemical analysis conducted by
the Alberta Soil and Feed Testing Laboratory are presented
in Table 22. Nutrient levels are given for individual sample
types. Separate analyses were conducted on the duff and )
mineral soil 5ortions of the soil samples collected in the
unburned sites. A total nutrient content value is also given
for the soil samp]eé collected in the unburned sites.

The methods of analyses employed by the Soil and Feed
Testing Laboratory are standardized for agricultura]wmineral
soil with a mean bufk density of 1.5 and a mean depth of 15
cm. Results for plant nutrients (N, P, K) expressed on a
weight basis (kg/hal were assumed to be accurate for the
mineral soil samples colliected in this study. Thé data for
nutrient contents (kg/ha) in the organic portions of the
soil samples were adjusted, however, using a bulk density of
0.3 gms/cc (D. Pluth pers. com.)? and the mean duff depth
recorded for each unburned site.

The results show that concentrations of nitrogen (N,
phosphorus (P}, and potassium (K] were generally higher in -
the soil samples collected in the burned sites of all the
¢ dy areas (Table 22). Thé effects of fire on soil nutrient

levels reported in the literature are highly variable.

Science, University of Alberta.
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Generally, burning of the surface organic matter removes or
decreases the organic mantle, volatilizes large amounts of
nitrogen and small amounts of other elements, and transforms
less volatile elements to soluble mineral forms that are
- more easily absorbed by plants (Wells et al. 1979) .
Conflicting reports, however, appear to result from site
specific variations in fire intensity, fuel characteristics
and loading, vegetation type and phenology, soil moisture
and prior nutrient status, and climafe (Wells et al. 1979).
Nutrient losses from burned sites may take place by
wind and water erosion, leaching, or volatilization.
Nutrient losses from erosion depend on the erosion |
mechanisms 1nvqlved. Surface erosion removes those nutriénts
closely associated with organic matter. while mass erosion
may remove the entire soil profile with its incorporated
nutrient capital (Wells et al. 1979). Greater nutrient
déb]etion will result from surface erosion than from mass
erosion because of the greater area affected. Adequate
post-fire plant cqver to'stabilize the soil surface appears
to be the critical factor in avoiding unacceptable erosion
rates fo]]o&jng fire (Maclean et al. 1973 Wells et al.
1979). No evidence of mass erosion was found on the burned
. sites studied. Surface erosion may have occurred on the
burned study sites to some extent in the first few years
following burning, but did not appear to be a problem at the

’

time of sampling.
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Nitrogen and sulphur (S) are very susceptible to
burning losses‘because they have low volatilization
temperatures. Direct N losses from burning may be
compensated for by surviving plants on the site capable of
symbiotic N fixation. Several reports also indicate N is
fixed by nonsymbiotic microorganisms following burning (Lutz
1956, Ahlgren and Ahlgren 1960, Wells et al. 1979).

Soil pH was generally somewhat higher 1in the burned
sites of all the study areas. Soil qcidity in surface soil
layers is generally reduced by burning as a result of the
basic cations released by combustion of organic matter and
the chemical effects of heating on organic matter and
minerals (Wells et al. 1979). Soil pH increases depend upon
the amount of ash reﬁeased, origina]wsoi1'pH, the chemical
compogition of the ash, and thness of the”¢1imate (Lutz
1956, Wells 1971, Grier 18751.

Thé‘role of fire as a mineta]izing agent which restores
plant nutrients fo circulation is thought to be very
important in northern and high altitude forest ecosysteai.
(Rowe and Scotter 1973, MaclLean et al. 1879, Raison 1879).
Slow rates of organic matter decomposition tend to remove
nutrients from circulation and the nuiﬁient supply may
ultimately become limiting to plant growth. Fire is viewed
as a natural process which periodically releases mineral
elements as ash from the living and dead organic substances

burned. In addition, fires may indirectly release mineral

elements through increased decomposition rates of remaining

P
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organic layers and other remains, leaching or erosion of
mineral soils, and the physical spalling of rocks and
subsequent breakdown of rock fragments (Wrigh% and -
Heinselman 1973). | )

In summary, the results of this study indicate that
concentrations of N, P, and K were generally higher in soil
samples collected in the ourred ~iio. f the four study
areas. Sulphur concentrations were genera. somewhat Tower

in the burned sites. Spil pH and conduct vity wete generally

4
somewhat higher in the burned sites.

5.3 Site Utilization

5.3.1 Browse Utitization

Results of browse utilization measurements are not
specific to bighorn sheep, since other ungulate species were
present in the study areas. It was not possible to determine
shrub utilization by bighorn sheep as oppcsed to deer, ®lK,
or moose. The results, therefore, indicate the relative
degree of browse uti]iiation by all the.ungu1ates present in
the sthy areas..

Table 23 gives the frequency (percentage of plots per
site in which the shrub species was recorded), mean
utilization (percentage of twigs browsed for all individuals

of each shrub'species recorded), and preference index vgigg

(mean utilization (%)/Vfrequency (7) fﬁﬁ\the ten tall shrub
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species identified Hn the four study areas. The preference
index value (P.1.) is a.measure of the relative utilization
of each shrub species. It is a modification of the
preference index value used by Stelfox (1376).

The most preferred species in the burned sites was

Populus tremuloides. with a mean P.I. value of 8.05 for the

four study areas. Salix spp. also had relatively high P.I.
values in all the study sites, both burned and unburned.
Other species which showed high P.1. values included Rosa

acicularis, Potentilla fruticosa, and Populus balsamifera.

Juniperus communis and Shepherdia canadensis appeared to be

the least preferred browse species.
Mean P.I1. values of shrubs for the four study areas

were generally lower in the unburned sites for all species

. except Betula glandulosa and Shepherdia canadeﬁsis.

results indicate. therefore, that ungulate use of brow.
species is generally higher in the burned sites‘suggesting a

preference for these sites over adjacent unburned sites.

5.3.2 Fecal Pellet Group Counts

Fecal pellet group counts were adé in 4 x 25 m plots
located along each 25 m secondary transect in the burned and
unburned sites of the four study areas. In add” 1o o '
bighorn sheep pellet groups, the number of pellet  -~~u  nf
deef. elk and moose were also recorded. As re .,rted

previously (Methods section!, some difficulty was

encountered in distinguishing between bighorn sheep and deer
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pellet groups in some instances .. Although this problem was
resolved in most cases by using shape, size, and texture of
individual fecal pellets as criteria, it was necessary at
times to make a somewhat subjective decision based on
habitat type. One realizes the limitations of this
procedure, but for the purpose of the data analysis employed
and the objectives of the study, it was necessary to
distinguish as accurately as possible between the pellet
groups of bighorn sheep and deer.

Since the sample plots were not cleared of fecal matter
prior to sampling, the numbers of pellet groups recorded in
each plot represent an accumulation in excess of one year.
The number of pellet groups recorded per plot, however, do
indicate the relative utilization pressure on a particular
site over sever 11 years. which is sufficient to fulfill the
objectives of th. ¢ dy wno attemplt was made to use the
pellet group .ate * . _ulaie range carrying capacities or
ungulate densities in this study. The basic assumptions of
the analyses used were: 1! pellet group dg%sities were
indicative of relative site utilization, and 2] the rate of
decomposition of pellet groups was constant between burned
and unburned sites and among study areas.

Pellet group densities (pellet groups/hal for bighorn
sheep, deer,'e1k and moose are shown for each burned and
unburned site of the four study areas in Tables 24 to 27. To
show the relationship between pellet group densities and

slope position, mean pellet group densities were calculated
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for plots located within each 100 meter distance interval
measured from treeline to the lower perimeter of the study
site. Total mean pellet group densities are also given for
each ungulate species in each burned and unburned site. As
reported previously, pellet group counts wereinot conducted
in the unburned site at Ram Mountain. so no data are
available for that site.

Bighorn sheep mean pellet group densities were higher
in the burned sites of all the sfudy areas. Furthermore,
pe]Tét group densities were highest on the upslope areas,
and decreased with increasing distance from treeline. This
relationship is readily apparent in Table 28, which presents
a summary of total mean pellet group densities in the burned
and unburned sites of all four study areas. Figures 11 and
12 further illustrate the relationship between bighorn
sheep, 'deer, and elk pellét group densities and distance
downslope from treeline, in both the burned and unburﬁed
sites.

Deer r ‘et group densities were higher in all the
unburned sites -ampled. Deer pellet group densities were .
also genéral]y higher in the downslope areas of the burned
sites (Figure 11}, but had a fairly even distribution with
respect to slope position in the unburned sites (Figure 121.

Elk pellet grobps were only recorded in th= burned and
unburned sites ét Cadomin Mountain (Table 27) and in the
unburned site at Rock Creek (Table 25). At Cadomin Mountain,

elk mean pellet group densi?y was higher in the burned site
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Figure 11. Mean number of pellet groups per hectare of

bighorn sheep, deer and elk in relation to the
distance downslope from treeline in the burned
sites of the four study areas.
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Figure 12. Mean number of pellet groups per hecta:. of
bighorn sheep, deer and elk in relation to the
distance downslope from treeline in the unburned
sites of the four study areas.
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(213 vs. 147 pellet groups/ha). Elk appeared to be the most
common ungulate species on both of the sites sampled.
Upslope areas in both the burned and unburned sites appeared
to be most heavily utilized by elk.

To determine if a relationship existed between bighorn 4
sheep pellet group occurrence anfd site type, a 2 x 2
contingency table was constructed (Table 29), with data
represehting the numbers of plots in which bighorn sheep
bellet groups were either present or absent in burned and
unburned sites of the four study areas.

A Chi-square test was performed on the deviations of
the observed from the expected frequencies which yielded X2
= 10.656 (p < .005, d.f. = 1]. The results indicate,
therefore, that the occurence of bighorn sheeb pél]etvgroups
was not independent of the site type. Conversely, thev

presence of bighorn sheep pellet groups was strongty

Ny

s

associated with burned sites. T =

To determine if the previous results were congistent
for the various study areas, Tablie 30 was constructed with
data representing the numbers of plots in which bighorn N
sheep pellet groups were either present or absent in the
burned and unburned site of each study area. Data for the
Ram Mountain study area were not included because pellet
group counts were not conducted in the unburned site..

A Chi-square test was carried out on the deviations of
the observed from the expected freguencies which yielded X?

= 1.474 (0.1 < p < 0.5, d.f. = 2). The results indicate,
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Table 29. The observed frequencies of bighorn sheep pellet
- groups in plots in the burned and unburned sites
of the four study areas.
Burned Unburned
Sites Sites Total
Present 30 6 36
Absent 35 34 69
Total 65 40 105
Table 30. The observed fregquencies ot bighorn sheep pellet
groups in plots in the Ghost River, Rock Creek and
Cadomin Mountain study areas.
k Ghost Rock Cadomin
River Creek Mountain Total
Present ) 9 12 5 26
Absent 21 23 20 64
: ,-
Total 30 35 25 30

therefore, that the observed frequency of bighorn sheep

pellet group occurrence was independent of study area

location.

In summary, based on pellet grour cisu “bution

measurements,

the results show that b jhorn sneep utilized

burned sites to a greater extent than adjacent~unburned

sites and that this relationship was consistent for all the

areas studied. It would appear, therefore, that burning has

resulted in conditions which favour bighorn sheep site

utilization over utilization of adjacent unburned sites.
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5.3.3 Discriminant Analysis

Habitat selection and spatial distribution within
specific habitat types is an e;pressibn of a complex
response of animals to a number of‘ofgen interdependent
variables. These variables may be intrinsic, dependent on
the physiological and behavioral status of the animal, or
extrinsic, dependent on cues from abiotic and biotic
features of the environment {Shannon et al. 1875). In
previous sections it was argued, based on measurements of
fecal pellet group densities, that bighorn sheep utilized
burned sites to a greater extent than adjacent. unburned
sites. Specific conditions or factors which may influence
this observed pattern of range use are difficult to isolate
because of the interdependency of the range related -
variables involved.

Two-éroup discriminant analysis {(Nie et al. 1975) was
used, ir an attempt to distinguish those variables which
were most important in influencing the pattern of site
utilization observed in this study. The purpose of -
diseriminant analysis is fb statistically distinguish
between two or more groups of cases. Mathematically. the
objective of discriminant analysis is to weight and linearly
comBine the discriminating variables in such fashion that |
the groups are forced fo be as statistically distinct as
poséible. This is uone»by forming one or more linear
combinations of the discriminating variables (Nie et al.

1975). A mathematical discussion of how the discriminant
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functions and coefficients are derived is beyond the scope
of this study. Further information is available in
multivariate statistics texts such as Cooley and Lohnes
(1971), Harris (1975), and Green (1978).

The two groups of interest in this study were: 1) areas
represented by plots in which no bighdrn sheep pellet groups
were found, and 2) areas represented by plots in which one
or more bighorn sheep pellet groups were found. A total of
105 pellet group plots were sampled in the four study areas. «
Thirty-;ix plots contained one or more pellet groups, and 69
plots contained no bighorn sheep pellet groups.

The variables used in the discriminant analysis were:

1) distance (meters) downslope from treeline of each plot

(SLOPED), 2) tree density in stems/ha (TREED), 3) snag
density in stems/ha (SNAGD), 4] percent cover of graminoids
(GRASSC), 5) percent cover of forbs and dwarf shrubs
(FORBC), 6) percent‘cover of tall shrubs (SHRUBC), 7}
percent cover of non-plant cover types (NPLANTC), 8) percent
cover of bryoids (BRYOID&), 8} conifer seedling density
(No./ha) (SEEDLD), and 10) down and dead woody fuel loading
(tonnes/ha) (FUEL). The resultant data set was an 11 x 105
matrix representing 11 variables measured on 105 plots, with
bighorn sheep pellet group density as the‘dependenf variable
(Append{x‘Q). A summary of thé/statistical results

associated with the discriminant function generated by the

s SPSS DISCRIMINANT subprogram (Nie et al. 1875) is presented

in Table 31.

<
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0Of the variables analysed, those identified to be most
important as correlates of relative site utilization (as
indicated by pellet group distributions) were distance
downslope from treeline (SLOPED), tree density (TREED), and
percent cover of bryophytes iBRYOIDC). The statistical
significance of the discriminating power of the derived
- function is shown by the chi-square statistic (X2 = 25.633,
d.f. = 3, p < .001) in Table 31.

The results indicate, therefore, that pellet group
distribution, a§ a measure of relative site utilization, was
dependent on distance from~tree]ine. tree density, and
bryophyte cover. The occurrence of pellet groups was highest
in areas closest to treeline, with low tree density, and
with low bryophyte cover. Conversely, peliet group |
occurrence was lowest in downslope areas, with high tree
densities, and high bryophyte cover. The selection of
distance downslope from treeline and trée density as
discriminating variables is not surprising, given the
results presented in previous sections{ﬁand reports jn the
literature on bighorn sheep range use patterns. Relative
bryophyte cover, however is influenced by a number of
variables such as overstory canopy cover. soil moisture and
stand age. Relative bryophyte covér as a determinant of
peliet group occurrehce,is, therefore, not independent of
the other two discriminat{ng variables identified. It is
also probable that lower cover of herbaceous forage in areas

with high bryophyte cover may haVe been a contrib@fing
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factor in‘the observed distribution of pellet group
occurrence.

It is nét proposed that the variables used in the
discriminant analysis were the only ones which could
poteqtial]y influence the site utilization patterns observed
in this study. Other factors such as traditional range use
patterns, snow depth, distance to escape terrain, and
seasonal changes in forage quality and palatability have
also been shown to a%fect the levels and patterns of range
use by bighorn sheep (Shannon et al. 1975, Stelfox 1976]).

The primary benefit of fire in the areas studied
appeared to be a reduction in tree densf{i>which made the
sites more suitable fgr potential use’bg bighorn sheep.
Other factors, such as decreased bryophyte cover and
increased cover of herbaceous and shrubby vegetation, likely
contributed to the increased utilization of the burned

‘sites.



6. CONCLUSIONS AND MANAGEMENT IMPLICATIONS
L

Fire bas historically been an important factor 1in
determining the quality and extent of Rocky Mountain bighorn
sheep subalpine range in Alberta. Four study areas were
selected (Ghost River, Rock Creek, Ram Mountain, Cadomin
Mountain) to investigate differences in plant species
composition and abundance‘and levels of bighorn sheep
ut1+Tzation between burned and adjacent unburned sites.

The years of the fires that occurred on the burned
study sites were: 1970 for Ghost River and Rock Creek, 1921
.for Ram Mountain, and 1918 for Cadomin Mountain. The max imum
ages recorded for trees sampled in adjacent unburned stands
were 10%, 279, 299, and 192 years for the Ghost River, Rock
Creek, Ram Mountain.and Cadomin Mountain study areas,
respectively. Available information indicates that all of
the fires were of relatively high intensity. killing all of
the trees present on the burned sites in each study area.

Standing snag density was still relatively high in the
Ghost River and Rock Creek burned sites (1970 fires),
suggesting a fairly long time interval between initia} tree
mortality and eventual decomposition. Most of the snags had
fallen over in the older burned sites at Ram Mountain and
Cadomin Mountain, but were only partially decomposéd.
Excessive localized concentrations of downed snags could
potentially result in serious obstructions to ungulate

movements for a number of years, although this was not

o
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directly observed in this study.

Mean tree stem densities in the burned sites at Ram
Mountain and Cadomin Mountain were lowest in areas closest
to treeline, and increased as the distance downslope from
treeline increased. Mean tree densities in these two sites
were considerably lower tn upsiope areas than in adjacent
unburned sites, creating a potentially more-favorable

2

situation for LEOn 1 sheep site utilization. Bighorn sheep

pellet gréﬁiuﬁ :;1-asurement5 indicated that upslope
areag‘we:é5. A ainut1l1zed [t is recommended,
\ ?Iﬁ1bed éﬁrn1ng is used for bighorn sheep
range 1mprovement&»that upslope areas (300 to 400 m from
treeline) be the areas of primary concern. The results
suggeét that areas further-downs »>pe and in valley bottoms
would likely not be utilized by bighorn sheep even if the
tree cover was removed by burning. Distance from suitable
.escape terrain should be the primary factor in deciding
which areas to burn and the extent of the burn downslope.
Lodgepdle pine was the dominant regenerating tree 
species in the burned sites at Ghost River and Rock Cfeek.
Spruce seedlings were more prevalent in the burned sites at
Ram Mountain and Cadomin Mountain but were still subordinate
in numbers to lodgepole pine. Low recruitment levels of
conifer seedlings is generaily beneficial in terms of
bighorn sheep range improvement following burning,
especially in mid- to upslope areas. Lodgepole pine seedling

establishment 1slpenera11y dependent on the presence of
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serotinous seed-bearing cones and the creation of suitab]e
seedbed conditions (exposure of mineral soil). Subalpine
stands with few or no lodgepole pine present in the
overstory canopy, or with a large proportion of
non-serotinous cones, would generally be expected to have
chh lower ssédliné recruitment levels following burning.

Species richness of vascular plants was generally
higher in the burned sites of the four study areas. A large
’number of the plant species recorded in sample plots in each
study area were common fto both burned and unburned sites.
The burned sites, however, always had more additional
species than the unburned sites.

Total mean graminoid cover tended to be higher in all
of the burned sites of the four study areas. "Hrb-dwar f
shrub mean cov?r was higher in all the burnec sites except
Ghost RiQer. Mean shrub cover was higher in the burned sites
of all the study areas except Rock Creek. The reéu]ts
indicate, therefore, that available forage was generally
greater in the burned sites.than in adjacent unburned sités.
The\duality of available forage is also higher in the burned
sites based on the species composition and relative ‘
abundance of preferred forage types. Although nutrient
contents of forage were not measured in this study.
available information wuggests that forage plants growing in
untreed or alpine areas are generally nutritionally superior

to forage plants growing in forested areas.
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A1l of the shrub species present in the sites studied
are capable of vegetative reproduction following fire, with

the exception of Juniperus communis. Shrub species which

generally increased in 5mportamce included Populus

balsamifera (sucKkers), Populus tremulioides (suckers), Rosa

acicularis, Salix spp.. and Shepherdia canadensis. Because

of the high "survivor" component of the shrub flora, and the
relatively low numb-r of species éncountered (10), it was
not expected that shrub species composition would change
significantly from the pre-burn species composition.
Moderate increases in the abundance of some shrub species
might be expected, but based on the results of this study,
large increases in shrub cerr would likely not occur
following fire. |

At least seven out of the ten most prominent herb-dwarf
shrub species in each study area were common to both the
burned and unburned sites. This suggests that many of the
dbminant plant species present.’n the subalpine areas
studied are capable of re-es lishment from surviving
underground plant parts following fire. A number of species
have the ;aditiona1 capability of invading burned sites by
means of light, wind disseminated seed (Epilobium

angustifolium, Arnica cordifolia). Species most susceptible

to fire injury are those with shallow fibrous roots and
stolons present in the surface organic mantle. Many of the
important perennial forage{species are deep rooted and are-

usually onT?*@?mporahily reduced in abundance following
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fire. This suggests that burning will not have a serious
affect on many of the dominant perennial forage species
present in subalpine forest stands. In addition, burning
creates conditions more suitable for the establishment and
growth of herbaceous plant sgeéﬁes which are endemic to
subalpine areas but are most prevalent in open, untreed
areas.

An important Timitation of this study is the lack of a
continuum of different aged burned sites. It was not
possible to document pfant species composition and abundance
in a recently burned site or in sites which had been burned
10 to 60 years ago. This information would have been very
helpful in providing a more thorough evaluation of both the
short term and long term impacts of fire in subalpine areas.
The study also was not able to determine under what
conditions a burned site becomes an unburned site in terms
of bighorn sheep utilization and vegetat .on characteristics.
These problems must be left for future research.

Duff depths were significantly lower in the burned
Pﬁsifes of all the study areas. Concentrations (kg/ha) of N, P
and K. however. were higher in the soil samples collected in
hthe burned sites of all the study areas. Soil pH was also
somewhat higher in the burned sites. Reports in the
literature generally indicate that nutrient fains resulting
from ashing of the organic layer are usually fairly
short-lived (1 to 3 years'. qu &igher soil nutrient leve. .

reported in this study sugaest that other factors such as

N .,
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increased mineralization of parent material may be
responsible for the improved nutrient status in the burned
sites. Surface erosiongor soil slumpage did not appear to be
a problem in ény of the burned sites studied. However,
because of the steep slopes typical in subalpine forested
éreas,'and the relatively poor soil developnfent,

-

consideration of potemtial soil erosion problems may be

“necessary if prescribed burning is used in high elevafion

areas.

| Ungulate utilization of shrubs was generally higher jn
the burned sites, suggesfing a preference for these sjt
over adjaceﬁt unburned sites. The most preferred browse

species were Populus tremu 'de: ind Salix spp. Other shrub

species which had high pref-=rence index values included Rosa

acicularis, Potentilla.fruticos? and Populus Malsamifera.
e
Juniperus communis and Shepherdia canadensis appeared to be -

&

the least preferred browse species.

; Bighorn sheep fedal pellet group densities were higher

in the burned sites of all fer study areas. Also, the
occurrence of bighorn sheep pellet groups was strongly
associated with burned sites, énd this relationship was
1ndependent of study area location. Upslope areas (closes!?

to treel1ne) had higher b1ghorn sheep pe]]et group densities

© 7 in all the s1tes studied. These resultts indicate, therefore,
“that burning has resulted in conditions which favour bighorn
| sheep site utilization, compared to utilization of adjaéent

~unburned sites.
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I Discriminant analysis, using ten range-related
\variables measured in this studv. identified distance

downs lope from treeline, tree density, and percent cover of
bryophytes as the most important correlates of bighorn sheep
relative site utilization, as indicated bv pellet group
distributions. The results indicate tha® 1n .he sites

studied, relative site utilization by bighorn sheep was

highest.in sreas closest to treelﬂae, with low tree

»dehsitkss, aﬁd with low bryophyte cover.

-
i

.ﬁhe resultsKOF this study suggest that the primary

benefit of fire in subalpine forest sites, in terms of
5 ' : .

T:bighorn shéép range‘improvement, is a reduction in the tree

- density, particularly in upslope areas. The reduction or

elimination of tree cover introdﬁces the potential for the
use of these sites by bighorn sheep providing, that ether
habitat requirements such as proximity to escape terrain are
present. Other contribufing factors identified in this
study, such a:. i(ncreased cover of herbaceous and shrubby
forage, are viewed as secondary determinants influencing the
degree of utilization of the fire-disturbed sites by bighorn
sheep. ;
Detailed firé'#ntensity;measuremeﬁﬁs were not available
for the firgs that occurred on the burned study sites.
Indirect ev®ence, however, suggests that the intensities
attained by the fireg wé:;:;%B§I§Réa: the maximum probable
fire intensities which occur in typical subalpine forest

stands in A]perta. Prescribed fire, even under very

s s

8
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hazardous conditions (high wind speed, high air temperature,
low relative humidity, low fuel moisture content, low crown
foliar moisture content' would likely not produce
conditions more s- _ ~ than those observed on the burngq
sites in this st dv. "~ .erefore, the possibility of.§§}’
s W

sterilization or . _ term site degradation occuqﬁéagvas a
result of prescribed burning is considered very rembte
providing appropriate fire prescription parameters are
determined and followed.

The results of this study suggest, therefore, that

prescribed burning could be an ecologically feasible tool

for the establishment or maintenance of Roc&y Mountain

L3 »
/

bighorn %peep range in Alberta. Large-scale burning of -
subalpinecareas is not recommended, - however , since’bighorn 9
sheep are relatively specific in their habitat requiﬁements:

Based on the results of this and other rangye use studies,

the selection of subalpine fores£ sites for burning should

be pursuant to the detérminathﬁ??ﬁ:specific management

needs and objectives, within the perspectiwe @f the total

habitat requirements of the particular bighorn sheep

population.



7. FUTURE RESEARCH

This study was designed to provide ecological
information about the effect of fire on the subalpine range
of Rocky Mountain'bighorn sheep in Alberta. Because of time
and budget constraints, only four sites were studied. These
constituted essentially two different times singe burning,
10 years and approximately 60 %ears. One of the most obvious
needs for future research is the documentation of vegetation
and d&ilization\parameters in fire-disturbed sites in the
first years subsequent to burning. This would provide

information on the initial response and availability of

’
-
-

fqpaQE/Species and the degree and pattern of utilization
exhibited by bighorn sheep and other ungulates present oﬁ
the fire-disturbed sites. This information may be critical
if justifications or'guide\ines for pregefibed burning

programs are required by land managers.‘ir¥

A future research program would ideally be one in which

both wildlife and vegetation components were studied prior
to, and after an experimental prescribed burn in a suitable
subalpine site. This type of research program was initiated

by the authoﬁ during the course of this study. The unburned

study site at Ram Mountain was selected by the author, in ..

consultation with Alberta Fish and Wildlife and Foresf
Service personnel, to be prescribed burned and subsequentiy
studied to determine both the short term and long term

impacts of fire on forage quantity and quality, and the

152
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utilization patterns exhibited by the resident bighorn sheep
population on Ram Mountaip. The prescribed burn was

initially scheduled for {he fall, 1980, but unsuitéble

weather conditions at that time resulted in rescheduling the

"burn to 1981.

With so little known about the relationships between
tire and its impact on bighorn sheep populations, research
could pfogress in many directions. The most important
objectives of future ;ggéath, however, should be:

1. To define, document, and test the fire parametérs and
prescriptions most-appropriate fo; creating or
maintaining suitable high elevation subalpine bighorn

sheép range.

,2. To determine the effects of various heat treatments on

Vil

the establishment and growth of important forage

species. ) .gg

3. To determine post-fire successional relationsths of
important forage plants and to relate these to the
various direct and indirect impacts of fire on the site.

4. To document both short term and long term utilization
levels and patterns exhibited by bighorn sheep and other
ungulate populations on fire-disturbed sites, and to

«
determine critical factors influencing these patterns.
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APPENDIX 1

Vegetation plot data for burned and unburned sites in
each of the four stady areas (Tables 1 - 8). Individual plot
cover values for each species were determined by averaging
the cover values recorded ib each of the five, 0.5 x 0.5.m
plots nested within each 2 x5m plot. Frequency (Freg.)
represents the percentage occurrance of each 5pecie§ in
plots per site. Mean cover (M.C.) represents thg)percent

mean cover per site of each species. Prominence value (P.V.)

was calculated using P.V. = Mean Cover (%) x VFrequency (%) .
Estimated mean cover}values of less thén 1% for individual .
spécies may be interpreted on the following scale: 0 - 0.10%
= trace, 0.11 - 0.50% = rare, 0.51 - 120% = sparse.

~
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vaccinium caegspitosun - - - - - 3.3 &2 - 10 © 3o -]
vYaccintum scoparium - - - . Lo - . . € o 02 °
[ minoids
$

Sromus pumpellianus o 8 (- ¥ v 2 - 32 1 4 o & - AS 1ok T ss
Carax ¢oncinna - - - - ° 2 - o & - - 10 o 08 © 8
Carex rossi 2. a - LR . - - - - ik o 6% 3 s
Caren sp - - - 2 8 . - T - to o 20 O &3 .
Carax sp - - - - " - o 2 ’ s © 01 o 02
Elymus snnovatus ' .8 4 8 4 4 3 2 L s 2 L -] , % ° "t 7 2% 7' 0S8
Feastuca 3p - - - - o LI $ 0 | 40 20 o T3 3 2
Juncus sp . v . - . - oz ' - L} o 0y o 02
rPoa alpins - - N - - - - - LY e o © -
Poa arctica - - - 2 0 - . - - 10 o 2a c
Poa canby! N - 10 0 - T8 - - - R Y o e 2
Poa interor - .28 v - - - ¢ 3 ¢ 12 ' .
Trigsetum Sprcatum . - ¢ - - 109 o os 9 -
Achrillga miltigtolium 32 132 32 - e 2 c & g () " L RIRE S ¥ v
Aconitum de'phinsfolum . - . - voe S ] L 4 'y e s e sa
AgQoserts gleuce 22 - : o 2 L3N] 1 ©oe (1 PP SRS | '
Anemene mult: tia 3 ) 120 c 8 Y ¢ 'Y o e .
Antenna~- s racemess . - . e e - A ] ¢ 02 o o4
Antennar e v e - - LI | - L} o as o o9
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Tablie 2 lcont ynued) .
. PLOT NO R
]
seRCIES Y ? 3 . ] ] 1 [ . 10 [} 12
) il .
rorp: end plerrdephyies b
AQuiltie s flavescens - - - . . . - . . -
ATsnaria rucetia - - - M - - - - - ¢ ¢ - - -
Arntca corasfplia c 2 ® 2 . - - o s - 1o . . L . .
Artemasria campestr s - - . - .- . - - - e - '
Aster sp . . . a8/ o : . 1 2t o s o8
- Botrycphrum Yunara M . . B . - . - B - - - *
: Camp ‘a rotundrfol s - - . . - - . - .
Dealphinium glaucum - - - - - - . - -
Orabs aurea - - - - o 2 - - - -
tpriotium angustifolrum 13 4 A § 2 7 LRI - & o 30 & 9 © 32 10 Tt 23 2 4 0 )
tQquisetum scirpoigay L) - - . - - - - - - - .
Errgeron peregrinus . - - - - - i . - . .-
Frageria virginiane - . - . . - - . o8 - - .
Calsum boresdse - - . 132 e 2 - - - 7 2 [ )
Centranella sp - - o e - o s - o 2 t o - - - -
Hedysarum alpitnum . - 10 14 & o 2 - . - - . 4 O
>
Myosot:s alpestras - - - - - - - - - . . .
Ouytreprs splendens - . [ - - o . [ § o a - . .
Penstemon procerus - - - . . - . . - - - 10
Phacelra sef cea - - L . o 2 - : - . 1 0 [ ¥ - -
Poltemonium pulcherr imum . - - o 2 (\ . - - - - - .
Polygonum viviparum . - ‘- . - - - - - - -
Potenty)lla divergifola . - - - - - - - - - - .
Pyrola asarifolra . - - - - . - - - - .
Rumenx alpestris - - - - . . - . . - - .
Santfraga tricuspicvatas - - - - - - - - - - - .
Saxrtrags sp - . - - o 2 - . - . - .
Selaginelils censa . - - - - - - ‘- - . -
Solrcago muilt 'racdiatas - - - - . - - - - - -
Stellarsa longipes - - . . 8 - - - ? 2 [ 3 - .
Stellaria monantha - - - o 4 - - - - - - - -
Iygadenus elegans . o 8 - . . - . - - . . .
>
N
.
. .
Table 3 Icont 1nued!} «
N PLOT NO
SPECIES 13 IR} % an 32 33 Js 3s FREO M C L
s (R
)
forbs and pterigophytes
AQuillea flavescens - - - - - 1 sa - 3 10 o 28 ©0:812 4
Arenaria rubells - - 2 & (-2 ] o.8 - - oo 20 o 21 0 s
Arnics coraifoelia . o 4 - - . . T2 12 L} a8 [ % ] 4 83
o Artemesia clmpestris - - - . - - 1.8 [ I 3 10 1 07 3.8
Aster sp. . A } -2 ) A -4 4. 8 c s’ . t 2 - [ 1] 113 .78
Botrychium lunaris - - - - - - - 0.2 s o o1 o 02
Campanulas rotundifolias - - . - . . - 1.8 s o o8 o 20
. Delphinium glasucum - - - . - 1.¢ . - L3 © 0% o .
Orabs surea - - - N - . - - s 0.01 6 .02
Eptlobium anmgustifotium [ 2 2.8 ) - S - 2.4 2 8 3.8 t0 © 12 7 8% T4 &8
CEquisetum scirpoices - - - - - . - - s o 08 © 11
Erigeron peregrinus - - - - - - 2.4 . 1 3 e 12 © 27
Fragaria virginiana - - . - . 28 1.2 k- 20 o.38 174
Galium Doreals 0.2 - - - - - - . 2% ° 27 138
«“ Goentrarnella sp - - - - - - 0.4 0.2 3o o 14 ©.17
Hedysarum al1pinum .6 - - 28 - 3.0 - 2 8 a0 1.83 LI X ) . N
Myosotis alpestris - - . 1o 0.2 0.2 ) . i ¢ 01 o 27
Oxytropis splendens - - -2 - } - . 1.8 - 30 0. 21 1 18
Penstemon procerus - - - - - - - . 3 [ -] ° 11
Phacelra sericea - - o .4 o a T e . ~ - 1 8 40 °.38 2 28
Polamonium pulcherr smum - - . - - - t o 10 ©. 08 o- 18
Polygeonum viviparum - - . - o8 (-3 } ©. 8 1% 0. .10 I §
Potentilla diversifelia - - - - N . °o. 8 o 4 10 0. o8 o© 3 .
Pyrotla asarifclia - - - . - - ¢ 8 - 13 0.08 o 0%
Rumex alpestr - s - - - - - . - - © 4 s © 02 0 .04
- Saxifraga tricuspidata - - - 20 . . - - s o to 0. .22
Saxifragea sp - - . - - - - - $ o o1 © 02
Setaginella oenss - - - LI ) - - - - L} o o8 o 18
Solrgage multiradiate - - - 38 12 v 2 v 2 1 0 28 o 4t 2 os v
Steldlara longipes - 4 2 5 & -2 1 - - o 4 -2} 40 112 7 o8 - . 4
Stellar 1a monantha - - - - - . - - s o 02 o o4 -
-] 1

lygader.< mimgans - - - A } I - - . 18 29 12 \\
.



V;b\n . vegetetiaon plet data for tha Rack Creek unburned study si1te
PLOT wO
sPECTES e t? IR} 1 20 2 22 kR ] 2s
Jrees
Au 1ati1pcarsa o 2 . - AT
Prc enge Imann LI -] o 2 [ ) - (I .
Pinus contorta © 2 - - -
Shrud
fatuls Qlanadulosa - - o 4 L 2 ) 7%
JUNIPEr UL COMMUN & o 4 o " s O - v 10 L )
rotant 1 tia fruthrcesae 2 - - - . . . -
Rosa acticularis - - - - -
Sat'x spp o 4 - o 3 4 2 o 7 - -
Shepherd:a canadens: s o 7 3 2 - 4 [ |
Puwer? $hryps
Arctostaphylos uve-urs: s O 1 e T 1 1
Oryas hoohar)ana - c . -
Empatrum nigrum M . .
Lynn boraais 4 o - LI .
vaccinium cessprtosum 14 . - -
Graminoidsg
Carex concinna L] [ - - - -
fl'ymus ‘nnovatus 1 8 s 2 4 4 4 2 a L 38 2 4 8
Kopresia hellard: . . - - t s - - .
14 alpina o 2 - - 1 e - . - -
Pos 1nterior 4 0 - s - o 4 o 4 - -
forps and pterdo (]
Achil)es millefolrum L} [ ] 10 LI [ } 12 . 2 2
Agoseris glauca - - - - ] o8 . -
Anemone mult: ! ica 2 0 [ . [ | L} . - (- ]
Antennaria racemosa - - - - - -
Antennar ia rose - - - o 2 14 -
Arenar1a rubslia o 4 - o & - - - - i -
Arnica cord:folra - 11 4 - - 1 0 v 2 -
Aster alpinus - 2 4 18 o L - 1
¢
. . b
Tanle 4 (contvnued) ’
PLOT NOD
SPECIES 28 28 27 28 29 30 PRECQ M C LN 4
N %) (S}
Abires lasiocarps - - - - - v 0 o1 © 012
*icea engeimanni - - - - - 27 o 12 o &2
Pinus contorta - . - - . 7 - - © 03
snrubs )
setula glanadulosa - - . - - 20 ‘e 83 3 M
Juniperus commun)s - - 3 4 1 0 o 3 so 1. 80 13 04
rotent illa fruticosa - . - - - ki o 81 1 81
Rosa aciculeris - o.s - - - 7 © 03 o o8
Salix spp. - - - - - 27 © 37 12
$hepherdia canadensis - (-2 § 20 8?7 - a7 2 83 17.14
Pwart shrubs N
Arctostaphylos uva-urs: 2¢ © - 27 8 - - L I L] s 9% 41 .48
Dryas Nooher iana 11 © - - - - - 13 © 78 2. 78
Empetrum nigrum - - - LI 3 - - b ©. 09 ©0.23
- ° - L ) 11 4 - 4 0 2.1 'VI Js
vaccinium ceespitosur - - - - - b © o9 0. 23
Graminotds
c ex concinna - - - . 1o 20 -] o 72
g lymus r1Nnovatus -3 t s [ 28 s.8 T8 100 2 st 8o
Kopresia bellara: 12 2 -7 - - - T2 20 © 4 18
Poa alpina - - - - (-2 ] 20 © o S8
Pos '1nteror - - - E. 27 ° 3 87
Forbsy and pter dopnytes
Acnillea millefo! um - 2 8 c 2 o a ‘2 4 73 1 o8 28
Agoser 1s gltaucs - t o - - 2 6 27 o 3¢ t 88
Anemone multifica - - - - - 33 © 1% 2 02
Antennar ia racemosa - - - | 1 - 13 o 3t A - )
Antennar'a rosea - - - - - 13 © 11 o a0
Arenaria rubella - - . - - 13 ©.o08 o 18
Arnica cordifolra - - LI ) 3 2 [ 40 1 83 Te 31
Astar alpiynus o 4 - - e 1.8 . 3.8 3 -3 X ) §. 43
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labla 4 (cont tnuea
’ PLOY NO .
srECIES . e 1 18 e 20 mn 22 ER ) L
forps ang re hyte ’
Sotrychium Yunar . a ! - - - L4
Lampanuis setund:te'tie ’-- . e & - - e T - - = - -
Castrlle ja miniata LI ) 2 o 4
Cpstilleja occroentalc [ ] - L .
Drata aure - - . . .
Delphinium glauca . . . v © 8 - - .-
Epilobium angust ifolium 3 e ‘o (3} te e L) . [}
fquisetum arvense . . . - 1
Bquistem Scirporces © & . - - -
Er.grron perngrinus - - . - - - . . v
Fragaria virginiana 3 2 12 [ 1 - [ 3 [ ] - o 2
Galium noresle . o & 18 c 2 - . - LI
Hedyserum sipinum oy 40 LI} 1 4“2 (I ]
Nedysarum machenys i - . - - .
Myosot 1y alpasgtr s - - - - N LI
Onytropis tplendens - (-3 } (-3 [J ) -2 14 .
Peciculer s sp - - M N N
pPa'matus R - .
Pnacelra searice - 2 0 - .
Pyro'la bractieta N . . - ¢ 2 - M
Pyrols sescunda 2 2 - . - - o 4 - .
Saxi1?ragas sp - B . - - . - -
Sedum mtenepetslum () - - - o s
So'igdage multirasists [ ] - - - - -
Stellarie longipes L } . . - - (-2 ]
Steltlaria monantha - . - 18 - - - -
lygesdanus eltagans LI o 4 - o 2 172 o & - LI -3
A)
- &
)
N -
Table &4 (continuedl!
PLOT NOD | .
SPECIES 25 2t 27 28 29 Jo FREG M C [ .
) <) [}
forps and pterroopnytes ,
Botrychium ‘Yunaria - - . - o 2 - 7 o o1 [}
Campanutla rotundgifolia - . - - - o 4 20 o o ©
Castillajas miniate - - - - - - 20 0. 3] 1
Ceastille)a occicdentalis . - . - - - 13 o o7 ©
Oraba auresa - . - . . - 7 -2} ©
Detphtnium glauca - - - - . . 7 (-1 1 °
Epitebium sngusttéolium - 3 s - - -3 | 2 4 7 1 48 11
EQuisetum arvense - ° <+ - - R 7 ©o 0% o©
RQuistem scirpoides - 2 2 - - . - 12 o 17 0
Erigeron peregrinus . - - - - L) - ks © 09 [}
Fragarta virginiana - . Al . o 2 2 3 4 L &) 1.38% 11
Catium bDoreale - - 1.2 - - (L 40 © 40 2 ~
Hedysarum alpinum 2 2, - 2.8 2 4 38 c.8 [ &3 2 31 18
HeOysarum machenxii 3% - - - - - 7 o 2a ]
Myosotis alpestris - - - - - o a 13 o o8 o '
Oxytropis splende 18 . o & - . s o §3 - - 1
Pedicularis sp - - - . 4.2 . T #0228 o
Petasites palmatus - 10 - - - - 7 © o7 ©
Phacelias serice - - . - . 0.2 12 o 18 o
Pyrola brectiata - - - - - - 7 o o1 © .
Pyrola secunda - - . - - - 13 © 17 -]
Sawrfraga sp . - . . - o 2 7 (- -B (-]
Sedum stencpetalum - - - - - - 13 o t2 o N
Solicage mult . radiata c € - s 4 - - - 20 o 49 2 .
Stellara longipes - - - - K © 2 20 o 1 °
Stellaria monantha - - - . - . ? o °
lygadenus elegans c 4 - 2 8 - - - $3 o 42 3
’ ~ N
N
v - 1
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dats for the Aam Mountain Durned ltvd'y aite

Tanle & vegetat on pleot
PLOTY wO
srgcies ' 24 3 L] 1 1 R L]
L
l1rge- .
PITEF GNP TMEART T - (-3 §
ana glauca .
Pinur contorta ! o
neybsy b .
v
Alnus crigpa 32 8 27 & - 2 .
Amclanchier ainitolia © 2 o s o 2 - .
Juniperus communis - - 12
Poputus balsamiters - - 3
Populus tremuleides - °c 2 o . [ ]
Potentilla fruticosa [ | - - to 2 13 - :
Rose acicularg o 3 o 2 ot - - o 12 [ | o' -
S0V x spp . o & 20 - - 78 . .
SRepnercia canadens:'s - LI - - L J v 4 8 o 1
phart grrupy Fad
Arctostaphyltes uva-urs: - st 2 A - } o 4 s 4 2 4
hooker tana - - 22 o 1 - \ - [ ]
bereats LI 2 o8 - s 8 5 ¢ 12
vaccinium Cassprteacum - - [ | - -
Yaccinium gp - - PN . .
Sreamus pumpellianus 2 6 - . - . LI )
c*a:--w—o;t-s Tnexpansas - - - - o a -
Calex scirpoices - - - - . - (-2
Clymus tnnovatus LI ¢ 2 4 2 2 0 o 4 17 2 -2 3 28
Kobress'a bellarg:s: - 14 . . 2 L) 2 0 1 o LI ] 7 2
Pos atpina . . o 2 - -2 3 . - o 2 © 2
Pca palustras - o s - - - o 4 10
forp, ang ptersdophytes )
AchiViea mitietolrum Y o 8 - o 2 o 2 o 4 o 2
Agoser 's gtauca - © 2 t 2 - - o - B -
.
)
[
.
-~
s
Table § (continuedal
- PLOY MO
srPeclas to Tt 12 13 14 18 L 4
Jrees 3
Picea engelimanni - - L 3 - - 13 o 12 © aa
anc pglaucs
Pinus contortas - - - ' o ] et 20 o 88 3 o4
hryn -
i
Alnus crispa ' - - - - o 3.83 12 es
Amelanchier atnitolra - - - - - 20 © o8¢ o 27
Juniperus comeunis - o 3 2 2 2.1 1.8 I | a0 ©. 83 3 0
Poputus barsamitera - - - - - o 13 ©0.28 o0 87
Populus tremuloides . - - . - 20 ©.08 o 22
Potent1la frutscosa ot - LI } o 22 o8 53 o s 4 723
Rosa aciculars . o 7 o 1 .3 - so o 18 1.24
$8lix spp - - 3 2 - t. o . 1.23 s a3
Shephardia cansdensis . T 19 1 - 2.3 3 - 2 73 19 8
Owar¢ ghrupg
Arctostaphyles uva-ursi 37.0 (] 9.8 18 .4 17 8 7 2 b 7 38 83.03
Oryas hooker iana 4 2 . - - - [ 3 33 2.08 12 01
Linnaea borealis - - - . - a0 1. 8% 10.08
vaccinium casspitosum - - - - . 7 © 03 o o3
vaccinium sp - - - . / - 7 -2 3 o &1
Graminoids A .
Sromus pumpellianus 2 & - - 0 2 - 27 o &3 2 22
Calamacrost s 1nexpansa - - - . - 7 o 03 © o8
Carex scirpoicea 1.2 . - - - 13 ¢ 13 o a7
Elymus innovatus 1t o 4 2 3 0 t s t 8 1 ©° 92 3 88 da 39y
Kobreg:s bellaray: 28 - LI } 18 2 2 10 2 80 2 82 23 a3
Poa ciprna o 2 - - - - 13 o 1 ©
Pos palustris - - - - - 20 o 2 o ss
forbs and ptertdophytes
achillea mryYiefolium - o 2 o s ©. 2 © 8 ©o 4 73 © 29 2 43
- . t -2 - - 27 o 17. 0 &8

Ageger s glauca
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Tanie & lcont 1nued) : , .
M PLDT NO
srEciEs 1 2 3 . L [ s (]
Forny and ptgr, n A .
Anarosace chamae jasme - - o 2 O B 1 0 - [ ° 2 (2N }
Anemone mult ! I @Ba o 2 c s - - o 1 12 .
Anemone parvitioras . o 4 - - o & - a s
Antennar 1a umbr inedls - o 2 o8 [ } - . .
Arensr'a sp # .- . - o 2 - o 2
Arnica corditolra 1 - - . L -
Adster alprinus a s 10 a L] L - b I z 8 -
Campanuta rotundsfole . o s o 4 . o 2 b s -
Cast ' Vle 4 DcCromntal " o 2 . B o ¢ .
Clemat 's coelumhiana - - 12 . -
Epriobirum angust+foltium 2 0 . - - - .
Fragaria virginiana © 2 12 3 o . 2 4 . 2 0 .
Calium norease 20 2 8 L | - o 4 20 28 A}
GCentiane)'a emarelia 0 2 ‘ - o 2 . . -
Mabenar ia viridis . - - - - - [ }
Heaysarum alpinum - 2 s 2 2 8 1 0 - 20
Hedysarum machenry - . - 12 - B - -
HMimulus guttaetus - o 12 o 2 .. o 2 - .
Oxytroprs serices - o s L . - -
var sprcata
Polygonu viviparum - - - - (-1 } - o 2
Pyrols secunas o a .- - - o 4 . -
Scrophulariaceas &p . - - - ] . . - ° 2 -
Selaginella densa - - - 10 - . L]
Senecio canu- - - . - - - - - -
Senecto lugans . - . - . . -
$yiene acaulrs - . - - [ ) - - - -
Seltidage multiraciatas - - L 2 8 1% - L 2 2
Stenanthium bdccigantals - . - - o 4 - - -
Ivgadenus 'slegans 1 4 40 t o 2 18 2 1 20 1 2 o.8
»
= .
Tabie. 8 (continueda)
PLOT NO
SPEClES 10 1 12 13 4 18 FREC mC r.Y
' %) 1)
. N
E e T
Forbs arhs pteridophytes ) -
Androsace chamaejasme o.6 - ©o. 2 1 4 - LI 7 o as 3 87
Anemones multifidgas o s - (I © 6 LI e d £3 0.3 2 8
Anemone parviflaora - e " - . - 20 -1 0 40
Antennaria umbrinelts - . - - - - 20 o. o8 ©.28
Arenaria sp. o 2 - - . PRI o 4 27 ©.07 ©.38
Arriica cordifolia - - - . . T 13 0.2t o 17
Aster alpinus - a2 “ 2.8 3.4 . s? 2.9 23.7s
Campanula rotundifelia ©.2 - - 0.2 ‘. - a0 0.13 o0 82
Cagstilleja occidentalis - - - . - - 13 0.08 0.18
Clemetis coglumbrana - - - - °. - 7 o o8 o0 21
Epilobium angustifolium . - - - - - - 7 0. 13 /34
Fragaria virginiana 0.2 . - - - 0.2 47 o.8 4. 17
Calium boreals - 1.0 LY } 1 0 2 0 o 2 so 1.30 11,83
Gentianella amarelda ° 2 - o 4 - - . 27 ©0.07 0. 3¢
Mabenari1a viridrs - - . - . - - 7 o 03 0.0
MHedysarum alpinum - LI 1.8 - 3.0 - $1 t.27 $.27
Hedysarum mickenzi 1. - - 0.8 - - 20 0.24 1.07
Mimulus guttatus - - . - - - 20 o. .04 0. 18
Oxytropis seoricea - - - - - . 13 [- 27 | 0.29
var spicata -
Polygonum viviparum - . - - - . 13 -1 1 o 18
Pyrola sascunda - - - - - - 13 ©. 0% o 18
Scrophular iacese Sp c. 4 - - * - - 20 o o8 ©.38
Selaginetlla censa - - - - - 2 2 20 © 28 1.28%
Seneciv canu.. - - - 0.4 © a . 13 © 08 0. 29
Senec o lugens o 4 2 4 - . - - 12 o 19 ©.69
Silene acaut s - - . - - - 7 ©.04 © 1o
Solrcago muttira o ¢ - - LI } © & 30 so 1 o1 7.82
Stenanthium bcciaehtale - - - - - - 7 0 03 o o3
Zygasenus stegans °o 3 - 3 2 - 2 s (I [ & 1.89 1%.7)

e o
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Tahle § veagetat:ion plot data for the Ram Mountatn unburned study s'te

*
PLOT NO
. amEClES BT B ) 1. 10 2 22 23 24
e
g
lrees «
Abiras lllBC‘VDl“ - - - - R} L .
Picea engeImanni, . - - A } . 3
ana gltaucs .
* -
Shrups
Juniperus commun)c - F 2 - 26 [ 28 .
Potent 1 1la fruticosa - o ! ° 2 o % [ o1 - ' o o 1
mosa @cicularas - - - - . o1 - .
Shepnardia csnadens s . 4 L ) o 2 N 7 ° 3 LI -1 L
Duart $Nrybs - . - - N 2 LI ) (-1 -
f
Arctostaphylos uve-urs: - . -, o3 - - - o s [ } X '
Lryas hooher rana - - - - . . . - -
Linna bereatis 20 . - - . . . . - 4
min
:lrin atresquama- - . - - . - - - | -
Cargx scirpoicea . - - - o 4 . . - -
2iydus rhnnovaty 7 2 v 7 3 o 22 1 2 L 12 2 - J ¢
Pestuca brachyphyllae - - - - . - . 0o 1 R
Xohresis hetlsrdt: - o 2 1 s L ) - o .7 L] o1
Pos l‘l':\. - - - . - - - - -
Pos palustris - - - . -2 4 . - -} .
Forbg andg rageph
Achi)Ylea midllefolium - - . M - o 1 - - -
Agoser s glauca - - - - - - . - o3
Androsace chamae)asme - . 0 2 -0 L | - [N 1 © 1
Antennsria umbrine)ia - - . - o8 - . - -
Arenar'a rubella - o 1 - . v o - - - .
Arnic sordifola 20 . . - - - - . .
Aster alpinus - . o3 2 3 [ 13 o 1 - - .
Campanula rotundifolra - - - - - . . o 7 o 1
r
. .
.
.
. .
» B
Taple & (continued) ' '
. PLOY NO . .
SPECIES k11 28 27 23 29 30 FReo LI 3 LN . N
%) %)
hd -
lasrecarpas - LI | . - - - 13 0.23 © B4
ange tmann . - - - - 11 & . 0 112 $ O
and glauca
shryps .
Juniperus commun)s .\_‘_p 2 (-2 s 7 9.0 2" - [ &} t 91 18 82
Potentilla fruticosa -2 | . 0.2 - © 3 - [ ©. 2] LI X
Roga aciculeris - - - - - - 7 o o1t ©.0613
Shepherdia canadensis (-2 | o " 3 - ] © . 13 1.43 12 22
P
wapr¢ Shrubg - - - - -0 28 -2 ) [ ] -
Arctostaphylos uva-urs: 0.8 1.0 - - C. - 31 0.28 1.82 . e
Dryas hooker iana - - - - [T § . 7 -1 1 e 13 )
Linnaea boresatis . - - - . - 7 © 13 0. .34
Sramtnoigg ’ N
Carex atrosguama - - . c. - . 7 o 02 0. 08 ]
Carex scirpoidea - - - - - - ? © 03 o 03
Elymus innovatus L 30 } 8.7 | I | 19 1 4 3 ") $ 82 83 .33
Festuce brechyphylla - - - - - - 7 o 61 0.03 "
Kobresia bellarai: - o8 0.2 12 1.8 10 80 o.89 7T .98 :
Pos alpins - - - - o 2 - ? o 01 © 0% .
Pos palustris - - - - - - 13 o oy o.t18
.
Forbg and pter idophytes ' ‘ R
L] N
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Range variables measured in sample plots in the burned and

unburned sites of the four study areas (Tables 1 to 4) and

-

used in the two-group ﬁiscriminant analysis. The Key to the

column headings is as follows:

distance downslope (meters) from treeline of

stems/ha.
of graminoids.

of forbs and dwarf

of tall shrubs.
of non-plant cover
&
of mosses and lichens.

(number of seedlings

.

SLOPED z
each plot.
PELLETS = pellet groups per hectare of bighorn sheep
) (dependent variable).
TREED = tree density in stems/ha.
'SNAGD = standfng snag density in
GRASSC = total mean percent cover
FORBC = total mean pe}cent cover
shrubs.
SHRUBC ~ = total mean percent cover
NPLANTC = total mean percent coyér
types.
BRYDIDC = totgl mean percent cover
‘ SEEDLD = conifer seedling density
per 2 x-5 6 plot).
FUEL z

(tonnes/ha) .

‘total down and dead woody fuel loading
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