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" ABSTRACT

The main objectives of this thesis\nere: (1) to desctibe and
interpret the initial stage of seconderyrplant succession and tree
reproduction after the 1968 wildfire; (2) to‘determine the struct-
ure and species;composition of tne standi%g ourneditfees;.(B)ato
provide a sound foundation for a Iong—term study of plant success~

ion after fire; (4) to provide a basis for measuring the rate of

fuel accumulation on the forestvfloor resulting from the deterf
ioration of the gtanding burned trees.

UEing 1970'aerial pnotographs and ground reconnaissance, 12
stands were selected Eﬁ the Nw—facing slope of the_Vermilion Bass
burn. Six stands were sampled in 1971 and eix in 1572 ‘Living
post—burn vegetation sampled in 1971 was sampled again in 1972 in

xthe same plots. All plots in the burn were permanently marked.
D ' & .
One additional stand was located in the adjoining unburned forest,

The standing dead forest; consisting of Engelmann spruce,
subalpine fir and lodgepole pine, was not in an extremely late

successional phase of development ‘before the fire. Engelmann

spruce dominated in terms of basal area, followed by lodgepole
/ &

pine which showed‘evidence of declining in abundance before the

B /

fire. Subalpine fir fag outnumbered both spruce and pine but was

restricted to the smallér size-classes.

|

Fire intensity waé.generally uniformly severe, though stand

no. 6 was not,asAsevefely burned as the others.

. .-

B



A ten-fold increase of stems fallen since tbe fire occurred
between 1971 and 1972 and most of these, in both yeérgJ wére in
the 2 and 3 in. size-classes. \

Lodgepole pine seedlings were most abundant,; their density
and height growth decreaéed with increasing elevation and slope
steepness. Height gfowth was also negatively correlated with
competiﬁiqn. Pine éeedlinés more than‘doubled their height and -
ziﬂcreased significantly in density between l§7L@§nd 1972.

Species richneéé increased in the Vermilio: Pass burn as a
result of ;he fire. Thirty-five and 20 vascular spec%es were
.recorded in qqadraté in the burned and unburned'f§rest respect;

ively. The six most impoftant,subordinate’Vasculat speéies,

based on prominencé values, are Epilobium angustifolium (30),

Arnica cordifolia (25), Menziesia ferruginea (24), Vaccinium
- . A

mxrtillus/scopérium'(lé); Linnaea borealis (8), and Cornus

cénadeng*s.(G). . , o ' B

The major constituents of the post—burn community, with the

éossible exception-of Egilobium aﬂgusgifolium, were represented
in.:he unburned forggt. |

Shrubsy#ccbunted for 3.6% and herb-~dwarf shrﬁbs for 12;62
" of the t§talﬁgr9und cover. The remaining éround~épver was comprised
ofuéharredvhumus”(SGZ)i rock, mineral soil,.rbttenbwood, bryophytes,
needle iitter<and fallen légs. Shrub clumps had a ;exy high sur- .
vivél rate (872)5 ‘Some species decreased in cover between 1971
| and 1972 while‘o;hers increased#_wmg”

' Three, two-dimensional ordinations of the 12 stands based

N
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on basal area and denéity of the standing dead trees and prom-
inence vaiues of the 1living subordinate vegetation revealed
several distinct patterns with environmental factors. |
;The fire regime, though important in affécting successional
»

dfyelopment of the post—burn vegetation, is not fully responsible

Qw) determining vegetation pattern.
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I OBJECTTIVES

This study was iditiéted to fulfill four major objectives:

{1) To dgscribe and interpret the indtial stage of secondaty plant
succession and tree reproductioﬁ‘after the 1968 wildfire in the sub-
alpine forest of the Vermilion Pass area, Kootenay National Park;(Z)‘To
determine the structur® and species composition of‘the trees in the
forest stands before the fire, by quantifying and identifying, where
possible, the stsnding burned trees,agd briefly describing and cqmparing
an adjoining unburned stand; (3) To provide é sound foundation for a
long~term studv of plant succession after fire in the area through the
establishment and inventory of permanent plots; (4) To prov1de a basis
for measuringrthe rate of fuel accumulation on the forest floor resulting
from the deterioration of the standing burned trees.

The study is one component of a multi-disciplinary Vermilion Pass

- burn project sponspred by the Parks Canada Branch of the
Department ofFIndian and Northern Affairs. Other studies in the project
w111 provide detailed: accounts of the climate, geology, soils, avifauna
and fauna of the immediate area.. Preliminary reports by Harris (1971),
Noakes and Harris (1971), Olthof (1971), Shank (1971), Edwards (1973),
Fitzmartyn (1973), Scott (1973) and Winterbottom (1973) on some of the
above studies can be found in the library of the Vestermn Reglonal Office
of Parks Canada located in Calgary, Alberta. In conjunction with the
study reported on here, additlonal data were gathered 1in three other
forest stands of different ages in the Vermilion Pass. The data will
prov1de a quantitative description of the vegetation and fuels in each of

&

F—-these stands. This information will foxrm ‘the basis for determining fuel

e
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loadings and sizes, and their vertical and horizontal didtribution.

Investigations were also carried out to ‘determine the moistyre content
7 .

and distribution of moisture in duff lavers in the forest stan at

selected intervals since last rain.

il .



IT. INTRODUCTTON

The {fmportance of fire as a factor influencing forest vagﬁggjgnuﬂ¢h,h,uu
DAY iV
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pattern in the subalpine zone of the Canadian Rocky Mountains has
long been recognized, but not adequately quantified.

\
A fire of lightning origif burned approximately 2630 hectares

(6500 acres) of spruce—fir forest\ on both sides of the Continental
Pivide in the Vermilion Pass ValleyMof Kooteﬁéy and Banff National Parks
in July 1968. This event afforded am opportunity to initiate a
long~term fire ecology investigation. ''That national park be the site
of an extended project is justified, because only in a national park is
it possiblé to have the absolute control of land use thatAwill permit
completion of the entire research program." (Dennis, 1971).

The subalpine zone éf the Northern Rocky Mountains as
designated by Daubenmire (1943), has been investi%at;d by Beil (1966)7
Beil made reference t;nothers who have described this region, including
Merriam (1898), Rydberg (1900,1915), Larsen (1930), Daubenmire (19385, \
OBloombgrg (19505, Degrace (1950), Dauben;ire (1952), Cormack (1953),

Horton (1956) and Patten (1963).
rMoré recent work by Ogilvie (1969), Krajina (1970), Day (1972) and
Rowe (1972) has added to our understanding of the subalpine zone.
The area under iﬁvestigation has been'designated by Rowe (1972)
as the Interior Subalpine section (SA.2), characterized by; "a forest
of western white spruce, Engelmann spruce And tBeir intermediate forAs,
associated with alpine fir which increases in abundance at highér

| ‘ _
altitudes and is dominant at treeline. Extensive stands of the pioneer

lodgepole pine cover areas of past fires.™ [sic]. Krajina (1§70) has

"3
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divided ,British Columbia into four biogeoclimatic formations, seven

H
r
ot

‘f%ﬂhﬁﬁguuclimatic regions and eleven biogeoclimatic zones. The Vermilion
Pass area is in the Microthermal Coniferous Forest Formation; the
Canadian Cordilleran Subalpine Forest Region; and the ¥Fngelmann
Spruce~Subalpine Fir Zone. This latter zone is further divided into
three latitudinal subzones. The subzone ir’‘which
the Vermilion Pass is included 1lies between 49°N. and 53°N. latitude.

losie (1969) describes the Subalpine Forest R;gion as, "A
coniferous forest located on mountain Qplands of Alberta and British
Columbia from the Rocky Mountain range through the Interior of
British Columbia to the Pacific Coast inlets. The characteristic
species are Engelmann Spruce, Alpine Fir and degepole Piﬁe. Thére
is a close relationship between the Subalpine Forest Region and
the Boreal Forest Region, which also shares Black Spruce, White

Spruce and Trembling Aspen.'' [sic]
1

The role of fire in the environment has been the subject

of a great amount of research resulting in numerous publications.

Ahlgren and Ahlgren (1960) reviewed the pertinent literature in an

effort to bring together the literature concerning the extent of

. < .
forest_fires and their effects on soil and various forms of life.

v

,-Daubenﬁife (1968) has provided a comprehensive review of the ecology
of fire in grasslands. Recent symposia have used fire as their
central theme: "Fire in theNNorthern Environment" (U.S.F.S., 1972),
and "The Ecological Roie of Fire in Natural Conifer Forests of Western

and Northern North America" (Heinselman and Wright, 1973). Also,

proceedings from the Tall Timbers Fire Ecology conferences have been



published annually since 1961. A major text, "Fire and Ecosystoems"
(Kozlowskl and Ahlgren, 1974) examining iIn depth the influence
of fire on ecosystems 1s now avaflable and a bibliography containing
1000 references dealing with fire ecology has been prepared through
the auspices of the U.S. 1[BP program. Despite the profusion of
literature, few references are available concerning fire and its effects
in the subalpine zone in northern reglions.

ﬁowever, the literature of Canadian explorations and surveys is
full of references to forest fires (MacMillan and Gutches, 1910). Those
references relating to the general area or of spec?fic importance
are included heré for the purpose of préviqing an historical perspective.
Capt. John Palliser while in the area of the Kénan;skis Valley in 1858
related: '"Here, I observed a very ;gtisfactory proof that lightning 1in
the mountains must frequently_be the éguse of fires, and that all forests
are not desgroyed by the hand of man, for we saw whole masses of forest,
isolated ig mountain ciiffs, falien by fire, the mountain trees burnt
in places so preéipitous that no human hand could ever have reaehed
them." (Palliser, 1863). Sir James Hector, also of the Palliser
Expedition, and recognized as the first non-native to traverse the
Vermi;ion Pass, gave this account of the pass in 1858: '"The wvalley at
this point [ Vermilion Pass summit] 1is several mileé wide, and the
mountains on either hand are still wooded a long way up the Slope e
We descended the valley of Vermilion river for gouf hours to the south-

4
west making equal to isix'miles in a straight line [ present location of

Vermilion Pass burnl .... The valleyﬁis tolerably open and the descent
is uniform. The dense woods often compelled us to cross and recross

the stream." Approximately one mile southwest of the present burn,

0y



Hector stated, "The valley s now quite ppen on thin side [east stde

of the Vermilion river], but on the other the mountains slope up rather

suddenly, but not precipitounly, while the woods have all bLbeen burnt,
b

piving It a naked bald look. The tire must have run several times,

as even the fallen trees h;u.i been burnt, which allowed us to pass along

freely (... Among the burnt woods the whole surface is covered with a

vigorous growth of epilobium angustifolium...” (Palliser, 1863).

C.M. Dawson (1885), while working in the Kicking Horse Pass arva

and along the Bow Valley, reported that "Tt may be added here that
y

1

evidence ... with regard to very old forost fires was noticed in raiflway
cuttings on the Kicking Horse Pass, and also in one place on the Bow River
where modefn forests, at least a hundred years inAage, were growing above
the reddened layer, still holding pieces of charcoal, which evidenced the
destruction of a former growth.'" He gives further testimony to fire
frequency: 'Notwithstanding the evidence previously menticned of the
occasional occurrence of forest fires in ancient ti@esvin these mountains,
it is only within the historic period for the region (probably not befdre
the beginning of the certury) that suc? fires became common and during
the past few years their frequency has‘increasedrin a greatly accelerat-
ing ratio." W.H. Barneby (1889) indiecated that much of the forest in

the Bow Valley, from Banff to beyond Field, B.C., was "terribly damaged
.by fire, whole mountain sides being quite black with charred timber."

R. Bell (1889) discussed forest fires in northern Canada and
displayed a modern knowledge of the golé of fire in the boreal forest.
Macoun (1904) commented on the absence of fires in the Lake Louise —
Emerald Lake region, while Doyling (1904) remarked on "large fires in

British Columbia, which did incalculable damage to the forest wealth of

O



‘nt117 country has ‘been burne‘d over in the last 25 vears.'

times, mostly within the last 60 yearf;;//Dw1ght (1918), Camnbell N

that include mention of forest fires are found in Spry (19;3);

the country,"/ Edgecombe and Caverhill (1911) indicated that "during

the 1ast/é?/§ears likely 60% of the eastern sldpe has been fire
swept, /ﬁd further that Plghty percent of the terrltory surveyed

/

has been burned in the last. 50 years and 6OA of this or 48% of the
/

/

i
Q o

Dw1ght (19137, in his report on the forest conditions in the’

Rocky Mountains Forest Reserve, said: - "The forest fires of this

relgion are notable for their intensity and the completeness of the
o - [ ' . N , O

estruction/wrought By them. Some of the reasons for this are con-
. Q . - o

& &

nected with the mountainous topography. The,steep slopes aid the

flames in gathering headwéy and the narrow Valleys with their high
o j ] Co o o
sides create %9tremendous draft." Conversely, Allan (1914), in his o

EN

geological re%ort of the Field, B.C. map:area commented tHat "Fires

have not occufred for many years and they are now close1§ watched
; o ;

S

as this regionl is within the park [Yoho National Park] limi®é™
o ! .
o White (1915) estimated that®*"Three-fourths of the forest area o

of the reserve  (forested east™slopes) has been buyrned over at various

.
..

o o
(1919) and Lewis (1920) prov1ded early statfstical summaries of forest

o ‘
fires®in the national parks.‘ Munro and McTaggart=Cowan (1944) repart—

o N N o
& N

ed that extensive areas in Kooteﬁaerational Park have been burned - \\
: - 4 N .
over in recent times. ’ o

o . . <

Contemporary historical accounts-of the mountain park region

o

o N ~

1. Allan is apparently referring to the Beaverfoot Valley where he —
says that trees are mostly small with a few reaching 2 feet in

diameter. - He Has indirectly indlcated by his statement a past
fire hlstory for this valley.

°
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Nelson (1968),‘Reeves (1968) and Fraser (1969). Of Serticulgr

interest is the work of Ogilvie and Scace (1968) In theif study

of the age—structure of fire—successional lodgepole pine stands =
_’\

on the east slope of ~the Rocky Mountains it was found that 30%

of the stands originated during the eafly park period (1887-1911),

whereas 47% of the stands date from the prospecting and early rails -

way period (1850-1886). o : R

- Byrne (1968) provides a comprehensive insight into the fire

i : : :
history of the entire region: He states, "In summary, the admittedly

sparse evidencevav?ilable for the late eighteenth and ninteenth
. , v

" centuries can hardly be used to interpret with any certdinty the
significance of the prehistoric Indian as a cause of fdieét fires

Q

duringlwhat may have been as much as the previous 10,000 .years. The

lack of more definite historical evidence in itself suggests that,

a

at iE§sf’during the immediate pre-European period, the Indian had
.not been important as a cause of forest fires." _He further suggests

that durlng the perlod 1840 to 1911 forest fires greatly increased

\\,.

1n frequency and extent, due to the combination of changlng climate
] .

(Heusser, 1956) and the arrival of the white man.
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ITE STUDY AREA

A. Locatiom
? ~
The st&dy area is located in the Vermilion Pass, in the

northeastern part of Kootenay National Park, British Columbia (Fig.l)

The Vermlllon Pass has a northeast —southwest orientatlon and Wwas

surveyed in 1913 to delimit the“boundarv between the provinces of

LN
Py ©

Alberta and Brltlsh €olumbia along the Contlnental Dlvzﬂe (Cautley,

Wallace and Wheeler, 1917) At the Continental Diwide, the Vermillon

§ [y
i

Pass is steeply walled on the ‘east Slde by an outlying shoulder of
Storm Mountain and on the west’ 51de by a shoulder of Boom Mountain.
' The slopes are steep and fairly regular.

A1l sampled stands were locatedgen the northwestffaeing R o
slepes of the Vermilion valley, southeast‘of theAVermilion river
‘and the Banff;Windermere'Highway(No.93 (Figrz).' The §tand locations
fall within 116° 00' and 116° 07'W longitude and 51° 11' and 51° 15'
N latitude. All stands were within‘Téwnship 26, Range 15, West of
~ the Sth Meridian. The fire burned ankelevational belt from 1530

meters A.S.L. in the southwest to approximately 2280 meters A.S.L.A

in the northeast, an- elevational range of 750 meters (Flg 2).
B. Climate

Kootenay National Park is on the eastern edge of the western '
cordilleran weather system and is occastonally influenced by

continental weather patterns (Anon.1972), There is much climatic

" B . ) o
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Figure 1.

- ©
7

’ Map of Kootenay Natioﬁal Park showing the 1968 Vermilion

-

Pass burn as a blackened area in the northeast.

(Canada, Mines and Technigal Surveys,

Surveys and Mapping B%anch, third edition, 1955)
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Figure 2. Contour map of the Vermilion Pass burn area, showing

the location of 12 stands.

(Prepared under contract by the University of Calgary)
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variation in the Park, due to its geographic 18cation, altitudinal

_range‘end irregular topography.

ﬂFrom'September to June, polar marine air masses move inland
from the North Pacific across the mountains, being cooled in the

process. By the time the masses reach the parks, they resemble .

"

continental air, but are not as cold or dry (Heusser, 1956). ‘During

the summer, however, Pacific air moving east mixes with the dry air

o

above and beeemes indistinguishable frem dry continental air by the
time it crosses the Continental Divide. In winter, polar continental
air masses developed in the Arctic occasionalily straddle the
Coetinentai Divide: ca«sg}ﬁ; sub—ffeeiing temperatures as far as the
west“coast. Sub—tropica;'eontinental air is occasionally. present \

in the summer or early fall of some years. These air masses are hot
and dry and may result in temperatures above 32°C. Such conditions

°

are especially favourable for forest fires. The net effect of these

air masses is a fairly evenly distributed monthly pfeeipitatioh and

an extreme seasonal variation qf‘temperature (Rutter,>1965).
Climographs for Keotenay Crossing, 56 km. (35 miles) sputhwest

of the Vermilion Pass, and Lake Louise, approximately .the same éistance

northwest, are presented in Figure 3. Lake Louise is cooler than

Kootenay Crossing throughout the year and has more precipitation except

in June. Lake Louise is the closest station that, provides long-term

climatic normals for the area (1941:-1970). At this station the mean’

a

daily temperature is -0.1°C (31.8°F ), the mean daily maximum temp-

erature is 7.3°C (45.2°F ) and 1aily minimum temperature
is -7.6°C (18.3°F ). Total annu: ion at Lake Louise
averages 76.7 cm. (30.2 in.), 1.2 din.) faliing as
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rain and the remainder as snow (481.8 cm. or 189.7 in.)
(Environment Canada, 1973). Monthly mean temperatures are likely
lower and precipitation higher in the Vermilion Pass as a consequence

of 1its higher elevation.

C. Geology and Geomorphology

o

Bostoék (1948) has outlined FheAphysiographic units of “the
Canadian Cordillera. According to his classification, Kootenay
National Park occur; in the Rocky Mountains Subdivision of the
Rocky Mountain Area in the Eastern System. Holland (1964) separates
the Rocky Mountains Subdivision-in Canada into four ranges: the-
Border, Continental, Hart and Muskwa Ranges. The Continental Ranges
are further subdivided longitudinally into three structural units:
Ehé Front Ranges, the Park (Main) Ranges and the Kootenay (Western)
Ranges. The mountain ranges. along Kootenay Parﬁé ﬁortheast
boundary ére included in the Park (Main) Ranges. The Park (Main)

x

Ranges are largely underlain by sedimentary and metamorphic rocks

of late Precambrian and Lower Palaeozoic age. Thick cliff-forming,
limeStone and quartzite formations of Cambrian age form many of the
mountains (Heusser, 1956; Holland; 1964).

a

The roéks that form Storm and Boom Mountains range from
Precambrian'at the bottom to middle Cambriam imthe peaks (Belyer,
'1964). Storm Mounéain shows deep béwl—shaped ¢irdques cut into
Precambrian and lower Cambrian aged quartzite on ifsfeast-face .

(Baird, 1967). The high vertical cliffs of Stanley Peak and Storm

Mountain are composed of massive limestone. _The upper cliffs of

®



17

the mountaihs are Eldon Dolomite and the‘mnssive lower gray band
is Cathedral Limestone (Gallup, 1954).
Stahley Peak and Mount Whymper are castéllate mountains,
i.é. cut into more or less flat-lying sedimentary récks commonly
having a prqfile in which vértical steps alternate with flat or
sloping terraces. They are best developed in regions underlain A
by great thicknesses of rocks in which beds of massive limestone -
and sandstone or quartzite altermate ;ith less resistant shale
br slate beds (Baird, 1964). The sqfter béds are erodgd more 1
rapidly, so that the harder beds are undermined and tend to break
off at right angles, fogming steep élopes and cliffs.
The;mountains of the Vermilion Pass area are rugged, ~
P ~
displaying many examples of glacial morphology,. including cols, \
arétes, shorns, cirques, harging valleys and U-shaped valleys.
Thevbasicimorghology of the terraiq’is controlled by bedrock
geology, modified principally by glacial erosion (Rutter, 1965)7
The present physiography is a complex of landféfms resﬁiting from
the different actions of water, ice, frost and wind. The dominant

©

forms are glacial, although these have been modified by water

o

erosion and deposition (Byrme, 1968), e.g. colluvium over till.
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o D. Soils S S

-

/

EQﬁcnmpLehensivE‘WB?EE'Q;;/;;;;;;;le on the soils of Kootenay v

National Park. The variability of the parent materials and

Q

climate combine to produce a very complex association of soils.

Bruniéolic,soils are common in the valley bottoms while variable

o DR —



podzolic soils are foundﬁgn the upper terréces and slopes (Anon.
1963).  Noakes and Harris (1971) in&icate that the major soil
groups present in the Vermililon Pass are podéols, brunisols,
regosols and gleysols. The podzols are characteristic of the
better drained north—faéing slopes. The brunisols on the north-
west~facing slope occur in old drainage channels where internal
soil drainage is poor. The regosols are found in small a;eas on
fresh screes and on shallow deposits over rock outcrops. Logﬁlly
they may occur at low elevations where soil movement prevents
horizon development. Gleysols occupy flood plain sites which

are extremely limited in area.

18



IV METHODS

A. Stand Selection
Twelve stands were selected after suitable sites had been

located with the use of 1970 aerial photographs (aﬁprox. scale

1 em. = 120 meters) and ground reconnaissance. . Aerial photography
was done by the Department of Energy, Mines ané'Resources, Adr

Photo Division, Government of Canada . The following broad prede-
termined criteria influenced the process of selecting suitable sites:
(1) The study wag limited to the northwest-facing slope of the
Vermilion Pass valley; (2) Only the area within Kootenay National
Parkvwas studied; (3) The perimeﬁer of the burn was aGTided $0 as
not to introduce the influence of edge effect (Odum, 1971);
(4) Stands were selected in a variety of suspected pre-fire community
types based largely on obser?ations noting changes in Aensity of

the standing dead forest, eievation and slope angle; (5) Stands were
also selecteq*go,aS"f6/éoQér areas that seemed to have experienced
varyingr dégrees of fire intensity; (6) Each site was relatively

uniform in terms of macrotopography, in order to minimize within-

—-stand differences.

B. Sampling Scheme

o

A 200 meter baseline was established in each stand except

stand n9.6. The terrain limited the length of the baseline in

no. 6 to 100 meters. The baselines were permanently marked with

p )

-
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an orange or yellow 76 c¢cm. iron refaforcing rod. Over one-half this
length prqtrudva above the ground. A provincial boundary monument
served as the permanent marker for the b;\m-’lim' fn stand no. 2. Nine
of the twelve baselines p;n“n'lluflind topographic. chatours.  In nine
stands all plots were located on one side of the baseline (Fig.4a)
while in the other three stands plots were located on efther side
of the baseline (Fig.4b). Ten subsidiary reference lines were
located perpendicular to each baseline, using a restricted vandom |
sampling method, so that each 20 meter segment of the Baseline
contained one reference line. This restriction does not bias the
essential feature of random sampling (Greig—-Smith, 1964) wﬁich
allows the obéerved variance of the data to be used as the basis

of tests of significance; that 1is, any point within the area has an
equal chance of being represented in the samples. Randomization
may be restricted in any way such that this is still true.

A random numbers table was used to locate the exact position
of the reference line along the baseline: When the‘baseline was in
the center of the stand, the reférence line could be located either
to the left or right of it. If the random number selected was oéd,
the ;eference line was located to the 1e§$ of the baseline{ if tﬁe ;
random number was even, the reference line was located to the right
of the baseline. Where the baselines were located in the center of
the stands, reference lines wére 50 ;eters in length; where located
élong the edge of stands reference ligeg were 100 meters %ong. All

2 . R

-

stands measured 200 x 100 meters with the exception of stand no. 6

we

which was 100 x 100 meters. Six stands (1-6) were sampled in 1971

and six in 1972 (7-12). : -

20
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.

Ten, 10 x 10fmeter plots were located in each stand,fone

along each referenCe line. They were located using a random numbers

table and were permanently marked with an iron reinforcing rod.
o

Appendix A shows all stands and the°measured locations of each plot

i o

within the stand.

A 5 x 5 meter plot was symmetrically nested at the center
,ﬁ

of the 10 x 10 meter plot, d4nd in turn a 2 x 2 meter plot was
centrally nested within the 5 x 5 meter plot (Fig.5).

Sampling intensity (i.e. area of sample plots expressed as °

o

a percentage of stand area) of each stand was 5% except for stand

no. 6 which was 10%. The maximuni#tandard error was set at 15% of
QD B ’
|

e , .
the mean tree density of standing burned trees. In almost all cases

the standard erxor of.the mean was well below the designated 15%,

except for stands 7 and 9 whlch were 16.37 and 17.3% respectlvely

5

To further reduce the standard error of the mean of stands 7 and
9, and maintain a“uniform sampllng 1ntensity, additlonal sampling

ang an increase in stand size would be requ1red 'Because'these
. e
standard errors did not greatly exceed'157 it was felt that the

¢¢_

add1t10na1 information to be obtained by further sampling would not

justify the effort expended (Oosting, 1926) . 'Sampling adequacy in

each stand was also assessed by use of the species-area curve.

°

,(Cain, 1938). The minimal area, as detetmined‘by the species—area

curve, was eclipsed early in the sampling of_each‘stand.‘ : e
Two additional atands were selected using a slightly different

sampling scheme. One stand was in the burned area and one in the';

adjacent unburned foreat ~Instead of ten, 10 x- 10 meter plots,

five 20" X 20 meter plots were located 1n each stand along a 200
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meter baseline. Three, 2 x 1 meter plots were randomly located
within each of the larger plots. These two stands were used to

compare the burned and unburned forest.

¢, Community Anélysis

(
In the 10 x 1Q,meter"plot, standing grees (liviﬁg énd\degd)
;fess éhan 300 cm - tall were assigned to one of four height-classes
(0—56 cm 3 31-100 cm ; 101-200 cm ; 201-300 cm.). Standing trees
(living and deadj over 300 Cm:\Eéll were assigned to PBﬁ (di?métef

at breast height, 135 cm ) size classes.  In additdion standing trees
N L3

.were identified to species-where possible, and assigned to one of

>
»

the first 4 categories, and fallen trees to the last 2 categories:
i) Standing dead snags (dead before burn).

11) Standing dead (by 1968 fire). /‘/ - °

iii) Standing dead (helq.néedles fof one or two seasons).

ey

(a3

o

iv) Standing with needles (living or dead but less sevérely A

B

‘ ed).

v)  Burned on ground, dead before fire (generally barKless
with charred exposed roots)..

vi) Fallen after fire (i.e. burned standing), ted only

if rooted in plot (rootstocks not burned).

Trees in the last category (vi) may have been 1iving or dead before

=4
o=

'the fire. - .

Height measuremehts of dpproximately six burned trees ‘per

plot, representative of the majbf size—classes and specles, were

obtained with a Haga éltimeter. Diameters of all fallen logs
‘ - . . .
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formerly rooted in the lQ x 10 meter plot were recorded,
Identification, density, total height and qurrentwyear's height
growth were determined for all coniferdus tree(seedlings rooted in
the 10 x 10 meter plot. ‘
In the 5 xo 5 meter plot, the average height\and percent cover,

of living shrubs, estimated to the nearest 1% were determined by

species. Living and dead density of shrubs, were recorded. Populus

tremuloidequichx. was included in\the shrub stratum. Salix spp.

were, for the most part, difficulm to identify at the species level

as they'were primarily found in a vegetative condition. Thus all

Salix specieé'were grouped and considered only at the generic level.

Q

Several-Salix species do oceur in the immediate area, inciuding

"-:

S. vestita, S. bebbiana, S. discolor,‘§,.glauca and §. myrtilifolia.

In the 2 x 2 meter p%pt,‘the'average height and percent cover

of herbs and dwarf shrubs, estimated to the nearest 1%, were

{‘determin d by species.' Living post—burn vegetation sampled dn'stands

1—6 in 1971 was again sampled in the same plots in 1972
Vascular species were collected throughout the burned area

and ‘unburned forest and a presencemiist compiled (Appendix D and E).

' Nomenclature follows.Hitchcock 55_515(1969) for the vascular

plants. Non-vascular plants were not collected,.exhept forxa‘few
of the more obvious ones. Voucher collections are deposited in
herbaria at the University of Alberta and the Northern Forest

Research Centre, C.F.S., in Edmonton, Alberta.

Basal area of the standing burned trees was calculated

using density and size-class values. Basal area was not .calculated

=

for stems occurring in size-classes 0-30 cm., 31-100 cm. and

25
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101-200 cm. For those stems in-height_oiass ZOL—BOO cm., an average

|
)

diameter.ofél inch was éssumed for basal area calculatiéns.

Density values and basal area‘values for\the standing trees
iq quadrats wefe subjeéted to analysis of Qériance to afford a basis
of judgemént as to whether or not several stands are samples from

@ single homogeneous population (Snedecor, 1934).
.

\\\\ Plot frequency (%) and average cover (Z) of each herb and

a

shrub ecies were calculated for each stand; these values were

©

converted to Prominence Values using the formulae P.V. = Z cover

x‘\rixfrequency, a modification of Beals (1960) ; LaRoi (1964),
étringer and LaRoi (1976) and uséd by Doﬁéias and Ballard (1971),
Van Der Valk and Biiss (19715 and Douglas (1972).

Ordination techniques éBray and Curtis, 1957; Beéls, lQSQj
and clﬁster analysis (Pritchard and Anderson, 1971) were employed
go detect and assess diffefencés in the structure of the standing
dead tree populations amdﬁg stands, differences in the structure
and compositidn of the developingﬂpiant commépities,and to
é&rrelate these with gnviroﬁmgntal variables. _

J’In the two stands used to compare thelﬁurned and unburned
forest, trees Qeré.identifiediand counted in tHe 20 x--20 meter plots.
Shrubs and herbs weré identifieduin the 2 x 1 meter plots and their
.percent cover, frequency and height determined.

[N

D. Substrate Analysis

The ground surface substrates of the‘burn were important .
R \ >

constituents of the over-all comﬁiex in terms of percent cover.

g
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Seven distinct, observable substrates were recognized: charred humus,
cock, mineral soil, rottéen wood, bryophytes, needle litter and fallen

logs. Percent cover was estimated for each in the 2 x 2 meter plot.

3

]

E. Meteorological Analysis

X Five climatic stations were established oh thé northwest— =
facing‘slbpe of Vermilion‘?ass in.1969 by'Parks Canadaj]'Threé
wefe located in’the burned forest at elevations of 1646,‘1707 and
1829 meters A.S.L. and two in the unburned forest at 1677 and 1829

meters A.S.L. Temperature and relative humi&ity (Lambrecht hygro-

‘thermograph) were recorded on a continuous year—-round basis. The

hygrothermographs were housed in a Stevenson Screen shelter mounted

135 cm above ground.

F. Soil Analysis

Q.

One soil pit was dug in each of the 12 stands and one in the

uriburned forest. Soilléamples were collected from recognizable

o

horizons for subsequent 1aboratdry‘analyéés. 'Th&,Albérta Soiliand 

Feed ?es;ing Labbratory ;arried out én analyéis on theviéss than. )
2 mm ffaqtion which included: available nitrogen (N) (phencldisulphonic
acid method), phosphorus (P) (combined nitric acid vanadate molybdate

colorimetric detg:mination), and potassium (K) (flame photometry using%

the I.L. 143 flame photometer), soil reaction (pH), and conductivity

(mmhos) (soil-water extract). When SHRVagbbelow'S.S the soil Samplés

were furthur tested for aluminum and manganese (ppm) (atomic absorption
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spectrophotométer). Semiquantitative estimates of sodium (Na)

(flame photometry)‘and sulfur (S) (modified Johnson NishitaAﬁfocedure),
were also determined. The soils service laboratory at the Northern
Forest-Research Centre detgrmined particle-size distribution by the
modified Bouyoucos hydrometexr sedimentation techniéue (bay, 1965)
following Hjy 02 oxidation of organic matter and soluble salt rémoval.
For the B horizon pyrophosphate extfgftable iron and aluminum were
determined according to. CSSC metho&s. Organic carbon was determined
by the modified Walgley—Black titrimetfic wet oxidation method
following recommended p;ocedures of the €SSC (1974). Soil color.was
described for moist soil using the Munsell soil color charts (1953)

s

in natural light.

G. Physiographic Ana}ysis

e

Elevation and slope angle were-detefmined at each'pIot

"

Lsing an aneroid barometer %nd a hand held Abney level. The depth

o \\ ©
ofx§he ggrface organic layer (duff) was measured at each corner of
the 10 x 10 meter plots. ‘An average depth of duff for the stand

was then calculated.




v RESULTS

A

\ A. Standiog Dead Trees

© g}

The standing five~-killed trces included Engelmann spruce (Piéea

engelmannii), subalpine fir (Abies lasiocarpa) . and ]odgepole pine

El

(Pinus countorta var. latifolia). Identi icatlon of severely burned

* trees was not aluays poqs1blc, part icularlv the smaller diameter

cYdsses, but generally there were - enough dlvtnngu- shing features of
each tree that 1dentificatioh did not prove a.diffiéult task. ‘The
standing dead forest also included_snags that were dead before the-

B

flre passed through. These snags were‘not nurerous and could gener- - °

ally be separated from the 1968 fire~killed trees (Appendix J). .

1v0 Pseudot qga mcn21esia snags were also 1denri£1ed in the butn.

o

i) Total density and basal arq; ‘ .

Total stand den51ty flgurea include 1d"ntifiable and uniden—

tifiable standlng tree stems (Table 1). Thé average numbér of stems

I

for a 10 x 10. meter quadrat in the 12 stéhds was 33.5 CY 100 = 3350
. I
hé:l). The mean and standard dev1at10n bf densxtles in stands ranged

from a high of 48. 1 13 3 in no. 11 to a low of 23 4 6 7 in po. 5..

The standard error of the mean EXPLESSLd as a % of mean density
o N ]
(i.e. idb SE/X) varied from 7.1 2 in no. 2 to 17.3% in no.,9; 10 of

@

the 12 stands were less than 15%. =

Basal area figures are expressed in square neters. per 100 sq. -

meter cuadrat (Table 2). . Basal area ranped frém'1;9~sq, meters in

° o

stand no. 1 te 3:6  sq. meters in stands nos. 3.and 11. Ten of the
S, : ' T : :

y .
o
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12 stands had standnrq errors of the mean basal area (expressed as
a %) of less than 15Z.

Analysis of variance was performed to determine if any
significant differences existed between total stand dénsities, as
a first approximation of structural variations among the sampled
stands. The test was also performed on total stand basal areas.
A significant F ratio (F = 4.51) was obtained at the 1% level for
stand densities énd at the 5% level for stand basal areasg, (F = 2.35).
Duncans multiple range test was then used to determine which stands

(treatments) were significantly different from each other (Table 3).

ii) Density bzispecies

éubalpine fir had the largest number of identifiable dead
" trees (Table 4). 1Its proportion of total density averaged 71% and
ranged from 59% to 84%Z. The significant difference in total density
appéars to be largely a function of gifferenceé in suﬁalpine fir

*
density.

"
In all stands subalpine fir made up the largest percentage

of trees, Engelmann spruce ranked second in 11 stands and lodgepole

_pine ranked second in one (no. 8). Of the unidentified trees 68%

were less than 300 cm tall, 77 were larger than 10 in dbh (25.4 cm ).

and the»remaining 30% were less than 10 in dbh (25.4 cm ).

iii) Density by size-class jnd species o

In each stand standing trees less than 300 cm in height
were assigned to four height-classes and standing trees taller than.

300.cm were assigned to 1 " dbh-classes. Trees assigned to height-

o
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classes seldom exceeded 2 in dbh. All stands exhibit approximately
the same distribution of den31ty by height- classes (Table 5).

'wSubalpine fir density is highest in the 31-100 -cm height—class'in

all stands exeept no. 72 where it peaks in the 101—200 cm’ height-

class. Tablé 6 summarizes the total densitles of each tree species
M‘_)e

by dlameter -class in the 12 stands; the helght q}asses have been

D
pooled and assigned to the less than 3 in dlameter—class.

Q

Both subalpine fir and Ehgelmann spruce are most abundant in

the less than 3 in. size-class, and 95% of this size-class were identi-

.
“

fied as subalpine fir. Sul.ilp.. fir dominates the séa%ler size- .
classes ug to bin db>~ while sizce aznes larger than 6 ig-.doh are
dominétea by Eogelme:n ovuce.  Lodegepcle pilne shares a sQB— &
dominani‘role.oiﬁh subalpine fia in 'size-classes 7 and érandr

emerges as the sole s. -dominant”with the rapid decreaae of sub-

alpine fir in the larger size—classes. The size-class distribution
™~ < N i . -
for éach stand is basically slullar. The-large numbers of sub-

°

alpine fir occurring in the smaller size-classes indicate that if »

) ‘
thi- forest had not burned it may have advanced to an Abies-Picea

succzssional phase. The scarcity of the pine componené in the

smaller and larger size—classes suggests that pine was declining
o / - -
/ . .
in the stand before the fireﬂ - The irregular size-class distribution
. t, . &7‘ . ,‘

of spruce may in part be an expreseion of suppression among

individuals due to its tolerant nature (Horton, 1959). Howe@er, it
/ a

is m?te likely indlcative of an unexenmaged 1ate successional L

- kg -
o &
i

species (Day, 1972). The numerical advantage of spruce in the larger

31ze—classes helps to establlsh it as the doﬂinant species in the °

; W

pre-fire forest. . o : q*>
- i .
WA
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iv) Basal area by species and stand number

Basal area (B:A.) was calculated from tne tree diameter data. A
di;meter of 1 in '(2.54 em ) was used to calculate basal area for‘trees
in the 200—300 cm height—class.-ﬂSmaller height—clasees were not includ-

. S .
ed in B.A. determination. Engelmann spxuce \gde up 50% of the
total basal area of the standing stems bu nly 11%Z of the total
density. This attests to the~importance of \the larger size~
classes in contributing,tn basnl area. Subalg}ne fir and lodgepole
pine contributed> 11%- and 20% ‘respectiveiy and unidentified
trees the remainin;‘ 18% of the tdtel basal area (Tabie 7’;

) Stand no.3 had the largest basal area of any stand with 40/
of its basal area in Engelmannﬂspruce; Stand no. 1 had the smallesg
basal area of-the 12 sténds, but ranked second in’density. Invallv
stands éngelmann spruce made up the 1aréest nercent of basal area.

ﬁ;dgepole pine kad a larger proportion of the basal area than
- subalpine fir in 10 of the 12 stands; This proportion.is probably
too high and traceable to the percentage of basal area represented :
in the unidentified category. Lodgepole pine was more easily recog-

nized tiéen subalpine fir, so that a larger percentage of the uniden-—

tified basal area was likel§ subalpine fir.

v) Basal area by size-class and species

The basal area of ideqxified'stand}ng trees»by‘size-class
and species is presented in'Table 8, The 3,34;and ? in diameter—classeg
compriséd 50% of the basal area of subalpine fir, while the 13 and 15
in size-classes accounted for 18% and 12% of.the‘gesal erea of

: lodgeﬁole'pine and Engelmann spruce respectively.. The middle range

e
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Table 8. Total basal area® of identified standing dead trees by
diameter-class and specles 1n the Vermilion Pass burn.

v

DIAMETER 'SUBALPINE ENGELMANN 'LODGEPOLE TOTAL
CLASS (in) “FIR SPRUCE PINE
<2 . t t
2 . t | t .
3 .7 0.09 t
4 0.2 0.08 1.0
5 0.2 ‘ 0.08
6 0.5 0.2 1.3
7 0.3 0.8 0.3 ,
8 4 1.0 0.3 1.7
9 0.2 : 0.8 ! 0.7
10 . 1.4 0.6
A1 0.1 1.0 © 0.9
12 0.07 1.5 ' 1.2 2.8
13 0.09 1.5 | 1.4 - 3.0
14 . 1.4 ‘ 0.3 1.7
15 . 2.1 \ 0.5 2.6
16 : 1.3 , 0.5 1.8
17 . 0.9 ° 0.2 '
© 18 . 1.2 , 0.3 1.5
19 - 0.4 . 0.4
20 - . 0.6 . 0.6
22 . 0.5 0.3 0.8
23 . 0.3 o . 0.3

TOTAL 4.2 o 17.7 “ 7.9 29.8

= R

a ~ Basal area expressed in sq. meters for all sampled stands (12000
D Bq. meters). ' ‘

t - <0.01 sq. meters. o

<
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of size-classes, from 9 to 15" dbh, contains over 50% of the total

basal area. - o ‘

vi) Basal area and density comparison

i
A comparison of the percent density and basal area of the

" three tree species reveals that although subalpine fir averaged

71%2 of the stems in each stand it accounts for only 11% of thé-
basal area (Table 9). Conversely, Engelmann spruce averaged 50%

of  the basal area in each stand but comprised only 117 of the stems
l 3 i

in each stand. Similarly, while 1odgepole pine exceeded subalpine

fdir in percent basal area, it only accounted for 4% of the density.

The basal area data clearly indicate the quantitative dominance
of spruce in the pre—burn forest as compared with subalpine fir and

lodgepole pine.

vii) Diameter-height relationships

Figures 6, 7 and 8‘depict the height aﬁd diameter relation-

ships of Engelmann spruce, subalpine fir and‘lodgepole pine, respect—

: . \ ’ \ :
ively, in the study area. ’

Although 8iameter—height relationships are normélly more
adequately described by quadratic equations, the stralght line
obviously fits the points quite well and Drovides a fairly good
empiricalAstatement of the,relation between the two variebles. For Q
1edgepole pine‘the telationship is relatively weak (Coefficient-of
determinatioﬁ = .45). A power curve of the form Y = axb provides

a slightly better. fit (¥ = 21.83x - 4789

2
T

), with-r = 40.70 and

= 0.49. Eé?ever, as the main purpose of the equations was ..

42
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Figure 6-

ats

Diameter-height relationship for Engelmann
the study area of the Vermilion Pass‘Burn;

English units used in equation.

o

spruce in
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Figure 7. Diameter—-height relationship for subalpine fir in

‘the study drea of the Vermilion Pass bturn.

English units used in equation.

-
;
'Y £ ;*‘:“‘ d
it
(2 Y
r k"‘.
4 &
. B -
.
.
* A
-
.
~
i

»
A
£




47

0
g
, Z o
@
I
pur
sl
z
m
l
m
. =~ 0T
L
¢t
033

S3IHONI)

IHOIIH 1SV3¥g 1V mw._.m<<<_af.

%

4 I A1 oo 6 8 l 9 S y 7 AR |
T T T T T T T T T ST
- ) . sSWays o.n su
- (uorjoutwiafap 4O (UdidI{130)) §8°0= ¢4
(tuaidiyya0d co:,n_otoj No.m =
{uolionba uoaull) . 49TE0+{49P)TLL = Y
" o
- T e ) ¢ )
] 1 i { 1 1 i | [ .1 | 1 1 1 1 1 [l
9¢ ¥€ Zf Ot 8T 9z ¥T IZ OT 8 9L ¥.Z O 8 9 ¥ T,

(S¥ILIWILNID)

lHOIFH - 1SV3I¥e 1Iv ¥3l3awvia




Figure 8.

Diameter—-height relationship for lodgepole pine in

the study area of the Vermilion Pass burn.

'

English units used in equation.
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!

" descriptive not ptedictive, the straight line: equation was used.

a

viii) Fire severitj index . , :

The intensity of a ﬁire can vary a great deal (Van Wagner,

1965) ‘but depends primarily on fuel weight, fuelnarrangement and
e
\}moisture content topographic and weather variables

{14 “
1973; Rowe and Scotter, l973)§ The intensity of a fire
should be'reflected in post-burn site conditions. - Accordingly, an.

attempt was made to assess the severity of the Vermilion Pass fire

1

. in a quantitative manner by classifying treesainto'three categories:

o

(a) Severely Burned category represents those trees that were killed

_outright by the°l968 fire, all crown foliage being consumed along:-

w1th a large percentage of the fine branch material; (b) In the Mod-

El

erately ‘Burned category stems held t?elr needles for one or two
seasons aﬁ&er the fire and were 1dent1fied primarily by the presence

or’ accumulation of needle litter at/theirhbase (o) Lightly Burned .

. B ) (N . L,
category consists of living trees [or those with scorched'needles
still attached to the branches. / - : ..

N /’ o s

All stands were classed as/severely burned and one—third

were 100% severely burned. Only one of the stands had ‘more than i

g
/ Lok

10% of its stems moderately burzed (no.v6 with 16%). Three~of

ed component but in no instance
/ ~

did this exceed 8% of the total (Fig.9). Stand no. 6 though classed )

the 12 stands had a lightly bur

as"Severely Burned" (76%) was | obviously the least severely burned

; , 3 ‘¢

(Plate 1) of the 12 stands; thls fact was also evident in the shrub

» a

and herb components and will be discussed in a later section.

Plate 2 . is an example of a very severely burned stand.
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the least severely bgrned stand in the

Plate 1. Stand 6,
| Vermilion Pass fire of 1968, (Photo date, Aug. 1972).
Note Menziesia ferruginea sprouts in foreground,
v yellow—flowered Arnica cordifolia, and high ' 'survival”
- of fine branch materigd-and bark on trees.
\ ) 7
Plate 2. A severely bufned stand in the Vermilion Pass fire of

1968. (Photo date, Aug. 1972).

Contrast with Plate 1.
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. ™

‘-B. Trees on the Ground

Steméyiying on thJ ground and préviously rooted in the plot

were recorded in each stand b§ one-inch size-classes. An attempt

was made to determine if the stem had fallen before o; ;fter‘the‘
fire occurred, primarily by examining the base of the stem. 1f the
main root attachments to the stem were not chérred, it was concluded
that the tree was standing during the fire.  The trees that had
fallen aftei)the fife also had loose mineral soil exposed. If

the stem was on the ground prior rto the fire, the exposed roots were
nagmally severely burned, and t%e duff immediately surrounding the |
base was not disturbeﬂ other than by the fire.  Other obsérvations
were also helpful and varied from stem to stem. The status-of ?he
smaller stems was more difficult to evaluate.

An average density of 30Q stems per hectéré‘was recorded. -

on the ground.1 Of these approximately 25% had fallen.after_the‘fire_
(Table 10). Discounting the smallest size-classes 2 and 3 (due to
poésible QPgervational error), only 87 of the sﬁems;lying on the
“ground had féllen since the fire. T-tests coméaring stands sampled
in 1971 with tHose sémpléd in 1972 show no éignifiéant differ?ncé

in the npmber of stems recorded as fallen before the fire. However,'é /
there is aﬁsignificanﬁ différence (lZvlevel) in the number of stems
recorded as fallen ézggsrthe'fire..The sameAresu;ts'wére obtained

when the 2 and 3.in. size—classés were excluded from'the.
testg. . e

Future monitoring of_the 12 stands should provide increasingly

SOund{Statistiqal information on the rate of deterioratidn.of'the
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burned tree stratum, as well as on the rise of the n¢w one.

C. Conifer Tree Seedlings

]

Conifer seedlings were counted in the 10 x 10 m. ﬁlots of
stand nos. 1-6 in 1971 and 1972, and in those of stand nos. 7-12
in 1972 (Fig.10).

@he conifer regeneration consisted almost exclusivef§ of
lodgepole pine (98% in 1971 and 1972). Seedlings of lodgepole pine
.occurred in all 12 stands (100% constance), and had a frequency of
90% in the 120 plots. Spruce seedlings had a constance value of
832 and a frequency value of 257. Subalpine fir occurred.in only
2 o% the 12 stands (17% constance) and‘was the least frequent (2.5%5
and least abundant of the fhyee conife?s. : ‘.

In 1971 and 1972 averages of 147 'and 185 lodgepole pine
seedlings were recoraed per 1000 sq. m: in stand nos. 1-6. This

represents a 19% increase from 1971 to 1972.! (sig. at 5% level),
' 4 ; .

Table 11 gives the conifer tree seedling density fgr each stand
in 1971 and 1972.

An average of 3.5 spruce seedlings and 0.3 fir seedlings
were recorded per sta;d in 1972. forty,percent‘of the spruce seed-

lings occurred in stand mno. 6,'tﬁéﬁi§ast‘severely burned of the 12

stands. Stand no. 6 occurred closer to the unburned forest than the

other stands and was thus closer to an available ?EESJEQBLQE,QEigTZTT.

i

Seedling denséty,o{/}gﬁgepo&e’piﬁéfagg extremely variable

~ throughiout the burn

ea even though all ‘stands had an adequate

_ seed source based nfthe observed density of dead lodgepole pine

A
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Figure 10. Distribution of coniferous tree seedling density by

plot in the 12 burn stands, Vermilion Pass.
©
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Table 11. Conﬂ*erous tfec secdling denstity per stand (1000 m2)
‘ for 1971 and 1972 in the Vermilion Pass Burn.

: ::,::w_;::._w;_” et ——————— - =

{
STAND NO. 1971 1972
T . .a b c
3 F P 5 F P
1 2 61 3 67
2 2 . & 1 . 4
3 " 4 . 141 2 . 181
4 . . 128 . . 158
L4 . o »
5 3 . 400 3 . 459
6 9 . 146 17 .0 222
7 . 4 ~ _ 1 . 185
8 — - _ 1 . 37
9 — _ . 5 © . 38
10 - - - 7 1 91
11 o 3 . 161
12 _ _ . 2 279
—t
TOTAL 20 ~ 880 43 - 3 1882
MEAN s - 3.3 . 146.7. 3.5 0.3 156.
a — Engelmann spruce ) . R
b -~ Subalpine fir
‘¢ - Lodgepole pine ‘ ]
-~ No 1971 data for stand nos. 7 ~ 12.



hacd

of slope and elevation (Table 12) as well” as variations JAn fire T
L ! I Q":I
‘intensity. Generally, there is an increase in slope (%) with an .

- loweg elevatiops (Fig. 11).

time of measurement. '; ‘ *\

s
F T

in each stand. The difference in lodgepole pine density betueen

stands may partlally reflect di-fferences in physiographlc\fact

1ncrease in elevation (r = +.54) (FigrlZ). Low. densities of pine

seedllngs at hlghef@eﬁevatlons (r = -0.46) may be a response to less

favourable climatic condltions ( i.e. cooler and moister) than at

,hThe height and currént:year's growth of oine seede_;

lings were r_‘ecor:ded in stand nos. 1-6 in 1971 and 1972 and ‘for
those of stand nos; 7f12 in 1972; aThe,averagé"heightffor 1970 in
stand nos. “1—6 and for l97l_in stand nos:_7L12.Was“ealculatedgfrom
the fielg ﬂata (Tables Iﬂ and 14) . , : S ; ‘;
- Obviously, t1me of" year that the seedllngs were measured !

>

would have an’ 1mportant bearlng on the results.; Horton (1958),

° -

in® the subalplne forests of Alberta, found that leader growth for

a
s o

1odgepole pine saplings consistently started in early May and cont1nu~

ed for 12 weeks. Lodgepole plnegseedlfngs in the Hlnton ‘area, at

e

’*A~an elevatlon on of approx1mately 5, OOO fe t had termlnated 1eader”;

4

growth by the - end of June (pers comm., Dr. H. P. Slms) Seedllngs

‘ in stand nos. 7 12 were measured betWeen July 12 and July 27, 1972,

©

whlleAthOSe in” nos. 1—6 were measured in August of 1971 and 1972 In

“lall 11kelihpod seedling leader growth had termlnated befor% the.

( s -
[ °
<

7 % Stand no.~6 had consistently smaller seedlings throughout the
] 7
three years, with average heights df O 6 cm., 4 3 cmA,'and 8 5 cm.

in 1§70 1971 and- 1972 respectively (Table 13) This stand had a .

5 . . e - ~
PP . [ ~ Lo ° - : '

63




’

Table 12. Slope angle and elevation of the 12 burm stanis in

the Vermilion Pass. All occurred om a NWFfac)ng slope.

o

STAND . _ |
NUMBER SLOPE (%) / ‘ (QW(FT)
1 7. . 1650 ¢ 5400
2 13 . , 1830 6010
3 29 ” 1810 \ 's930
4 1640 5380
5 8 ‘ 1630 5330
6 . 18 - 1670 5480-
7 | .9 w o f 1710 . . 5600 °
8 i 20 0 e - 1770 . 5800 .
- ) (“d/ i:"__,, - o o ..
9 DR TR > A -, 7 1830 6000
10 1 © . 1590 - 5200
11 13 . <1830 6000
T 12 8 R 1660 © 5430
1 - N i
i _ i .
7 ’ : ‘ .
. o
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Table 13. Average heights (cm.) and average new growth (cm.) for
lodgepole pine seedlings for 3 years in stands 1-6
in the Vermilion Pass burn.
AVERAGE AVERAGE AVERAGE AVERAGE AVEPAGE
STAND a —
NOMBER HEIGHT NEW GROWTH HEIGHT . bNEW GROWTH HEIGHT
— 1970 1971 1971 (1971) 1972 1972
1 2.01 ©9.09  11.10 (9.23) 12.85 22.08
2 2.39 9.68 12.07 (5.70) 9.50 15.20
3 1.36 5.25 6.61 (5.08) 7.33 12,41
4 2.38 - 7.48 9.86 (8.45) 11.76 20.21.
5 2.46 8.47 10.93 (9.20) 11.94 21.14
6 0.63 ﬁ - 3.70 4.33 (3.23) 5.31 8.54
MEAN 1.87 7.28 9.15 (6.82)  9.78 16.60
2 . N
STD. DEV. 0.73 - 2.34 3.02 2.97 - 5.44

a - ﬂculated values - Average height

growth in 1971.

. '
b - Calculated values - Average height in 1972 minus average new
. growth in 1972. .

in 19]1 minus average new

Table 14 Average height@g(cm ) and ajerage new growth (cm.) for
e lodgepole pine se@®dlings for 2 years: in ‘stands 7-12
s " _din.the Vermilion Pass burn. :
] ST AND. AVERAGE AVERAGE .AVER'AGE AVERAGE AVERAGE
# NUMBER. HEIGgT NEW GROWTH'  HEIGHT ™  NEW GROWTH HEIGHT -
1970 &g 1971 1971 S 1972 1972
e . , s ;f—___
7 . . 6.46 .- 10\19 16.65.
g . . 8.06 10.51 18.57 -
9 = . .0 S 7.21 . 9.47 16.68
10 . . 6.82" o 11,52 18.34
B » . 5.04 © 9.86 «« 14,90
12 . oo 9.08 "E'; 14.12 23.20
- MEAN . . 7.11 © 10.95 18.06
STD. DEV. . . 1.38 1.70 2.85

pen

4

i

a - Calculated values - Average height in 1972 minus average new
growth in. 1972 .
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greater ground cover of herbs and Ehnﬂbs than the other stands so
that these snaller seedling heights may reflect competition with
other plants such as Vaccinium spp. for light and soil moisture.
The height of seedlings in the 12 stands may also be related to .slope
and elevation Generally, heighgﬁof seedlings decreases with an
1ncrea$e in slope (r = ~-0.7) and elevation (r = -0.5) (Fig.13).

In stand nos. 1-6 the average measured height vin 1971 plus.

the average new growth of 1972 always exceeds the average height

in 1972. This is to be expected due to seedllngwportality, new

seedlinge aggﬂbrqy ing of seedlings by rodenta./.The average height

804 ht. dincrement over 1971 in §§and nos. 1-6.

where values are calculated for 1971 the incrememt is 150% (Tahle 14).
: \ .
The rapid- growth of young lodgepole Pine trees. reoorted here
will enable them to attain early dominance in competition w1th

species that are more shade tolerant. L S

* ’ D, Vegetation ‘of the Vermilion Pass Burn -

°

!

~4) Systematic consideratiods of ‘the vascular flora

a

A total of 63 Vascular species were identified in the stgéy'
area of the burn;‘representinﬁ”SO-genera‘and’ZG families. A complete‘
species listiis given in Appendix D.. A total of 35wvascu1ar speoiee
in 31 generaa and 17 families were recorded within quadrats of the’

12 stands sampled. Of these, 3 were tree regeneration, 14 were shrubs

and 18 were classed as herbs and dwarf shrubs. The two most inportant

' 68



Figure 13. Relationship of pine seedling height (cm.) to
. " slope (%) and elevation (ft.) in 12 burned
stands, Vermilion Pass.,
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Plate 3.

‘A healthy lodgepole pine seedling in the Vermilion

N

Pass burn area. (Photo date, July, 1972).

-

Pléte 4.

o

A severely browsed 1odgepole pine seedling in the

Vermilion Pass bﬁrn‘area. (Photo date, July, 1972).
L , e
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.species occurs throug@dut the byrn and seem to be vefy~well adapted

families, in terms of number of genera, were Ericaceaec and Rosaceae
with 4 genera each. Caprifoliaceae, Compositae and Pinaceae each had
3 genera. Cyperaceae was represented by 1 genus, Carex, and 4 species.

a. Constancy

Constance values (occurrence in equal-area samples from dif-

ferent stands) were obtained for each species by e*pre531ng the nuﬁber
of stands of occurrence as a percentaée of the total number of staﬁdsl
Saﬁpling areas were of requal size among stands, but Qaried between
major plant strata as follows: 1,000 sq. meters for coniferous tree
regeneration, 250 sq. meters for shrub specieg and QO:Sq. meters for
herb and'QWaffvshrub species. . |

“The distibutibn’of the flora in the 5 congtance'ciasses-'
indicates that 297 of tﬁe vascular spécies occu£ in more than 60%
of the stands, while‘AOZ occurred in less than 207 of the stands
sampled (Figtl4); | |

b. Frequency % '

Freqﬁency vélue; were obtained for eaé

5538,
Kzl
the number of quadrats of occurrence as a percentagée of the total’

.a

_speéies.by expressing

-

n&mber'of quadrats (120) in the 12 stands. About 75% of thé species

a

had a frequency of less than 20% (Fig.l4), indicating the simple
floristic nature of the post-burn vegetation. Six species occurred
in all stands and 3 s@ecies had a frequency of greater than 80%. It

is evident that (1) the burned site is in a very early stége of

\ \

successional development and presents a fairly severe environmental

test for potential colonizing'species, and (2) a small numbef of

to the changed’environmént.

72
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e

. Figure 14. Distribution of vascular species S& constancy and

. frequenéy classes in 12 sanpled stands in the Vérmilion
Pass burn. »
In each diagram the bars repfeéent progressively higher
percentage clagges from left to right ( 1-20; 21-40;
41-60; 61-80; 81-100 ). The height of ‘each bar
represents thé percentage of species which oFcurred“in

ass and the number of species is givgé at the

5 ‘ Atqp of each bar.
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11) Constancy and frequency classification of the vascular strata
| " . ' 4

a. Free stratum

The tree stratum per se consisted only of~dead individuals.

Seedlings of two ttee species, Pinus ug&&yy;g_Var.'ggtifolia and -

- Picea engelmannii occurraed lhrnughouiah:s stdnds (1007 and 83%

constance respectively). However ad a -fréquency of 9OZ

while spruce frequency was only 26‘ *his suggests that aithbugh

Picea engelmannii may be regularllku épersed in the.burn it is by

no means abundant. It further 1ud1cates that the first forest to
R

develop and mature in the burn i%ea will consist mainly of lodgepole N

pipe. : : [

b. Shrub stratum

Only one shrub, Menziesia ferruginea var. glabella occurred
constantly (100%) and frequently (83%) throughout the burn. No other
shrubé were of impqrtance in terms of frequency but Salix spp. and

Sambucus Tracemosa var. melanocarpa were relatively counstant occupants
lelanocarp =X ;

. N

of the stands (75% constancy for each).

 ¢. Herb-dwarf shrub stragum.

of the 18. species of herbs and(dwarf shrubs recorded only

one had both high constancy and’frequency values: Epilobium angusti—

oliﬁmj(lOOZ, 81%) . Three Gther species, Vaccinium myrtillus/

scoparium, Cornus canadensis and Arnica cordifolia had constancy

values of 100%, and one other, Linnaea borealis var. ongiflora had

o

a relatively high constancy value (75%). Aside from fireweed,

Vacciﬁium myrtillus/scoparium had.relatively high frequence in the

\

-3,

stands (73%) (Tables 15 and 16)“@}
5 The most\immediately obviods feature of the post—burn'rr

Voo \.
\\ ° ) “ . \\ ’ ‘ ‘ ' \ . TR
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Table 15. Constancy class distrlbutién of vascular specles by
_astrata within the 12 stands in the Vermilion Pass burn.

AU —— e S

[\ o

' NUMBER OF _SPECTES
CLASS © PERCENTAGE TREES SHRUBS HERBS TOTAL
CLASS PERGENTAGE ~ ~ TREES _HERBS _TOTAL

1 . 0-20 "1 3 10 14
- 2’1—49 0 7 3 . 10
111 41-60 0 T 0 1
w6180 o | 2 1 3

v 81-100 - 2 1 | 4. 7

) AN Mt
TOTAL “ 7 3 14 18 “ 35

¥ o
S
Table 16. Frequency class diétribution of vascuﬁan species by
strata within the 12 stands in the Vermilion Pass burn.
3
‘ . NUMBER - OF SPECIES \
CLASS PERCENTAGE ~ TREES ¥  sHRUBS J HERBS TOTAL

‘A 020 1 12 " 13 . ) 726 .
B 21-40 1 1 , 2 /4

c © 41260 C e 1/

v

D o 61-80 . . 1 /

-

E . gw100 1 1 i 03

TOTAL 3 14 18 0 35|
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vegetation is 1its low: local species richdess, even though more speciesv

were recorded throughout the bur% (63 species) and within the sampled

4

E . plots (35 species) &han in the unburned forest stand ‘(38 species- . . .
present and 20. speci S élthin plots). . !

.However, the spxuce-fir zone is recogniZed as florist -
® " ' : s

ically - simple " . (Oostgné and Reed, 1952), so.that the low

species richness of the post—burn may be normal. If not, it may be’
the result of a limited seed souroe‘as well &s fire,intensity,gtime

‘elapse&>sihce burn and q;her'historical and ¢nvironmental character-

istics. ' d
!

s A : i i
. R : | . _ -
111) Cover of vasculax sgecles . ‘ .

' «‘v & L /

o T ) Percent cover of all shrubs, herbs and dwarf shrubs found in

plots, located in the burn are glven in Table 17., ‘
’D . . . N -

il

- ...* a. Shrub stratum

¢

Fourteen "shrubs" wefe Found in the burn, including suckers

- of Populus tremuloides (see.dethods) Together they had a cover of

3. 6/ amd ranged from O. f? in stand no. 1 to 9 4/ in stand no. 6

J . -

e ‘(Table 18) ‘Menziesia ferruginea; with a mean’ cover of 2.6% was .

[ —

et

the most'iﬁportant shrub and acoounted £or 747 ‘of the . total shrub
‘\1"‘ § 7”

4

cover. The abilities of thls”species to survive the fire. and to °
. - reproduce vegetatiVer accounts*in yart for,its relative importange
L- , . in the burn. All other shrubs had mean cover values of less than,

1%. Listed in order of decreasing cover values, the other” maJor

species were, Ledum glandulosum £0. 25%), Sambucus racemosa (O 127),

2

Spiraea betulifolia (0. 127) and Lonicera involucrata (0 10/)

1

(Table 19). - SR el
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dwarf shrub species were converted to Prominence Values (P +V.), where

82

_b. Herb—dwarf shrub stratum

Eighteen‘species of herbs and dwart shrubs were recorded ig

the 120 .2 x 2 meter plots.’ Both Vaccinium myrtillus

and V. scoparium occurred in the burn, with the latter species much

1ess common. As they were not always readily distinquishable from )

each other, they are considered together in the cover estimates.

,The herb- dwarf shrub stratum had a mean cover of 12+.6% and ranged

from 2.9% in no. 9 to 24 7% in»no. 10 (Table 18) Two species, Arnica
/

'icordifolia and Epilobium angustifolium,acCOunted for 58% of the herb

. . . : Ld ‘
and dwarf shrub cover (Table 20). Other speqies listed in order of

decreasing cover are Linnaea borealis, Vaccinium myrtillus/scoparium

and Cornus canadensis.

c. Total cover of shfubq’ herhs and_dwarf shrithg .

F

Total cover of the 32 species of shrubs, herbs‘andi&ﬁazf:
shrubs acCOUntedtfor 16.2% of the ground cover of the burn in 1972.
Although 44% of the species identified in the burn were shrubs, this
stratum sccounted for only 22% of the vascular cover. Five species,
1 shrub and A'hetbs anﬂ dwatf_shrubs,aCCOunﬁeﬁ for approximately 80%
of the total subotdinate vascular cover.

-

iv) Prominence values of vascular specles B o
= .

Frequency % (F) and avera%e % cover (C) for each herb and .

\

.P.V. = C x VF. ' The P.V.'s for all vascular species are given in Table 17.

The P. V. s are synthetic expressions reflecting the relative importance

of each species in the“burn. For instance Epilobium angustifolium has

an average P.V. of 30, the highest P.V. of Snyispecies, but ranks second .

2]
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Table 19. Percentage cover? of the major shrub species in the
Vermilion Pass burn in 1972,

A

SPECLES ' | ‘ % COVER
: : : +
Menziesia ferruginea 2,61 - 2.02
Ledum glandulosum » 0.25
Sambucpgsiuo mosa 0.12
Spiqomu ﬁﬁgg . folia 0.12
‘ NY ml)lcrata _ : 0.10
4ﬁﬂﬁa i), 0.35
1‘.,. B
«-wa’f ‘ + |
-TOTAL . 3.55 - 2.47

T

a — Average'covér in 12 stands, based on 120, 5 x 5 meter plots.

-

i
/

|

. ] Pl
Table ZQ. Percentapge cove:a of the major herb -and %warf shrub-
. species /in the Vermllion Pass burn in 197%
: ;
SPECILES \/ . ) % COVER
v - - . 1
Arnica cordifolia 4.D5 $ 3.24
Epilobium angustifolium 3.B34 I 2.95
Linnaea borealis , 1.43 7 1.61
Vaccinium myrtillus/scoparium > ) e 1.p9 7 1.82
Cornus ¢anadensis ’ ’ 0.86 — 0.93
Others (13 species) 1/s8 -
TOTAL | S o 1765 T 6.66
a - Average cover in 12 stands baséd on 120, 2 x,2 fgtdr plots. -
{ .

|
- /
' | /N



[

Plate 5. Linnaea borealis growing on exposed mineral soil in

the Vermilion Pass burn. (Photo date, Aug. 1972).

v

Plate 6. Epilobium angustifolihm, the dominant plant species

in the{Vermilion Pass burn. (Photo date, Aug. 1972).

B
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in average percent cover behind Arntea cordifolfa and second in
{requency behind Menziestia fervuginea Ctable 21). Fpllobioam angust { -
foltum P.V.'s ranged from 115 (the highest of u‘ny spectes) In stand
no. 1 to 0.7 In no. 6, the least severely burned stand  This turther

shows the sparse state of the vascular plant communit{es as the

“upper Thnile of the P.VL scale (s 1,000

)
\

v) Height of major vascular species fn 1972
The mean helghts of those w'l.t;c"ular'; ":;1.)(:(:’1.05 other than tree

regencratton  having a constancy value of > 75% are given in Table 22.
2 ‘ !

Two shrubs were the tallest species in the burn area in 1972: Sambucus

racemosa (51 cm.) and Menziesia ferruginea (32 e¢m.) The height of

the latter shrub was approximately 122 cm. in the unburned forest
stand so that growth in the burn appears quite rapid in terms of

time since burn. Cornus canadensis is a slightly suffruticose

(diminutively shrubby) perennial herb with a creeping rootstock, and
according to Moss (1959), ranges from 8-18 cm. in height. 1In no in-

stance throughout the burn did Cornus canadensis reach 8 cm. in

height. This suggests that this species may be experiencing some
stress in the post-burn environment. |

Generally the height of vascular plants in the burn is low.
Continued monitoring of height growth in other years will provide
interesting and valuable information on developing post-burnwplant
communities.

Height of all vascular species for 1972 is given in Appendix F.
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Table 22. Average hetlpght A 0f the mator vascular spect «mh fu the
Vermition Pass burn In 1972 .

SPECIES © MEAN
Sambuchs racemousn 51.3
Mvnzlvuluwfurruglﬁuu 32.0
Arnica cordifolia ¢ 28.1
Epilobium angustifollum : o 22.9
Vaccinfum myrtillus/saoparium o . 7.6
Cornus, canadensis ‘ 6.0
I.innaea borealis ' 3.0
a — Height {in cm., based on approximately 360 measurement s for each

species ; measurcments made in late summer; Arnica and
Epilobium values are for flowering specimens.

h - Species having 2 75% constancy.
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vi) Ht-iﬁ‘h! nx_xd cover ol major vasculan npocten !n' l}‘DH and !‘){}'

’(.lth‘l and hefght ol the ntx malor apectes In the bharn ‘axvu
were tecorded Tn 1970 and 1977, 1o determine 11 any apprectable
Changes had oecurted over oaone yean per tods o Meanarenant wa e
fn the fHrat part of Aupust tor hoth years, o Che name plots.

Two of the six specfes showed statfstteally slpnffteant
terences when ;nmly?;ml with Stodenth ¢ tent,  Corpus canadensis had
an average foncrease fn hefpho f f¢u§ AHo6 em. In 1971 to H.% cm. dn
1977, (sipntticant at the HL level) Lut q ~|(jt‘1t{"‘.\r:t- fn X cover trom
I fn 1971 to 1UAT in 1972 Citpntf teant at the B2 level), Shmf b Ty
Menziesta ferruginea fnereased sipnfticant ly (n hefpht (1Y lewel)
Crom 24 etn. fn 1971 to 34 cwm. dn 1972 while decrencitap stpnttteant 1y
(57 level) in cover from 6% to approsimarely 3% fn 172 (Tabte 24,
}*‘\»p!]u(m{}xlgl angust ifolfum and Avrntea «'w:xditw”q fncreaned tn cover in
1972 though not significantly.

The height data represents real measured values as opposed
to subjective ocular estimates of cover. The facrease in height,
then, is a real difforor}ce and of ecological wignificance, whereas,
the decrease in cover could rvflocy & more conservative v‘iim&gv on

the part of the observer in 1972 savticularly when the differdnces
P s b ) ¥y

are so slight. However, because Epilobium angustifolium and Arnica

cordifolia increased in cover, though not significantly, it 1is more

likely that the reported decreases in cover for Cornus canadensis

and Menziesia ferruginea mav reflect increased competition fram the
former 2 species. It may also reflect an adjustment by the latter
species to changing nutrient regimes since the burn and possibly a

depletion of pre-burn root reserves in the two species. Cont inued
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Height‘(cm) and cover(%) of six major species in the VermilionvPaSé burn in 1971 and-1972.
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Table 23.
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.monitoring of post—burn vegetation and envirogméntél factors atv
intervals in the future will assist in elucidating post-burn' develop-

ment of plant communities. 1 ' o

It is also of interest to note that while Epilobium angusti-

folium increased in height from 1971 to 1972 in stand nos. 1-3, it

* decreased in stand nos. 4-6. The former stands, located at the

\ .0
northeast, end of the burn,were more severely burned than the latter
. . = F ‘ ] .

stands which were located toward the southwest end of the burn. This

suggests that, not only is ffreweedtadapted to burn sites, but is

. o

even: better adapted to the more severe1y>burnéd sites. =

Vaccinium myftilluslscopafium decreaqupin«éovér from 1971 to.

- I .
1972 in stands 1-5 but increased din no. 6 where Epilobium angusti-

folium cover was only 0.2% and thus may bezreactin% to decreased

competition from the latter species. " oy

Generally, it can be stated that very little change Qécurred

G S

in the two years in terms of post-fire succession, but significant

trends may be developing. ° o .
vii) Density of the shrub stratum T ‘ ‘

< -

Density of living and dead members of the shrub _stratum was

ecorded in the 5 x 5 meter plots in éach stand.. The remains of

/

dead shrubs usuallywconsiéted of a basal cluster ofncharred stéms“

andgiffwas impossible to routinely identify these in éhe field

e

(Plates 7 & 8).

©

L -~

Shrub density’averaged 3567 ha-l of which 3148 ha—l or 87%

were living per stand. Only in stand ho.iz was the percentage of

°

living shrubs less than 60% (Table 24).
- : ]

\

Menziésia ferruginea accounted for 74% of the living shrubs

L
‘ e v '

91
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Plate 7.
Plate 8.

Living‘Meniiesié ferruginea grdwing vegetatively from

basal remains of the pre-burn plant. (Photo date, Aug. 1972).
1 . : » S e o

©

Rasal cluster of cﬁarred dead shrub in Vermilion Pasé

burn. - (Photo date, Aug. 1972).
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Table 24. Densitya per hectare of the shrub stratum in the,
. Vermilion Pass burn in 1972. C

AR

"y

ToraL ~ LIVING | R
§E§§2'& _ SHRUB : SHRUB DENSITY MENZIESIA FERRUGINEA
NO. _ DENSITY © NO. - ) . — NO. (% OF LIVING)

1 480 360 (75) S (67)
2 . .2600 1508 sy 1312 @n
s . 6800 . 6120 “(90) 5630 (92)
IR 2360 2242#1_‘ (95) \ 919 (4D
s 3920 3sa2 (98) = | 2190 BT
6 5880 T sss0 (100) ) 3998 (68)
7 2960 2338 - . (79) | 1964 . (84)
8 4280 3295 an - 2307 (70)
9 4480 3763 - (84) . 3349 (89) . -
10 2280 - 2280 (100) “«\_\‘ 1436 | (63)
11 4200 3822 (91) Ca10 (88
12 . 2560 2330 5 (91) 2120‘°‘\\\‘(91)

' v P N

MEAN 3567 3148  se.sy | 2390 g

a - Density values estimated from the number of individual shrubs
in 10, 5 x 5 meter plots per stand (250 sq. meters).




w

throughout the stands. Invariably, 1iv1ng Menziesia was represented
by new shoots,prdtruding-from amongst the charred basal cluster of
the pre—burn planf.“ Thie attests to the abiliryfof Menziesia to
regenerate vegetatively from surviving below—groundrparts in ; post—
burn situation. Only in stand no. 6 was thisrhot entirely rrue'-
here, the fire had burned the finer top branéhlets oﬁ Menziesia but

‘v
nuch of the original plant shoot system was still living.

o

. *E. Substrates of the Vermilion Pass Burn

B
[
[

The average.tetal subordinate vascular plant cover in the burn was

only 16.27%. The reméining ground corer was a compoéite qf 7 major -’

!

substrates (Table 25). . The‘most important substrate in terms of

percent cover was charred duff with 56%. Tﬁe other major sgbstrétes
listed in order oF decreasing percent cover were: exposed rotten wood
(6 7%), moss complex (6.5%), fallen logs (5. 97), needle litter (4, 57),
roek (3.5%) and mineral soil (1.7%). 1In total'Lhe subsgrate cover
was 84.6% and ranged from 97% inwetand no. 9 to 727 in ho, 10.

-]

Needle litter was recorded in 7 of the 12 stands. It did
o , B |
not occur where the fire was hot enough to consume it. 1In stand no.
6,'w;th 24.27% needle litter cover, the fire was hot enough to scorch

the needles on the trees but not hot enough to consume them. .Sub-

éequent to .the fire, the needles have accumulated on the ground.

Stand no. 6 also had the greatest cover of mosses (10.8%) and the

least cover of charred duff (29%) and exposed mineral soil ¢0.5%),

all indicatiVe of a less Intense fire thkgn in other stands.



96

6°L8 €°98 L°IL %°L6 V(8 .¢.nw TULL LLL '1°98 7'S8 8768 6708 YIAOD % A<Boa,

8'9 3978
Pl Sty 9% L'€1 .6y - -9y Ty 01 0T - © - - yaLnIT s
Y€ 3 6'S '8 9y 0'S w9 TE L'L 2 8¢ T T SRS © $90T NATIVA
§'7 169 ¢ we T T 69 00T 80T zL 09 9w 09 L€ xmgmxou SSOR
6°¢ 3 L9 €L 6% L6 06 85 0§ €7 L e 6T 9T S Q00K NzLI0N
ST L' g0 . z'z 81 LT 90 S0 §0 9T ST | 9y S0 6% 105 "TVHENIN
6% 3 S°¢ 9z 10 10 80 0Tl € T 80 £0 8yl 0T 1T . ¥ood
§'21 3 8'SS c'ac  c'gc O'6h  S'TL 0°6S €95 0°6Z 0'%6  S'€S z'8S 0°6L §'9v 44N CTWAVED
o, _ s .
A0 §EA0D o1 6 8 L 9 s v 3 4 T e A
*1S  NVIK o ‘ YATHAN ANVIS AIVIISANS

*ZL6T UF uang ssed QOFTTWAIA mmuuwo spueas g 9yl uy sadL3 @3eaisqns 3o (%) 19409 .mN‘mHnma..

e \



we

F. Depth of Duff in the Vermilion Pass Burn

/

/
I

The overall average depth of the charreé duff to minegal
soil was 2.84 cm., with a range ffom 1.7 cm. in no. 8 to 6.3 cm. ip‘
no. 6 (Taple 26); Duff depth in stand‘no.‘6 indicétes that the fire
there was less severe. |
| The depth of duff in thé unburned forest stand éveraged 11
cm. compared to % cm. in a comparative burned stand indicating that'
»

approximately 80% of the forest floor was consumed during the fire.

/

G. Soils of the Vermilion Pass Burn

Soils were described in the field'by researchers from the
University of Calgary (ﬁoakes and Harris; 1972) who were conducting

a preliminary soil survey of the Vermilion Pass burn. The main soil

“ groups present in the study area are podzols, brunisols, regosols

~and glefsols. The podzols are charagtefistic of the'better—drained

\

nofth—éacing slopés. The br&hisols generally occur in old d;aiﬁage
channels where intefnal soil dfﬁinage is poor (Noakes and Harris,
1972). Regosols, in mountainous rééions, occur in areas where soil
deVelopment.isrlimited; wheré erésio£ is rapid, and in areas of rapid

downslope movement and frequent deposition of fresh parent material.
S ' Co . _ |
Gleysols are typical of poorly drained locations at any altitude

s,

(Landals‘and Knapik, 1972).

? The chemical.and phy%ical'soil propéfties of the sémples col-
lected in the burned and un?urned fofe;t are given in Table 27. éoils are
iight.tpnmed&ﬁm'textﬁrpd“and nutrient ?ber. Soils:in 11 stands aﬁd’

=




A YL T 48 AR A o1 e g

/

{

Table 26. Avérage deptha of duff (cm.) in 12 stands in the
Vermilion Pass burn. ' :

STAND DUFF ., S STAND DUFF

NO. - DEPTH - NO. DEPTH
1 2.1 7 § 2.1
2 3.7 8 1.7
3 - 2.1 _ : 9 2.4
4 4.2 - & 10 2.0
5 2.9 11 2.8
6 6.3 12 1.8

¥
- . 3
s

a'= Depth of duff was measured at each corner of the 10 x 10 meter
plots, giving 40 measurements per stand. o

b
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ifn the unburned forest are humo—ferric podzols (Plate 10). 1In stand

no. 8, the ratio of pyrophosphate-extractable Al and Fe to clay
(<2 mm.) in the Bm horizon was less than 0.05,>thcrufore this soil
was classed as a dystric-brunisol.

Fire normally increases pH due to the ashing of the organic
layer, which is relatively rich In calcium (Lutz, 1956; Rowe and
Scotter, 1973). The soils of the Vermilion Pass are quite acid.
Austin and Baisinggr (1955) indicate that the initial decrease in
acidity resulting from the fire is relatively short-lived and that
pH values return to near pre-—fire levels within two years. The pH
values for the Vermilion Pass are f}om samples taken 3 years after

&Fhe fire so that the effects of the fire on soil acidity may be
diminished or no longer evident. The pH of the Ae horizons are
similar to that found in the unburned forest stand but generally
higher in the Bf horizon suggesting that these soils may not have

returned to pre—fire levels.
W\\‘

H. Climate of the Vermilion Pass Burn *

<

Five weather stations were established on the NW-facing slope

-

of the Vermition Pass in 1969. Three of the stations are located in

the burned forest at elevatiops of 1646, 1707 and 1829 m. A.S.L. and

two in unburned forest at‘1677land 1829 m. A.S.L. Mean maximum,

minimum and daily temperatures (°C)_for,May through Séptember of

1972 are presented in Table 28. Students t-tests were performed to

©

between stations on an elevational gradient and in burned and unburned

determine if ambient mean daily air temperature varies sigpificantly

101



Plate 9.

Plate 10.

*

The moss complex substrate in the Vermilion Pass burn.

(Photo date, Aug. 1972).

]

A typical Humo-ferric Podzol from the Vermilion Pass

burn;\\(Photo date, Aug. 1972).
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ing effect of ;the forest .stand resulting in warfler temperatures\hefe
: . ! K

h

-

' S ... 1los

a

locations. All t-tests showed significant difference at the 5%

level (see Table 29) . ] T

Station M, the mid-elevation burn statiéﬁi had the highest N

mean minimum and mean daily temperatures of the three stations in the

burned forest, and also the highest.mean maximum temperatures, with

©

the exception of July when Station A, a low elevation station was

v o
<

0.6°C warmer. The higher temperatyres at mid-elevation reflect the

‘thermal belt as described by Geiger (1957) and Schroeder'and Buck

[
o

(1970) where cold air drainage produces nocturnal inversion and thus

higher temperatures at mid-slope. ’

o

Forest communities are known to exert modifying effects on

local climate factors including solar radiation, air and soil temp—ﬁ

v

eratures, wind, atmosphericAhumidity, précipitation, evabo%ation and

. » - .
transpiragipnv(Geiger;_1957; Johnson et al., 1971). Among these
effects are a reduction of maximum temperatures and an increase of ' L

! . .
minimum temperatures (Pavari, 1962), resulting in lower mean temper-—

dtures in the forest than in opéniqgs (Raynor, 1971). Kittredge -

(1962) observed that mean daily temperatures tend to obscure forest
influences and suggested that maximum and minimum temperatures are

sounder guides tb the influence of the forest on air tempéfafures:
In the Vermiliaﬁ Pass, mean daily,'maxiﬁum and ﬁinimum temz;ratures
in the unburned‘forest are mdstlvaarmer tﬁaﬁ in{ghe burne&°forest
at similar elevations. The opeﬁ nature of the burngd fofest éliow—
iﬁg greater air.circﬁlation may prdddée a cooling effeét. Similarly
removal of a pogtion of the fofeét canopy fo establish thé;weather

station in the unburned forest may have partially offset the'modif&—

\ .

4
o
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Table 29. Results of Student tr-tests on mean daily temperatures
: for. five weather sta%ions in the Vermilign Pass (see Table 28).
e ’v
STATIONS TESTED S ' SIGNIFICANT DIFFERENCE
(4 ' ’ . - o ’ Er=Y
1 (ELEV. M) 2 (ELEV. M) . - ’ ‘ 5% 1%
. . A |
A (1646) M (1707) , Yes ° Yes -
A B (829 - P yes No
o
A . D*(1677) - . Yes + = Yes
M B . e Yes : Yés !
. ¢ o > ’
M D* ‘ - Yes ‘No
B C*(1829) ) - v Yes " No
. ‘ - — ‘\
Cc* Dk R ‘ Yes . Yes
v . / :
* - Unburnec.lrforést
o
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than in the unburuea fbrééc,'

~ | Figure'lS’SheWe.the auerage diurnal temperature march for the
five stations during the growing,seasou (May/September). All’diurnel
fegimes‘are quite similar with minima occurring at approximately 6:00
A.M, and maxime‘occurring between 3—6:2b\E.M. The daily temperature

range 1is greatest at'Station A (low’elevation). This agrees with

~

Baumgartners' (1960) more intensive work on a mountain slope ih the
; T R

°

Bavarian Forest, Germany.

" Figure 16 shows the average diurnal march of relative humid—'

ity for the five stations durlng the growing season (May/September)
Relative humidities are highest in the early morning hours (6-9: OO
A.M.) and lowest between 3 and 6: OOP M. for all stations. Station

D in the unburned forest . has consistentl§ higher relative humidities
‘than other stations. - Im thetafternoon both stations in'the unburnea
forest (C & B) maintain higher relative humidities ‘than those stations.
.in the burned. forest. Schroeder and Buck (1970) indicate that small

: openings normally do not have daytime relative humidities much dif-

ferent from those under the canopy, which in turn are higher than
.’G"g'-ﬂ

f

those in 1arge openlngs; aGenerally, relative humldities are 1ower &
at night under a closed canopy, however small openings in the forestiv
serve as chimneys for conwective airflow, and surface air is drawn
into them.from the_surrouuding forest. At night in these small open—
ings: the stagnetiou coupled with strong radiational eooling can

©

cause locally high humidities es noted a;;Statiou D.
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Figure 15.
L

‘.

‘Average diurnal air témperaturéumafch during

May - Septpmbé?, 1972 at the five Vermilion Pass

weather stations:
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. Figure 16. Average diurnal relative humidity‘mafch dufing:

May‘—>September; 1972 at the five Vermilion Pass

- weather stations.
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1. Vegetation of the Adjoining Unburned Forest

a

One stand was sampled in the adjoining unburned forest
to document the pre-burn vegetation and to provide a 'basis from

which, to compare the rates and changes of plant succession in the

burned forest. . s,
Figure .17 shows the living and. dead stem densities of majof
. A ' o

tree species in the unburned and burned forests. A students' t—
u f

test shows no significant difference (P = 0.01) between them and

thus indicates that both sites are from the same original popu-

lation. Thirty-eight vascular-species were included.in a presence
list of the unburned - forest (Appendix E) whiie 63 vascular species

were recorded-in the burned forest tAppendix D). Eighteen vascular

Q . ~

species were common to the burn and the unburned forest, and 14

a

of Ehese were woody (Table 30).

E
<

The maJor moss species occurripg in the unburned forest were

Pleurozium schreberi and Hylocomium splendens. In the burn,

<

Polytrichum juniperinum occurred regularly and Pohlia.nutans was also

present but not as)common as the former species.

Twenty vascular species were recorded within the plots lo-

cated in ‘the unburned forest including 2 trees, 6 shrubs and 12 herbs

dwarf shrubs. Menziesia ferruggnea was the domlnant shrub with a

mean cover of 122 and occurrlng with lOOZ frequency (Tabie 31)

°

. The dominant herbs and dwarféshrubs listed in order of decreasing

% cover were Cornus canadensis (4.1), Vaccinium.myrpillﬁs (3.0),

Do

Rubus pedatus (3.0), Linnaeawborealis“(1.4) and Arnica cordifolia

#

(1.4). (Table 32).. 8f the six species listed above only Rubus pedatus

C/

112
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; Figure 17. Living and dead stem densities of major
° . tree species in the unburned and burned
/ o ‘ forest, Vermilion Pass. , :
S a. \]:O&g\epol\e;?ine. .
s b.. Engelmann spruce. .
. ; . , . ¢. Subalpine fir: -
' o d. Unidentified stems.
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Table 30.
’ unburned

a
Vascular species

forest,

~occurring in both

Vermilion Pass.

SPECIES

Py

Abies lasiocarpa

Arnica cordifolia

Calamagrostis canadensis

Cornus canadensis
Empetrum nigrum
Equisetum pratense
Linnaea borealis
Lonicera involucrata

Menziesia ferruginea

-Picea engelmanii

Pinus contorta
Ribes lacustre
Rosa acicularis
Salix spp.

Sorbus sitchensis

Stenanthium occidentale

Vaccinium myrtillus

Vaccinium scoparium

HERBACEOUS

the

burned and

X

>

WOODY

(Semi~woody)

- a — Nomenclature follows Hitchcock

pd

i

et al (1969).
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Table 31, Hejpht (em.), cover (Z) and frequency () ot shruba tn
the unburned forest stand, Vermtbion Pass.

MEAN MEAN
f}f"f".(:yllﬁfﬁ HETGHT (cm) COVIER () PibiosrNey ()
Ribes lacustre 37 < 60
Menziesia ferruginea a2 17,4 1000
Sorbus sitchensis FEN < RES]
Lonfcera involucrata 30 < 1 40
Ledum groenlandicum 58 3.0 60
Fosa acicularis 25 <1 iy
Table 32. Height (em.), cover (%) and frequency (%) of herbs and

dwarf shrubs in the unburned forest stand, Vermilion Pass.

MEAN MFEAN
SPECTES BELGHT (cm.) COVER (%) FREQUENCY (%)

Arnica cordifolia 11 1.4 T 80
Aster spp. 13 ' <1 20
Cornus canadensis 8 4.1 100
Equisetum pratense 28 - 2.2 40
Vaccinium myrtillus 16 3.0 100
Petasites palmatus 13 <1 40
Rubus pedatus 5 3.0 80 f
l.innaea borealis T g , - 1.4 100 ‘
Listera cordata 6 <1 20
Fragaria virginiana 12 <1 40
Osmorhiza depauperata 9 <1 20

Pyrola asarifolia 5 <1 20




&

" did not contribute to the vascular flgra of the burn. The¢ other

five, along with Epilobium angustifolium were the major species founa
in the Vermilion Pass bgrn. - T .
' ) ' L@ . " o

[

" j. Ordination and Cluster, Analysis

o

i) Ordination

' Ordination;, as introducded by Goodall (1954), includes a series
of techniques which'gfaphiéaliy*ngpresent similarity among stands,

species and enviromméntal variables, which.are used in constructing

the ordinatién and/or plotted on and related ¥o it (Risser and Ricg)f‘ﬂ

1971). .Many authors have observed that thé most important fgndfion
,/

of ordlnation is to detect possible or actual ve"etatloniénv1ron—

G
mental relationships (Grelg—Smith, 1964; G1ttins, 1965a, 1965b,

/// <

=

1965c, Beals 1973) o v "
geveral ordination teeﬁhlques exist andﬁthelr relatlve ad-
vantages and disadvantageé have been exten51vgly rev1ewed in the
\literature (Lambe?t and Daié; 1964<30r10c1, 1966; Austin’and Orloci,
1966; Whittaker, 1967; Austin, 1968; Austin and Grelg ~Smith, 1968;
hBaﬁqister, 1968; Anderson, 1971; Gauch and Whittaker, 1972;
Beals, i973} Ordlnatlon proeedures follow1ng Bray and Curtis (1957)
and Beals (1960) have been employed here to eluéldate relatlonshlps
among stands in the Vgrmilion Pass burn. A%though other mathemat-—

ically sophisticated ordinations are available (e,g., Principal

Components Analysis); computational time is excessivé (Ofloci, 1966)

- %and the Bray and Curtls°ord1nat10n (1957) has glven results that are

equally satlsfactory ecologlcally (Gauch -and Uhittaker, 1972 Bannlster,

1

a
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1968; Béals, 1973). - S ,

Three separate 2-dimensional ordinations were constructed. Den-

17 .

sity and basal area values of the standing dead forest were used as a

basis for two, while Prominence.Values [PV. = Z-céver x \Trequency (%)]
of the»lesser végetation wére used for the third ordination. 1In eéch
ordinétion, Siﬁilarity coefficients [C = ?ﬂ/(ﬁ%g) x 100] between giénds
wefé first determined, where C is the“similafity Cbéfficieﬁt, W is the
sum of the»lowést common V%lues of theltwo stands,.é>is the‘sﬁﬁ og thg?;S
values in one stand and §;is’the sum of the Zofresponding ﬁaluesvfor a’
second stand. . In the third ordination P.Vzés of species were not ex-
’ @ ) ’ o -

pressed as a peércentage of their maximum v%&ﬁes as! in Bray and Curtis
(1957).‘ Matrixes of dissimilarity values (D = 100-C) were calculatéd

and used for the construction of the ‘two-dimensional ordinations.

a. Stand ordination based on dead tree density valuese

Sixty v?gétatibﬂ and environment factors were separately plotted
on‘the*ﬁensipyfbased ordination; and only fivé of these sug- .
gested strbné‘relétionships. Figﬁre‘lB shows the location of each
sténd‘on.thé ordination. The major factér thaﬁ accounts for the con-
figuration of the ordination is the density of subalpine”fir-(Fig.lSa).
' This species shows a marked increase in densityhtowards'the upper right’
of the ordination. The tOtal density of the standingﬂﬁead forest shows
a similar patern (Fig.18b) though not as pronounced as in subalpine
fir., -
The only measured edaphic factor showing a relatively strong
relationship to density'bf“the standing dead treegﬁis the pH of the

B hérizon (Fig.19). The pH's less than 6.0 occur in the lower left

and those gféater than 6.0 in the right centre of the ordination.

119
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. Figure 18,

aQ

Figuré 18a.

Figure 18b.

By

iy

Lékation of the 12 burn

stands ofl the ordination

using density values 6f
the standing burned trees.

R

Density distribution of
°burned SubAlpine Fir
on the tree density-
-based ordination.

CHI

Density distribution of
the standing dlead forest
on the tree density-based
ordination.
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Although all pH{s in the B horizon were acidic, it appears that s:b-
alpiﬁe fir of the ﬁre—burn forest‘preferred weakly acidic soils to
strongly acidic soils,assuming that pH's have returned to near pre-
fire levels.

Percent cover -of needle litter inéreases from the lower left

to the upper right on the ordination, and is postively correlated with

tﬁegstem density of subalpine fir and pH of the B horizon (Fig.19a)t

Staﬁds'with less needle cover may have had greater fire intensity in

i

the crown space. However, fire_intenéity would, in the absence of
@ ' - ’ o. .
other stand difference, 1ike1y be greater in dense stands. Thus,
|
the direct relatlonship of needle litter to subalpine fir density is

11ke1y a function of simple proportion (i e. more trees, more neédle
cover). - Site quality may be higher in the upner rlght of the ordi—‘
nation. o . S : o v

The only post-fire specie§°that showed a relationship to the

a - - . N .
pre-fire tree density was Vaccinium myrtillus/scofarium. Its mean

height decreases fro‘ft to right on the ordination, indijcating a

negitive relationship ith the density of dead subalpine fir and H
f/ : ' :

of the B horizon (Fig.19b). The vigorous height érodth of V

_mvrtilles/scoparium Qn_the lower left of the otdination
preference of thie species for strongly acidic soils, as noted-by
SzczawinsEJ>(l962). The greater height growth maylelso be due te
a more favoﬁrable Iight regime as a Tesult of decteased density of

4]

the standlng dead subalpine fir.

b. Stand ordination based on dead tree basal. area values ‘ -

The basal area ordination prcved to be much more informative
thaﬁ the density ordination, particularly in terms of physiographic

/ ' °
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Figure 19. Acidity of the B f shorizon
on the, tree ‘density-based
ordination.

Figure 19a. Distribution of needle
' litter cover (%) on the

tree density-based

ordination. :

<f

Figure 19b. Distribution b&imegﬁ .
- height (cm.) of Vaccinium
myrt/scop, on the tree

. density-based ordination.

HIGH

MEDIUM

LOW




variables. Figure 20 shoews the location of the stands on the ordina-
tion using basal area values of the sténding dead trees. Figure 20a

" _ shows total basal area increasing from the lower right to the upper

<

o

left on the ordination. The basal areas of Engelmann spruce, lodge- '

pole pine and subalpine fir (Figs. 20b, 21 and 21la) also dhow distinct

patterns. Both elevation and ‘slope angle increase from the bottom to

the top on the ordination (Figs. 21b and 22). Generélly, a%l three

dead tree species ha& gréater basal areas at elevations above 5400'

with & slope angle of greater than 10%. Both spbalpine fir and

lodgepole pine appear more §ensitiveuto elevation chéngé than does
*‘Engelmann spruce, at‘least in té%ms>of bésal area.

Voo . . :
The density of 1odggpole pine varies directly with its basal

area (Fig.22a) which suggests a uniform size-class of this species.

o
Prominence values of Vaccinium myrtillus/scoparium and

Menziesia ferruginea increase towards the upper left of the ordination

9 : o

(Fig.22b and 23) and thus vary directly with elevation. Percent

\ _»‘ . .
covef\of the' shrub stratum also fhcre§ses with an increase in eleva-
tion (Fig.23a).

c.- Stand ordination based on prominence values of living

-

p{ant species E
The ordination based on P.V.'s of species proved to be the

most infiormative of the three ordinations. Figure 24 shows the loca-

tions of the stdnds on the ordiﬁationtbased on Prominence Values.
. . - " N & ) '
Twenty of the 60 variables exhibited definite patterns on the ord-
<

ination. Q
: ©

Elevation shows a definite increase from the top of the ord-

—

ination to the bottom (Fig.24a). Stands on the upper left of the

‘o
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Figure 20.

Figure 20a.

Figure 20b.

Location of stands on the
ordination using basal area
values of the standing dead
trees.

Basal area distribution

of the staniing dead forest
( inm” ha

on the basal area-based
ordination.

Basal area distribution
of Eng lmanY Spruce
(in m™ ha .

on the basal area- based
ordination,

MEDIUM
{20 - 26) .

.18.2

«16.9

14.1

.2
”-'6
.8 . .
«3 10«
4
*12
~7 5, -4
1
HIGH (> 26)
313

22.6.

LOW (< 20) -

;(.>17)

15.9 *16.8

«14.4
o140

MEDIUM (14 -17)
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)

Figure 21. Basal area distribution
' - of Lodgepole Pine
(m2 ha=—l).
"on the basal area-based
ordination. /

o

Figure 2la. Basal area distribution
’ . of Subalpine Fir

, (m?2 ha-1). ]
o on the basal area-based’
ordination. :
.2.7 o
2.3- 1.2
‘ LOW (< 4) B o g
© 2.2
. ‘ " HIGH (> 5400)
Jd -6008
ATy )

. . . 6000° * 5481
Figire 21b. Elevational distribution  { °°° .som

of stands on the basal . 4. .. 76000
area-based ordination.

(elev. in ft.) -5423

LOW (< 5400)°

. . v 5333+ +5383

5397
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HIGH (>10%)
.‘ ‘ . 1 < a3
' - -~ ‘t13.018
‘ 220 . .
Figure 22. Slope angle (% on the . 2 e
basal area-based ordination. ‘ 4 e ‘
. ¥ ‘.
) 4 ‘§1> e .7 7
' L - LOW (<10%)
. .

@

) ‘Figure 22a. Density distribution of
. dead Lodgepole Pine’
(no. of stems per 1000 sq.
‘meters)y; on the basal®area-
-bgsed ordination. -

B

° Fighre 22b. Distribution of Vaccinium .
myrtillus/scoparium =~
prominence values on the
bBasal area-based ordipation.

-~
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Figure 23. Distribution of Ménziesla

o ferrupginea prominence
values on the basal area-
~-based ordination.

Figure 23a, Distribution of shrub,
e stratum céver (%) on
* the basal area-based
"~ ordination.

Figure 23b. Relationship of basal ©
- . area derived clusters
_ to basal area derived
- ordinatioch. . ‘
(see alsq Fig. 32a)

10,
26{
LOW
0.8
“~ o : h
HIGH (> 2%).
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410094
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Figure 24.

EAY

Locations of stands on the
ordination based on
prominence values of living
specles.

Figure 24a. Elevations of the twelve

stands on the PV-based
ordination. . .

Figure 24b.‘%Gepgraphical locations

jofwfhe twelve stands on
~’the'Py—based ordination.

-

-
.6 5 4
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~ .6000
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: Coe 6000
.5800

.

©

SOUTHWEST

128



129

ordination are located In the SW part of the burn, while those on
the lower right occur in the NE part of the burn (Fig.?éb). Cener—
ally, slope angle increases from the upper right to the lower left
on the ordination (Fig.25).

The ordination suggests an increase in acidity of Lhe B and
C horizons with an increase in elevation (Fig.25a and 25b). Greater
precibitation at higher elevétions would fa;our eluviation of fine
soill particles which in turn wouid enhance the development of acidic
upper horiéoés. The ordination also shows that soils located in the
NE.poftion of the burn are more acidic, have a greater sand content
in the B horizon and less silt in the B and C horizons (Fig;26, 26a,
26b)‘than those soils found towards éhe S.

The percent cover of rock is generally greater towards the

NE of the burn (Fig.27) which supports observations made during

field sampling. The mean heights of Menziesia ferruginea and Arnica

cordifolia increase from right to Jeft on the ordfnation (Figs.27a
and 27b). The greateriheights>in the southwest region of the s&rn;
may be related to tﬁe edaphic'factors mentioneéd previously. Living
shrub density and cover of shrubs appears to be related to slope
angle, i.e. shrub density increases with slopesangle (Figs.éS and
28a). The cover of the herb ahd dwarf shrub stratum appears to be
jointly related to elevation and pH (Fig.28b). ”Stands at high ele-

vations (lower on the 6rdination) had less cover, which may be due
to the more acidic nature of the soils as well as climatic differences.
Although lodgepole pine seedling density does nét correlate

with slope angle, the averége seedling height decreases with an in-

crease in slope angle (Fig.29). Runoff is likely more éronounced

Y



Figure 25. Slope angle (%) on the
PV-based stand ordination.

~

Figure 25a. The pH in the B horizon
on the PV-based stand
ordination.

Figure 25b. The pH in the C horizon
on the PV-based stand
ordination.

7-
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Figure 27.° Distribution of rock cover
.. (%) on the PV-based ~

. ordination.
...—/" <

Figure 27a. Mean height (cm.) of
Menziesia ferrugin=~: on
the PV-based ordina:i.on.

Figure 27b. Mean height (cm.) of
Arnica' cordifolia on the
PV-based ordination.
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Figure 28.° The distribution of living |

shrub density on &£he PV~

.based ordination.,

Figuré 28a.

Penpenticover of the shrub
stratum of the:PV-based
ordination. :

°

Percent' cover ofbthe
herb-dwarf shrub stratum
on the PV-based ordination.
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on steep slopes so that seedling growth would be adversely affected

on steep slopes unable to proyide optimum moisture conditions. Ero-

”minence Values of Vaccinium mjrtillus/scoparium,‘Menziesia'ferruginea

, «and Linnaea borealis are all.related to slope angle (Fig,29a, 29b and

30). The prominence of L. borealis decreases w1th an increase in .

slope angle while those of the other two species increase with an

© %

~ fncrease in.slope angle;? Prominence Values of- Epilobium angustifolium

. and Arnica cordifofia are mnegatively correlated to each other (Fig.

.

o

. Lo :
© e L. o
B : o

<
o

Oa anchOb) ) Both pftd/;ns may reflect edaphic relationships. It.

o é& ﬂoted garlier that where fire intensity was low (stand 6), cover

»(\ ° °

of A.ucord;folia was relatrvely hiéh and of E. angustifolium relative—

>

-1y 1OWF Althotgh the flrebintensity 1ndex used was net critical’

o © . e

enough to further quantifv firé 1ntensity on.a stand by stand basis,

o

the relatige prominence of E, angustifblium and A. cordifolia may

well“be 1ndicative of fire inten31ty. °1f th‘

then fire. 1ntensity would have increased from theOSW (low E. angust-—

a 7S o

1folium, high A% cordifolia) toward§ tﬁe NE (high angustifolium, »

cnt 9@ o

o P

"low. A cordifolia)% ‘the actual direction in which. the }iﬁ\\did move.

Although othét physical parameters measured (depth of du fg cover of

ISP
o f. 3

° exposed mineral 3011 and rotten wood) do not show a corsespondlng

o

relationship, the potential for post burn species to_ indicateofire

<

1ntensity is an area thaterequires further tresearch. P minence

Uc

- = foliw bap- may reflect acidic SQil conditions (Fig 31)wg

o

o values of Cbrnus canadensis suggest a pattern Slmilif\fi/é?ncordi;
. N oo -

& @ o

o W o a ©a °

06 Qo

° e © 'o

Species richness (Fig 31a) was “ighest at fow’elevations.

o
. o

towards the SW end of the burn,'and in- areas where soils contaﬂned

greater than 45% silt and less than 40% sand in the B“horizonﬂ

" a

v

LA N e e o

»ypothesis is val{dg N
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Figqre 30.

a
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Figure 30§:

Figure 30b.

<

PV of Linnaeazborealis

~on the PV-based ordinatioﬁ;

Y

PV of Epilobium.angusti—
folium on the PV-based

® ordination.

M

N5

PV of Arnica cordifolia

on the PV-based ordination.

g
> 30
+0.7
44 11s.
-39
«32
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Figure 31. PV of Cornus canadénsis »
on the PV-based ordination. 32 a5 .7

[

Figure 3la. Vascular species richness i
. . -stands on the PV-based
ordination.

s | o _ o,
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Figure 32 supports the hypothesis that fire severity increased
from the SW towards the NE. . The relationships of the PV derived

clusters to the PV derived ordination is presented in figure 32a.

(See also fig. 23b).
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Figdre 32.

\

.Figuée 32a.

Fire severity in 12 stands

6n the PV-based ordination.
(Ffre severity ranked fxom
low (1) to high (8). See
fig. 9).

Relationship of PV derived
¢lusters to PV derived
ordination. (See also

fig. 23b).

é}"
3
-
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11) Cluster Analysis

The data used for constructing the ordinations was a]so used in
the co;struction of dendrograms. The dendrograms are graphic displays
yof a_eémputer—aerived, agglomerative clustering technique (Pritchard
and Anderson, 19}1). Minimum'variancemaluster analysis was used prim-
ariiy to'ciarify and verify the stand relationships on the ordinations.
The eead tree density-based dendregram (Fig 33) sho&s three
Aclusters of high similarity involving nine stands (i.e. nos..1l and 10
Eorm one.cluster' 12 3, 7 and 9  form a second cluster,’and 2, 4 and
5 form the third cluster) : The other three stands (11, 6 and 8) 1iﬁk
into the orlginal»clusters‘at lower levels of similarity, and show
- greater intefstand.distahces on the ordination (Fig.lB);>‘Stand 6 is
'imoFe similar to Ehe fi;st4c1estef than to the second cluster, but in
the ordination ('Fig'.;lB‘a.)'b‘it is included with the latter clusEe\‘r.
. ‘ Placement gf steﬁé 6 in either eluster does not seriously affect the
relatidnship debicted in/the ofdinefion. The density-based dendro-

g7

gram makes it‘clear thet stands of cluster 2 are more closely allied

Fv to stands of cluster 3 thaﬁ to those of cluster 1. .This relation-
ship is not‘ae feadily/aﬁparent on tﬁe ordination diagram of Fig. 18.

« - - " The basal aree—based dendrogram (Fig.33)\eervés to clarify the

° stand groupings on the basal aréa ordination (Fig.23b), particularly

the rather congested gre/plngs of stands located towards the upper

left of the ordina onf Conversely, where stands are fairly well

distributed om the ordination as in Fig. 24, the dendrogram based

on Promipénce Values (Fig.33) provides some assistance in determining

nter—stand relationships. (Fig. 32a).



Figure 33. Pen&ograms of minimum'variance cluster analysis of

stands using values of (a) basal area, (b) density of
. the standing dead trees and (c) prominence values of

the living subordinate vegététion.
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VI DTSCUSSITON AND CONCLUSTONS

Standing Dead Forest

One objective of this study was to determine the structure and

specieé composition of the tree stratum Iin the foroQF stands before
the 1968 Vermilion Pass fire. The dead standing trees consisted almost
entirely of FEngelmann spruce{xsubalpine fir, and lodgepole‘ptne. wnite—
bark plne was very rare in the upper part of the burn area, and one
Douglas fir snag was seen. [Lngelmann spruce was the dominant tree in

! .

terms of basal area, followed by lodgepole pine. Numerically, however,

¢

subalpine fir far outnumbered both spruce and pine, but was primarily

restricted to the smaller size—classes. Many authors have reported the

same basic structure and specles composition for subalpine spruce-fir-
Pine forests in thg Rockt - -

In Colorado, Hoc . :nd Foster (1910) found Engélm;nn spruce
and subalpine fir in densities of 148 and 55 ?&&éﬁ per hectare respect—
ively, where "tree" =38 cm dbh Spruce densitw yds more than twice as
high in the Vermilion Pass (375 ha” ’), but no subalpine fir achieved o
tree size there. Alexander (1974).reported th;t %n the Central Rocky ‘
Mountains spruce éommonly makes up 707% or more’of the overstory basal
area, ,but he did not specify the size-class limits of overstory an&r

understory. Considering trees = 38 cm dbh as the overstory component,

Engelmann spruce accounts for 80% and lodgepole pine for 20% of the

,basai area in the Vermilion Pass.

In a study of virgin climax spruce-fir forests -in the Medicine
Bow Mountains of Wyoming, Oosting and Reed (1952) " found considerably

higher densities of both épruce and fir than théée in Vermilion Pass,

143 o
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but the relative densitles of spruce and fir in the two arcas were
quite similar (ca. 46X spruce and 54% f1ir).

Tn a ﬁ}gh~elevat1on spruce-fir forest in the Madison Range
Mouetains of SW Montaqe, Patten (1963) reported 672 trees ha*l, where
"tree' = 10 cm dbh. This combhres with 436 trees<ha~1 in the Vermilion
Pess. Patten's rélative tree densities were 6%, 437 and 48% for pine,

spruce and fir, respectively, compared with 24%Z, 52%, 24% 1in the
Vermilion Pﬁés. |
Tn Alberta, Horton (1959) reported a total basal area of SQ,Brmg//\

©

ha_l in Engelmann spruce dominated subalpine forest. In the Vermilion

Pass total basal area was only 29.4 m2 ha_l. Of the total basal areca

4

reported by Horton, 90% was Engeimann spruce compared with 50% in the

Vermilion Pass. Horton's total density was 1785 trees ha_l, where "tree"

;:é.S cm dbh compared to 1160 ha“l in the Vermilion Pass. The relative

densities of spruce and fir were about 50:50% in both studies.

Beil (1966) has studied the Virgin, climax spruce-fir forests

°

. N L
of Banff and Jasper National‘Parks.» He found mean relative tree densities

7

of 47%, 50% and 1% for Engelmann sprure sdbalpine f;r and 1odgep01e

pine, where "tree" =>7 5 cm’ dbh. In the VermihionT?ass,'compa:able“mean .

densities ‘of the three species Were 53% 29% and &87,rrespectivelg‘ Flr ?

i3

in the‘Vermilion ‘Pass weredehaﬁyed'by-the%fire.’
< . e ‘;' . .

Many other qualitagiveﬁgﬁd euanfifetive hescriptibns of the

only those espé@ﬁ%lly pert”nh t’to this study, have been discussed here.

‘I}
5 ?



Pagn and those of the other study areas discussed above are () the
Tack of subalpine tir In the overstory, and (2)' the relative abundance
of lodgepole pine 1n the overstory.  Because pline wag absent {a the
understory of the pre-fire l'(n‘u:;)t', 1 conclude that pine was deelining
in abundance before the' fivre. The standing dead forest was not fn a
late sucecessional phase of (l(é\r(-ltxxvlntéyif: before the fire ,. but {r) an

carl Ler phase stmflar to that described by Day (1972): "Plous 1s

' '

decadent or -dying and Plcea dominates .. Abfes (s about four times
as numerous as 1115}_3_ in the un(l(erstory’ } ..M. Had the Vermilion Pass

burn of 1968 not occurred, the forest would probably have advanced to

an f&_lli_grz_z_;‘«_l’_jj_gg;z_x_ late successfional phase by the middle of the next century.

Fire Intensity

Fire ihtensity is an Important factor affecting post-fire plant
succession (Stahelin 1943; Lutz 1956; Ahlgren and Ahlgren 1960; Rowe and
Scotter 1973). It is normally quitegvariable (Van Waggﬁ¥v196?; Kilgore
1973), especially in mountainous terrain. However, firé‘iétensity in
the Vermflégn ?aés waé)generally uniformly severe in all stands. Wgathcr
_conditiéns:at the time of the burn preceded by a Fengthy droQght enabled
this intense crown fire to move rapidly;from fhe lightning strike/atxthe

SW end to the Continental Divide at the NE end 6f the valley. Aithough

‘the fire was very intense in ‘every respect, several small pockets

(unsampled) of vegetation partialiy or wholly escaped incineration
. O . - . . H
(Appendix B), and stand No. 6 was not as severely burned as the others.

The unburned pockets are seed sources inside the burn perimeter and

are no doubt contributing to revegetation of the area.
e 3 ” 3 PR

In an intense crown fire, temperatures can be lethal to seeds
. = Al N
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in unburned as well as burned sétotinous cones (Muraro 1971) The

<

abundance of lodgepole pine seedlings in the post burn Vegetation .
indicates that either (1) temperatures and/or heat duration were not

/sufflcient to destroy all viable seed in the burn area, or (2) seed has

a
o

un1formly dispersed into the burn ared from pine populations in the

-

surrounding unburned vegetation. The first explanation seems much more

piausible since there were no strong~g%adients of decreasing?seedling

<

density from the flre marglns into the’ burn center and pine seed: is not
Vgenerally disseminated far from the forest margin (Armlt 1966) Thei

extent to which the flre reduced quantities of V1ab1e seed ‘is unknown,

but survival seems adequate to insure_dominance of pine in the regener—

ating forest. ‘ s . o

On the forest floor, the fire was sévere enough to consyme most

<

of the litter and much of the deadfall, and in some places to expose
mineral soil. But it did not compietely destroy'the below-ground living/

portions of several shrub and other subordinate species.-

Trees Failen Since Fire

. The standing dead forest trees represent a portion of the toial '

nutrient capital present in the burn and thus the rate at which the

standing stems fall to the ground and decay is inportant in under- <
standing nutrient cycling and secondary succession in burned edosystems,
- They also provide a favourable habitat for manjvinvertebrates which

in turn attract a variety of birds, thus contributing to species’

S dive sity.

The protection from solar fadiation and wind afforded—b& the

i

standing stems tends to ameliorate ground surface temperatures which
. - . - (' ) " ’ !
- . : I S
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may assist seedling and root sprout establishment and growth of many'
&

species Martin and Brackebusch (1974) generalize that over a period

@
ey

of years standing fire—killed trees shed a succession of needles,

small twigs, large twigs, branches and bark, until the tree topples;

. ot &
In the Vermily s a ten—fold increase of stems fallen since the

T

fire %ccurre-ﬂ‘ JEen 1971 and 1972. Most; f the new-fallen stems in

both years were in,the 2 and 3 inch size—class. It is expected that

3

future annual "fall" rates will be extremely variable because of

EEY . °

space—time variations in windstorms, stand structure and fire intensity.

2

When trees uproot and fall to the ground they altér the local
-site conditions and prov1de microsites themselves (Graham 1925'
\
McCullough 1948),'and expose mineral soil seedbeds favoured by some

/ J ;
conifers._ Some trees snap off rathir,t'an uproot, leaving vertical

snags. Onte on the ground, the rates. of decay and humification of

w00d and bark is a function of text re,‘nitrogen content, presence of

decay—lnhibiting compounds, moisture dontent and aeration (Bollen 1974)
Future_monitoring of th; lZYSHands should proyide sfatistically |

sound information on the rate of decay and~re—cycling of the burned

tree stratum.

| 7 ;i‘\x
‘ { \Qw )
o,; S . Conifer. Eedling_ ‘ :

Lodgepole pine, represente% by seedlings, was the dominant

conifer specles .on the Vermilion: Pass burn. his species has_long .

.‘ 1 H

been recognized as a fire species (Clements 1910; Mason 1915; Bates °
1930 Horton 1956), with best germination occurring in full sunlight~'

on - mineral soil ‘or disturbed duff free of competition from other:.

qspeciesm Itssability to regenerate readily after fire can often be’ -

o



attributed to its serotinous (i e. 1ate—opening) cone habit (Lotan

: 1973), whichN;s particularly widespread in the Rocky Mountains

”(Fowells 1965)3 ensuring a’large quantity of available seed for Te- o
; *l‘ ’ Y P o R VL@ e c"

°

©

lease following fire. . , _ T LI

°
o °

Cones in the crowns of the fire-killed lodgepole pine likely

provided most of the viable seed for regeneration in the study area.

©
] ° a

The distrﬂbution of the pine seedlings»was very uneven but not revég

lated- to theuproximity or density of either living or dead seed trees.

QHowever, the turbulent-- pulsating nature of the wildfiré could have .
° ° & . @ . R Ly

caused wide spatial ~variations in ‘the amount of v1able seed subse-

quently released, resulting in irregular distribution patterns

o. .

D(Brown 1973) Local site conditions obx}ously influence germination
and survival as well (Armit 1966) ‘ e © e

a

The results of this study show that the density of piné seed~ .

o . N

!@3;1”
PR

dlings decreased with increasing elevation%and slope steepness. Seed— -

ling density was highest below 1700 m (ca. 5500 ft) ASL and lowest,

above 1800 m (ca. 5800 ft) ASL. Horton (1953) also found the- steepest

slopes }east stocked with pine seedlings. The’decrease,in'seedling
o e a‘»
density with increase in elevation and slope angle may %ﬁ due to

o

elevationally related temperature and moisture gradients that are

‘'unfavourable to pine.ﬂ,Higher—elevation stands in the Vermilion Pass

burn area will doubtless ﬁe more open—structured than those at 1ower
velevations for many yearS/into ¢he future. Hettinger (19753 reported

Q,

National Park.i Older bu n. areas in the study area show the same trend.

NS
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by fompetition fromw other plants at the time of the study. Clements

(1910) thought that Vaccinium species provided strong competition

with pine seedlings in the dentral Rockies, while Stahelin (1943)

found coniferous reproﬂuction better oii’ plots with Vaccinium cover %

o

than on plots with"grass cover. ‘The relative amount of interspecific
competition may be more important than the kinds of competing species.
ce The results\pf this study show that pine seedling height growth

is negatively correlated with increasing elevation, slope angle and

[

competition (both inter— and intra—specific) Clements (1910) alsa

a

° reported pronounced differences in the growth rate of 1odgepole pine°

]
. i

seedlings with elevation.’ Horton (1958) however, did not report.

[+]

evidence for. such a correlation in his Alberta work. Competition did -

- o [

. not seem to affect initial seedling density in the Vermilion Pass,

‘e

’ became fairly well estahlished resulting in growth retardation.

‘ but in..stand No. 6 it appears to have inten51fied after the seedlings

o

Pine seedling density increased significantly in the study
1

plots from 1971 to 1972 (1470 ha"’ to°1820 haalgti Clements (1910)

reported that effective seeding took place only during the first year

a

" after fire, but ﬁorton (1953) and Corns and La Roi (1976)have shown :

’

that in Alberta most establishment occurs over the first three years
and continues even longer ‘on some sites.z Since the fire occurred in
1968, it ‘Seems certain that successful pine seedling establishment

continued for at least five years in the study ared..

. Pine seedlings more than doubled their height between 1971 and

1972 (fromxg.cm to 17 cm) Rapid growth in young\pine trees 1s common °

@

(Pfister and Daubenmire 1973), enabling them to attéin early dominance,
Nl
even in circumstances where other more shade-tolerant species establish

[ 4
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simultaneously with pine. Armit (1966) reported normal height incre-

ments of 20-40 cm per year on average sites for at least the first 30

years. E / o . o

ﬁrowse aamage to pine seedlings was observed in the study area,
but it was not reg%rded asusignificant. Baranyay and Stevenson’(1964),
working in the Hinton area of'Alberta, found 14% of* the young lodgepole
pine bronsed by ungulates. ‘Other animals nay affect the density and
N vigor of pine seedlings in the study‘area, butito what extent is not
. kndwn‘ °Seedling morgality is doubtless occurring.due to climatic and
competitive factors as well as to birds, mammals and other organisms.
However, the increased seedling density between 1971 rand 1972 indicates
that pine establishment and survival more than compensated for nortal-
ity induced by physical and biotic factors.

Both Engelmann spruce and subalpine fir depend'on_a "residual
seed source" (i.e. surviving trees and/or unburned seedbeds) for
regeneration following fire (Hodson and Foster l910)y Lack gf seed
is the main reason why few.spruce.andpfewer fir were found in’the
‘Vermilion Pass burn{‘vaundant"spruce regéneration was observed on
the bulldozed firelihe adjacent to the, unburned forest, an available
Vseed source. Spruce seedlings found within the burn perimeter were
concentrated in a less severely burned area where some m;ture spruce
survived.: Here seedling survival was 1ikely aided by relatively lower
light intensities (Alexander 1958a, Le Barron and Jemison 1953) and
cool, moist micro—environments (Day 1963) Small pockets or refugda '
of unburned forest within the burn also provide a seed source for the
dispersal of spruce and fixr into the adjoining burned area., g -

Subalpine fir 18 less exacting in its seedbed requirements’



J

7 in the surrounding vegetation. Day (1972) stated that sporadic sur-
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than Engelmann spruce (Alexander 1958b), but lack of a seed source
and relatively rigorous light, temperature and moisture regimes are

preventing establishment and SurVival of subalpine fir. o o

Succession of Tree Species After Fire ~

‘Forest succession initiated by fire in the subalpine zdhe hnﬁw
been discussed by many investigators (Stahelin 1943; Bloomberg 1950 R
Cormack 1953; Horton 1955, 1956, 1959; Moss 1955; Ogilvie.1969; Day

1972). They have all recognized a general trend from lodgepole pine

to a spruce-fir climax, but detailed‘quantitative studies of rates

and patterns ‘of succession have not been enunciated.

-

Competition from spruce and fir is a major factor in the later

decline of pine (Cormack 1953; Horton 1956) The very‘low density

of ‘spruce and fir seedlings in the early successional stage will

likely result in an extended pine stage, and,the progressipn to
spruce—fir climax will be relatively'slow in thé study area. The:
developing pine stand willoprovide more favourable conditions ‘for the

successful invasion of spruce and fir, which were hampered in the -

- .

earliest’ post—fire stage by low seed supply, dispersal and establish-

ment problems on the burn area. ‘Pine regeneration should ‘soon decline
I

' or cease In wuch of the study area because of the inability of the '

,-1,

- pine to establish beneath its own canopy (Day 1972) Fir recovery will

also be extremely slow because of 1) its almost complete destruction
in the fire, and (2) its relative immaturity. and low seed production

vivors of fir must develop a seed—proﬁiigng population before recovery V

}

~is posSible. When this eventually takes place,vfir will increase in
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abundance with stand age because of its tolerant naturen(Bloomberg
‘ L v,
1950). It seems reasonable to predict that! the new forest developing

o

on the burnvuill at maturity, resemble the one that preceded in}
i.e. with\pine and spruce the major species in largest size—classes,
‘and.fir a minor species in smaller size-classes. |
Continued and regular monitoring 'of permanent plots in the

Vermilion Pass burn area will document the rates and patterns of
succession, and the factors regulating them.
'
ﬁegetation | ’ #

A major objectivelof this stndy was to describe and interpret
the initial staée of secondary plent succession after thei1968 wildfire
in the Vermilion Pass. In 1972, four years after the burn, nearlj
twice as many species were present in the burned forest as in the .
surrounding unburned forest. Most of these, however, were of very
minor importance in the burned forest stands.
. Of the 63 species present in the bilirn, 35 were herbaceous and

a

28 were woody. '"Invader species'", i.e. those found only in the burned

forest (chi_1964),’ace§unted for 90%Z of the herbe and 48%Z of the woodj

plants. "Residue} specles", 1i.e. thoseroCCurring in the Burned‘and T
_‘'unburned forest, madevupvthe remainder. The invasion of a-large

number of hertaceous species,lcqupled with a 1arge Sercent of resprout-

ing woody residuals ﬁae resnlted.in a substantial increase in species

richnese in the Vermilion Pass, as a result of the fire. : i Lﬂv

Barth (1970), working in northern Colorado one year after a

subalpine wildfire, found only half as many species as recorded in




.

Of the 35 vascular species recorded in quadrats, 29%,of/them

occurred in

»

more than’GOZ‘of thg stands, indicgfipg/tégiwsome species.
ax‘iggibuﬁed throughout the /bu/xluowe/\}g,'. fully 757."4 of thg'vas— '
The— T .
cular flora occurred In less than 20% of the 120 quadrats and were
thus either rare or scattered irregularly over the area. Ahlgren
(1974) has suggested that the distribution of many spécies in a re-
cently burned area is often a key to thelr means of dissemination.
Evenly distributed species are éf vegetative or seed origin which
survived the fire and are Lhe-first to appear abundantly over the
area. Wind-borne seeds from distant sources germinate later and are
also fairly evenly distributed. Plarts scattered irregularly over
the érea may be’brought;in by animals and birds in the fif;t few years
‘after the fire. Corns (1972) found similar pércehtages of regulér
and scaﬁfered species patterns in a study of clear-cut pine forests

in Alberta. ’ | - ‘ 2

Only six species occurred in all stands: Pinus coﬁtorta,

Menziesia ferruginea, Epilobium angustifolium, Vaccinium myrtillus/

scoparium, Cornus canadensis and Arnica cordifolia. - Together with

Linnaea borealis they were also the major cover components of the post-

burn vegetation. . i e

153

The large number of invader species and their scattered‘aigfff-¢%;;m

butioﬁ indicates that the duration of the invading phase is quite long
here and presents a fairly severe envirénmental test for pétential
colonizing species. Only a small number of species, the eyenly dis~
triﬁuted reéidual species, éeém to be verj.wéll adapted to thé qhanéed“

< .

~

environment.

Menziesia ferruginea was the only quantitatively important shrub .

-,
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in the burn and aecounted for 75% of the shrub cover.. Many authors
reportrexceilent recovery of shrub species after fire (Ahlgren }974;
Habeck.1970; Lutz 1956; Barth 1970). Shrubs,‘because of their low
stature and small stems, are easily kiiled by fire (Lutz 1956) but
the underground stems and roots are not usuali§ damaged (Rowe and
Scotter 1973). Their ability to regenerate vegetatively after fire
from basal or underground parts, and to respond favourably to M-
creases in light intensity (Lutz 1953; Ahlgren 1974) part}ally
accounts for successful shrub regeneration after fire. Wright (1973)
reported that seeds of certain shrubs can survive relatively high
temperatures and thus aid in successful regeneration of burned areas.
Result’s of this study indicate a very high survival rate of

4

shrub clumps (872). In every instance Menziesia ferruginea was seen
\ .

to be growing from a charred basal stem indicating no successful
reproduction by seed. Shrubs such as Menziesia that sprout after

\

fire have an advantage over those that reproduce onlykfrpm seed be-
cause thé; have well developed roots and grow much'fagier thankseed—
lings (Biswell 1974). Aithouéh\the recovery of the dominaptjshrub
in the burn was excellent, the shrub stratum as a whole was. relatively
poorly developed ink197lhand_1972, with a cover of only 3.6%.

Total herdb and dwarf shrubfcover i&ﬁfhewbu;n was only‘12.62,

but four times that of the shrub stratum. The herbs Arnica cordifolia

i

and Epilobium aug_stifolium accounted for over half of the cover while

the dwarf shrubs Linnaea borealis and Vaccinium myrtillus/scoparium

made up much of the rest. .

pnly other species of relative importance

in the burn was the dwarf éhguh>Cornus canadensis. Fires are favour-
& «

3,

able to some herb species because they ‘temporarily reduce competition |
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from shruﬁs, destroy allelopathic materials produced by shrubs, and
prepare a good seedbed high in nutrients (Biswell 1974). Generali;a-f
tions regarding the influence of fire on resid;al herbaceous plants
are difficult (Rowé‘and Scotter 1973) because of the number of species,

their different ecological requirements, and our limitedwknowledge‘.

of their autecologies. Cornus canadensls generally develops ébundant~

ly from underground rhizomes after fire, while Linnaea borealié is

completefy destroyed by fire except in unburned spots which serve as

\ . . .
centers from wh&}h it spreads (Lutz 1956). Arnica cordifolia can:
devélop‘vegetatively-after fire (Lyon 1966) or reproduce from wind
disseminated seed (Hayes 1970). )

Epilobium angustifolium is probably the most widel& recognized

herbaceous pérennia% fire species. Heavy wind-borne seed c;ops fac-~
ilitate the £apid invasion of burned areas by both residual and
inﬁading fireweed ‘and oncé established this species has an exceptional
capacity for vegetatite reprpducgiQp (ﬁoss 1936; Lutz 1956; Habeck
1970).  These factors, aiqng with the dependence by fireweed on nit-
rates released AQring a fire (Ahlgren énd Ahlgren 1960), are prai—r

/ably the main reasons why Epilobium augustifolium was the dominant

plant in the Vermilion Pass burn.

Vaccinium myrtillus/scoparium caﬁ reproduce from, subterranean

parts, and very few seedlings were found. Other minor components of

the Vermilion Pass fire such as Corydalis sempervirens and Anaphalis

margarit&dea are of seed orgin and wind disseminated (Ahlgren 1960), -

while Calamagrostis canadensis and Carex spp. are fast-growing species,

adept'at rapid invasionAby“seed or vegétathe»means, and develop best

in full ‘sunlight (Rowe and Scotter 1973).° -
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The pattern of early.plant succession on recently burned areas
is complex and correlated with the variability and limitations imposed
by the site (Viereck 1973) and th%febility of the species to colonize
an area (Lutz 1956). Generelly, herbaceous annual invader species are
tﬁe first to colonize a bgrned area ald%g_with herbaceous and shrubby
species which survived the fire (Larsen ‘1929; Mar&&n 1955; Dyrness
1973). Shafi and Yarraqton,(1§73) dividé early post—~fire succession
into 23phases: (1) Initial, lasting for approximately 1'year, and quite
heterogeneous attributable to spatial variations in the Intensity of

a

burning end in thefprefire vegetation, and (2) Early, wﬁich is more |
homogeneéous and dominated by species which survive the fire in various A
ways. Results from the Vermilion Pass indicate that successional
development was in the early phase because of the dominance of residual
specles. : &

Ly%n (1966) found natural vegetation recovered rapidly following
fime in sooth—eentrai Idaho and hed reached 69Z of ground cover in the
second year. Dyrnees §1973) also retordeq repid increases after a
slash fire. in the&;estern Cascades of Oregon by the fifth year. Wein
and Bliss (1973) ehowed that annual plant productioﬁ had aimost recov-
ered in a tundra community two growing seasons after fire. It is con-
cluded from resuits in the Vermilion Pass that successional development
of the major species, at least between 1971 and 1972 was relatively
\\slpw. Lyon (1969) found similar results in the Sleeping Child fire of

Montana.’

Three species, Cornus.canadensis, Menziesia ferruginea and

Vaccinium myrtillus actually‘decreased in cover between 1971 and 1972

Though it is possible that this may'be a function of sampling technique,



two species, Epilobium angustifolium and Arnica cordifolia, showed cor-

fesponding~increases in cover. It 1s suggested that the former, i.e.
decreaging specles may be reacting to increése& cémpetition or exper-
iencing-a depletion of pre-burn rggﬁareserves.
Four years after ;he fire the mean height of the impqrtant vas-

cular specles in the burn had not yet attained pre-burn height levels,

with the exception of Arnica cordifolia which appears particularly well

adapted to the burn site. By 1972 Menziesia ferrﬁéinea had reached
approximately 25% its pre-~burn cover and height despite itg rather élow
 growth between 1971 and 1972.°

Several authors have reported that the Tajority of "the signifi-
cant species appearing after fire are those which were présent in the
pre-burn forest (Ahlgren 1974; Lfon 1971). ‘Wein and Bliss (l973)‘report
that no new species invaded the area they studied but Qas rapidly re-
vegetated by"the'original pre-burn Sp;ci;:: ..In the Vermilion Pass,
invader species did appear followinéjthe“fire, p;rticularly in the her-

i

baceous category. However, the major constituents of the post-burn

community, with the possible exception of Eptlobium angustifolium, were

represented in the unburned forest stand. The only major herb-dwarf

shrub species in the unburned forest not present in the burn area was

Rubus pedatus. Som; ﬁincr 5§ecies ?f the uanrnéa forest. were also
absent. Several factors.may be rela;éd to their absence in the burn. )
They may bé.shallow—;qpted and théfeforé ﬁnable torsurviyé the}fife,'

of they may simply be unagle”to‘grow and/or éompgte with more light- .
Dtblerant species in openings ¢reated by fire; If their seeds were
present in the soil on the burned-over area or dispersediinto the area

after fire, apparsgqu tﬁey were unable to survive and grow (Ahlgren

1960) .
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Subscrates~apd Soils;'F{" 'f““
%
The charred, blackened surface of_ the Vgrmilion Pass fite aé-

counted for: 56% of the ground‘cover. Lutz (lQS@G indiqated that thia
RO
kind of a surxface is less favourable than mineralaboir Qﬁ‘a scedbéd o

because the latter has a more4stab1e moistuge supply,ﬁhore readily
available plant nutrients, and lower surface temperatures. Weidn and
!.Bliss (1973) pointed out thap‘because thé‘blackened surface absorbs
more short wave enérg& a.wgémer éoil hasévresulté'which may be con-
ducive to better growing ‘conditions in Arctic tundra. The effect

of this surface i8 not known in the Vermilion Pass, but 1t no doubt

plays a role in effecting initial plant succession.

'

No significant cbanges were noted between soils in the burned

and unburned forest. Kgsults of physical and chemical analyses of

r

the soils show thaf they are light to medium-textured, nutrient-poor

tand acid. All séils were idertified as hgmo—ferric ppdﬂolé excepf"oneM

DU IR

which was'identiﬁ%éd as a dyétric brunisol. . . B
. Climate
. " Analysis of available meteorological data show that summer air

temperatures were warmest at‘mid—slope elevation. The effects of temp—

&

erature :égime on the vegetation are ‘difficult to evaluate because the .
tempgratures are recorded above the height of the developing plant;

cover and’ only one year's data was available. Long—term monitoring of

\
' \

the climatic regime may ultimately provide informatioq relevant to the

- rate of plant succession ‘on the Végmt&ion Pass burn. -

-~ . “ . . Y



159

3

The stand ordinatjnnskﬁroved useful in relating the post-burn

IS v

. vegetation agg the stgndinghdead forest to~edaéhic and physlographic

.. )
variables as well as to each other. The ﬁote important relationships
”are:(l) an increase Iin basal area of the 8tanding dead forest and the
post-burn shrub cover with elevation; (2) a decrease in cover of herbs

and dwarf shrubs with elevation; (3) greater vascular species richness

at lower elevations; (4) Arnica cordifolia and Epilobium augustifolium

are negatively assoclated with e;ch other and may‘reflect differential
response‘patterﬁs'ofhphe two épeéies to thé’fire regimes; (5) soil
acidity increéses with an 1ncreaée in\eie&ation; (6) fire severity

- increased frog tﬁe SW towards the Nﬁ: ‘

Concluding Remarks

[

It is concluded that the fire regime, though important in af-

fecting successibﬁal development of the post—fire vegetation, is not
o Lo : .

fully responsible fpf determining vegetaﬁion pattern. Rather, it

-

must be.viewed as one of many important variables affecting post-—

fire succession in the subalpine zone. ; *

g

Dyrness (1973) observed that most fnvéstigators have studied

vegetatiom on a number of burned areas ranging in age from recently
< : ‘ v

- +burned 'to much older,ﬁrather than following vegetation‘changes'on the

f\§a§g‘sigg over-g pefiod“qf years. They have then attempted to regon—

%

struct suééessional sequences from data obtained from a wide range of
sites. Only broad successional stages ﬁay be'discerned_by thié ap-,

proach since the properties of vegétation on disturbed s%ﬁ?s ére“nét o

only a function of the time interval since distufbance.v .

The results of this study, and the:establishméns @f permanent

— . ’

<
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plots, have provided the basis for a long—term study of plant succes-

sion after fire in the subalpine on a single site. With the increased

o L ~

tphenomenon, profoundly affecting and maintaining vegetated landscapes,

it is particularly apprdpriate and relevant that monitoring of this

/ o . Q S
site should continue. - 4 ,



Vit ‘FSUMMARY'/ RN : /

_A. The objectives of this study were‘ o . \{ MR ' o

‘ /

1. To desiribe and interpret the initiakhstage of secondary

plant succession and tree ‘reproduction after tbs 1968
‘wildfire in the subalpine'forestuof th& .Vermilion Pass
\ - : . I

.area, Kootenay National Park.

( 7
2, To determine the structure and species composition of

the trees in the forest stands before the fire, by

quantifying and identifying, where possible, the

s

standing bufﬁedﬁtrees“ﬁﬁndybriefly describing and com—:
. . -paring an adjoiﬁ{ng EQQanqd stand.'ﬁu;fﬁ ' :
._ég 131 To.. provide a sound foundation for a loné—term study of 1
‘ B | N
. vsplant succession after. fire in the area throUgh the M e

a establishment and inventory of permanent plots.
b To provide a basis for measuring the réte of . fuel AL
oo ”accumulation on the forest floor resulting from the S .

v'.deterioration of the standing burned trees.

o«

v -3

ﬁ, %; &E%AUSing 1970 aerj.al photographs a@ gromd reconnaissance, T (_,‘_f‘
T A_¥f:' L2 stands were selected.v The stands were leected based ' L
oo N : ~ A
-" , i
’;v’on the’ following predetermined criteri&g' %; : . ;
ﬂl,'The study was 1 ted to the northwast-facing slope ‘ ;
T T L | :of the Vermilion Pess valley. -.d ‘ A
v ) '*ZA'Only the area within\ﬁbotenay National Park was studied., .
N"ﬁ\zf T e .}3.;The perimetér of the burn was avoided §0 as not to ) y
x ‘ _ ‘f'introduce the. influence of ed&e effecé‘ '}; . =
k. ; . - S ¢ v : : . %é
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-,al\'\ . ° ’ ,‘ N .. ‘ " . . )

notind changes in density of the standing dead forest,
(43

- elev7éion and slope angle.

S. Stands were also selected so as to cover areas that

|

seemed to have experienced'varying degreesbof fire
intensity. S ‘ - .
. - s . o . o
6. Each site was relatively uniform in terms of macro-

»- L3

'—topography, in order to minimize Within—stand‘diff—

" —erences.
'g. Restricted random sampling was done within a stand area of
100 X. 200 meters (except stand no. 6 which was 100 X 100 meters) /

Ten, subsidiary reference lines, 50 or 100 meters in length

- ’were located perpendicular to a 200 meter baseline (100 meter ,

\ i e "1 baseline in stand no. 6) At 1 random locatio? along each i f. -

o _subsidiary reference line, a 10 X 10 meter square quadrat’ was LM
- located éﬁd permanently marked With an iron reinforcing rod.i‘ \

A 5 X 5 meter plot was symgetrically nested at - the cegter of .o iw-
’the 10 X 16 meter plot and a 2 X 2 meter plot was centrally»

'nested within the 5 X S‘meter plot.‘ One stand consisting of

5 20 X 20 meter plots was located in*the unburned forest.

D. In the 10 X 10 eter plots, standing trees from the pre—burnikJS'/

»forest were i‘entified tallied by height class or diameter
class and a signed to a fire.severity index. Fsllen stems were o
Cood : :
R _xassigned 'o one of two categories,vfallen before the fire or

v’fﬂfallen ?fter the fire.__

‘ﬂrdeentification, density, total eight and current yéars

fﬁifﬁ s ‘height growth for conifer seedlings wereadeteryined.ﬁui'7» S .
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1

In the 5 X 5 meter plot the average height anqipercent cover of
living.shrubiéjjgrdetermined by species. Living and dead density

of shrubs-wer recorded. In the 2 X 2 meter plot the average

height and percent cover of herbs and dwarf shrubs were determined
by $gpecies. Percent cover was etimated for seven ground Surface

substrates. Six stands (1 6) were sampled in 1971 and six. (7 12) s

«
on

in 1972. Living post—burn vegetation sampled in 1971 was sampled

again in 1972 in the same plots. Vascular species were collected '
throughout the burned‘area‘and unburned forest and appresence

g
-'

© list compiled. ' = 2
, .

. E; Observations in quadrats were made of alope angle, elevation
‘~and depth of the surface organic layer (duff) Five climatic
stations, 3 in the burned and 2 in the unburned forest were

,established by Parks Canada at different elevations in the

- Vermilion Pass. Temperature and relative humidity were
—analyzed from May to Sept. in 1972 Soil horizon samples

\
N\ from each stand were analyzed for physical and chemical

properties, T » A S 3?.,'

S

F. _The standing dead forest consisted almost entirely/of Engel—
‘v—mann spruce,'subalpine fir and lodgepole pine. Engelmann

W on ',spruce was the dominant tree in terms of basal area, followed

:.by lodgepole pine.' Numerically, however, subalpine fir far

outnumbered both spruee and pine&‘but was primarily restri&ted_

o the smaller size-classes. Pine was absent in the under—'

: ”—ance beforeitheffire.' The standing dead forestfwas not in a




o
3

*height groﬁth is negatively correlated with igcreasing elev— ol

_~ation, slope angle and competition.;

f‘continued for at 1east five years in the study area.

'EjSGEdlinss more than doubled their height between 1971 and 1572,?

v»Browse damage to pine seedlings was observed in the study areaf,ol"r

164

Fire intensity in the Vermilion Pass'was generally uniformly
severe'in all stands. Although the fire was very: intense in

every respect, several small pockets of vegetatiOn partially

.or wholly escaped incineration and stand no. 6 was not as

severely burned as the others.
In the Vermilion Pass a ten—fold increase of stems fallen -

since the fire occurred\ between 1971 and 1972.

0y

_Most of the
new-fallen stems, in both years, were. :I.n the 2 and 3 in.

size;classes. It is expected that annual "fall* rates will -

be extremely variable bec;;se of space—time variations in
windstoﬁ, stand structure. and fire intensity. ' ‘
Lodgepole pine, represented by seedlings, Ghs the dominant
conifer species on the Vermilion Pass burn. The distribution : -

of the pine seedlings was verjﬂ%neveﬁ but not related to the

e & R

proximityé?r density of either living or " dead seed treesﬁ' The ‘ /
& o

dens;!ty of pine seedlings decreased with increasing elevation _— ' ﬁ

and slope steepness. %§eedlin@idensitx was highigt below f'
R AcE T

'1700 m. ASL and lowest above 1800 m, ASL. ?ine seedling

Pine seedl -4 density o

,increased significantly in the study plots froﬂ§197l to 1972

e

It seems eertain that successful pine seedling establishment

v

Pine
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J. Large numbers.of\pine seedlings and dow densities of‘spruce
,and.fir seedlings wili likely result in an extended pine stage
” and the prdgression to spruce—fir climax uill‘be relatively slow
‘in the study area. It seems reasonah&ﬁ to. predict that the new
fotest developing on the‘burn will,'at maturity, resemble the

- one that preceded it, i.e. with pine and spruce the major species '’

4 in 1argest size—classes and fir a ‘minor species in smaller

# , = o -
size-classes. C i ‘ ‘z 4
“ ’AL K. Sixty~three spec*esrweﬁf present in the burn' 35 SPeCies were
> herbaceous & .;dy. "Invader species" accounted for
: A S

- e 90% of the Hj - of thﬂEWoody plants. "Residual species
oy %

» D T de up the ”&he invasion Of*a large ““mber of herb—

. ’

-ody residuals has resulted in a substantial increase in

: specieS'richness in the Vermilion Pass, as a result of the fire."
- . : \ i . . '
L. Thirty—five Vascular,species were recorded in quadrats,.‘29% S

of them were distributed throughout the burn. 75% of'Ehe

vascv.w}.ora occurred in less than 202 of the 120 quadrats

e

: and A thus either rare or scattered irregularly over the
-dﬁ*ares. k o

!

My The six most important subordinate vascular species, based on

prominence values, are EpiIobium-Angustifolium (30),-Arnica

Vaccinium myrtillusi

cordifolia (25}, ~nziesia ferruginea(24),




‘o

.
o R “vw’ ”‘W,*

g

for potential colonizing species. Only a small number of species,

I

the evetrly distributed residual species, seem to be very well adapted

- i

to the changed environment. o : Vo

0.

S ’.T"' N

: cordifolia inc@eased in cover. The former species may

accounted for 561 of the ground cpver. Soils, identified as

"h\go-ferric podzols, were l\ight to medium—textured nutrient poor

' and dcid, = . - a ST T ; . m

.

Results of this study indicate a very high survival rate of

shrub clumps 87%2). In every instance Menziesia ferrug:_lpea .

was “Seen to be growing from-a charred basal stem, indicating

-

no successful reproduction by seed. »The shrub stratum, as a
L . )/‘ ‘m‘
whole, was relatively poorly developed with a'*cover of only

3.6%Z. ‘Mean total herb—dwarf shrub cover in fhe k‘Eiurn was o&lyﬂ .

12, 62. Mean total vascular ground cover ‘was 16. 2%

Three spec.ies, Cornus canadensis, Menziesia ferrug nea ‘and - .:J,{
a - X

Vaccin% &rtillus/scoparium decreased in cover between v

,l197J, an%972 while'’ Epilobium ngu stifolium and ‘Arfiica

.. be’ req,ptin‘g to - increased competitiomor experiencing a deplet~

-ion of pre-burn root?erves. \

The major constituent the post—burn community, with the
&

possible exception of Epilobium ngu stifolium, were represented

:Ln the unburned forest stand.

Substrates accounted for ﬂz of the ground cover. r“aw \

i

»

‘_Summer air temperatures were warmest at mid—slope. “ cL

Stand ordinations indicateﬁ the following environment—plant

-*'_relationships, : (l) An increase in basal area' of the standing

Tl

) g dead forest and the post-burnbshru cover with,elevation-'

166



e

N

Y

g,

cordifolia and Epilobium angustifolium are negatively asaociated‘ .

167

| 1
b

(2) A decrease in cover of herbd and dwarf shrubs with elevation;
’ k'Y

(3)'Greater'vaqculéﬁ‘spgcies richngss at lower elevationsi‘(&) Arnica

[

. with each other and may reflect differential response fétterns of the

two species tq, the fixe regime; (5) Soil acidity increases with an
increase in elevation; (6) Fire severity increased from the SW -~ ]

towards the NE. - S

\ '
U.' The fire regime, though important in affecting successional
deveidpmeht of the p05t—burn,vegetatién, is not fully responsible
for determining vegetation pattern. Rathex, it must be viewed

as one of many. igpprtant variables affecting post—-fire succ—

. o
CR - i EE
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~~ession in the subalpine zone. : . "
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IX APPENDICES

Location of stands and plots in the

Vermilion Pass burn.
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APPENDIX D
Presence list of vascular species recorded on the Nw—facing slope

in the burned forest area, Vermilion Pass. Taxonomic authority for
vascular plants is Hitchcock and Cronquist (1973), except for Salix

discolor (Moss, 1959) and Draba lonehocarpa (Mulligan, 1976) Plants

are listed alphabeticaliy by families, genera and species.

.

VASOULAR PLANTS
Betulacede .
Alnus sinuata (Regel) Rydb.

Caprifoliaceae

Linnaea borealis L. var. longiflora Torr.
Lonicera involucrate (Rich ) Banks px Spreng.
Sambucus racemosa L. var. melanocarpa (Gray) McMinn.
. Viburnum edule (Michx.) Raf. ‘
’Qomgositae ' ' ‘ : . : ,
Achillea spp. : ‘ '
Anaphalis margerit;Cea (L.) B & H. - o i . R
Antennaria SpP- | - |
Arnica cordifolia Hook. .
..Aster‘conspicuue Lindl. )
- ‘ Aster siﬁiricus'L. var. meritus (a. Nels.) Reﬁp.

-~

Etrigeron peregrinus (Pursh) gréene spp. callianthemus

. (Greene) Cronq. var.Acallianthemus

Senecio'pseudgureus-Rydb.
o ' &
Taraxacum SPP. L ‘ - “

et P e B e et AR S
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APPENDEX D (CONT'D)
Cornaceaé P ° o ' \
+'  Cornus canadensis L.

Cruciferae i o '
: B > a -~ o

Draba 1onchocarpa Rydb. wvar. 1onchocarpa

Cupressaceae R
,\ ) R ° °. b
Juniperus communis L. . A
\ » °
| : : , : . ,
Cyperaceae ‘ . . A ) Ve

Carex pachystachya Cham. ex. Steud.
~ Carex phaeocephala Piper } . v V - o
‘ Carex rossii Booﬁt{

Carex spp. » . ' L e

'Elaeagnaceae '

Shepherdia Cahadepsis (L.) Nutt. ‘ .
Empetraceae

Empetrum nigrum-L.

Equisetaceae o o \ ;
Equisetumvprdtenég Ehrh;
;' 'Equisetum acirpoides/Michx.
, Ericaceae
' Ledum‘glanﬂulosum Nuft. var. glanqplosum
l Menziesia fetruginea Smith, var. glabella (Gray) Peck.
Pyrola secunda L. var. secunda..
Rhododendron albiflorum;Hook.

Vaccinium myrtillus L.

Vaccinium scoparium Leiberg”

o
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" APPENDIX D (CONT'D)
Fumariaceae | . . »
Corydalislsempervirens L.) Pers.
Gramineae
Elymus innovatus Beal. : » ' ,///
Ca;amagrostis canadensis (Michx.) Beaqv. var. acvminata,Vaéey.

[

‘Grossulariaceae

Ribeé 1acué£re (Pers.) Poir.
Juncaceae

Juncus drummondii E. Meyer var. drummondii.
Labiatae - ' ; o - | 7

MoldaQiqa parviflora (Nutt;) Britt.
Liliaceae{

Stenanthium occidentale Gray.

<

Onégraceae
Epilobium alpinum L. var. lactiflorum (Héusskn.) C.L. Hitchec.

o -

I'4

Epilobium angustifolium L.
Epilobium platyphyllum Rydb. A S

*

Pinaceae
Abies lasiocarpa (Hopk.)\Nutt.
Pice# éngélmannii Parry ex.‘Engeim.
Pinus Qlﬁicéulis Engelm. ) R T : ¢
Pinus contorta Dougl.cex LOud. var. latifolia Engelm.

o

Polypodiaceae

Polystichum lonchitis (L.) Roth.

-

Portulacaceae

Claytonia lanceolata Pursh.,

[
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APPENDIX D (CONT'D)

Ranunculaceae

L
[

Anemone parviflora Michx. T

Aquilegia flavescens Wats.

Thaliétrum occidentale Gray.

Thalictrum venulosum Trel.

°

- Rosaceae
Rosa acicularis Lindl. S | , ' °

Rubus idaeus L.

Sorbus sitchensiécﬁdeﬁer var. sitchensié

f, ’Spiraea betulifolia Pall. var. lucida (Dougl.) C.L. Hitchc;

s Saldicaceae '

 Popu1us tremuloides Michx.

A,

Salix discolor Muhl. |

Salix myrtillifolia Anderss.

-~ Salix spp. W
Salix ve;ﬁita Pursh.

Scrophulariaceae , ,? -

o

Castilleja miniata Dougl. ex Hook.

Pedicularis bracteosa Benth.

o

- "Valerianaceae

= Valeriana sitchensis Bong.
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< APPENDIX E

Presence list of vaseular species recorded in the unburned

forest, Vermilion Pass. Taxonomic authority for vascular plants 1is
Hitchcock and Cronquist (1973) Plants are listed alphabetically

by families, genera and species.

VASCULAR PLANTS
Betulaceae - ‘
Alnus sinuata (Regel) Rydb.

. "\
Caprifoliaceae

' Linnaea borealis L. var. 1ongiflora Torr.

Lonicera involucrata (Rich. ) Banks ex Spreng.

~
LIERY

Compositae -
"Arnica cordifolia Hook. ,
Aster spp. \ \

Erigeron acris L. var. astetoides\{\\i::a) Besa. 4
Petasites frigidus L.) Fries, var. palmatus (Ait.) Cronq.
Solidagq multiradiata Ait. var. scopulorum Gray.
Cornaceae | |
‘ Qofnus‘éhnadehsis L.
Emgetfaceae:
° .ﬁmpetru;~nig;um L.;

Equisetéceae'

_‘Equisétum pratéﬁse Ehrh.
" Ericaceae
Arctostaphylos uva~ursi (L ) Spreng. e

Ledum groenlandicum Oeder. ' : i
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APPENDIX E (CONT'D) '
Ericéceae (cont'd) | ]
‘Menziesia Aerruginea Smith, var. giabella;(cray) Peck.
. Pyrola 4§:iifolia_Michx. var. asarifoiia, j -
Pyroléiminof L. . o
Vaccinium‘myrtillué Lfa, ’ :
] ’Vaqginium'scdparium Leiéerg,\ -
‘Gramineae e \
vCalamagrostis canadepéis (Michx.) Beaqv.'var. acuqinaﬁa.Vaséy.:
Grossulariaceaé h o V
© Ribes lacustre (Pers.) Poir. 3
Liliaceae - e 1 . o g ' » .
Stenan;hium occidentalevérayJ
Lyéopodiacéae o
" 'Lycopodigm annotium L. )
:._L&cppodiumrcomplanagpm L. :
Orchiaacéﬁe‘ | .
_ o Listera cordata (L.) R. Br.v . . | )
‘ - _ :
Pinaceae o . T T 4 ’/f//ﬂ—7—__\‘\\\\\‘\\;\\_~;;_
‘Abies 1asiocarpaAfH9qF.) Nutt. ////////f/ff/i ‘ (. )
Picea engelmannii fai?ylei ﬁngéi;. - 7 |
‘fiﬁua conté;ta'ﬁougl.’ék Loud. vé:.‘l;tifolid Engeim.
= Pinué albicaulis Engélm. |
Pdlyp&diaceae o Vf ~ H.r , ."." vj’ j J”
, . ’ S
,Dryopteri§ éustr1aca (J#cq:)“Woynar ex Schinz & Theil.
a Raﬁuhcﬁlaﬁeaa o {B_' " - o o L R
i' ’ Ran&ﬁcuiué acris L. : - E : o ' .
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.  APPENDIX E (CONT'D)

. " Rosaceae
Fragafia virginiana Duchesne, var. glauca Wats.

< ©

Rosa acicularia‘Lindl.
Rubus pedatust.E. Smith - ' o : .
C \ Rubus pubescens Raf.

Sorbus sitchensis Roemer var. sitchensis "

Salicaceae - . o
o . ° L o - N
,Salix spp. '

\

Séxifragaceae

Tiarella unifoliata Hook.

Umbelliferae(

0.

- Osmorhiza depauperata Phil.

P
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Appendix J, Diagnostic features used in identifving the pre-

fire forest trees.

A.

Standing stems -~ alive béfore the fire.

1. General t;:é¥form.

2. Bark present and type.

3. Cones (form and whether presenf or absent
on tree). fr

4. Needles on tree or at it's base.

5. Resin ducts on wood.

Standing stems - dead before the firea

1. Bark free.

2. Nb branches (or few) present.

3. Very severely charred.

Stems on the ground - fallen before the fire.

"1l. Generally, no bark.

" 2. Charred exposed roots.

3. No exposed mineral soil at it's base.
Stems on the ground - fallen after the fire.
1. Generally, bark present on tree.

2. Roots not burned.

3. Mineral soil eiposed from post-burn uprboting.
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