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ABSTRACT

Sixty-nine fires that burned in Alberta between 1970
and 1983 were studied. These fires ranged in size from
21 ha to 17,770 ha. Distribution and composition of

residual vegetation were compared ‘among five fire size

.

classes and among six preburn vegetation types based on

; ¢ .
dominant preburn species composition. Fires in the smallest
size class did not contain any islands of unburned
vegetation. Percent of area within the fire perimeter that

was actually disturbed decreased vith increasing fire size.
Number of anurped islands per 100 ha was highest for the
third and fourth largest fire size ck;sses. Median island
. area per fife, fire shape index, and habitat diversity index
.dncreased with fire size. lPércentages of burned area within
100,_ 200, 300, 400, and 500 m of residual vegetation
decréased with increasing ‘fire size. Combosition of
residual vegetation did not di%fef among fire size classes.
Percent of area actually burned, number_of islands per
100 ha, median island area, fire shape index, and habitat
dive;sity index did not differ significa?tly among preburn
vegetation utxges. - Percentages of burned area within 100,
200, 300, and 400 m of residual vegetation did not “differ
signif&cantly among prebﬁ}n vegetation types. Percent of
burned area within 500 m of residual vegetation differed
among preburn vegetation fypes but the qiffefenc%s‘were
barely significant, Percentages of fire perimeter and

iv
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island area associated with each of three genera.: vegetation
types and five forest species compositiorn ciasses cifferes
significantly among‘ preburn végeéation types with W
exceptions that may have been related to a small sémple size
for one of the preburn vegetation.types. The general trend
was for the highest %?rcentages of residual vegetation in «
. . .

giQeg general vegetation.type or forest species composition
class to occur in the corresponding preburn vegetation type.
For example the highest percen;ages of fire perimeter
bordering_ lowland openings were for fires in the lowland
opening prebyrn vegetation type. . The dens}ty and height of
residual forest generally did not differ among breburn
vegetation typest |

General! conclusions were that the distributién of
residual vegetation varied among fire size classes but not
among preburn .vegetaffbn types ané that the compoéition of

residual vegetation differed among preburn vegetation types

but not among fire size classes.
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1. INTRODUCTION

N

Every yegr thousands of hectares of forest land 1in

Alberta are burned by lérge forest fires. Although a very

~
2

small percentage of these fires exceed 200 ha in size, those
that do account for a very large percentage of the annual
area burned (Figure 1). Large forest fires are usually

viewed by the news media and the public as being very

destructive to all natural resources within the . fire
perimeter. While the potential for damage may increase with
tire size and intensity (Figure 2: Noste and Davis 1975),

large fires seldom if ever kill all vegetation within the
main fire perimeter and féw animals are directly killea by
wildfires (Lyon et al. 1978) . / " Residual vegetation
surrounding and within the perimeter of large fires may
provide valuable' seed sources for natural reforestation of
the burned area (Zasada 1971) and refugia for wildlife that
will repopulate the burn as it becomes revegetated (Bendell
1974). The impact of ;esidual vegetation on reforestation
and wildlife .habitat may be affected by many variable§
including: distances to residual vegetation, amount of edge
between burned and unburned areas, size of residual islands
within the fire perimeter, and the composition of residual
vegetation, |

Distances to residualg vegetation "affect its
availability as a seed source for revegetation of the burned
area (zasada 1971, Viereck and Schandelmeier 1980) and as

1
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escape cover for wildlife feeding-on seral vegetation that
will eventually resprout in the burn (Bendell 1974, Lyon

et al. 18978). Most coniferous tree spec1es have a maxlmum

s [}

seeégdlspersal distance of approximately 100 m (Zasada 1971,

-

)

Dobbs 1972, Lotan 1975). Distances to residual vegétatiom
are less critical for deciduous tree species that have
extremely long seed dispersal distances _ahd may aléo'
reproduce brofusely by vegetative means " after fire if
propagules survive (Zasadal1971, Viereck* and Schandelmeier
1980). It has been suggested that distances to cover in
optimum ungulate habitat should not exceed 200 m (Oldemeyer
and Regelin 1980, Euler 1981).

Distances to residual vegetation are affected by the
shape of the disturbed area as well as its size. Although
the circle and ellipse in Figure 3 are of equal area
(28.27 ha), the maximum distance from the center to the edge

N
., of the circle is 300 m while no point in the ellipse is
greater than 200 m from the edge.

The amount of habitat edge created by a fire may be
extremely important in determining the &mpaqt of the fire on
local wungulate use (Bendell 1974, Bangs and Bailey 1980
The amount of edée betw;en burngd and unburned areas is
affected by fire size, number and size of unburned islands,

:;nd fire shape. A circular fire containing no unburned

islands has the least possible amount of edge per unit area.

The amount of edge increases as fire shape becomes longer

A}



Figure 3.

7

\
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r = 300 m L
Area = 7wr* = 28.27 ha
Perimeter = 2nr = 1885 m

a = 450 m b = 200 m

Area = mab = 28,27 h
Perimeter = 2ny/(a*+b?)+2 = 2188 m

1

Stylized represenfation of the effect of fire
shape on distances to residual vegetation and
amount of edge.



and narrower. Although the circle and ellipse in Figure 3

are of equal area, the ellipse has approximately 16% more

L d

edge (2188 m) than the circle dees (1885 m). The

interspersion of burned and unburned areas associated with

¥

increased edge provides a heterogenous environment that may

e

increase wildlife species diversity (Lyon et al. 1978).

An excellent example of the importance of uanrheQ"

o

1slands to ecological-impacts of large fires was provided by ~

Gasaway and DuBois (1985), who found that a 500 km? fire had

little effect on the home ranges of moose whose prefire home

A

ranges overlapped the burned area. However, 67% of the

" moose observed within the fire perimeter after burning were

located in wunburned 1islands even though such 1slands
represented only 15% of the total area within the fire
Qgrimeter. The size of such islands may determine | their
value as thermal and escape cover for ungulates. KEuler
%1981) recommended islands of cover habitat for moose be
three to five hectares in size and Thomas et al. (1956)
recommended patches of cover should be at least 12 ha in
size to accommodate a herd of elk. |

The value of residual vegetation within and surrounding
fires as thermal and escape cover for ungulates is also
affected by its composition. Thomas et al. (1976) suggested
plant commuﬁities should have at least 75% crown cquure and
should be at least 12 m in height if these areas are to

provide adequate thermal cover for elk. Cover habitat for

J

4

\
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moose should have at least 50% crown closure and be at least
10 m in height (Telfer 1984). Welsh et al. (1980) reported
that wuse of mixedwood stands by moose declined if the
coniferous component was less than 20% and Telfer (1984)
described good moose cover as being less ihan 50% deciduous.
Despite the importance of residual vegetation.  in
determining the ecological impacts of large fires, previous
research 1nto fire effects has been devoted almost entirely
to study of the disturbed area and little is Rnowﬁ about the
characteristics of residual vegétation surrouncding and
within large fires. This project attempts to fill this gap.
&t describes the distribution and composition of residual
stands surroundiné large fires (20 ha to 20,000 ha) and of
islands of residual Qegetatiom within the perimeggrs of
large fires‘ in Alberta. Twenty hectares was\chosen as the
minimum fire size to be studied because the maximum possible
distaéce to the edge’ of such a fire 1is only 250 m.,
Therefore, fire shape and prese;ce of unburned 1islands may
not be ecologically impoifant ffr smaller fires. Fires
larger than 20,000 ha were considered too coétly to analyze
in terms of time and materials available for this study.
For the purposes of this study, an wunburned island was
defined as any area of unburned vegetation at least oné
hectare in size' and entirelyr enclosed within the fire

perimeter. Distribution and composition of rtesidual
: o

vegetation were analyzed to determine if burning pattern§



differ significantly among fire size classes. '
Flammabillty varies among vegetation types (Viereck and ,
- 8y

Schandelmeier 1980, Fischer and Clayton 1983, Van Wagne;w
, BN
1983). Coniferous species are generally more flammablé than '

deciduous hardwoods which will support a fire only under
extremely dry conditions (Brown and Davis 1973). Therefore,
the distribution and compositfon of residual vegetation
might be influenced by preburn %Egetation type. _Although
dominant preburn vegetation typg*éﬁgid be determined from
the fire maps used as a data base for this study, the maps
were not avallable for examination prior to purchasing them.
Therefore, fires ;wcbuld not be stratified by preburn
vegétatiga-type prior té selection for this study. However,
it waaf}still deemed useful to compare tﬂe distribution and
compdsition of residual vegetat&on among dominant preburn
vegetation types, ohce the preburn types had been détermined
from the fire maps. Motre valuable insights may have been
provided by comparing the composition of residual vegetation
to the actual composition of preburn vegetation. However,
the time required to obtain a detailed description-of the
cbmposition of preburn vegetation from the data base used:*
for this study would have been prohibitive. |
Many other factors including weather, number of burning
days, Jdevel of fire suppression effort, and minog

topographical variation may affect burnhing patterns of large

[’/'fires. It was assumed the sample size for this study was



(N§

large enough to prevent *the results ffom being affected by
these factors. By restricting fire selection *o the
northern half of Albggta, areas with extreme topography were
not included in the study area.

An understanding of the distribution and composition of
residual vegetation following a large fire 1s just as
valuable as knowledge of what was destroyed by the fire
because 1t provides managers with knowledge of the on-site
resources availlable to them for rehabilitation of the
disturbed area. This project 1s the yfirst step towards
providing that wunderstanding. It also i1ntroduces a basic
methodology on which t§ base more detailed studies in the

-

future,
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1. OBJECTIVES AND HYPQTHESES

The oblect:ves of this prdject were:
Tc determ:in the spatial distribution of residua.
vegetation 1n and around large fires in Alberta.

To determine the composition of residual vegetation
surrounding large fires and of unburned islands of
vegetation within large fires in Alberta.

Tc determine ¢ the distribut:i:on and composition of
residuai vegetat1on vary among fire size classes.

To determine 1f the distribution and composition of

residual vegetation vary among dominant preburn

vegetation types.

In order to achieve the third objective, the following

hypotheses were examined:

The perce;t of area within the fire perimeter that is
actually disturbed does not differ significantly among
fire size classes.

The number of unburned islands per unit area does not
differ significantly among fire size classes.

The size of unburned islands does not differ

significantly among fire size classes.
-

Fire shape does not differ significantly amoné fire

. ~

size classes.
The amount of edge between disturbed and residual
areas, relative to the minimum possible amoynt, does

10
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not differ significantly among fire size classes.

W

The percentages of the disturbed area within "0C

. 200,

300, 400, and 500 m of res:idual vegetation do not

differ significantly among fire size classes.

The composition of residual vegetation surrounding and
1% g

within large fires does not differ significantly
fire size classes.

>

«n orger to achieve the fourth objective, these

among

seven

null hypotheses were retested in search of differences among

dominant preburn vegetation types rather than among

size classes.

fire



I1I. STUDY AREA

The study area for this project consisted cf the
following provincial forests :n Alberta:“ Focoiner Lake
Forest, Peace River Forest, Grande Prairi:e Forest, Slave
Lake Fourest, Whitecourt Forest, Athabasca Forest, and Lac La

Biche Forest (Figure 4). The Bow-Crow Forest,

Rocky-Clearwater Forest, and Edson Forest Wwere not included

[l

1n order  t¢ avoild complicat;ons 1n burning patterms due ¢
extremeliy wvaried topography 1n the foothill and Rocky
Mounta:n regions of Alberta.

The entire study area 1i1s within the Boreal Forest
Region described by Rowe (1972). Most of the study area is
within the Mixedwood section of the Boreél Forest Region
(Rowe 1972). Other major sections of the Boreal Forest
Region that are found in the study area include the Hay
River section 1n the northern part of the study area and the
Lower Foothills section in the western part of the study
area (Rowe 1972).

Major tree species found throughout the area include
whate spruce (Picea glauca (Moench)Voss), black spruce
(Picea mariana (Mill.)B.S.P.), tamarack (Larix laricina {(Du
Roi)K. Koch), trembling aspen (Populus tremuloides Michx.),
balsam poplar (Populus balsamifera L.), white bireh (Betula
papyrifera Marsh.), and water birch (Betula occidentalis
Hook.) (Hosie 1979). Lodgepole pine {Plinus contorta Jar.
latifolia Engelm.) and alpine fir (Abies Jasfocarpa

12 ' -
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o
(Hook.)Nutt.) occur in the western parts of the study area
while jack pine (Pinus bafksiana Lamb.) &nd balsam fir
(Abies.balsamea (L.)Mill.) are found in eastern and central
'parts of the study area (Hosie 1979). There is a large area
of overlaé'of the twg.species of pine in the central portion
' .

of the study area (Hosie 1979).

The following description of phy%iography, soils, and
cliimate was summarized from information contained in the

]
Atlas of Alberta (Government of Alberta and. The University
-

of Alberta 1969). Most of the study area lies - within the
Interior Plains physiogr@phic region. The area 1in the
nocrtheast corner of the study area, lying east ‘of Wood

Buffalo National Park, belongs to the Canadian Shield
physiographic region. Elevation of the study area ranges
from less than 300 m abbve mean sea level in the northeast
to 1800 m above mean sea*level in the.southwest.
Soilsriﬁ‘therstudy area are predominantly Grey Luvisols
and many of these Luvisols are clasgified as Organic. Areas
of Dark Grey Chernozems and Dark Grey Luvisols occur near
the border between Grande Prairie Forest and Peace River
Forest1> Many of these dark grey soils are also Solonetzic.
Smaller é}eas of Dark ’?xéy\\Luv{sols occur farther north

along the Peace River. g

Mean January temperatures range from -25°C 1in the

northeast corner of the study area to -12°C in the southwest .

< . .
portion of the study area. Mean July temperatures range

a
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from 11°C 1in the southwest corner of the study area to 17°C
in the northeast part of the study area. Maximum monthly
temperatures at Alberta Forest Service lookouts and ranger
stations throughout the forested regions of the province
were summarized by Stashko (1971a) for the months May
‘through September. There are fewer than 120 frost-free days
pér year throughout the study area and far northern and
northwestern barts of the study area experience fewer than
60 frost-free days annually.

Annual ’precipitation ranges from 360 mm in the
northeast part of the study area to 610 mm in the southwest
part' of the study area. Precipitation during the growing
season (April through Augugt) varies from 180 to 460 mm.
Monthly precipitation at individual lookouts and ranger
stations was summarized‘ by Stashko (1971b) for the months

May through September. Annual snowfall ranges from 130 to

200 cm,



Iv. METHODS

The data base for thi§ study consisted of air photos
and fire maps obtained from the Alberta Government,
Department of Energy and Natural Resources. Large fires in
Alberta are photographed during and shortly after burning.
Fire boundaries are located on these air photos and
transferred onto cover type maps by the Alberta Forest
Service (AFS). Most of the photos and maps have a scale of
1:15,0006 (10 cm = 1.5 km) or 1:15,840 (4 1nches = I mile),
but some of the very large fires are photoqQraphed and mapped
at scales of 1:30,000 or 1:31,680. A list of all fire maps
(referred to as stick plans by AFS) prepared from 1954
through 1983 was obtained from AFS. This list included the
stick plan number, fire number, date, location, and fire
size for each map. Although AFS began photographing and
mapping fires in 1954, many of the photographs prior to 1970
are no longer available. Therefore, only those fires that
occurred between 1970 and 1983 were considered for this
study.

The Alberta Forest Service classifies fires into five
size classes (Table 1). The size classification used for
this study was based on the AFS classification (Table 1).
Size classes A and B and part of size class C as defined by
AFS were below the minimum fire size included in this study.
Because of the open-ended nature o?’class E as defined by
AFSL it was desirable to subdivide this class. Boundaries

16



Table 1. Fire size classes (ha) used by the Alberta Forest
Service, this study, and Chandler et al. (1983).

~

Alberta Forest This Study Chandler et al.
Service (1983)
A < 0.1 A N/A ¢t A < 0.1
B 0.1 - 4 B N/A B 6.1 - 3.5
C: 4.1 - 40 C : 20 - 40 C: 3.6 - 40
D: 41 - 200 D : 41 - 200 D: 41 - 120
E: > 200 E,: 201 - 400 E: 121 - 400
E.: 401 - 2000 F: 401 - 2000

E,: 200t -20,000 2000

9}
v

t N/A = not applicable.

~J)
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for this subdivision were chosen to divide the class E fires

documented by AFS between 1970 and 1983 1nto three groups

containing approximately equal numbers of fires. The
boundaries between classes E,,.Ez, and E, also correspénd to
size class boundaries proposed by Chandler et al. (1983)

(Table 1); however this similarity is coincidental.
Fifteen AFS fire maps were randomly selected for each
of the five fire size classes used in this study. Several
of the maps selected included more than one f{ire numbeT.
AFS fire records were examined to establish uthe date and
’fause of 1gnition and the'initiation point of each fire.
This information was used to determine whether maps -with
more than one fire number should be treated as one fire or
split into separate fires. In five cases it was ne&essary
to separate fires shown on the same map. One of these cases
involved 8 separate fires ranging 1in size from 0.8 to
6.1 ha. These were a%l lightning-caused fires and all
started dn thé same date. Because of the small size of .
these fires, they were eliminated from further analyses.
The other four maps contained two fires each. In(3§o cases
one of the two fires was eliminated because of the mfﬁimum\\/
size requirement. In the other two cases, bofh fires were
‘accepéed for analysis but were treated separately. Two of
the maps initialiy selected were eliminated from analysis
because of incomplete map and photo coverage of the fires

\
involved. Following these separations and eliminations, 74



fires remained for further analysis.

Air photos of the fires were examined Stéreoscopically

and the perimeters of the main fire, spot fires, and
unburned 1slands were marked on the photographs. The
largest continuous burned area on each fire map was

considered to be the main fire. All other burned areas were
considered to be spot fires. The fire and island perimeters
were transferred onto transparent overlays of the AFS fire
maps using a zoom tranSfFr scope. Cover type boundaries
were markeé off along the main fire perimeter ahd spot fire
perimeters; thus breaking these polygons into line .segments
assoclated with specific residual cover types. Cover type
boundaries were also marked within unburned islands. All of
this cover type {ﬁformation was traced onto the overlays
directly from the AFS maps. Each 1line segment on the
overlay was given a code number indicating the type of
polygon it belonged to: (1) main fire perimeter, (2) spot
fire perimeter, (3) perimeter of a spot fire'within an
unburned island, (4) perimeter of an unbufned island, or
(5) perimeter of an individual ‘stand within an unburned
island. The code number for each line segment also
contained information pertaining to the composition of
residual vegetation bordering that line segment and a three
digit number that identifged the polygon to which the line

segment belonged.



The completed overlays were digitized using a CALCOMP
9000 digitizing table. The digitizer was operated in the
increment mode with x and y increments of 0.3 cm. Thus the
x and y coordinates of a new point were entered into the
data file when the cursor had been moved 0.3 cm in either
the x or y direction from the last point. The increment of
0.3 cm was chosen to approximate a distance of 100 m on maps
with scales of 1:30,000 or 1:31,68B0. Each ti1me a new
polygon or line segment was be;in 1ts code number was
manually entered 1into the digitizer. The digitizer then
recorded tge code number 1nto the data tile as a z value
associated with each point.
Computer programs were written in FORTRAN to read the
data files (arranged with the =z, x, and y values for a
single point on each line of the file), separate the data
into 1individual polygons, and calculate the area (ha) and
perimeter (m) of each polygon ox the map. The lengths (m)
of = individual line segments on . the fire perimetér
corresponding to separate cover types were also calculated.
, Tbe tetal fire size was determined as the area of the
main fire plus the areas of all spot fires outside the
perimeter of the main fire. The total residual island area
"was calculated as the sum of the areas of unburned islands
minus the sum of the areas of spot fires within islands.
The residual island area was subtracted from the fire sjze

- L
to determine the area that actually burned; hereafter



referred to as the disturbed area. The disturbed area was
converted to a percentage of the total fire size and is
referred to as the percent disturbed area. Water bodies
that were entirely within the fire perimeter were included
in the the disturbed area rather than in the residual island
area. This was done because the residual areas were
analyzed 1n terms of their value_ as seed sources for

reforestation or as cover habitat for ungulates and water
) N

was _not of value as either. A

The number of anurned islands was counted for each
fire and expressed as number of uhbufned 1slands per 100 ha
of total fire size. Mean-island‘area and standard deviation
were calculated for each fire. After analyzing only a few
fires it became evident that a few extremely large islands
were contributing to very large standard deviations. When
extreme outliers are present in a set of observations, the
median provides a better measurement of central tendancy
than does the mean (Sokal and Rohlf 1981). Therefore, the
minimum, maximum, and medi;n island areas were also
determined for each fire. The ' median value was used in
comparisons among fife size classes énd preburn vegetation

-4

types.

<

A - fire shabe index (FSI) was calculated for each fire

FSI = P + (2 x {/(%xA)), where: - (1)

'P is the length (m) of the perimeter of the main fire and A
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:s the area (m®) enclosed by the mair f.re perimeter. This

index - 1s modelled after the diversity index dedcr:bed by

Thomas et al. (1979) ard, as used in this study, 1s a ratio
P

of the main fire perimeter to the perimeter of a circle of

equal area. Anderson (1983) discussed the wuse of such a

-

>
ratio as a description of fire shape. A perfectly circular

fire gives the minimum Qalue of 1.0. The / more elliptical
the fire becomes or the more irregular the edge’, the greater
the fire shape i1ndex value. Thg fire shape :ndex valiue tor
the ellipse in Figure 3 (p. 5) 1s 1.16.

A habitat diversity index (HDI) was calculated for ea~h
fire using equation 1. In this case, P represents the total
amount of edge between burned ‘and unburned areas (main fire
' perimeter plus spot fire perimeters plus island perimeters
plus perimeters of spot fires within 1islands) and A
represents the total fire size.. The habitat diversity index
1s a ratio of the total length of edge between burned and
unburned areas to the perimeter of a circle with an area
' equal to the total fire size. The perimeter of such a
circle is the minimum amount of‘edge that could be created
by a fire of that size.

Isopleths were constructed 100, 200, 300, 400, and
500 ﬁ from residual vegetation (Appendix A).- The area
enclosed by each isopleth was calculated and used to
calculate the area within each of the five distances of

residual vegetation as follows:
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LA, = AD - L. - L,), where: £2)
A. :s the area within n meters of residua. vegetationr, AD is
thé .area disturbed, A 1s the sum of areas enclosed by
1sopleths n meters i1nside the fire perimeter, and A, is the
sum of areas enclosed by isopleths n meters outside unburned
1slands. The areas within each of the five distances of
residuali vegetation were converted to percentages of the
disturbed area. »

The percent of the length of fire edge (main fire
perimeter plus spot fire perimeters) bordering each of the
following three general vegetation types was calculated:

. Lowland Openings (areas mapped as muskeg, treed

muskeg, or flooded land), .

2. Upland Openings (areas mapped as coniferous scrub,
deciduous scrub, cleared or cultivated land,
grasslana, or old burns), and

3. Forested (any area given a forest type designation
on the AFS fire map).

The percent of the length of fire edge bordering water was
determined in order to account for 100% of the fire edge.
Forested edge was further éescribed as the percent of
fore;ted edge bordering each of four density classes, four
height classés, and five species composition classes.

The density and height classes used to describe
residual forest were those of the A§§ "broad inventory"

(Table 2). Over a period of years during the 1970's, AFS

&
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Table 2. Forest density classes (% crown closure) and
height classes for Alberta Forest Service
broad i1nventory and Phase I1]l inventory.

CLASS ‘ BROAD INVENTORY: PHASE 111 INVENTOR
Density A O 30w t - 304
Density B 31 - 70% 31 - 50% «
Density C 71 -100% 51 - 70%
Density D >100% 71 -100%

{overstocked)

Height 0 - N/A 1t 0 - 6m
Height 1 0 - 9m 6 - 12 m
Height 2 -4 g - 18 m 12 - 18 m
Height 3 18 - 24 m 18 - 24 m
Height 4 > 24 m 24 - 30 m
Height 5 : N/A ' > 30 m

t N/A = not applicable.
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switched from their ¢id brcad .nventocry system o
urrent "Phase 111 Inventory." Fifty six cf the 74 f.res
studled were mapped with broad inventory cover “types whi.e
the other "8 fires were mapped using Phase I1: inventory
cover types. Ana.ys:s of cover type data for this study was
complicgsed by differences in forest density and he}ght
tclas es between the two inventory methods. Phase 111
density classes were reassigned to :ge broad inventory
ciasses as follows: (1 Phase 1. B density and C density
were combined and included 1in bréadlinventory B density and
(2) Phase 111 D density was placed in broad inventory
C density. Combining height classes between the two
inventory types would have resulted in classes that were too
broad to be meaningful. Therefore, only those fires mapped
with broad inventory cover types were considered when
analyzing forest height data.

Tree species in a stand are coded in decreasing order
of abundance on AFS cover type maps. Species accounting for
less than 10% of the of the forest cover of a stand are not
iricluded on maps and symbols for species accounting for 11
to 20% of the forest cover are enclosed in parentheses.
Thus, it was possible to determine the dominant tree species
for each stand and to determine which species represented
greater than 20% of the forest cover. The five species
composition classes uséd in this study ' to describe the

»

forested edge were:



oF cec.cuous forest  BL-°00% dec:iducus),
oM deciZducus mixedwood C-20% ~oniftercus  mut C e
P R _ 3 R e )
dom:inant spec:es was dec:ducus!,
M conifercus m;xedwood (-20% deciduous rut che
dominant species was -coniferous),
Sw/P: white Spruce or pine (BC-100% coni:fercus and
/} .
dominant Species was white spruce or pine), and
;
S biack spruce (BC-100% con:fercous and dorm:nant

speC.es was L,ack sSpruce Or tamarack).

The cover types of unburned 1slands were c¢.ass:fied
using the same categories. Water was not included 1n the
description of unburned islands because wagér bodies within
the fire perimeter were included in the disturbed area a:
previously explained. The percent of island area «accupied
by each general vegetation type and the pe;cent of forested
island area occupied by each density, height, and species
compositioniflass were calculated.

‘Based on occular estimation from the AFS fire maps, the
dominant preburn vegetation type for each fire was described
as either lowland openings, upland openings, or one of the
five forest species composition classes.

A map of each fire was plotted showing the périmeters
of the maiﬁ fife, all spot fires including those inside of
islands, unburnea islands, and individual cover types within

unburned islands. Isopleths 100, 200, 300, 400, and 500 m

. . . -
from residual vegetation were also plotted "on the maps.
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These maps provided a visual check of the accuracy of the
digitizing process.

Statistical analyses of the data were performed using
the Statistical Package for the Social Sciences (SPSSx).
All data were tested for dormality using the
‘Kolmogorov-Smirnov test for goodness of fit. Becaase the
mean and var}ance of the expected normal distribution were
estlmated from the sampiea the "most extreme absolute
difference"” given in’ the SPSSx output was compared to
critical values given by Lilliefors (1967). Variables that

were not normally distributed were transformed wusing the

arcsine -__ transformation for //xé:;abfhs expressed - as
~ <
percentages and the square root transformation for varlables

({ expressed as counts or areas (Sokal and Rohlf. 19@1)
\Rblmogorov—Smirnov fests were repeated on the +transformed
data to determine whether the transformation was effective
in achieving normality. Normally distributed variables were
compared among the five fire size classes using one—way'
ana)jﬁis of variance: and the Student-Newman-Keuls test.
Variagies for which-neither the raw data nor thé transformed
data were normally distributed were compared among .fire size
classes .using the nonparametric Kruskal-Wallis test. This-
procedure was also used to compare variables among the seven

prebuﬁn vegetatlon types. A significance level of pso 0500

24
was used for all statistical analyses.
\
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) V. RESULTS ©

The fire boundaries determined for this study wére
usually more detailed tﬁan-those shown on the AFS fire maps.
Although the fire boundaries determined by AFS are precise
enough for their planning purposes, this ;tudy required
greater precision 1n order to accurately determine amounts
of edge Dbetween ~burned and unburned areas. In many cases
the fire size calculated for this study was less than that
given by AFS because of the difference in the precisioﬁ ot
determining fire boundaries. The fire sizes calculated for
tAe 74 fires initially selected for study ranged from 9 ha
to 17,770 ha. Fivé of the 74 fires were eliminated from
further analysis because the fire size determined for this
study was less than the 20 ha minimum size established in
the study design. This reduced the number of fires studied
to 69 and increased the smallest fire size calculated for
thi§ study_fo 21 ha. The original distribution of 15 tires
per size class was altered because of the differences
between the fire sizes calculated for this study and those
recorded.by AFS (Table 3). The geographic distribution of
the 69 fires studied 1is shown by fire size class 1in
Figure 5. } | '

Only one of the fires studied occurred in the deciduous
mixe@wood preburn veéetation type. Therefore, the deciduous
mixeéwood and coniferous mixedwood- preburn types ~were
combined into-one class and referred to simply as mixedwood

28



Table 3. Distribution of fires studied by fire size class

and by dominant preburn vegetation type

(large fires in northern Alberta,

DOMINANT FIRE SIZE CLASS ¢t

PREBURN '

VEGETATION C D E, E,

TYPE

___________________________ _}-__-_;-_______A-

7

Lowland

Openings 1 6 2 3

Upland

Openings 1 3 .+ 4 3

Deciduous _

Forest 1 2 0) 3

Mixedwood 1 4 3 1

White Spruce .

or Pine 4 3 3 3

Black .

Spruce . 0 2 1 ~ -3

Total N o8 20 13 16
. , >

-t -

t Fire size class C = 20-40 ha, D = 41-200 ha,

~_E, ='20]T400 ha, E,; = 401-2000 ha, E,’

29

1970-1983) .
TOTAL

E,
0 12
3 14
2 8
0 9
6 19
| 7
12 69
ha.

2001-20,000
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(Table 3). This combination was made only for preburn
vegetation types. Deciduous mixedwood and coniferous
mixedwood remained as separate species composition classes
for describing residual vegetation.

Kolmogorov-Smirnov tests for normality revealed that
none of the parameters measured were normally distributed,
even after transformation. Therefore, all comparilsons among
fire size classes as well as among preburn vegetation .types
were made using the Kruskal-Wallis test that examines

differences in mean ranks rather than mean values.

A. COMPARISONS OF RESIDUAL VEGETATION DISTRIBUTION AMONG
FIRE SIZE CLASSES

The value of perceht disturbed area was 100% for each
of the eight fires studied in size class C. Because of the
small sample size and tack of'variation within this size
class, 1t was not 1included in Kruskal-Wallis tests for
differences among size classes in percent disturbed area and
number of unburned i5lands per 100 ha. Median 1island area
was considered to be undefined for fires that did not
contain any islands. Therefore, fire size class C was also
excluded from statistical tests involving median island
area. Percent disturbed area decreased significantly
(p=0.0000) with increasing fire size (Figure 6(A)). Mean
values (SD) (SD.= standard deviation) for percen:t disturbed

area were 99.3 (1.1), 96.3 (4.5), 96.6 (2.4)° and 94.8 (4.0)
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for fire size classes D.through E,, respectively (Appendix
Table B.1). The decrease 1n percent disturbed area was
largely due to a significant increase (p=0;9001) in  median
1sland area with increased fire size (Figure 6(C)). Only 7
of the 20 class D fires studied (35%) contained 1islands.
The othe; 13 fires were not 1included in analysis of median

island area because this variable was considered to be

undefined for a .fxré that di1d not contain islands. Mean
values (SD) ot median isiand area were 2.29 (1.91) ha, 2.50
(1.20) ha, 2.59 (1.03) ha, and 9.39 (8.84) ha for fire size

classes D through E,;, respectively (Appendix Table B.1).
Numbers of 1islands per 100 ha were greatest for fire size
classes E, and E; and considerably lower for size classes D
and E, (Figure 6¢(B)) and differences among fire size classes
were significant (p=0.0003). Mean number of islands per
100 ha (SD) were 0.38 (0.63), 0.96 (0.50), 0.87 (0.41), and
0.39 (0.20) fo; fire size classes D through E;, respectively
(Appendix Table B.1). The low values of percent disturbed
area for fire size class E; indicate that the large
increases in island arzz more than compensated for the
decreased number of islands per 100 ha in this size class.
Number of islands per 190 ha and median island area and
therefore percent disturbed area were very similar for size
classes E, and E, (Figure 6).
The fire shape index aﬁd habitat ,diveréity index
increased significantly (p=0.0000 in both cases) with fire

~

.



34

size (Figure 7). Mean values (SD) of the fire shape index
were 1.79 (0.61), 2.40 (0.54), 2.36 (0.68), 2.96 (0.60), and

3.78 (0.99) tor fire size classes C through E,, respectively

(Appendix Table B.2). Mean wvalues (SD) of the habitat
diversity 1ndex were 2.17 (0.91), 3.29 (1.12), 3.48 (1.34),
5.11 (2.17), and 7.47(3.16) for fire size classes C through
E,, respectively (Appendix Table B.2). v
Percentages of burned area within 100, 200, 300, 400,

and 500 m of regsidual vegetation all decreased significantly
(p=0.0000 for all five distances) as fire 'size increased
(Figure 8). For fire size «class C, mean values (SD) of
percent of burned area within 100 m and 200 m of residual
vegetation were 82.5 (11.5) and 99.9 (0.2), respectively
(Appendix Table B.3). All class C fires had max imum
distances to residual vegetation of less than 300 m.
Therefore, class C was not included in statistical tests for
‘distances og/ 300, 400, and 500 m. Fire size class D had
mean values (SD) of percent of burned area within 100, 200,
300, 400, and 500 m of residual vegetation of 77.3 (14.0),
96.3 (6.7), 99.3 (3.0), 99.8 (1.1), and 100.0 (0.1);
respectively (Appendix Table B.3). Only one class D fire
contained any burned area beyond 500 m -from residual
vegetation and this amounted to only 0.5% of the area
disturbed in this fire. Mean values (SD) of percent of
burned area within 100, 200, 300, 400, and 500 m of residual

vegetation for fire size class E, were 56.1. (14.7), 83.1
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(73.0), 94.4 '8.5), 98.4 (4.3}, and 9Fes 2 ; respect:ively
ﬂAppend;; Table B.3). For f.re S;ze‘class E%, mean va.ues
(SD} of percent of burned area within 10, 200, 300, 400,
and 500 m of residual wvegetation were 47.1 (:12.3), 72.8
(2.¢), 86.2 (10.9), 93.0 (g.8), and 96. (6.8);
respectively fﬁbi\&éif "Table B.3). All <class E, and E,

P v

fires had maximum aistances to residual vegetation 1n excess
of 200 m. F:re si1ze <class E, had méan values (SD) of
percent ot burned area within 100, 206, 30C, 400, and 500 m
of residual vegetation of 30.8 (7.1), 53.2 (10.7), 68.4
(12.2), 78.7 (12.2), and 86.1 (11.2); ?espectively (Appendix

Table B.3). All «class E, fires had maximum distances to

residual vegetation in excess of 500 m.

B. COMPARISONS OF RESIDUAL VEGETATION COMPOSITION AMONG FIRE
. SIZE CLASSES
The 'composition of residual vegetation generally did
not differ significantly among fire size classes. Mean rank
of percent of fire perimeter bordering water increased
significantly }p=0.0204) with fire size (Figure 9).
' However, this trend was not seen in mean values of percent -
of fire perimeter borderzng ;ater which were (SD): 4.3
(12.2), 0.4 (1.5), 3.3 (6.2), 2.3 (4.0), and 3.5 (5.6) for
fire size classes C ;hrough E;, respectively (Appendix

Table B.4). Significant differences among fire size classes

\éz\\\\ggre not found for percentages'of fire perimetef bordered by,
: A\

.
N4 .



Figure 9.
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Mean rank of percent of fire perimeter bordering
water by fire size class for large fires 1in
northern Alberta, 1970-1983.

(n=69; Kruskal-Wallis H = 11.6220; p=0.0204) -
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Forest dens:ty classes C (7°-100% crown c.osure) and

sure; overstocked) were combined for aljil

@]
v
()
[}
b A
8]
"
o}
£
o)
[t
-
(@]

statistica. analyses because only one fire had any residual
forest 1n the D density class and only three percent of the
forested perimeter of this fire bordered D density stands.
é?omb;n:ng these two broad inventory density classes was

Jjustified Dbecause the comp:ined class is exactly eguivalent

to density class D ir the Phase 111 1inventory (Table 2).
Furthermore, there 1is no widely accepted understanding ot
what constitutes greater than 100% crown closure
(E. Winguist, AFS Timber Management Branch; personal

communication).

Significant differences among fire size classes were
not found for percentages of forested fire perimeter
bordering any of the three fo;égt density classes or four
forest height classes (Appendix Tables B.5 and B.6).
Percent of forested fire perimeter bordering deciduous
mixedwood stands increased through size class E.
(Figure 10). The mean rank for size class E, lay bet@een
those for classes D and E, (Figure 10). These differences
in mean rank among fire size <élasses were s;;nifican5;
(p=0.0419). Significant differences among fire size classes
were not found for percentages of forested fire perimeter

bordering deciduous forest, coniferous mixedwood, white

&
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Mean rank of percent of forested fire perimeter
bordering deciduous mixedwood by fire size class
for large fires in northern Alberta, 1970-1983.
(n=63; Kruskal-Wallis H = 9.9137; p=0.0419)
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* spruce or pine, or black spruce (Appendix Table B.7).
Percentages of unburned island area occupied by lowland
»openings, upland openings, and forest did not differ
significantly among fire size classes (Apgendix Table B.8).
Percentages of forested island area En density ¢Tass
A (0-30% crown closure) were higher for fire si%§ classes D
and E:N;haﬁ for fire size classes E, and E, ?Figure 11) and
differences among size classes were_s{gnificant (p=0.0302).
Significant differences among "fire Size classes were not
found for percentages of island’ area in density. classes
B (31—70% ,crown closure) or C (71-100% crown closure)
(Appendix Table B.9). Percentages of forested 1island area
in he{gh&‘class 1 (0-9 m) increased significantly (p=0.0147)
with f{re size (Figure.12). Percentages of forested island
area in he&ght classes 2 (9-18 m);. 3 (18-24 m), and
4 (>24 m) did not diﬁﬁer significant1§ among fire size
classes (Appendix Table B.10). Significant differences
among fire size classes were not found for pércentagep of

forested 1island area in any of the five species composition

classes (Appendix Table B.}1).

C. COMPARISONS OF RESIDUAL VEGETATION DISTRIBUTION AMONG
DOMINANT PREBURN VEGETATION TYPES

Percént disturbed area, number of unburned.islands per

-

100 ha, median island area, fire shape index, and habitat
( : N .
diversity index did not differ significantly among dominant

~

/
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Figure 12,
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Mean rank of percent of forested island area

with height of 0-9 m by fire size class for
large fires in northern Alberta, 1970-1983.
(n=29; Kruskal-Wallis H = 10.5118; p=0.0147)
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preburn vegetation types (Appendix Tables B.12 and B.13).
Significant differences among preburn vegetation types were
not found for percentages of burned area within 100, 200,
300, or 400 m of residual vegetation (Appendix Table B.14).
Percentages of burned area within 500 m of residual
vegetation differed significantly among preburn vegetation
types (p=0.0484). The highest values were for the lowland
opening preburn vegetation typé followed :in descending order
by milxedwood,  upland opening, black spruce, white spruce or
pine: and deciduous forest preburn vegetation types
(Figure 13).
. . \
D. COMPARISONS OF RESIDUAL &BCEIATION COMPOSITION AMONé
DOMINANT PREBURN VEGETATION TYPES

Most variables describing the composition of residual
vegetation differed significantly among dominant preburn
vegetation types. . Percentages of fire perimeter bordering
water = did' not differ significantly among preburn vegetation
types, (Appendix Table B.15). Significant differences among
pfeburn vegetation types were found for perceq}ages of fire
perimeter bordering lowland openings, upland opé;ings, and
forest (p=0.0000 in all _three cases]). The highest
percentages of fire perimeter bordering lowland openings
occurred in the- l@wland opening preburn vegetétion type
(Figure 14(A)). Similarily the highest percentages of fire

perimeter bordering upland openings and forest were found in
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the upland opening and forest preburn vegetation types,
respectively (Figure 14(B and C)).

Percentages of forested fire perimeter borderinq forest
density <classes A (0-30% crown closure) and B (31-70% crown
closure) differed significantly among preburn vegetation
types (p=0.0419 and 0.0247, respectively). The highest
percentages of forested perimeter bordering A density stands
were found 1n the lowland opening preburn vegetation type
followed 1n descending order by upland opening, white spruce
or pilne, m%xedwood, deciduous forest, and black spruce
preburn vegetation types (Figure 15(A)). The highest
percentages of fofested periﬁeter bordering B density stands
occurred in the black spruce type followed in descending
' y order by mixedwood, decid&ous forest?/éﬁitb spruce or pilne,

upland opening, and lowland opening preburn vegetation types
(Figure 15(B)). Percentages of forested perimeter bordering
forest density «class C (71-100% crown closure) did not
differ significantly among preburn vegetation types
(Appendix Table B.16).
Significant differences among preburn vedetation types
. were not found for percentages of forested fire. perimeter
bordering ‘any ‘2f the four forest height classes (Appendix
Table B.17). The seven fires that occurred in the black
spruce preb;rn vegetation type were all mapped with Phase

IIT cover types. Because Phase III height data did not fit

into the. classification used for this 'study, the black



48

(1PZ0 Osd "$616 LI & H S (OA- 8W8NIN 'EJeu (8JNSO (D UAMOJD XO(L-1€) B S88®|D A)isuBQ a9
(6190 Osd " iPIG 11 « H SIL{19A- | @XENIN E9eu (®4NS8O (D UAROJD %XOC-0 ) v 88@|D AlisueqQ:

(82N JAS %2@ (g8 s« B8S 'BuUid 4O 8DNUDS @) IUA « AS ‘POOAMDSX i & XN .
188.05 SNONP 1 28Q « 40 8O0uILURCD PuUR AN « ON ‘68U U0 PUR (MO e 00 "60dA| uo1@I8b8A uLinQa.d)
£86)-0(8) '81J0QLY UJBYIJOU U} S8J | 8Bue| Joj 8dAy uoiyereBer uungeud jurujmop AQ
g pue y sesse(d () suep 18840, Bujuepuoq Jerew(Led BJ| 4 PEISEIO} 4O seBejusdued ;0 ueuy ueay

8S xm‘ xc‘ mM»w ozﬂm:qoﬁuaw> zm:m%mmm ._.xﬂmz;xﬂo 40 on 01
1

3¥NS010 NMOY¥D
0L - 1€
8 SSH1J ALISN3C0

v)

\ \ ..,. of ¢/
NN \ /
Al \

L

3¥NS0TI NMOY¥3
Z0€ - O
H SSY1J ALISN3Q °
e

‘G1 eanby 4

MNUY NU3W



-~

spruce preburn vegetation type could not be inciuded in the
analysis of forest height data.

Percentages of forested fire per.imeter bordering
deciduous mixedwood did not differ significantly among
preburn vegetation types (Appendix Vable B.18). Percentagés

of forested perimeter bordering deciduous forest, coniferoys

mixedwood, white spruce or pine, and black spruce all
diftered significantly among preburn vegetation types
(p=0.00C1, ©.0039, 0.000C, and 0.0007; réSpeCtively). The

highest percentages of forested fire perimeter bordering
each of these four forest species composition classes
occurred in the corresponding preburn vegetation types
(Figure 16). ”’/,_./”

Significant differences ambng preburn vegetation types
were found for ©percentages of island area occupied by
lowland openings (p=0.0030), upland openings (p=0.0000), and
forest (p=0.0000). The highest percentages of island area
occupied by each general vegetation type were found in the
corresponding preburn vegetation type (Figure 17).

"Significant differences among preburn vegetation types
were not found for percentages of forested island area in
_ény' of the tﬁree forest denéity classes prpendix
Table B.20). Percentages of forested island area in height
classes 1 (0-9 m), 2 (9-18 m), and 3 (18-24 m) did not
differ significanily among preburn vegeﬁation - types

(Appendix Table B.21). Percentages of forested island area
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in neight  class 4 (-24 m) diftered sigrificantly among
préepurn vegetat.ion types (p=0.C202) (Figure °"8)

Percentages of :1sland area occup:ed by deciduous
forest, con:i:ferous mixedwood, white spruce or pine, and

black spruce diftered sign.ficantly among preburn vegetation
types (p=0.0107, 0.0222, 0.0054, and 0.0088; respectiveliy).
The highest percentages of forested island area occupied by
eact. 0! these species composition classes occurred i the
correspond:ing preburn vegetation types (Figure '9).
Percentages of forested :1siand area occupied by deciduous
mi1xedwood dad not differ significantly among preburn

vegetation types (Appendix Table B.22).
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Figure 18. Mean rank of percent of forested island area
with height over 24 m by dominant preburn
vegetation type for large fires in northern
Alberta, 1970-1983.

(n=29; Kruskal-Wallis H = 11.6502; p=0.0202)
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VI. DISCUSSION
’

A. COMPARISONS AMONG FIRE SIZE CLASSES

Although many studies have acknowledged the presence of
unburned islands of vegetation wiéhin large fires, few have
speculated. on fhe reasong,. for the existence of these
islands. Quirk and Sykes (‘h) found that unburned patches
of 200 year-old whifé spruce occurred in slight depressions
having higher soil moisture than adjacent 34«year:;1d stanas
that-had originéted ;fter fires. Rowe and Scotter. (1973)
and Van Waéner (1983) also suggested topography may play a
part in the formation of unburned 1islands. Variations in

A

wind and the location of wetlands and water bodies may also
affect the formation of uﬁburéed 1slands (Rowe and Scotter
1973). Foster (1983) suggested most narrow str}ngerg of
residual vegetation. formed déwnwind of fuel breaks but he
found no pattern in the distribution of‘larger islands.
“Fuel breaks may include‘water bodfes; areas.of bare soil or
rock, drz any other feature that disrupts the cgnfinUify of
the fuel bed. . . *

"As fire size increases, the probgbilit§ of encountering
fuel brééks or tobd@raphic features ;hat may be associated
Twith igland " formation also increases. Increased burning
time subjects iarge fires to varia?le Qinds (Foster 1983)
‘that may élso _cqntribute' to the formation of unburned
islands. Many Qf the smal&er‘ fires examined during this

55 <) B
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»
study may not have covered a large enough area to encounter
conditions associated with island formation or burned over a
long enough time period to be subjected to variable winds.
The total absence of unburned islands 1n fires in size class

C (20-40 ha) and in 65% of fires in size class D (41-200 ha)

1s not surprising 1in view of the fact that the .mean number

of 1slands per 100 ha was less than 1.0 for each of the fire
size classes (Appendix Takle B.1). The decrease in number
of 1slands per 100 ha for fires in size class
E, (2001-20,000 ha) relative to those in°~ size class

E, (401-2000 ha) 1is not as easily explained. Perhaps these
extremely lgrge fires burned over such long periods of time
that changes in wind direction were substantial enough to
blow the fire back over areas that had previously escaped
burning. — Another possible explanation }s that extremely
large fires may be associated with loné pJ::ods of drought
that would 1leave very few areas moist enough to escape
burning.

.Increases in median 1island area with increased fire
size (Figure_6(C)) could be explained by a tendancy for
islands to §ccur downwind of fuel breaks. Large fires éould
burn around or spot over large fuel breaks that would stop
smaller fires. These.larger fuel breaks could conceivably
result in the formation of.larger islands.

Mean values of percent disturbed area for all five fire

size clagses exceeded the value of B85% reported by Gasaway

-

L]
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and DuBois (1985) for a 500 km? (50,000 ha) fire in Alaska.
This should be expected because the area of the Alaskan fire

was 2.8 times the area of the largest fire examined for this

study and the results of this studf indicated that percent
j?isturbed area decreased with increasing fire size. The

[¢
‘/Ejnimum value of 82% found during this study (Appendix

Table B.1) compares favorably to the value reported for the'
Alaskan fire.

Anderson (19823), refe;ring to earlier studies, reported
average fire shape index equalled 1.5 and 92% of firés had
values less than 2.0. The mean vélue for class C fires in
the present study was 1.69 and the mean values for size
cl#sses D through E; all exceeded 2.0 (Appendix Table B.2).
The valugs given in the literature were based on elliptical
approximations of fire shape that underestimated the actual
fire perimeter (Anderson 1983). Because of the irregular
nature of the fire edge, approximations of the actual
perimeter measured for this study resulted in lerger fire
shape index values than previously reported. Andeczon
(1983) measured length to widtﬁ ratios of elliptical
approximatio&g of fires at various stages of growth. Length
to width ratios increased for some fires as they grew but
\remained relatively constant for others. The fact that the
length " to width ratio sometimes increased with fire size
qgrees with the increases in fire shape index associated

. . . )
with ‘increased fire size in this study. Incfeases in fire
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shape 1ndex with 1ncreased fire size also agree with the
\ A

suggeé?iog\s; Foster (1983) that very large fires may have
more compl;ﬁ\ shapes than smaller fires because they are
exposed to greater variations in wind during their longer
burning period. Unfortunatély, the combined effects of the.
length to width ratio and irregularit? of the fire edge on
the fire shape index used in this study cannot be separated.
Increases 1n the habitat aiversity indgf/ withn
Increasing fire size (Figure‘?(B)) closely \péralleled
similar increases for the fire shape index (F;éure T(A)).
LeResche et al. (1974) reported 59 km of edge between mature
-..stands and seral vegetation on a 2.5 km? sample of a
127,600 ha fire ;n Alaska. The habitat diversity index
calculated with their data is 10.53, whigh 1s within the
range of values measured for fire size class E,; during the
present study (1.76-14.31; Appendix Table B.2). The Alaskan
T~ -

// value is above the mean values calculated for this study but
\

P

/ this is to be expected because of the very large size of the

|

\\ Alaskan fire.

~~

—tngreasing the number or size of unburned 1islands or
thé elon;;tion or irregqularity of fire shape (increased fife -
shape index) will, for a given size of fire, increase the
percent of burned area withia a given distanc% of residual
vegetation. Increas.ng the size of a fire with a constant

shape and constant number and size of islands will decrease

the percent of burned area within a given distance of
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residual vegetation. Increases in mnumber of islands per
100 ha, median 1island area, and fire shape 1ndex did not
appear to be proportional to increases in total fire size
(Appendix Tables B.1 and B.2) (this was not statilstically
tested). -~Therefore, the percentages of burned area within
100 200, - 300, 400, and 5S00 m of residual vegetation
declined significantly with increasing fire size (Figure 8),
even though these decreases were partially countered by
increases 1n number and size of islands and increases in
. e )

Elongapiéﬂ and irregularity of fire shape.

Signif}cant differences in the composition of residual
vegetation among fire size classes should not be expected
unless preburn vegetation differed among fire size classes.
There were no obvious associations between fire size class
and dominant preburn vegetation types (Table 1) and the
number of fires studied was not large enough. to allow
statistical analysis of such associations. The increase in
mean rank of percent of fire perimeter bordering wager with
increasing fire size (Figure 9) may be misleading.. Median
values for percent of fire perimeter bordering water were
0.0 for all five fire size classes (Appendix Tabie B.4), no

X A
trends in mean percentages were observed with increasing
fire size, and the staé&ard deviétions exceeded mean values
for every fire size class. Therefore, it appears the trend
of increased mean rank ;ith increased fjre size may be due

13

to some problem,k with the data rather than differences in

7



fire behavior.

Differences among fire size classes in mean rank of
percent of forested fire perimeter bordering deciduous
mixedwood were barely significant (p=0.0419). This combined
with the reversal of the increasing trend in mean rank
between fire size classes E, and E, (Figure 10), fhe lack of
a consistent trend in mean values with increasing fife size
(Appé%dix Table B.7), and the lack of significant
differences among firg size classes for percent of forested
fire perimeter bordering other species composition classes
suggest the observed differences in mean rank may not be
ecologically important.‘ In view of the association found
between residual species composition and dominant preburn
vegetation type, it is possible that the results for percent
of fire perimeter bordering deciduous mixedwood were
affected by the fact that only oné fire occurred in an area
dominated by deciduous mixedwood prior to burning. There 1is
no way to determine whether this small sample was due to
chance associated with the random selectioq of fires or to
an actual low occurrence of fires in areas deinated by
deciduous mixgdwood.

ﬁifferences among fire size classes in percent of
forested island area 1in density class A (0-30% .crown

.&eﬁbsure) and petcent of forested island area in height class
1 (0-9 m) -may be related to the small number and size 6f

islands in class D fires. Only six class D fires contained
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residual forest within the fire perimeter. Each of these
si1x fires contained only one isfand and each of these
1slands ntained only one forested cover type. Therefore,
for ea¢h class D fire, percentages of forested island area
in each density, height, and species composition class were
either 0 or 100. Thus, the high mean rank of percent of
forested island area in density class A (Figure 11) and the
low mean rank of.percent of forested island area in height
class 1 (Figure 12) for fire size <class D may be due to
extreme values resulting from small nugﬁers and sizes of\
unburned 1islands for this fire size class. It the
significant differences found among size classes for percent -
of forested island area in density class A/yé;e between fire
size class D and tﬁe other three//ﬁﬁze classes, the
differences may have been due to the swall number and gize
of Aislénds in fire size class rather than actual
differences in vegetaﬁion charécteri tics. The same is true
in regard to differences in percent/of fores:;d\island area
in height class 1. 'Unfortunat ly, ‘the results of
Kruskal-Wallis tests do not revgal which ihdividual size
classes were different Erqm each other.
/ .

B. COHP;RISONS AMONG DOMINANT P%LBURN VEGETATION TYPES

Burning patterns as Aescfibed 2y percent ‘disturbed

area, number of islands pér 100 ha, median island area, fire

shape index, énd habitat diversity index did not differ
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among preburn vegetation types. This lack of differences
was not expected 1n view of the fact that flammability
varlies among tree séecies and thereﬁm&ed&ong forest types
dominated by different tree species' (Viereck and
Schandelmeier 1980, Fis;her and Clayton 1983, Van Wagner
1983). Howevér, differences in flammability may simply
affect the length of drying period necessary to support a
crown fire (Van Wagner 1983). Under severe environmental
conditions fire behavior in lowland forest types (e.g. black
spruée) zhat have relatively low flammability 1s similar to
that 1in upland forest types (e.g. white‘¥prhce or pine) that

N N

have relatively high flammability (Van Waéﬁer 1983). This
hypothesis 1is supported by‘ the sim&lariiy in burning
patterns among preburn vegetation types in this study.

The significant difference among preburn vegetation
types in,_ percent of burned area within 500 m of residual
vegetation appears t¢ contradict other results of this
study. The percent/of burned area within a given distance
of residual vegetation varies directly with number of
unburnéd islands, size of unburned islands, and fire shape
index and varies inversely with fire size. ' Differences
’9ﬁong preburn vegetation types in percent of burned area
within 500 m of residual vegetation must be related to
differences in fire size because number of unburned islands,
size of unburned islands, and fire shape index did not

differ among preburn vegetation types. MKowever, differences

-
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among fire size «classes for number of islands, size of
°

1slands, and fire shape 1ndex were highly significant.

Therefore, 1f fire size varied among preburn vegetation

types, corresponding variations should have been noted in

number of islands, size of islands, and fire shape index —

but they were not.

~ .
<

Comparisons of residual vegetation composition among
dominant preburn vegetation types consistently showed that
the highest percentages of fire perimeter bordering any
given generél ;;getation type or forest specles composition
class occurred in the corresponding ° preburn type
(Figures 14 énd 16). The same trend was evident in the
composition. of 1island vegetation (Fiqures 17 and 19). The
only two exceptions to this trend involved the percentages
of forested fire perimeter and ’forested 1sland area
associatedgyith the deciduous mixed@ood séecies qomposition
class. These two percentages did not differ significantly
among preburn vegetation types. Based on results for otper
sbecies cémposition classes, the highest percentages of
residyal forest associated with deciduous mixedwood should
have been expected to occur in the mixedwood p}eburn
vegetation type. However,:only one fire occurred in an area
dominated by»deciéuous mixedwood prior té.burning; the other
eight fires in the mixedwood preburn t&pe‘OCCurred in areas

dominated by coniferous mixedwood. The two exceptions to

the general trend may have been dué) to thisg  small sample

-
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size ,from areas dominated by deciduous mixedwood.

The trend for composition of residual vegetation to
correspond to the dominant preburn vegetation type suggests

/

in a very general way that fires are not more readily
4jppped by some vegetation types, than by others. Rather,
thg amount of fire edge bordering a particular vegetat1ion
typé is roughly. proportional to the occurrence of that
vegetation type before burning. A much stronger statemen:

could be made 1n this regard 1f the actual percentages @f

-

area occupled by each vegetation type before the fire were
known . fn order to obtain these pertentages it would have
bgen necessary to digitize every preburn stand within the
fire perimeter. The time required for this task would have
been prohibitive for this study.

Di'fferences among preburn vegetation types in percent
of forested .fire perimeter bordering density class A (0-30%
crown closure) and density class B (31-70% crown closure)
(Figure 15\) may have ‘been due‘to the association of
particular density classes with particular _ species
composition clasees rather than to d;ffere es” in fire
behdi gsidual f0f§§t in lowland openingl and upland
opening prebu¥Yn vegetation types had a ~low density as
indicated by these preburn type.*avir:g high percentages of
forested re perimeter bofdefing s?ands w(gﬁ 0-30% crown
closure (Figure 15(A)). Residual forest associatgd with

¥ < ) ¢

forested preburn types, especially the black spruce preburn‘
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type, tended tc be more closed as indicated by these preburn
types having high percentages of forested- fire perimeter
bordering stands with 31-70% crown closure (Figure 15(B)).
The statistically significant difference among preburn
vegetation types for mean rank of percent of forested island
area 1n height class 4 (>24 m) may not be biologicaily
important. This argument is based on the fact that fires
occurring 1n the lowland opening, deciduous forest, and
whlte spruce .or plne preburn vegetation types dicd no:
contain any forested i1sland stands with trees over 24 m in
height. Further, thé maximum percentages of forested island
area occupied'by stands with trees over 24 m in height were
only five percent and eight perceni for upland opening ahg_>
mixedwood preburn vegetation types, respectively (Appendix

Table B.21).



vil. CbNCLUSIONS
/‘\

The null hypothesis: the percent of area within 'the
fire per/meter that Is actually burned does not differ
significantly among fire size classes was rejected. Percent
disturbed area decreased significantly with increased fire
size (p=0:0000).

The second null hypothesis stated: the number of
unburned 1slands per unit area does not differ slgm/f;cénr/y
among fire size classes. This hypothesis was also rejected.
No 1slands occurred i1n any of the class C fires. Number of
unburned 1slands per 100 ha were considerably hiqggk &@or
fire size ciasses E, (201-400 ha) and E, (401—2000 ha) than
for size classes D (41-200 ha) and E, (2001-20,000 ha) and
these differences were significant (p=0.0003).

The null hypothesis: the size of upburned islands does
not differ significantly among fire size classes was also .
rejected. Median island area per fire increased
significantly with fire size (p=0.0000).

The null hypothesis: fire shape does not differ
significantly among fire size classe;s was rejected. The
fire shape‘index, a ratio of the leng;h -of the main fire

. .

perimeter to the perimeter' of a ciggfe of equal area,

increased significantly with fire size (p=0.0000). This

Lo
g

fn5 that as fire size increased, fire shape became more

elongate or more irregular.

G - o



€7

The null  hypothesis: the amount of edge between
diIsturbed and ;esidua/ areas, relative to the minimum
. possible amount, does not differ significantly amon§ fire
size classes was rejected. This variable was described with
a habitat diversity index that 1is a ratio of the total
amount of edge between burned and vunburned areas to the
perimeter of a circle with an area equal to the total fire
size. This index increased significantly with fire size
(p=0.0000).

The null hypothesis: the percentages of the disturbed
area within® 100, 200, 300, 400. and 500 m of residual
vegetation do not differ significantly among fire size
classes was rejected. The percentage of disturbed area

within each of the five distances of residual vegetation

¢

décreabed significantly with increased fire size (p=0.0000
.fdé:g}L\five distances).

“Only one null hypothesis’ was prqposed to examine
differences in composition of residual vegetation: the
composition of residual vegetation surrounding and within
large fires does not differ sfgnificantly among fire size
classes. This hypothesis was not rejsfted. Thirty-one
separate statistical tests were performed to examine this
null hypothesis. Percentages of fire perimeter bordering
water and each of three general vegetatioﬁ types were
examined for differences among fire size classes.

Percentages of forested fire perimeter ift +each of three

“a
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Q,

e€nsity cliasses, four height classes, and five species

@]

omposition classes were alsc exam:ned for differefgres amQQg
fire size <classes. The same ‘tests were repea‘ed for
percentages of‘ island area 1in each catego;?*except‘fhat
water was not included in the desc;gptlon of unburned
1slands. Only 4 of the ¢! tests Igevéaled signrt:cant
differences among fire size classes. Three of 3 hese four
siagn:ficant differencws may have been due t¢ small sampie
sizes. The fourth (percentage of fire gperxmeter %order;ng
water ) remains unexﬁlaxned. The mean rank of tﬁis
percentage 1ncreased Asignificantly w1th¢§!ncreasihg fire
size. However, qﬁ?n values showed nc trend and standard
e

deviations were larger than the means for all five fire size
classes.

The same seven null hypotheses were examined in terms
of differences among preburn vegetation types rather than
among fire size classes, even though the original selection

v
of fires was not stratified by prebugn vegetation type.
None of the six null hypotheses pertaining to the
distribution of residual vegetation could be rejected for
comparisons among preburn vegetation types. Percent of areé
actually burned, number of unburned 1islands per 100 ha,
median island area, fire shape index, and habitat diVersity
index did not differ signifiééntly among preburn vegetation

types (p=0.9917, 0.8813, 0.9211, 0.4789,  and 0.8105;

respectively). Percentages of burned area within 100, 200,

r

’
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300, and 400 m of resicdual vegetation did .not differ
significantly émbng preburn, vegetation types (p=0.0592,
0.1390, 0.1262, and 0.0984; respectively). The percent of
burned area within-500 m of residual vegetation differed

-

s{gnifi?anfly among preburn vegetation lypes (p=0.0484).

“However, this.difference is barely significant and remains

~

- " [l

unexplained 1in view of other findings {n regard to the
distribution*of residual vegetation.

The hypsgheSls: the composifibh of residual vegetation
surrounding and within laﬁgeilﬁifes does not differ
significantly among  preburn veg@tation types Qas rejected.

LU - s
Percent of fire perimeter bordering water did "not differ

sighificanfl& among preburn - “vegetation types;r‘ The

4

percéhtages of fire perimeter  and isYand area associated
with the three general vegetation types and the forested

species composition classes differed | ambng  preburn
. - y

g' . R : R . o ~ \

vegetation types. . The general trend was for the hjghest

percentages of fire Werimeter or island area associated with

}

" 'a given general . yegetation . type - or - forest spgcies

composition class to occur in the corresponding preburn

begetation EVbé.;ﬂ There were :wo exceptlons to thls trend.
/

"Percentages of forested fire perlméter and forested island

a ‘

.area associated wlth the dec1duous m1xedwood spécies

composatlon class dld ‘not’ d1ffer 51gn1f1cantly among preburn
vegeq'txon types.: Th1s may have beeh due to a“ small sample

sxze tor f1res occurr1ng in .areas dom1nated by deciduous
[ <

. . . EX S
\ : - T e
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mixedwood prior to burning. wWith three exceptions,
perceﬁtages of forested fire perimeter and forested island
area associated with the ?hree density classes and four
height classes did not differ sig;ificantly among preburn
vegeﬁation types. Percentages of forested fire perimeter
berdering A density stands (0-30% crown closure) and B
density stands (31-70% crown closure) differed significantly
among- preburn vegetation types (p=0.0419 and 0.0241
respectively). These differences were‘probably due to <he
;ssociatioﬁ of -~ particular dersity classes with.particular’
species composition classes rather thén to differenceé in
fire behavior., The- - percent of forested islanc?.area in
height class 4 (>24 m) differed significantly among preburn '
. vegetation typgg (p=0.0202). However, thisAheigpt ciass was
present 1in the 1island vegetation of onlyvftwo preburn
Qegetation _types "and represented leég than 10% of'the
forested island area in each of these types.
Four objectives were 'set for this study. Theafirst two
were: (0,) to determine the spatial distribution of residual

vegetézt ion in and around large fires in Alberta and (0,;) to

ldrge” flires” and of unburned islands within large fires in
Alberta. Thgse‘twovﬁﬁfecfivés weﬁp accomplisﬁéd. The gh%rd
;nﬁ fourth ob]ect10bs were: (0;) to determine |if ?ihe
~.d15tr=ib¢1t fon and. 1tlon of * nesidual vegetat fon vary .

\‘n

“‘ii 'Wﬁ;jﬁe‘ sié‘e classeshgnd (0.) to determine if the

L i*g::‘./\

o

deter'mihe the .composition of residual vegetation surround I ng
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distribution and composition of- residual vegetation vary
among dominant preburn vegetation types. Two general
conclusfons can be made regarding the last two objectives of
this study. The distributi§n of residual vegetation varied
among fire size «clasges but not among preburn vegetation
types. The composition of residual vegetation varied among

preburn-vegetatlon types but not among fire size classes.



VIII. MANAGEMENT IMPLICATIONS

A. IMPLICATIONS TO FOREST REGENERATION

Natural reforestatiqn'of burned areas can result from
seeds and vegetative propagules that survive within the
disturbed area or from seeds that disperse from stands of
residual vegetation (Martin 1955, Lyon and Stiékney 1974,
Johnson 1975, Moore and Wein 1977, Archibold 1979, Archibold
1980) . The relative 1importance of propagules surviving
within the disturbed area versus seeds dispersed from
residual stands varies among tree species. The success of
regen i7tion decreases with' increasing distance from the

Seed source for' species that depend on dispersal of seed

~from residual stands (Zasada 1971, Viereck and Schandelmeier

1980) .
&

Trembling aspen regenérates profusely through suckering

"from root tissue after fites (zasada 1971, Archibold 1979,

" Archibold 1980). Aspen also produceg large amounts of very

. v * n‘ L]
light seed that can be dispersed extremely long distances by

wind (Viereck and Schandelmeier 1980). Therefore,. distance

Y

. to residual vegetation “is rgla;ively unimpdrtant to the

o

"establishment of tfemblihg aspen: in burfled’ a;éa;. White

birch is  also capable of vegetative reproauction_following

fire- but the basal buds from which ‘this regeneration

‘originates are more easily killed by fire than are the roots

Of’aspen (Zaséda 1971). * Most postburn reproduction of white

9.: ;M.w. B ..: 72 ‘ ' -

-

-

-
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birch 1s from seed (Zasada 1971). Although birch seed can
Hisperse great distances, most falls, within 100 m of the
parent tree (Archibold 1980). Regeeeration of white spruce

1s usually dependent on seeds dispersed from residual stands
(Archibold 1980, Viereck and ' Schandelmeier 1980) and the
maximum seed dispersal distance for this species 1s
approximately 100 m (Doﬁbs 1972). Maximum seed dispersal

- distances for lodgepole pine and black spruce are also about
100 m (Zasada 1971, Lotan 1975). Lodgepole pine and jack

!.ne often release’viable seeds from serotinous cones on

burned trees (Ldtan .1975, Cayford gand McRae 19&’&,ﬂ.Very
fntense fires may kill seeds stored’ in serotinous _cones

‘ (Brown 1875). The ‘cone,s of black. spruce are .semi-serotinous

and clﬁmps of cones in tops of trees often contain viable

seeds after bufning (Zasada

,971, Viereck 1983). Thus,

o v5uccessful regeneratlon of lodgepole pine,. Jjack pine, and
black spruce often 1s_n9t dependent on seed dispersal frod

c N re?idual stands unless the fire was very intense.
A ! .The percent of burned area within 100 m of residual
. ) ' vegé&atlon decreased with increasing fire size (Flgure 8(A)4

App d1x Table B. 3) Therefore, the potential for natural

~reforestation of the entire burned area by tree spec1es that

dases with increasing fire size; Despite the decreasiné
_Eiaf’ for natdﬁel reforestatlon w1th increasing fire

even the largest butrns . contaln substantlaI areas that
: »

-

d1spersa1 of seed from re§1dual.uareas alsb..

%
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can be reforested from nafiral seed sourcese Considerable
time and money can be saved if this is taken into account
when planning planting programs for the rehabilitation of
burned areas. The percentages Qf burned area within 100 m
of residual vegetation that are preeented SN Appendgg
Table B.3 do not take, iqto account stands of residual
vegetation less than one hectare in size. Aléhough such ‘P>
1slands did exist and arevpbtential seed sources, they were
too small to be mapped at the scales wused in this stuéy.
Therefore,< the percentages of burned area w1th1n 100 m of
residual veget 1on that are prédfsented in Append1x Table p\B
are minimum - percentages of burned area that can \be
revegetated by seeds dispersed from regiduél vegetation. \3
To determine the proportion of burned area that caﬁ
potentially be revegetated by a particular tree species, the
- * . \]
. proportion of burned area within 100.m of residual - ’

vegetation must be mult1p11ed by the proportion of residual

vegetat1on that was forest and the‘proportxon of residual

3
forest associated with the species of interest. - For

example, if 80% ef the dfstu;bed area for a partichlar fire
wwas within 100 m of residual.vegetatioﬁ, 50% of the residual
vegetation was “forest, and 60% of the reszdual forest was
white spruce, then 24% of the burned area could potent1a11y. o -
be revegetated . by -white spruce (0.8x0.5x0.6 = 0.243. , |

- : . ) ' g

Generalizations involving the mean percentages of residual ¥;.“

T

vegetation associated, with forest and mean percentages of
e e:— ’ . .

- A
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residual forest associated with particular species
composition claeses would be of little.wélue because of the
“high standard deviations lassociated with these means
(Appendix ' Tables B.15, B.18, B.19, and B.22). Therefore,
the 'potential for }egeneratieq of a particular species must®

be analyzed for each individual fire.

B. IMPLICATIONS TO UNGULATE HABITAT

Use of foraging areas by ungulates decreases as
Qistance to cover increases ard it has been suggesfed that
'distancesrto cover 1n optimum ungdlate habitae should not
exceed 200 m (Oldemeyer and Regelin 1980, Euler 1981).
Percentages of . burned area within 200 m of residuql
vegetation decreased with increasing fire size (Figure 8(B);
Appendix Tab%e B.3). Therefore, ‘although larger fires
produce lerger .feraging areas, -the pefcent of foraging
habitat'tbet is close enough to cover to receive eptimhm use
decfeaees_,with increasing fire “-size. ‘The percentages of
' ermeé'area within'ZOO_m of.vresidual vegetation thet are
_ preseﬁted'.{i Appendix Table B.3 are the maximum percentages
’of-burned area that couid provide optfmal forag1ng hab1tat
:1t all residual vegetatlon prov1ded suitable cover. -

Median. island areas for fire size classes D, E., ‘and Ez
(Appendxx Table B.1) were sl:ghtly below the opt1ma1 size of
three ;q.f1ve vhecta:es recommended by Euler (1981) for
islahds\ of cover habi?at for moose and considefably below

..“ :‘ . . . "'5..-"‘. . .
I '
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the minimum size of 12 ha recommended by Thomas et al.
(1976) fsr elk. Medianqisland areas for fire size class E,
(Appendix Table B.1) meet the requirements for cover habitat
for moose. Although the mean value of median risland area
for fire size class E, was less than the mxnzmqw reguirement
for cover habltat for elk, the maximum value 1 (35.11 ha;
Appendlx Table B.') indicates that some of “the islands in
fires in this size class are large enough to provide elk
with suitable cover. w
Several authors have suggested that increased amounts
of habitat edge are beneficial to wildlife (Thomas et al.
1979, Ba;gs and Bailey 1980). The habitat diversity index,

a measure of the length of edge in a given area relative to -

the minimum possible amount, increased with fire size
. ; EY ‘ .

(Figure 7(B)), suggesting benefits to wildlife hahy{;t'may

[y

increase with fire size, However, this apparent benefit és
wildlife habitat was cduntered by increasing percentages of

burned area beyond 200 m from cover.

.

[

i Thomas et al. (1976) suggested adequateishermal cover
for elk should.have at 'least 75% crown closure and Telfet_
(?984) suggested at least 50% crown ‘closuré for. covef
habitat ﬁorfmobse. In tenms of the dens1ty classes used ifi
tﬁis study; density - class C §7T 100% crown closife) meets :
these requ1rements."§9me stands 1n deﬁ51ty class B (31 70%

crown closure) ﬁ%y also provide adequate cover. Adequate

'thermal cover for elk is at least 12 m in _he1ghtlﬁ6T§omas.

[ o . R . - ’



et al. 1976) and adeguate cover for moose is at least 0 m
in height (Telfer 1984). Ths§i adeguate cover should-be
provided by height classes 2 (9-18 m), 3 (18-24 m), and
4 (>24 m). The lower extreme of class 2 may be marginal.

Wwelsh et al. (1980) reported that wuse of mixedwéodf'

stands by moose declined 1if the coniferous component was

-less than 20% and Telfer (1984) described good moose cover

as being less than 50%_decidubus. In terms of the forest

specles composition classes used for this study, coniferous

mixedwood, white spruce or ©pine, and black spruce should

provide suitable cover. The greates; percentages of
LIEN

residual forest ' associated with these species composition
classes occurred in the mixedwood, white spruce or pine, ahd

black spruce’  preburn vegétation typés, respectively.
» .

Therefore, fires!in these preburn vegetation types have
greater potential for improving wungulate habitat than do
fires occurring in ;he lowland’openingq uplana' opening, or
Ade&iduous forest preburn vegetation types. §ctual

percentages of residual vegetation associatdbr with
. particular general vegetation types and percentages ofb
residual fdrest associated with particdiar dené&ty, ﬁeight,.‘-'
and. species composikiohfﬁéiésses u}eré extremely variable ‘

. »

within as well as among dominant . preburn vegetation( types

. (Appendix = Tables - B.15 through'B.éZ). Therefo;e, the
s o _ . '
sujtabil@;y of the compogitiog of residual ..vegetation for

cover habitat -must be assessed for egsfwipéividuap fire, ™



I1X. _FU?URE RESEARCH

L]
Many of the results of <this study merit further

/

examination. Ground trutking ‘of residual vegetation is

needed to assess damage ‘that canno& be seen on aerial

photographs. Ground fires may inflict potentially lethal

damage to the trunks and lower crowns of trees without
immediately distugbing the upper canopy. Such damage could
not be determined from the air photos used in this S$tudy
because the fires were photographed almost 1mmediately after.

burning. Ground truthing should also assess wind damage to

small islands and to narrow pockets of residual vegetation
extending into the burned area. Ground truthing should be
done at least one year after burning to allow time for these

potential reductions in the amount of residual vegetation to
L J
manifest themselves. I{ may also be possible to assess

. - .

these factors by examihing later air photos: However, it

« .

may be difficult to’ distinguish residual vegetation from

regrowth in many cases. '
/ ‘
I have mentioned several ‘times the imporfance of,

cpmpé?fng the composition of residual vegetation to the
S : , 3

actual composition of preburn vegetation. With ~the data

base used for .-thig study, it would have been necessary to-

. A : . v ’ N g
digitize every preburn stand on the AFS fire maps in order

.to determine the actual composition of preburn vegetation. -

This would simply have been too time consuming .for this

study.’ Recentiy developed Geographic' Information Systems

i-
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~J
D

that are now being used by many natural resource agencies

1

have data storage and retrieval capabilities that will make

1t very easy to. determine the actual composition of preburn

“

vegetation for future studies.

More work 1s needed to explain why islands of unblUrned

-

. . _ : . 0
vegetation occur. This should involve mapping the positions

.

of water bodies and other fuef* breaks .relative to the
> .

location of unburned 1islands. An attempt should also be

N

made to determine wind conditions at the time the fire front

- o

passed the location of islands. Topographic variations

assoclated with 1sland occurrence should also be more

closely examined.

A great deal of work 1is necessary in the evaluation of

-

use of residual cover habitat by unguiates. Much work has
’
begn done on the use of bupned areas by ungulates. However,

most published descriptions of what.constitutes suitable
cover habitat in terms of island size and yegetation
characteristics seem to be based largely on speculation.

Field work is also needed to evaluate relationships _ between

the ‘habitat diversity ~ index and wildlife population
resp‘es. o _ - - \

s
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X1. APPEN‘DIX A METHOD OF DETERMINING ARE;S WITHINkG_IVVEN
'DISTANCES OF RESIDUAL VEGETATION
The data'file for-each fire studied contained x and vy
coordinates for sets of p01nts which when 301ned together
,formed 51mp1e closed polygons representlng the perlmeters of
‘the main fire, spot flres,\and‘unbprned islands. In.ordet
to calculate areas within 100, 200, 300;.40Q, and '500 m of
\residualiiegetation, five new sets of points were determ}ned-
‘for each polygon; one set for each distance from "residual
vegetatlon » | , | ‘
The- angle (0 360 ) - a line ;oetpendiculat tol‘tne”
perimeter of a polygon at a point in the or1g;nal data set‘

was determ1ned by. blsectzng the angle formed by 301n1 g that

. point “to the ‘next‘ p01nt on each sif8le of 1t (Figur, A,]).

The\procednre that was used calculated. the a ropriate

'Adirectidn_ into the burned area (1nsxde flre perlmeters and-\

’

70ut§ide 1sland perlmeters) only. if the polygons were

diﬁitized n.oa clockw1se direction. ' If polygons vere -«

A

wlw-d1glt1zed counter clOckwiSe, the r'direction calculated for

‘fthe perpendlcular extended 1nto re51dual vegetat1on (outs1de o

tffthe flre perlmeter and inside 1sland perlmeters) . The x and.

'*fy componehts of a dlstance correspond1ng to 100 m in the:,‘

. d1rectxon of the perpendxcular were calculated (F1gure A.1).
These eomponents were added to~the x and y coordinates of

the or191na1 p01nt to obtaan the X and b2 coord;nates of a

_i;fﬁnew, po1nt LQO m-from resxdual vegetat1on. To obtain the x

3
‘

L I L ' “" _: 87



Figure A.1.

88

: /

£

Determ1nat10n of points 100m from
r¢sxdua1 vegetat1on.

>

P, Q. and R are consecut1ve points in the.

: Orxglnal data.

‘ QQ is a p01nt~100 m from re51dual vegetatipon

at point Q.

X - the x component of the -100 m line segment.
Y - the y component of the 100 m line segment.

-
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and y coordinates of -points 200, 300, 400, —and 500 m from
residual vegetation, the x and y components of the 100 m
segment were multiplied by th,"three, four, and five
respectively and added to the x and y coordinétes of the
original point. This procedure was repeated for each point
in the original data set.

] The new points for each polygon were joined to form
1sopleths each of the fi?e distaﬁces from residual
vegetation. These isopleths werernot éimple closed polygons
and often crossed isopleths associated with other polygons
(Figure A.2(A)). Appropriate portions of the isopleths were
digitized to provide sets of points which when joined
together formed non—overlappiAg simple closed polygons, -the
periﬁetérs 6f which were 100, 200, 300, 400, or SOQ m from
residuél-végétation (Figure A.2(B)). The area of edch of
these. simple élosed polygons was cal;ulafedﬁ : ,

b The area greater than 100 m from residual 'vegetation
was ,calculated. as the sum of the areas of polygons defined
by points 100 m inside fireﬁﬁerimeters minus the sum of the
areas of polygons defined by points 100 m outside perimeters
of unburned islands. The area greater than 100 m’,from
residual vegetation was subtracted from. the tbtal area
;bugpéd'to,gét the areqvéithiﬁ 100 m.gf res{dUal vegetation.
This - procedure was repeated férfdigtancesvof 206, 300, iOO,

and 50Q m,

I D {
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"™GTICK PLAN #3.05-529. fﬂ;gkﬁ « DF1-48-80

' $CALE = 1:15000.
i~

. ——— FIRE OR ISLAND PERIMETER .
leeemenees 100 METERS FROM RESIDURL VEGETATION

Figure A,2. Fire map showing:
’ A, overlapplng complex 1sop1eths 100 m from
residual. vegetatiion and
B. non-overlapping S1mp1e isopleth 100 m from
residual vegetat1on ;
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