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INTRODUCTION

Since the 1960's there has been a growing awareness of the vital

 role that fire played in the dynamics of many pristine ecosystems (see

Baker 1975 fpr a partial bibliography). Prior to this time National
Park Serviqe policy was to completely suppress all natural and man-
caused fires in western national‘parks. However, recommendations by
the Secretary of the Ipterior's Advisory Boafd on Wildlife Management
{Leopold 1963) resulted in new management policies that recognized the
role of fire in many natural ecosystems anddéhat provided for the use
of natural and/or prescribed fire as management tools-(National Park
Service 1970). Fire m;nagement plans using natural and/or prescribed
fire were implemented in several national parks (Hendrickson 1973),
and management policies have been‘further re&ised.to reflect rapidly
increasing scientific knowledge and management expertise regarding fire
in park ecosystems (National Park Service 1975).

Scientific research during the 1960's and early 1970's documented

the importance of fire in ecosystems in northwestern Wyoming (Oswald 1966;

Taylor 1969, 1973b, 1974; Loope 1971; Loope and Gruell 1973; Houston 1973;

Gruell and Loope 1974). ‘This research provided the scientific foundation
for a fire vegetation management plan for Grand Teton NationalAPark'that-
was implemented in 1972 and updated in 1973 following prepératioﬁ of an
environmental assessment, draft environmental impacf statement, and a
public hearing in Jackson, Wyoming (Grand Teton National Park 1973).

After implementation of this plan in 1972 and prior to the Waterfalls

Canyon Fire in 1974, only two lightning-caused fires occurred in that

A
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portion of the Park zoned for letting natural fires run their course.
These fires attracted little attention. However, the Waterfalls Caryon
Fire that started from a lightning strike on July 17, 1974 was not
declared out until December 1, 1974 after burning over about 3,500 acres.
{1,414 ha). This sizeable and long enduring fire attracted national as
well as local attention and created considerable controversy (Loope and
Wood (In Press) provide a Brief description of the fire).

As part of ongoing research on fire ecology and in response to
strong public interest in the Waterfalls Canyon Fire, studies were
initiated in 1974 tovdocument effects of the fire and long term succes-
sional changes following it. Thé study design provides for repetitive
measurements of several ecological parameters over a long time period.
This report summarizes research accomplished during the summers of 1974
and 1975. Some aspects such as ﬁeather conditions during the-fire will
be presented elsewhere. No attempt has been made to utilize all the
scientific literature that might relate to the analysis and ipterpreta—

tion of data obtained to date.



METHODS

ey

~ Mapping the Burn

Park Ranger Dick Guilmette mapped the daily progress of the fire on
a 1:24,000 U. S. Geological Survey, Colter Bay, Wyoming quadrangle.
| In 1975 the burn was mapped into the following categories on black
and white aerial photos taken in September, 1969. Photos varied in scale
" from about 1:14,000 to 1:22,000 (U. S. Forest Service series TNP).

1. Severe burn-— most tfees (90 percent or more) were killed,
usually By_crown fire, with foliage and branches consumed to
varying degrees. Above ground portions of herbs and shrubs
were largely consumea, but in some instances rapidly moving
crown fire killed most trees but not all understory vegetation.

2. Moderate burn — much of the tree overstory (40 percent or more)

was alive one year postfire. Individual trees and/or small
groups of taller trees were killed by crown fire, and heat from
>néarby burning trees or cpeeping»ground fire killed others.
A higher percentage of understéfy trees may have been killed,
but ground fire typically createa a complex mosaic of burned
and unburned understory vegetation.
3. Unburned - areas where neither trees;nor understory vegetatidn
was burned. ) . =
Two broad vegetation types were méppéd: coniferous forest and meadow-
shrub. The latter type included some avalanche paths with dense, scrubby
conifers and/or aspen.

Mapping was done by systematically covering the burn on foot and

e g A ——— 1o e = o
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from a boat on Jackéon Lake. Differences iﬁ topography, vegetation types,
density and/or height of the tree overstory, and other characteristics
apparent when viewing the 1969 photos stereoscopically and reference to
large scale color photos taken in October 1974 permitted fairly accurate
delineation of the three burn intensity classes. Acreage was estimated
with dot grids (64 or 256 dots/in2) directly from the 1969 aerial photos
after they had been stratified into as many as three elevation zones to
reduce errors from variations in photo scale.

" Four slope classes were ﬁapped by inspection of topographic varia-
tion on the Colter Bay, Wyomingrquadrangle kcontour interval 40 feet
(12.2 m)). Acreage in slope classes was estimated with a dot grid
(64 dots/inz), and mean percent slope was estimated from 41 measurements
on the quadrangle.

Fire Effects and Successional Changes

Four fire "treatments'" were selected and permanent study plots were
established at each site (see Figure 1 for locations):

1. Severely burned in 1974 - This site of about 89 acres (36 ha) was the

largest contiguous area on a fairly uniform site that was uniformly
severely burned in 1974; partly on July 28 and partly on August 28.
Slope was 0-5 percent.east. Essentiallyjali ébove.éréund Qegétation
was killed and most was consumed by the fire (Figure 2). Before the
fire the site was covered by sﬁruce—fir foréét similar in species
composition and successional status to the unburned site described
below. A small stream that dried up by the end of;July in 1975 flowed

through the site.

2. Moderately burned in 1974 - This site (Figdfe 3) included about
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Figure 1. Location of the Waterfalls Canyon Burn and study sites.
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116 acres (47 ha) on a 0-5 percent east slope and was typical of
moderately burned spruce-fir forest on similar sites throughout

the burn. The area burned or reburned on August 1 and 28 and .
September 8 and 18. The permanent study plots probably burned

~on the 18th. Prefire vegetation was spruce-fir forest similar to
that on the unburned site but somewhat more advanced successionally.
than that on the severely burned site. |

3. Severely burned in 1932 -~ This area of about 100 acres (40.5 Ha) 

was a man-caused fire. The site was swept by a severe crown fire
with results very similar to those on sites severely burned in
1974 (Figure 4). Topography was.somewhat more varied on this site
than on the other three. It included several small knolls and low

ridges with slopes that varied from 10 percent northeast to 3-6

percent south and 4'pércent southwest. Prior to the 1932 fire,
vegetation was probably the same as on the unburned site immediately
to the southeast. Although the prefire spruce-~fir forest was
probably fairly uniform, vegetation in 1975 varied from open grass-
forb=-shrub (Figure 5) to dense lodgepole pine forest (Figure 6).

L. TUnburned - This site (Figure 7) of about 42 acres (17 hé) waé'.
immediately adjacent to the area severely burned in 1932 on a'déé‘

percent south slope. In 1975 the vegetation was spruce-fir forest

{(see detailed vegetation description below).
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Fire effects on the 1932 burn 3. 01 &4 #ears after the fire.

Figure 4.
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Plants
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Three 15 m x 25 m macroplots were permanently established with steel
fence posts at each of the four study sites (Figure 8). In all but the
1932 burn the first macroplot on each site was located by pacing a pre-
determined distance into the site on a predetermined compass bearipg.
The other gwo macroplots were then located sequentially 150-164 feet
(45.8—50.2 m) from each other on a predetermined compass bearing.
Distances and compass bearings were selected to keep macroplots within
an area of ma#imum.homoéeneity of burn, vegetation, and topography. ‘Qn

. the 1932 burn a single macroplot was established as described above in
each of three strata that reflected differences in tree density. The
objective was to sample the full raﬁge of variation in successional

responses to the 1932 fire.

Height to the nearest foot and diameter at breast height (DBH) to the

nearesf 0.1 inch were recorded by species for éll live and dead trees
two feet (0.6 m) or taller on each of three 5 m x 25_m belts within each
macrop}ot. Tree height was measured with a 10 foot pole or a Suunfo
PM5 clinometer. DBH was measured with a diameter tape. Trees less than
1 inch in DBH were given.a DBH of 0.5 inch. The presence of lichens,
dead tops, brokén out tops, and leaning trees was also recorded as'appro-
priate for each tree. Current year's growth of terminal leaders and of
one randomly selected lateral leader was measured to the nearest 0.5 cm
for ali trees where terminal leaders were within reach.:

The following data on. understory herbs, shrubs, and trees up to

2 ft. (0.6 m) tall were recorded by species -on each of ten 2 dm x 5 dm

P e i et
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3 “plots at 2.5 m intervals on the right side of each of two tramsects

extending from permanent stakes at the 5 m and 10 m marks along one end
of each macroplot (Figure 8). (1) number of tree seedlings produced
during the current year, (2) number and height of trees up to 2 ft. (0.6 m) .
tall, (3) aerial coverage as defined by Déubenmire (1959) for herbs and
shrubs estimated to the nearest percent, (4) number of single-stemmed
and/or individually recognizable herbs rooted in the plot, (5) number of
individual shrub stems rooted within the plot, (6) maximum height of
shrubs rooted within the piot, and (7) percentage of ground surface not
.covered by aerial plant growth.

Ground surface characteristics (Table 1) were determined from cate-
gories hit by each sharpened corner leg of the 2 dm x 5 dm plots

(80 points per macroplot).

A close up and two distant color photographs (3.5 in x 5.0 in prints,
Pentax Spotmatic 35 mm camera, 55 mm lens), Kodak Vericolor II Profes-
sional Film Type S) were takgn alpng each transeqt used to describe
undergto;y vegetation. Closeups were of 3 ft x 3 ft quadrats 2 m from
the permanent transect stake over_which the camera was centered 54 inches
above the ground on a tripod. Distance photos were taken along the
transect tape to show general characteristics of tﬁe understory and the
tree canopy. Prints became part of the permanent data file for each macro-
plot. These photographs (and slides if needed) provide visual documenta-

tion of successional changes.

= ey
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Animals

Insects. Airborne and foliage insects were collected only from the
1974 severe burn at bi-weekly intervals during July and August, 1975.
Each collection consisted of three samples of 48 strokes each with a
standard sweep net (Kendeigh 1974). Samples were sorted into insect
orders.

Birds. Bird density was estimated by the transect survey method
(Haapanen 1965, Kendeigh 1944) during four censuses on each study site
and another climax spruce-fir forest site ,(Spruce-Fir II) between June 25
and ngy 10, 1975. Breeding birds were considered to be those.within a
75 £t (22.9 m) wide belt on each side of a 1,000 yd (914 m) paced tranmsect
(census afea=10.3 acres (4.2 ha)). Birds outside the tramnsect were also
recorded as were mammals within the transects.

Small Mammals. Part of the severe burn that burned on July 26, 1974

was snaptrapped for 3 consecutive days (360 trap nights) in early August,
1974 using methods described by Calhoun and Casby (1958).

In 1975 each study site was llvetrapped for five consecutive nights
between Juiy 1-18 and between August 6-23 using a 50 m x 100 m (0.5 ha)
grid with a small (2 x 2.5 x 6.5 in) and a lafge (3 x 3.5 x 9 in) Sherman
folding livetrap at each iO mx 10 m grid intersectibn (50 small énd'SO
iarge traps/grid). Bait was a mixture of peanut butter, rolled oats, and
bacdn grease. Cotton batting inéidé the‘ffaps provided prdtectiéﬂ.
Captured mammals were identifiedto species, toe-clipped-for individual
identifica£ibn, weighed, sexed, aged (young} adult),.examined for repro-

ductive condition, and released at the capture point. Population esti-

g
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mates were made by the Schnabel method as described by Overton and Davis

(1969). Known mortality was taken into consideration.

Soils

Soil Conservation Service (SCS) personnel made detailed soil profile
descriptions at the severely burnmed, 1932 burn, and unburned sites using
standard SCS techniques. Twelve, 5, and 3 soil samples were taken from
the severe burn, 1932 burn, and unburned sites, respectively to be
analyzed for pH, moisture_tensién (15 bar), organic carbon, and organic
nitrogen at the SCS Soil Investigation Laboratory, Riverside, California.
Analyses were not available when this report was written.

Water Quality

Water samples were obtained on October 24 and November 27, 1974
and at about weekly intervals (8 times) between June 11 and August 20,
1975 from two étreams that drained unburned watersheds (Moran Creek
and North Moran Creek) and from three that drained partially burned
watersheds; streams in Waterfalls Canyon and Colter Canyon called
Waterfalls Creek and Colter Creek, respectiﬁely, and a stream flowing
east from Ranger Peak called Falcon Creek. An additional intermittent
st?éém (éalledeurn Cfeek) thatAflowéd-through the éevere burn stﬁdy
site with most of its watershed severely burned was sampled in 1975.

pH, turbidity, and nitrate concentration. were determined at the

"time of collection by colorimetry (Hack Company DR-EL photometer and

reagents); stream temperature was measured and volume of flow was esti-
mated. Filtered and frozen samples were later analyzed for phosphorus

by the standard molybdate method (American Public Health Association
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1962) in the laboratory at Park Headquarters. Turbidity was measured

only if coloration or cloudiness was visible.

An additional set of samples collected July 24, 1975 was analyzed
by personnel at the Forest Sciences Laboratory, U. S. Forest Service,

Logan, Utah as a check against analyses done in the Park.
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RESULTS AND DISCUSSION

Description of the Burn

The fire perimeter enclosed 3,492 acres (1,414 ha), extended about
6.7 miles (10.8 km) along the west side of Jackson Lake, had a maximum
width of about 1.6 miles (2.6 km), and ranged in elevation from about
6,770 feet (2,065 m) bn the lake shore to 9,500 feet (2,898 m) on the
east ridge of Ranger Peak (Figure 1).

About 25, 16, 34, and 26 percent of the burn was on slopes of 0-10,
11-20, 21-40, and over 40 percent, respectively, with east to southeast
exposures. Maximum mean slope was 64 percent.

Soils on gentler slopes between Jackson Lake and the steeply rising
mountains were mostly derived from morainal deposits of Pinedale glaciers
and Paleozoic sediments (north of Colter Canyon) with small inclusions
derived from alluvium and talus. Soils on steeper mountain slopes were
derived from basement granite, gneiss, and schist except north of
Colter CanyonAwhere‘Paleozoic sediments occur (Love and Reed 1968).

Prior to the fire the 3,492 acres (1,414 ha) within the burn peri-
meter was 82 percent coniferous forest and 18 percent meadow-shrub. Of

the 387 acres (l57,hé) of unburned Vegetation within the perimeter

. (11 percent), 75 percent was meadow-shrub and 25 percent was coniferous

forest. Picea engelmanni and Abies lasiocarpa were the dominant trees

on gentler slopes of most exposures and on steeper slopes with an east

exposure, except north of Colter Canyon where Pseudotsuga menziessii

became more important. (Common and scientific plant names are in Table

34). This species and Pinus contorta were more important on steeper
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gf slopes with a ﬁore southern exposure. Pinus albicaulis was a minor
component at low elevations but became more important at higher eleva-
tions on steep east slopes and ridges. Lush grass-forb meadows occurred
in mesic areas and in avalanche paths. The latter sites also often

contained scrubby conifers and/or Populus tremuloides. Small, remnant

} stands of more mature EL_tremuloides occurred on the lower margins of
avalanche paths between Falcon Creek and Colter Canyon. Otherwise,
P. tremuloides was very sparse or absent from the burned area.
0f the 3,106 acres (1,258 ha) actualiy burned, 89 percent was coni-
feroﬁs forest and 11 percent was meadow-shrub. Of the 2,763 acres
(1,119 ha) of coniferous forest burned, 57 percent was severely burned
and 43 percent was moderately to lightly burned. Within the fire peri-
meter proportionately more coniferous forest (96 percent) than meadow-
. shrub (54 percent) was burned. Further indication that meadow-shrub
vegeta;ion was less prone to burn'is the fact that 75 percent of the

unburned acreage within the burn perimeter was meadow-shrub.

Ground Surface Characteristics

One year after the 1974 firg the relative frequency of hits was
similar on all sites for plants (3-6 percent) and for logs (9-16 percent).
Even severe fire apparent1§ did not reduce underétory plant basal areé
(Tablé 1). More hits on mosses and lichens on the unburned site
(15 peréent) than on sites burned in i974 (1 percent or leés) suggesfs
that most mosses and lichens were killed by the fire with no replace-
ment by one year postfire. Mosses and lichens éo;ered only & pércent
of the 1932 burn which suggests that post fire recovery will be slow

and may depend upon reestablishment of a dense tree canopy.

N
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Bare soil was sparse on all sites (0-4 percent), as was ash on the
moderate (2 percent) and severe (7 percent) burns.

Comparison with the unburned site suggesté that fire effects on soil
surface characteristics of moderately burned sites were minor one year
postfire. - Mosses and lichens were still absent and 10 percent of the
soil surface was covered by ash.- and burned litter, but unburned litter
was nearly the same on the two sites. However, immediate postfire effects
were obscured by profuse needle fall from trees that were killed by the
fire but that did not have their foliage consumed. By summer, 1975,
needle fall on the moderate burn covered burned litter, ash, and bare
soil to the extent that unburned litter equalled that on the unburned
site and 1932 burn.

Comparison with the unbﬁrned site indicates major fire-caused
changes on severely burned sites that lasted throughout the first post-
fire year. Essentially all 1itté£ was charred but not consumed and
repladgd By bare soil or ash which, combined,covered only 8 percent
of tﬂe ground surface. Essentially ali tree foliage was consumed
during the fire on the severely burned site; thus litter was not re-
established by postfire needle fall as occurred oq,the moderately burned
site.

Even on the severely burned site most of the ground surface
(92 pefcent) was fairly weil protected from-erosion throughout the

first postfire year. General observations suggested that this was-

. true of most burned areas on gentle to moderately steep slopes, but that

the fire increased bare soil and/or ash and susceptibility to erosion

proportionately more on very steep slopes. Even on these sites much
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of the soil surface was still protected by burned and unburned organic
matter and higher proportions of rock and gravel. Needle fall from
fire-killed trees created considerable litter that reduced erosion
potential even on many very steep slopes.

The Tree Stratum

The prefire density and basal area of live trees and the extent of
fire~caused tree mortality on the moderate burn are unknown but some
estimates can be made from data in Tables 2, 3, and 4 and by assuming
that (1) in 1974 the stand consisted of those live and dead trees still

standing in 1975, (2) the prefire percentage of dead trees on the moderate

burn was the same as for the unburned site in 1975 (Table 5), (3) no .

trees on the unburned site died between 1974 and 1975, (4) no trees two
feet tall or taller were completely consumed by the 1974 fire, and (5)
proportioﬁately the same number of trees fell over on the moderate aﬁd
unburned sites.between 1974 and 1975. This apprbach proﬁides minimum
estimates, si#ce some trees were ﬁo doubt consumed by the fire and propor-
tionately more trees probably fell over on the moderate than on the

unburned site.

Picea engelmanni and Abies lasiocarpa combined probably made up
about 97 percent of the prefire live tree density and basal area on the

moderate burn. Pinus contorta and P. albicaulis were of minor importance

(Table 5). Trees less than 19 feet (5.7 m) tall accounted for 73, 90,
34, and 100 percent of the prefire tree density for P. engelmanni,

A. lasiocarpa, Pinus contorta, and P. albicaulis, respectively. Sixty

B 2as’ ¢
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seven percent of the P. contorta were taller than 66 feet (20.1 m).
Trees greatar than 13.5 inches (34.3 cm) DBH may have accounted for

68, 32, and 62 percent of the prefire basal area of Picea engelmanni,

A. lasiocarpa, and Pinus contorta, respectively. Maximum height was

117, 98, 83, and 9 feet (35.1, 29.4, 24.9, and 2.7 m) and maximum DBH
was 30.5, 17.5, 16.5, and 1.5 inches (77.5, 44.4, 41.9, and 3.8 cm) for

Picea engelmanni, A. lasiocarpa, Pinus contorta, and P. albicaulis,

respectively.
Some differences between the unburned site and the moderate burn
in prefire characteristics of the live tree stratum are suggested.’

Prefire density of all species combined, of Picea engelmanni, and of

A. lasiocarpa was probably greater on the moderate burn than on the

unburned site. Pinus contorta and P. albicaulis densities were low on

both sites but lowest on the moderate burn (Table 2). Prefire basal

area of all live trees combined and of Picea engelmanni was probably

greater ‘on the moderate burn, but basal area of A. lasiocarpa, Pinus

contorta, and P. albicaulis was similar on both sites {Table 3). Pre-
fire live tree composition based on density was very similar for both
sites;-buf E; eﬁéelmanni and A. lasiocarpa comprised about 54 and 44' 
percent, respectively, of the basal area on the moderate burn compared
to 30 and 66 percent, respectively on the unburned site. Taller and
larger diameter P. engelmanni and A. lasiocarpa were probably more
numeréus-on the modérate burn tﬁan on thé unburned site. Small Pinus
Contorta were more abundant on the unburned site, and large P. contorta
were more abundant on the moderate burn prior to the fire, all of

which suggests that forest succession was more advanced on the moderate
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burn than on the unburned site prior to the 1974 fire.

All trees on the severely burned site were killed and =iny were
consumed by the 1974 fire, but prefire characteristics of this stand
were probably more similar to the moderately burned than to the unburned
site;

Approximately 56 percent of the trees but only 10 percent of the
basal area may have been killed during the fire and/or during the first
postfire year (Tables 6 and 7); Most fire-caused mortality was of trees
less than 19 feet (5.7 m) tall (Figure 9), which explains the relatively
high tree mortality in terms of density but not in terms of basal area.
However, percentages of standing dead trees greater than 19 feet (5.7 m)
tall were from 15 to 50 percent greater for trees up to 50 to 60 feet
(15.0 m to 18.0 m) tall on the moderate burn than on the unburned site
indicating that some taller trees.ﬁere killed by the fire (Figure 10).

Fire-caused mortality of A. lasiocarpa may have been proportionately

éreater than of Picea engelmanni in terms of both basal area and density,

but primarily the latter (Tables 6 and 7). Importance values decreased
for A. lasiocarpa and increased.for P. engelmanni following the fire (Table
4), proﬁébly Secause proportioﬁatély more of the prefire denéity of
éﬁ_lasio&arpa‘(90 percent) than of P. engelmanni (74 percent) was less
than 19 feet (5.7 m) tall; the height class most susceptible to fire.

In 1975 live tree density on the unburned site was 1.9 and 2.4 times
greater than on the moderate burn and 1932 burn, respectively, but basal

area was similar on the unburned site and moderate burn and about 2.4

times greater on these sites as on the 1932 burn (Table 8). The
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greater variation between macroplots in both live tree density and basal
area on both the moderate and the 1932 burns than on the unburned site
is probably due mostly to the mosaic pattern of fire effécts but may
also partly reflect variation in topography and/or soils on the 1932
burn. Portions of the 1932 burn were still largely in a grass—forb or
grass—forb-shrub stage in 1975. Tree re-establishment on these areas

has been very slow, although the pattern of fallen.trees apparent on

 aerial photographs suggests that tree cover was fairly uniform prior to

the 1932 fire.
In terms of live trees one year postfire, A. lasiocarpa had the

highest importance values on both the unburned (144.1) and moderately

burned (111.0) sites followed by Picea engelmanni (44.4 and 78.3 on the

unburned and moderately burned sites, respectively). Pinus contorta

and P. albicaulis were of minor importance (3.6-7.3) on both sites.

In contrast, on the 1932 burn P. contorta was by far the most important

(148.1), A. lasiocarpa was legs important (39.6), and Picea engelmanni

and Pinus albicaulis were unimportant (7.8 and 4.7, respectively). (Table 4).

In 1975 live tree density of both P. engelmanni and A. lasiocarpa

-was greater on the unburned (199 and 1,042 trees [facre (491 and 2,573/ha),

respectively) than on the moderately burned site (157 and 532 trees/acre
(388 and 1,314/ha), respectively) (Table 9), but relative density of

both species was similar on both sites (14.8 and 21.4 percent for

P. engelmanni and 77.7 and 73.9 percent for A. lasiocarpa on the iinburned

and moderately burned sites, respectively) (Table 4). P. engelmanni had

both the highest absolute and relative basal area on the moderate burn

(7,821 in 2/acre (12.5 mz/ha) and 56.9 percent, respectively), while



35

syjoTdoaoru om3 ATuo uo udmmuumw

jopdoadoew auo LATuUO0 UO JUISI g

. jusdxsd UT UOTI®IIBA JO JUSTOITIF20Dp

sjo0TdoidBW § = U ‘STBAIS3IUF SSBTY Y3Tey 1003 ®2ay3 uf podeiie BIEP W01 PIIBINOTED Suesu PoIY3ToM,
sjoTdoioBw ¢ = U ‘9I0B/S9913 FO IPqUNN UBIHq

. %£G°0 ueyy ssSIaT = le

86 LTT €L 0T 6 6 8¢S 89 99 62 86 €L 0z LTT 2L *Xel

6% 0T 9¢ LLT 06 ¥ 09 €LT €S 8% 0¢ A9 T0T ¢ 0¢ p'ATD

8T VA €T 5C 3¢ v 77 ST 8T 8 0T TT 9 0t 61 SUEBIN
, : Y3l

LSS wTL  6EET 9¢ Y4 14 A A 8% 0LT %€S  6€0T LE 8ST 86T p%uﬁmumn

+
¢0TI-L6.
96-16
T . [4 06-S8
: VA TA
8L-¢L
¢L-1L9
99-T9
09-66
¥S-6Y
87-t¥
(Al A
9¢€-T¢
0€-6¢
%Z-6T
8T—-€T
[4 ti-L
€ 9 -¢

— —
o N

—
N

00T

o
B
O

< S NN T
—

1T
1T w1

9T
L 8L (43

[4
9
ST €T
T 8 TC
€ 09 LS

TOTINT NN
— —

T
S

T
9

owr~NTNNHNHAANAAA

T
T
T
T
[4
£
4
T
£
€
S
[4
S

g ~MNddd A"~

L
6
6
Y
8
8
[4
6
[4
[4

NN NSO WO AN OO

T T €T
9 G8 00T /8

_OO\\TO’)C"')HNMNNH

¢E6T °"POW -quf) CE6T “POW “quf) .CE6T °"POW  "qu) CE6T  °"POW *quil ZE6T °“POW "quil (39°3)
Te301 STTNEBOTqT® SNnuTd B3103U00 Snuld 2dIBO0TSBT SOTIqV TuueUTI8US ®BIITJ Jy81eH

Juediag .

*G/6T ‘uang uofue) STIRJI2IBM “SO3FS 991yl U0 SI5SETO JY3TOY Lq So913 9AF] Jo L3ITsoup 9aTIBTdY 6 SIqBL

o



£y

[P e S PN

- 36

A. lasiocarpa was highest in both categories (8,569 in 2/acre (13.7

mz/ha) and 66.4 percent) on the unburned site.

On the 1932 burn Pinus contorta was by far the most important

species in terms of both absolute and relative demsity and basal area.
"In 1975 a greater proportion of the live tree basal area of both

Picea engelmanni (79 percent) and A. lasiocarpa (41 percent) was in

large diameter trees (greater than 14.5 inches (36.8 cm) DBH) on the

moderate burn than on the unburned site (28 and 10 percent for

P. engelmanni and A. lasiocarpa, respectively). Large diameter trees ~

(10.5-12.5 inches (26.7-31.8 cm) DBH) accounted for most of the live

tree basal area of Pinus contorta on both the unburned (67 percent) and

moderately burned (100 percent) sites (Table 8).

On the 1932 burn trees 6.5-9.5 inches (16.5-24.1 cm) DBH accounted
for 78 peréent of the live basal area of P. contorta and trees were up
to 58 feet (17.7 m) tall. In contrast, all the live basal area was in
trees less than 4.5 in;hes (11.4 ém) DEH and 20 feet (6.1 m) tall for

Picea engelmanni and less than 6.5 inches (16.5 cm) DBH and 29 feet

(8.8 m) tall for A. lasiocarpa. The live basal area of Pinus albicaulis

on all three sites was accounted for by trees less than 2.5 inches
(6.4 cm) DBH and 11 feet (3.4 m) tall (Tables 8 and 9).

Terminal leaders of A. lasiocarpa and P. engelmanni were signifi-
cantiy longer on the 1932 burn than on the unburned and moderately burned
gites. Lateral leaders of E;_engelﬁanni were significantly longer on
the 1932 burn than on the moderate burn and longer (but not significantly

so) on the 1932 burn than on the unburned site (Tables 10 and 11). Both
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terminal and lateral leaders of P. contorta were longer on the 1932
burn than on the unburned site but not significantly so. No understory
P. contorta were encountered on macroplots in the moderate burn. Both
terminal and lateral leaders of P. albicaulis were longer on the
unburned than on the modefate burn but not significantly so. This
species was not encountered on macroplots in the 1932 burn. Current
growth of bothiterminal and lateral leaders of all species except

P. albicaulis (not measured) was greatest on the 1932 burn (Table 10).
.This was associated with lower tree density aﬁd less than half the
basal area on the 1932 burn as on the other two sites (Table 8). There
was no e&idence that the 1974 fire significantly affected terminal or
lateral leader growth of understory trees one year postfire.

Frequency of occurrence and density of all tree seedlings produced

in 1975 was greater on the moderate burn than on other sites (Table 12).

Only seedlings of P. engelmanni and A. lasiocarpa were encountered on
the moderate burn. Moderately severe fire which reduced live tree
density and basal area about 56 and 10Xperceng respectively, which
reduced aerial coverage of herbs and shrubs, and which altered ground
surface charaﬁteristics, apparently enhanced tree seedling production
the first postfiré summer. The species of seedlings produced were

the same as those that dominated the pre and postfire tree overstory.
Tétal production of tree seedlings on the severely burned site was very
low and similar to unburned sites.

Seedlings of both P. engelmanni and é;_lasiocarpabwere more abun-

dant on the moderate burn than on the unburned site. Only P. engelmanni
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seedlings were encountered on the severe burn, and only A. lasiocarpa
seedlings were encountered on the unburned site. Thié suggests that
factors associated with moderately severe fire enhanced the first year
postfire production of both A. lasiocarpa and P. engelmanni compared

to ﬁroduction on unburned sites, and that both moderate and severe fire
may have disproportionately favored prbduction of P. engelmanni seedlings
compared to A. lasiocarpa.

. The specific factors responsible for these differences in seedling
production are not known, but 6q the moderate burn most seedlings became
established only where the soil surface had been disturbed b& fire. This
combined with a still abundant seed source in the partially intact tree
overstory may explain why seedlings were more abundant on the moderate
burn compared to the severe burn where the soil surface was disturbed
by fire-but where most seed may have been destroyed when the tree over-

story was consumed.

The Herb and Shrub Stratum

Although plant basal area was similar on all sites (Table 1), total
canopy coverage was similar only on the unburned and 1932 burn sites aﬁd
was about 3.5 times greater on those sites as on those burned in 1974
(Table 13). Shrubs accounted for most of thg greater coverage on the
unburned site than on those burned in 1974, but all three plant categories
(grasses and grasslike, forbs and shrubs) had considerably more coverage
on the 1932 burn than on sites burned in 1974. Coverage of grasses and
grasslike plants and of forbs on the 1932 burn were considerably higher

than on the other sites.

Mushrooms (Morchella angusticeps) were abundant on the moderate and,
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particularly, the severe burn one year postfire but were not observed
on the unburned site or the 1932 burn. On the severe burn 79
M. angusticeps were counted in‘a belt 100 paces long by 3 feet wide
one year postfire.

Canopy coverage of grasses and grasslike plants was greatest on
the 1932 burn (24 percent compared to 5-12 percent on other sites) but
varied more between.macroplots than on other sites. The 1974 fire may
have reduced canopy coverage of grasses and graéslike plants on the
severely burned site but apﬁarently had»little influence on frequency of

occurrence. Calamagrostis rubescens and Carex geyeri made up essen-

tially all the coverage and had the highest frequency of occurrence on
all sites and were most important on the 1932 burn. Canopy coverage

and frequency of occurrence of C. geyeri were similar on all sites, but

 the 1974 fire may have reduced both coverage and frequency of occurrence

for C. rubescens on both moderately and severely burned sites. Melica

_spectabilis was sparse on the severe burn but absent on other sites.

Forb canopy coverage and frequency of occurrence were highest on the
1932 burn, but coveraée varied greatly between macroplots. Frequency
and coverage were ne%t highest on the severe burn and were lowest ot the
moderate burn. Individual species of forbs had relatively low fréﬂ"wcy
of occurrence and coverage on all sites. No species had a frequenc:

higher than 37-38 percent (Taraxacum officinale on the 1932 burn and

Arnica cordifolia on the severe burn) or coverage greater than 4-~6 per-—

cent (Lupinus sp. and T. officinale on the 1932 burn and A. cordifolia

on the severe burn). A. cordifolia, the only forb encountered on all
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four sites, had highest frequency of occurrence and coverage on the
severe burn.

Frequency and coverage of shrubs were by far the highest on the
unburned site, were next highest on the 1932 burn, and were lowest on

the severe burn. Vaccinium membranaceum was the most important shrub

on the unburned site and retained its relative importance on both sites

burned in 1974, though at much lower frequency and coverage. Chimaphila

umbellata and Lonicera utahensis were also relatively important on the

unburned site but not the others. In contrast, Ceanothus velutinus was

the most important shrub on the 1932 burn but was not encounéered on.
the other sites.

More species of shrubs (4) were common to all sites than of grasses
and grasslike plants (2) or forbs (1).

Assuming that prefire plant compésition on the burned and unburnéd
sites was similar, the following fire effects and postfire suécessional
pfocegses'caﬁ be tentétiﬁely suggested..

Shrubs were the most dominant component of the herb and shrub stra-
tum in unburned spruce-fir forest and least dominant on the severe burn.
The 1974 fire destroyed most of the shrub canopy on the severe burm and

reduced it greatly on the moderate burn. Vaccinium membranaceum was

particularly hard hit. Chimaphila umbellata which was common on the
unburned site was not encountered on the severe burn. Most shrub

coverage on the severe burn and much of it on the moderate burn one

year postfirebwas from root sprouts. Mean height of V. membranaceum

was 38, 34, 23, and only 3 cm on the unburned, 1932 burn, moderate
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burn, and severe burn, respectively (Table 14).

Compared to unburned spruce-fir forest, no new shrub species
were encountered one year postfire. By 43 years postfire, shrub
coverage and frequency were about half that of unburned spruce~fir
forest but differed considerably in species composition. Cegﬁothus
velutinus was the mqst important shrub on the 1932 burn, and Sympho-

ricarpus oreophilus was encountered there but neither species was

encountered on other sites. On the severe burn and perhaps on the

moderate burn, Ceanothus velutinus and gymphoricarpus oreophilus may

become more abundant and remain so for at least 43 years postfire, and
then disapper as succession to spruce-fir forest proceeds.

Following severe fire, Vaccinium membranaceum may remain relatively

unimportant at least for 43 years postfire but increase greatly as

succession proceeds to spruce-fir forest. " Chimaphila umbellata and

Lonicera utahensis also may remain relatively unimportant for at least

43 years postfire but increase sometime thereafter. Spirea betulifolia -
may increase somewhat by 43 years postfire and change little thereafter

as succession proceeds to mature spruce-fir forest. Berberis repens

may remain a minor component of the herb and shrub stratum throughout

succession to spruce-fir forest. These successional processes will

bprobably be accelerated on the moderate burn as compared to the severe

burn.
Forbs that may be relatively important in early postfire succession

but that may decrease or disappear before 43 years postfire include:

yroy
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Astragalus sp.

Epilobium angustifolium
Iliamna rivularis
Dracocephalum parviflorum

Forbs that may increase in importance from early postfire at
least through 43 years postfire and then decrease as succession proceeds
to spruce-fir forest include:

Aster sp.
Campanula rotundifolia

Frageria sp. ‘

- Lupinus sp. . i
Perideridia gairdneri o
Taraxacum officinale *
Viola sp.

Some forbs characteristic of spruce-fir forest may have been largely
eliminated by severe but not moderately intense fire. These include

Goodyera oblongifolia and Hieracium alfiflorum. Osmorhiza chilensis,

Pedicularis sp., and Pyrola asarifolia may have been eliminated by both

moderate and severe fire.
The relative importance of grasses and grasslike plants may change
little from one year postfire through succession to spruce-fir forest.

The 1974 fire apparently had little impact on Carex geyeri but consi-

derably reduced both coverage and frequency of Calamagrostis rubescens.

Both species may increase at least through 43 yeafs postfire and then
declinewsomewhat in more mature spruce-fir forest.

Species diversity was greatest on the 1932 burn (31 species) and
least on the moderate burn éll species). Forbs were more numerous on
the 1932 burn (17 species) and the severe burn (13 species). From the
fifst year through at least 43 years postfire, severe fire in spruce-
fir forest apparently increases plant diversity, pa:ticularly the

number of forb species (Table 15).
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‘Table 15. Number of plant species, Waterfalls Canyon Burn, 1975.

Unburned 1932 1974 Burn

Burn Moderate Severe

Grasses and Grasslike 3 6 2 4 -
Forbs 7 17 4 13
Shrubs 8 8 5 4
Total 18 31 11 21

49
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Animals

Insects

Large woodwasps (Urocerus gigas flavicornus and Sirex juvencus

californicus; SIRICIDAE) known to fire fighters as the "fire bug",

oviposited at the base of still smoldering trees in the severe burn but
disappeared within five days after it burned (nomenclature follows

Borror and Delong 1971).

During summer, 1975, prodigious numbers of roundheaded borers

(Monochamus sp. and Xylotrechus longitarsis; CERAMBYCIDAE) were under
the bark of fire-killed trees. The borer's noisy chewing was one of
the more prominent sounds throughout the burn. Woodpeckers fed exten-
sively on these borers in 1975. One woodpecker captured seven borers/
minute during a five minute period.

Most insects collected in 1975 were Diptera (flies), Hymenoptera
(bees, wasps, and ants), and Hemiptera (true bugs). Coleptera
(beetles) and Iriéhoptera (caddis flies) were also preéent,'and 14
percent of the samples (larvae, etc.) were not classified to order.

Summer 1974. On July 25 immediately after fire had swept thréugh
the severe burn site, hundreds of pine siskiné were observed in thé
tops of fire-killed trees apparently feeding on seeds released from

cones. Numerous pine siskins were still present when the area was last

visited three weeks later. Cassin's finches, hairy woodpeckers, northern

three-toed woodpeckers, western tanagers and robins were also
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"present immediately after the fire, but pine‘siskins and Clark's
nutcrackers were more abundant (common and scientific names of birds are
in Table 35). Two western tanagers were observed feeding near flames,
and Clark's nutcrackers fed on large wood-wasps ovipositing in the
bases of fire-killed trees.

Summer 1975. Both the number of breeding species and total density
of breeding paifs were highest on the unburned and moderately burned
sites, somewhat lower on the 1932 burn, and by far the lowest on the
severe burn. Differences in total species observed were less pronounced
and suggested that some species ma& have fed on the severe burn but dia
not mnest tﬁere (Table 16). Severe but not moderate fire in spruce-fir
forest resulted in lower total breeding bird density and diversity ome
vear postfire that may persist for at least 43 years.

Golden-crowned kiﬁglets, mountain chickadees, and Audubon's
warblers were the most abundant breeding speciles on the two unburned
sites; Swainson's thrusﬁes and chipping sparrows on the moderate burn;
chipping sparrows on the 1932 burn; and northern three-toed woodpeckers
on the severe burn.

Northerﬁ éhree-toed woodpeckers (listed as rare in the Park’
Anonvmous 1973) concentrated on the severe burn and to a lesser
extent on the moderate burn compared to other éites. .Their density
on the severe burn (34/100 acres) was second only to that of
chipping sparrows on the 1932 burn (39/100 acres). Work by Taylor (1969)
in>Yellowstone National Park suggests that the nesting density of this
fire-associated species will decline to none by about seven years post—

fire.
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Black-backed three-toed woodpeckers also mested on the severe
and moderate burns but were not observed on other sites. This species
is not on the Park's bird list (Anonymous 1973), although Salt (1957)
recorded 0.7 breeding pairs/100 acres in spruce-fir forest west of
String Lake.

Taylor (1973a) described a "tree hole cycle" initiated by forest
fires that leave standing fire-killed trees in their wake. Woodpeckers
concentrate on burned areas to nest in theidead trees and to feed on the
abundant insect larvae that attack the trees. Mountain bluebirds, tree
swallows, and some other birds later hest in these holes. Mountain blue—
bird population levels may be partially dependent on forest fires and
nesting sites created by woodpeckers in fire-killed trees. Taylor (1973a)
believed that hairy woodpeckers initiated the tree hole cycle in burned
iodgépole pine fbfest'in Yelléwétone National Park whefe nprthern three~
toed woodpeckers were rarely seen. waever, the youngest stand he exa-
mined was five years postfire. 1In the burﬁed spruce-fir forest described
here, the cycle was initated by northern and black-backed tﬁree—toed
woodpeckers in place of or in combination with hairy woodpeckers. Five
successful three-toed woodpecker nests were observed. Although present
on the severe burn, moﬁntain bluebirds apparently did not nest and -
eventually left.

Mean total bfeeding bird density for the two unburned spruce-fir
stands sampled during this study was similar to that for a spruce—fir
stand sampled by Salt (1957), but the diversity of breeding species was
lower than he found (Table 17). Breeding pair aensity for individual

species and for these grouped by similar feeding habitats varied greatly
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between the two spruce-fir stands sampled in this study and were quite

different from densities reported by Salt. The Clark's Nutcracker was

the most abundant breeding bird in the spruce-fir stand sampled by Salt
but was not present in either stand sampled during this study.

Méan total breeding bird density in the open and highly variable
lodgebole pine stand sampled during this study (1932 burn)Awas greater
and species diversity was similar to that for'a dense, even-aged
lodgepole pine stand sampled by Salt (1957) (Table 17). The most notable
differences'were much larger numbers of gray jays and e¢hipping sparrows
in the more open stand and greater numbers of Oregon juncos in the dense,
even-aged stand.

Wide variétion in counts within and between stands sampled during
this study and lack of a measure of within stand variation in counts by
Salt preclude more detaile& comparisons. This variation may reflect
actual population differences betﬁeén study periods, differences in
environmental and/or stand characieristics, inadequacies of census tech-
niques or any combination of these and o£her féctors with inadequate cen-

sus techniques probably responsible for much of the variation.

Mammals

Summer 1974. There was little evidenéé of immediate and direct
mortality of mammals from the fire. Only one red-backed vole that
apparently suffocated near the entrénce to its burrow was found during a
search of a severely burned area two days after it burned (common an@
scientific names of mammals are in Table 35). Other studies have shéwn

that direct mortality of mammals from fire may vary greatly but is
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usually low (Bendell 1974).

Althoggh some small mammals were probably killed directly by fire
in severely burned areas (mostly by suffocation, Bendell 1974), many
may have survived underground or by moving to less severely burned or
unburned peripheral areas. Most mammals probably survived direct mortal-
ity by fire in moderately burned areas where clumps of vegetation, logs,

and litter were unburned, temperatures were lower, oxygen reduction and

" persistence of noxious gasses was less, and where the slower rate of fire

spread permitted escape.

Part of the severely burned study site that burﬁed on July 26,
1974 was snap-trapped August 8-10, 1974. During 360 trap nights seven
red-backed voles and 8 deer mice were taken at least 200 yards from any
unburned vegetation. Abundant conifer seeds on the soil surface that
were released from fire-killed trees may have attracted these small
mammals. Moose, elk, and probably other large mammals were present
throughout the burn in areas that were still smoldering and they
remained there after the fire was out.

Summer 1975. During the July 1-18, 1975 trapping period about
twice as many individual small mammals (all species combined) were trapped
on the severely and moderately burned sites as on the 1932 burn and
unburned site. Yéllow pine chipmunks and deer mice accounted for most
o0f the difference. Numbers of individual red-backed voles were similar
on all areas (Table 18).

By August 16-23, 1975 the total number of individual small mammals
trapped was similar on all sites and from 2 to 5 times greater than

during the July 1-18 period (Table 19), largely due to young animals, but
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more adults were also present on the 1932 burn and unburned site in
August than in July.

Cold, rainy weather influenced trapping results on the 1932 burn
and unburned site during the August 16-23 period, bﬁt trap mortality
was high on other areas as well and varied markedly between areas, species,
and trapping periods (Tables 18 and 19). Population estimates and confi~
dence intervals are présented in Table 20.

Totals of 4, 3, 3, and 2 species of small mammals were trapped on
the.sévere burn, moderaté-burn, 1932 burn, ana unburned site, respec-
tively. Red squirrels were observed on all but the severely burned
site; thus small mamﬁal species diversity was similar for all sites.
Negus and Findley (1959) trapped three species in spruce-fir-whitebark
pine forest (vagrant shrew, deer mouse, and red-backed vole) but only
one species (vagrant shrew) in lodgepole pine forest.

" Yellow pine chipmunks were trapped on all but the unburned area
during both trapping periods. Negus and Findley (1959) found that the
center\of abundance for this species was,in aspen stands and lodgepole
pine forest, especially more open sites with shrub and forb ground cover,
but that Uinta éhipmunks replaced yellow pine chipmunks in Spruceffir
forest. Neither yellow pine or Uinta chipmunks were trapped or observed
in unburned spruce-fir forest in 1975.

' The presence of yellow pine chipmunks in the 1932 burn but not the

-adjacent unburned site indicates their apparent preference for more open

and/or earlier succession forest types as noted by Negus and Findley (1959).
Their presence one year postfire in the moderately and severely burned

sites suggests early dispersal into formerly dense spruce-fir forest
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opened up by fire.

Deer mice and red-backed voles were trapped on all sites during
both trapping periods, and similarly low numbers of each species were
trapped on each site in'July. However, in August many more deer mice

were trapped on the three burned sites (particularly the severe burn)

than on the unburned site, and many more red-backed voles were trapped
on the unburned than on the three burned sites where numbers trapped ‘
were similar (Tables 19 and 20). Negus and Findley (1959) found red-

backed voles common in spruce—fifAforest but absent from lodgepole pine

Several small mammal species that might have been expected on
one.or more of the study sites were not trapped or observedbin 1975
(Table 21). Elk and moose tracks and droppings were abundant throughout
the burn in 1975. These species plus mule deer and black bear were
summer andAfall residents. Extensive browsing of understofy Abies lasio-
carpa indicated winter and/or spring use by moose which may have been
reduced by extensive fire-caused mortaliky of A. lasiocarpa throughout
theAburn.

Total small mammal biomass (first captures) in July was about 2 and
4 times greater on the severely burned and moderately burned sites,
respectively, than on the 1932 burn and unburned sites which were
Gguite similar (Table 22). In August total biomass was somewhat lower
on the unburned site than on the three burned sites which were similar.
Yellow pine chipmunk biomass was much greater on the moderate burn than
on other sites in July, but in August their biomass was similar on the

moderate burn and 1932 burn and much higher there than on the severe
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Table 21. Small mammal species collected from lodgepole pine and ruce
forests within or near Grand Teton National Park.

Negus and Findley (1959)

Taylor (unpublished)

Lodgepole Spruce Lodgepole Lodgepolé
Pine (Togwotee Pine Pine
(Signal Mt.) Pass) (Signal Mt.) (Beaver
Creek)
Masked Shrew X |
Vagrant Shrew - X
Uinté Chipmunk X
Least Chipmunk X
Yellow Pine Chipmunk | X X X
Red Squirrel X X X X
Northern Flying Squirrel X ? ? ?
Deer Mouse X
Meadow Véle X
Mountain Phenacomys X
Red-backed Vole X X ‘ X
Western Jumping Mousé X
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burn. Deer mice biomass was highest on the severe burn in July and
particularly during August when it was 2 to 8 times higher on the severe
burn than on other sites. 1In August no young deer mice were captured

on the unburned site, and deer mice biomass there was only 6-11 percent as
high as on other sites. In July biomass of red-backed voles on the moderafe
burn was about half that on other sites, but in August their biomass was

3-4 times greater‘oﬁ thé unburned site than on other sites.

Mean weights of live frapped small mammals are summarized in
Tables 23 and 24.

Preliminary interpretation of live trapping data‘(primarily for
August) suggests that the 1974 Waterfalls Canyon Fire changed the species
composition and relative abundance of small mammals characteristic of
spruce-fir forest. Compared to their probable prefire status, yellow pine
chipmunks and deer mice were more npﬁerous and red-backed voles were less
numerous one year postfire, total biomass of small mammals may have been
incfeased somgwhat by fire, aﬁd fheSe changes may persist ﬁp to 43 years
postfire.

Water Quality

All sample streams except Burn Creek drain highlénds exceeding
10,000 ft. (3,048 m) elevation that contain permanent snowfields on some
northfacing slopes. Drainage basins vary considerably in size (Table 25).
They are underlain by Precambrian granites, gneisses and schists in the
hiéher, western portions except for Colter Creek where some Paleozoic
beds are exposed.. Substrates in the lower portioﬁs of the drainages

consist of weathered and/or alluvial material and some glacial debris.
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Chemical characteristics of streams in and near the 1974

(acres?

3,200

Waterfalls Canyon Burn, July 24, 1975. 2

Moran North Moran Waterfalls Burn Talcon Colter

Creek Creck Creek Creek . Creek Creek
pH 6.58 6.61 6.81 7.41 6.65 6.83
Conductivity P 20 22 37 215 27 43
Turbidity ° - 1.8 0.7 0.5 0.1 0.0 0.7 -
Total Dissolved .
Solids © ' 6.1 5.9 14.6 114.5 8.5 18.1
Calcium - © 3.00 4.06 5.00  29.00  3.75 _ 6.75
Magnesium © 0.34 0.35 1.40 9.32  0.65  1.15
Sodium 0.52 0.52 0.62 _ 1.18  0.52 _ 0.62
Potassium © 0.60 0.40 0.80 '0.80  0.40 0.60
Chloride © 0.42 0.42 1.06 1,81 - 0.53 0.53
Sulfate © 1.10 0.70 1.10 9.40 1.10 1.50

" Orthophosphate © _0.00 0.00 0.00 0.00 0.00 0.00

Nitrate © 0.04 0.05 0.06 0.00 0.01 0.09
Carbonate (phth) -
Aklalinity © 0.0 0.0 0.0 0.0 0.0 0.0
Bicarbonate (MO) )
Alkalinity 6.4 9.0 17.0 98.8 10.2 18.0
Total » -
Hardness 8.9 11.4 18.2 110.8 12.0 21.6
Drainage Area 10,300 7,000 90 1,800 2,500

8 Analysis was done by Mr. Ezra Hookano, U.S. Forest Service, Forest
Sciences Laboratory, Logan, Utah.

b Micromhos/cm at 25°C.

mg/liter

- gy
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Most of the flow of these perennial streams originates from snowmelt and
is highest in late June and early July. Estimated flows in late suﬁmer
1975 were: "Moran Creek, 50 cfs (1.4 cms); North Moran Creek, 30 cfs
(0.8 cms); Waterfalls Creek 15 cfs (0.4 cms); Falcon Creek and Colter
Creek, 5 cfs (0.1 cms). Winter flows are much less and probably origi-
nate from uﬁderground sources.

Burn Creek originates from springs and seepage within the perimeter
of the Waterfallé Canyon Burn at about 7,200 ft. (2,200 m) elevation-and
flows east through a small watershed (Table 25) about 0.5 mile (1 km) to
Jackson Lake. Maximum flow of about 2 cfs (0;05 cms) in early June
resulted from snowmelt, and the creek dried up by August 1, 1975. Burn
Creék was sampled because it drained a severely burned area where fire-
caused changes in wéter quality should have been greatest. All streams
except Burn Creek contained low concentrations of dissolved mineréls
(Table 25), probably because most minerals ih rocks of the drainage
basins are relatively insoluble and most stream flow is runoff from snow—
fields. Burn Creek contained higher concentrations of minerals and total
dissolved solids probably because it originates from underground sources
in an area of relatively well-developed soils.. Because of large inherent
differences in chemical characteristics, comparisons of Burn Creek with
the other streams in terms of fire effects on water quality cannot be made.

Nitrate content diﬁ not appear to differ between streams draining
unburred and partially burned watersheds except for Burn Creek (TaBle 26).
Higher nitrate concentrations on June 11, 1975 probably reflect moderate

water flows. Lower concentrations through July probably reflect dilu—
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’ 1
Table 26. Nitrate Content of streams in and near the 1974 Waterfalls
' Canyon Burn.

""" Parts/million
Date i Moran North Moran Waterfalls Burn Falcon Colter
Creek Creek Creek Creek Creek Creek
a )
10/24/74 0.10 0.09 0.11 0.08 0.12
- 6/11/75 0.16 0.20 0.19 0.12 0.22 0.22
6/17/75 0.08 0.10 0.12 0.00 0.13  0.13
6/26/75 0.10 0.12 . 0.18 0.02 0.16 0.15
7/10/75 . 0.07 0.09 0.14 0.02 0.09  0.15
- N . a . -
7/16/75 0.06 0.08 0.13 . 0.11 0.05
- 7/22/75 » 0.06 0.08 0.09 0.02 0.04 ' 0.12
7/31/75 - 0.07 - 0.09 0.11 0.03 0.06 0.14
a
8/20/75 0.08 0.06 0.09 ~0.03 0.09
Mean 0.09 0.10 0.13 0.04 0.11 0.13
Standard ‘ ‘ A :
Deviation 0.03 0.04 0.04 0.04 0.06 0.05
Coefficient - .
of Variation 0.37 0.39 0.27 1.20 0.58 0.36

2 GStream not sampled



Table 27. - Total Phosphaté content of streams in and nea

(" Waterfalls Canvon Burn.
. Parts/million
Date Moran Morth Moran Waterfalls Burn Fal
) Creek Creelk Creek Creek Cre
_ a
10/24/74 0.024 0.008 *0.031 0.0
. L . : a a
111/27/74 0.012 0.019 0.0
6/11/75 0.027 0.006 0.016 0.073 0.0
6/17/75 0.010 0.002 0.006 0.032 0.0«
6/26/75 B 0.007 0.005 - 0.016 0.025 0.0
. . * b ..
7/10/75 0.008 0.102 ' 0.017 0.0C
) . a
7/16/75 0.012 0.047 0.009 . . 0.01
7/22/75 0.012 0.004  0.007 _ 0.025 0.03
7/31/75 _ 0.013 0.010 0.029 0.010 0.00
. a
& 8/20/75 0.050 0.026 0.026 0.02:
o _
Mean 0.018 0.025 0.016  0.030 0.1
Standard . .
Deviation 0.014 - 0.033. 0.010 . 0.022 . 0.01¢
Coefficient . . . :
of Variation 0.78 1.32 0.63 - 0.73 0.93

& Stream not sampled

b Sample lost
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P Table 28. Orthophosphate content of streams in and near the 1974
& Waterfalls Canyon Burn ‘ : .
Parts/million
Date . Moran ©North Moran Waterfalls Burn Falcon  Colter
Creek Creek Creek Creek Creek Creek
’ a
10/24/74 0.004 % 0.015 0.002 0.006
a . a _ a : b
11/27/74 * 0.008 %
6/11/75 - 0.003 0.002 0.006 0.061 0.019 0.014
6/17/75 * * 0.003 0.024 _ 0.002 _ 0,010
b
6/26/75 - % 0.002 . ¥ 0.015 - 0.002
; - _ 5
7/10/75 ] 0.003 0.054 0.004 . 0.061 %
, : . b : a .
7/16/75 0.003 0.013 0.005 0.003
7/22/75 - * 0.001 0.003 * 0.002
-~ 7/31/75 S 3 % * * * *
P . . . a
& 8/20/75 - 0.012 0.015 0.015 0.006-  0.008

No mean values were calculated due to many analyses below test sensitivity. -

* Less than 0.001 parts per million
Stream not sampled

Sample insufficient for analysis

R o



differences in the chemical characteristics of Burn Creek cc
the other streams rather than fire effects. Preburn data fc
would be needed to detect fire effects on this stream. Incr
phorus in overland flow and ground water following fire woul
(McColl and Grigal 1975) aé would a decrease in soil phosphc
1974). Increases in waterborne phosphorus are most pronounc
year following fire and then decline, while soil phosphorus
increase after about 10 years (Viro 1974).

Colter greek and Burn Creek were both slightly turbid c
(5 Jackson Turbidity Units), but no suspended material was v
aﬁy other time in any of the streams. This is not surprisin
little soil movement was observed anywhere within the fire p
No intense rain storms occurred in the area during 1975, alt
storms were numerous. Stfiffler and.Mogren (1971) found tha
of rock on the soil surface was more important than slope in
particle movement during low intensity storms, but slope was
trolliﬁg factor during high intensity stérms. They also obs.
most eroded particles were re-deposited downslope where the :
flattened or behind obstructions. Except for Burn Creek, no
stream bottoms were severely Bufned, and a strip of intact wve
remains.along stream banks. The fuels in these lécations apj
contained enough mbisture to retard burning. Snyder, et al.
observed that such buffer strips in Idaho were efficient. in
suspended sediment.

Burn Creek was generally 2-3 degrees C warmer than the ¢

for the same dates and time periods.
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The 1975 data suggest no direct influence of the fire on the water
cquality of Waterfalls, Falcon and Colter Creeks. The fire may have
reduced nitrates in Burn Creek, but this cannot be confirmed at this
time. Presumably, nitrates will incréase in Burn Creek within a few
years. if the low concentrations observed are fire related. McColl and
Grigal (1975) found tﬁat increased phosphorus in ground and runoff water
from burned areas had negligible effects on phosphorus conteﬁt in
adjoining lakes or streams. They ascribed this to the great dilution
factor.ahd losses of phosphorus in ground water by adsorpfion. Likewise,
Striffler and Mogren (1971) detected no direct influence of fire on a
small stream in Colorado. They ascribed this to a lack of severe storms
during the sampling period and the small size of the burned area involv-

ing the creek.
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SUMMARY
This report summarizes research accomplished during the summers of 1974
and 1975 on the ecological effects and first postfire year successional
processes following the lightning-caused Waterfalls Canyon Fire in Grand
Teton National Park. This fire occurred in that portibn of the Park
zoned for letting naturally-caused fires run their course. It burned
from July 17, 1974 to about December 1, 1974 and covered about 3,492 acres
(1,414 ha) on the west side of Jackson Lake. Most of the area burned
during September. Prior to the fire, about 82 percent 6f the burn was
coniferous foresé, and 18 percent was meadow-shrub. About 387 acres
(157 ha) within the burn perimeter was unburned meadow-shrub (75 percent)
and coniferous forest (25 percent). Of the 3,106 acres (1,258 ha)
actually burned, 89 percent was coniferous forest, of which 57 percent

was severely burned and 43 percent was lightly to moderately burned.

Even severe fire apparently did not reduce the basal area of herbs and
shrubs, which was low (3-6 percent) on all sites one year postfire.

Most mosses and lichens were apparently killed by both moderate and

-severe fire and were still sparse 43 years postfire when compared to the

unburned site. Recovery may require re-establishment of a dense tree

canopy.

Only 2 and 7 percent of the soil surface on the moderate and severe
burns, respectively, was covered by ash, and only 1, 2, 4, and 0 percent
of the surface on the severe, moderate, 1932 burn and unburned sites,

respectively, was bare soil.
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The main effect of the fire on soil surface characteristics was to char
but not destroy organic litter. One year postfire, charred litter covered
73 percent of the soil surface on the severe burn compared to a similar
percentage of unburned litter on other sites. The percentage of burned
litter on the moderate burn was much higher (but still less than on the
severe burn) immediately after the fire, but profuse needle fall from the
foilage killed but not consumed by the fire covered much of the ground
surface between 1974 and 1975. This did not occur on the severe burn

because the fire consumed all tree foliage.

The prefire forest on all sites but the 1932 burn was dominated by

Picea engelmanni and Abies lasiocarpa with Pinus contorta and P. albicaulis

minor components,but forest succession may have been somewhat more

"advanced on the moderately and severely burned sites than on the unburned

site.

All trees on thé severé burn were killed and many were consumed by the

fire. About 56 percent of the trees but only 10 percent of the baéal area
may have been killea on the moderate burn. About 60 percent of the trees
killed were less than 19 feet (5.7 m) tall. Proportionately more A. lasio-
carpa than P. engelmanni may have been killed becausé proportionately more
of the prefire density and basal area of A. lasiocarpa than of P. engelmanni
was less than 19 feet (5.7 m) tall; the height class most susceptible to

fire.

Live tree density one year postfire on the unburned site was 1.9 times

greater than on the moderate burn and 2.4 times greater than on the 1932
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burn, but tree basal area was similar on the unburr~d and moderately

. burned sites and about 2.4 times greater on these . " as as on the 1932
burn. A. lasiocarpa had the highest postfire imps ' .ce values on both

the unburned (144.1) and moderately burned (lli.O) ~.ites followed by

P. engelmanni (44.4 and 78.3 on the unburned and mocerately burned sites

respectively). Pinus contorta and P. albicaulis had low importance valu

(3.6-7.3) on both sites. In contrast, P. contorta had by far the highes
importance value on the 1932 burn (148.1), followed by A. lasiocarpa

(39.6), Picea engelmanni (7.8) and Pinus albicaulis (4.7).

Pinus contorta will probably dominate postfire succession on the severe

burn at least through 43 years postfire and probably longer, but Picea

engelmanni and Abies lasiocarpa will be present in lesser numbers. Pinuc
contorta will probably also be more important in postfire succession on
the moderate burn than it was in the prefire stand but will probably

remain subordinate to A. lasiocarpa and P. engelmanni. Pinus albicaulis

will probably be of minor importance in postfire succession on all sites.

Mean current year's growth of terminal and lateral leaders of P. engel-

manni, A. lasiocarpa and P. contorta was greatest on the 1932 burn, but
significgntly so only for terminal leaders of.é;,lasiocérga and_g;'engél—
manni and for lateral leaders of 2; engelmanni. The 1974 fire did not
significantly affect leader growth on the moderate burn during the first
postfi?e growing season. Greater leader growth for all tree species

seemed to be associated with lower tree density and basal area.

Tree seedlings were sparse on all sites but density and frequency of
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occurrence were highest on the moderate burn and similarly lower on the:

£
o
%

other three sites one year postfire. Only A. lasiocarpa and P. engelmanni
seedlings were encountered on the burn, only A. lasiocarpa on the unburned

site, only P. engelmanni on the severe burn, and only Pinus contorta on

the 1932 burn. Moderate and severe fire may have favored production and/or

survival of P. engelmanni seedlings over those of A. lasiocarpa.

-

Total canopy coverage of herbs and shrubs was similar on the unburned site
and the 1932 burn and about 3.5 times greater on these sites as on those
burned in 1974. Shrubs accounted for most of the difference between the

unburned site and those burned in 1974. Mushrooms (Morchella angusticeps)

were abundant on the moderate and particularly on the severe burn one year

postfire but were not observed on the other sites.

Canopy coverage of grasses and grasslike plants was 24, 12, 10, and 5

percent on the 1932 burn, the unburned site, the moderate burn, and the
severe burn, respectively. Low canopy coverage but relatively high fre-
unency of occurrence (compared to the unburned Sitej suggests that few

grasses and grasslike plants were killed even by severe fire. The main

initial effect of fire on grasses and sedges was to reduce the amount and

vigor of their aerial growth. Calamagrostis rubescens and Carex geyeri

combined made up 92-100 percent of the total canopy coverage of grasses
and sedges on all sites, were the only species frequently encountered,
and were most abundant on the 1932 burn. The 1974 fire may have dis-

proportionately reduced the number and size of C. rubescens plants, but

apparently had little effect on C. geyeri.
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Canopy coverage and frequency of occurrence of forbs in 1975 were also
highest on the 1932 burn, next highest on the severe burn, slightly
lower on the unburned site, and lowest on the moderate burn. Severe

but not moderate fire may have stimulated production and/or survival

of forbs one year postfire, and forbs may remain more prominant on
severely bdrned sites for at least 43 years postfire. Individual forb
speéies had low canopy coverage and frequency of occurrence on all sites.

Arnica cordifolia and Thalictrum fendleri had the highest canopy coverage

(2 percent) on the unburned site, Lupinus sp. (6 percent) on the 1932
burn, A. cordifolia (4 percent) on the severe burn, and no forb was
present in more than trace amounts on the moderate burn. A. cordifolia

was the only forb encountered on all four sites.

Canopy coverage and frequency of occurrence of shrubs were by far the
highest on the unburned site and were next highest on the 1932 burn.
Fire destroyed most of the shrub canopy on the severe burn and greatly
reduced it on the moderate burn. The mugh lower frequency of occurrence

of shrubs on both the moderate and severe burns than on the unburned site

suggests that many shrubs were killed by the fire. Vaccinium membranaceum

was the dominant shrub om the unburned site and retained its relative
importance on both sites burned in 1974, though at much lower frequéncy of

occurrence and canopy coverage. In contrast, Ceanothus velutinus was the

dominant shrub on the 1932 burn but was not encountered on other sites.
Most shrubs on the severe burn and many on the moderate burn one year .

postfire were root sprouts.

The data suggest the following changes in the herb and shrub stratum may
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occur as postfire succession proceeds toward spruce—-fir forest. Ceanothus

velutinus and Symphoricarpus oreophilus will probably become more abundant

on the severe burn and perhaps on the moderate burn, will remain prominent
until at least 43 years postfire, and will gradually be replaced by

Vaccinium membranaceum. Forbs that may be relatively important in early

postfire succession and that may decrease in abundance or disappear before

43 years postfire include: Astragulus sp., Epilobium angustifolium,

Iliamna rivularis, and Dracocephalum parviflorum. Forbs that may increase

in importance from early postfire at least through 43 years postfire and

then decrease include:  Aster sp., Campanula rotundifolia, Frageria sp.,

Lupinus sp., Perideridia gairdneri, Taraxacum officinale, and Viola sp.

Grasses and grasslike plants may change little through postfire succes—

sion to spruce-fir forest. Carex geyeri and,particularly, Calamagrostis

rubescens may increase at least through 43 years postfire and then decline
somevhat, but will remain the dominant species of grasses and sedges
throughout-postfire succession to spruce-fir forest. Severe fire in
spruce—-fir forest resulted in increased diversity of herbs and shrubs
(particularly fo;bs) one year postfire that may persist for at least

43 years postfire.

Most insects collected from the severe burn one year postfire were Diptera

(flies), Hymenoptera (bees, wasps and ants), and Hemiptera (true bugs).
Coleoptera (beetles) and Trichoptera (caddis flies) were also present;
Prodigious numbers of roundheaded borers (Monochamus sp. and Xzi;trechus
longitarsus) under the bark of fire-killed trees provided food for wood-

peckers in 1975.
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Small mammal species diversity (trapped or observed) was similarly low

(3-4 species) on all sites in 1975. About twice as many small mammals

were trapped on the severely and moderately burned sites as on other

sites in July, but by August numbers were similar on all sites and 2-5

timgs gréater than during July; largely due to the production of young.
Estimated small mammal densities were 54, 56, 58 and 70 animals/ha (21.9,
22.7, 23.5 and 28.3/acre) for the moderate, 1932, severe and unburned sites,
respectively; however, confidence intervals were broad and overlapping,

and density differences may have been more apparent than real.

Data are presented on the biomass and mean weights of live trapped small

mammals.

In 1975 deer mice and red-backed voles were trapped on all sites, yellow
pine chipmunks on all but the unburnéd site, and one mountain vole was
trapped only on the severe burn. Red squirrels were observed on all but

the severely burned site.

The 1974 fire changed the abundance and species composition of small
mammals characteristic of unburned.spruée—fir forest. Yellow pine chip-
munks and deer mice were more numerous, red-backed voles were less
numerous, and total small mammal biomass was éomewhaf greater (due to
yellow pine chipmunks) on burned areas one year postfire. These changes

may persist for at least 43 years postfire.

Moose, elk, mule deer and black bear were summer and fall residents of the
burn one year postfire as they were prior to the 1974 fire. Extensive

browsing of Abies lasiocarpa and abundant moose droppings indicated winter
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and/or spring use by moose. Extensive fire-caused mortality of

A. lasiocarpa may result in less winter and/or spring use by moose.

Drainage basin characteristics for six streams that flowed through burned
and unburned areas are described. One year postfire, all streams except
Burn Creek (an intermittent stream that flows through the severe burn) con-

tained low concentrations of dissolved minerals, probably because minerals

.
~

in the rocks of their drainage basins are relatively insoluble and most flow
is runoff from snowfields. There was no evidence that the 1974 Waterfalls
Canyon Fire altered nitrate or phosphatg gontent of streams. Lack of
turbidity in all samples indicated that, if soil movement occurred (thefe

was little evidence of this), sediments did not reach the streams.




Special thanks are due JoAnn Byrd, Grand Teton National Park, for
typing the manuscript and some of the tables. Sue Kylander, lirbara
Ralph, Rosemary McIntosh, Lanette Haun, and Nancy Fedell of the Park

staff all helped type various tables.
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TaBle 34, Common and Scientific names of

TREES

Abies lasiocarpa
Picea engelmannii
Pinus albicaulis
Pinus contorta
Populus trenuloildes
Pseudotsuga menziesii

GRASSES AND GRASSLIKE

Agropyron sp.
Calamagrostils rubescens
Carex geyeri

Melica spectabilis
Phleum alpinum

Stipa sp.

Trisetum spicatum

FORBS

Achillea millefolium
Aconitum columbianum
Agoseris aurantiaca
Agoseris glauca
Antennaria microphylla
Arnica cordifolia
Aster sp.

~ Astragalus sp.

Campanula rotundifolia

Chenopodium sp.

Dracocephalum parviflorum

Epilobium sp.

Epilobium angustifolium
Frageria sp. p
Galium boreale :
Geranium sp.

Goodyera oblongifolia
Hieracium albiflorum
Tliamna rivularis
Lactuca sp.

Lupinus sp.

Osmorhiza chilensis
Pedicularis sp.
Perideridia gairdneri

Polygonum sp.

Pyrola asarifolia

plants.
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subalpine fir
engelmann spruce
whitebark pine
lodgepole pine
aspen

douglas fir

wheatgrass
pinegrass

elk sedge
oniongrass
alpine timothy
needlegrass
spike trisetum

yarrow
columbian monkshood
orange agoseris

pale agoseris

rosy pussytoes
heartleafed arnica
aster

milk vetch

harebell

goosefoot

american dragonhead
willow herb

fireweed

strawberry

northern bedstraw
geranium '
western rattlesnake plantain
whiteflowered hawkweed
streambank globemallow
lettuce

Jupine

mountain sweetroot
lousewort

gardner's yampah
smartweed

alpine pyrola




( . FORBS (Cont'd)

Taraxacum officinale
Thalictrum fendleri
Viola sp.

SHRUBS

a

g

Amelanchier alnifolia
Berberis repens
Ceanothus velutinus
Chimaphila umbellata

Lonicera utahensis

Sorbus scopulina

Spirea betulifolia

Symphoricarpus oreophilus

Vaccinium membranaceun

Vaccinium scoparium

. common dandelion

meadowrue
violet

western serviceberry
oregongrape
buckbrush

pipsissewa

utah honeysuckle
cascade mountain ash
shinyleaf spirea
mountain snowberry
huckleberry
grouseberry

98

Scientific names are from Shaw (1976), common names are according to
Despain (1975)



Table 35.
BIRDS

Dendroica auduboni .
Picoides arcticus
Certhia fomiliaris
Carpodacus cassinii
Spizella passerina
Nucifraga celvmbiana
Regulus satrapa
Perisoreus canadensis
Dendrocepos villosus
Hylocichla guttata
Sialia currucoides
Parus gambeli
Picoides tridactylus
Nattallornis borealis
Junco creganus
Pinicola enucleator
Spinus pinus

Sitta canadensis
Loxia curvrostra
Turdus nisratorius
Regulus calendula
Bonasa umbeilus
Hylocichla ustulata
Iridovrocne bicolor
Piranga iudoviciana
Contrepus sordiduius
Sphyrapicus varius

MAMMATLS

Ursus americanus
Peromvscus maniculatus
Cervus canadensis
Futamius amoenus

Sorex cinercus

Microtus pennsylvanicus
Alces alces

Phenacomvs intermedius
Microtus montanus
Odocoileus hemionus
Gloucomys sabrinus
 Clcithrionomya sapperd
Tomdlasciurus buuqo"*cus
Futamios uvmbrinus

Sar X ViNTANS

nr .LHC(‘D

Futaming anoenus

Names are according .to blair, et al.

Corucon and scientific naires of bir
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rds and mammals. .

Audubon's warbkler
Black-backed three-toed woodpecker
Brown creeper

Cassin's finch

Chipping sparrcw

Clark's nutcracker
Golden-crovmed kinglet
Gray jay

Hairy woodpecker

Hermit thrush

Mountain tluebird
Mountain chickadee
Northern three-toed woodpecker
Olive-sided flycatcher
Oregon Junco

Pine grosbeak

Pine siskin

Red-breasted nuthatch
Red crosshill

Robin

Ruby-crovned kinglet
Ruffed grouse

Swainson's thrush

Tree swallow

Western tanager

Western wood pewee
Yellow-bellied sapsucker

Black bear
Deer mouse

Elk

Least chipmunk
Masked shrew
Meadow vole
Moose

Mountain phenacomys
Mouatain vele
Mule deer
Northern flying
Red-backed vole
Red squirrel
Uinta chipmunk
Vagrant shrow
Western jumping mouse
Yellow pine chipnunk

squirrel

(1957).





