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different from survival of lodgepole pine seedlings (p = 0.62), even though no lodgepole seedlings
survived on one plot. Another site demonstrated equal densities and survival of both lodgepole pine and

aspen seedlings.

Six (4 nonforested, 2 forested) of the 14 plots supported a total of 91 new aspen seedlings-of-the-year
in 1990. Three forested plots also supported a total of 20 new lodgepole pine seedlings. Willow
seedlings were also recorded on seven of the plots (five nonforested, two forested) over the two years.

Aspen seedling survival was influenced by the presence of ungulates, spring flooding, disease, and
intraspecific competition. Assuming that the proportion of browsed, surviving seedlings reflected local
ungulate density and utilization, ungulate presence (BR) negatively influenced seedling survival (SURV)
on the 11 unfenced plots: [SURV = 77.592 - 0.726BR, r = 0.79, p = 0.004]. The hoof action of
ungulates, rather than browsing per se, may have contributed more to mortality since both browsed and
unbrowsed aspen seedlings were commonly observed to be uprooted and displaced. Portions of plots
submerged during spring runoff showed a high degree of aspen seedling mortality. Similarly, the terminal
portion of many seedlings had died back late into the 1989 season, and laboratory analysis showed that
these seediings had succumbed to the leaf and shoot blight commonly known as shepard's crook
(Venturia tremulae). Areas with an unusually high density of aspen seedlings in 1989 showed
corresponding high levels of mortality in 1990.

Ungulate presence did not influence lodgepole pine seedling survival (p = .209) on the four unfenced
forested plots. Spring flooding, however, was responsible for the die-off of lodgepole pine seedlings on

one site.

These sites will be monitored over time as the successional process continues.
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Forest type and fuel moisture have been shown to influence the occurrence and activity of lightning-
caused fires in Yellowstone National Park. Significantly more lightning-caused fires occur in climax
Engelmann spruce/subalpine fir forests and in old-growth, mixed-canopy lodgepole pine forests — more
than expected, based on the proportion of those forest types in the park. Early- and mid-successional
lodgepole pine forests, on the other hand, experience significantly fewer lightning-caused fires than
expected. These trends are evident across a broad spectrum of moisture conditions. Lightning-caused
fire ignitions increase when fuel moisture estimates for large (>3 inch diameter) dead and downed fuels
approach 13 percent. Continued activity of fires is constrained by forest type. The climax spruce/fir and
old-growth, mixed canopy lodgepole pine forests burn readily and show a positive association with
stand-replacing crown fire, whereas the early- and mid-successional lodgepole pine forests do not.
These trends were evident during the first 16 years of the prescribed natural fire program and during the
early portion of the 1988 fire season. During the later stages of 1988 these relationships continued but
became weaker, probably because of drought conditions, continued high winds associated with frontal

passage, and the broad expanse of active fire perimeter.
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Suckering in Burned Aspen as Related to Above-Ground
and Below-Ground Biomass
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Vegetative root suckering has long been recognized as a means of long-term propagation in clonal
species such as trembling aspen (Populus tremuloides Michx.). This suckering is regulated by auxins
produced in the aerial portions of the tree and translocated to the roots. When movement of these
chemicals is halted by burning, cutting, or defoliation, suppressed buds on the roots are released and

new suckers (i.e., ramets) are produced.

From 30,000 to 150,000 ramets per hectare have been reported in aspen stands following burning. While
hormonal, environmental, and root carbohydrate reserves play a role in ramet initiation and growth, such
variance in suckering has been attributed to "varying degrees" of fire intensity. A surface fire of low
intensity that leaves some living trees may not effectively eliminate the chemical pathway, thus
maintaining some level of sucker suppression. On the other hand, a high-intensity fire may also kill some
of the surficial roots from which ramets arise, again contributing to a lowered suckering response. The
general thought is that optimal suckering is produced when a fire is of the proper intensity to remove
the overstory and sufficiently disrupt the auxin flow but not kill surficial roots.

Our observations in Yellowstone suggest that even a low-intensity fire will stimulate prolific suckering and
that perhaps other factors contribute more to the suckering response than fire intensity. We investigated
the relationship of root biomass to preburn above-ground standing crop and the subsequent production
of new ramets in the first year following fire.

We used a planar intercept technique, developed to estimate the volume of dead and downed woody
fuels, to measure root biomass. This involved digging a 4 x 0.5 m trench down to parent material, tallying
root intersections by size class (<1/4 inch, 1/4 - 1 inch, 1 - 3 inches, and >3 inches in diameter) along
the side of the trench, and applying an appropriate mathematical formula for each root size class (for
roots <3 inches in diameter: RB = K*A*Di*Si*Ni/L, where RB = root biomass in tons/acre; K = 11.64,
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a constant; A = 1.13, a nonhorizontal angle factor; Di = the average diameter squared of roots in size
class i; Si = the specific gravity of root size class i, to be measured for each size class; Ni = the number
of intersections of root size class i; and L = the length of the sampling line in feet. The equation is similar
for roots greater than 3 inches except Di is replaced by the sum of the squared diameter for each root
encountered. All measurements were converted to metric units presented here.) The data reported here
were collected from 18 different aspen clones in the northern portion of the park.

We also employed a series of standing crop measurements including tree density, spacing, diameter
at breast height, basal area, and tree height to correlate with each root trench.

Five of the eighteen clones were experimentally burned in 1986 - 87 to observe ramet production and
growth following fire. Three sites were enclosed within a 25 x 26 m fence. Two additional sites were
similarly fenced after the 1988 fires. All five enclosure sites were revisited between growing seasons to
determine production for the previous season. Aspen ramets were clipped within an 8 x 25 m subplot
to determine the biomass of ramets produced and the average ramet height.

Total root biomass ranged from 1.3 to 43.7 metric tons/ha, and basal area ranged from 4.6 to 50.5 m*/ha
at all 18 sites. The oven-dried biomass of ramets produced at the five enclosure sites ranged from 0.02
to .49 metric tons/ha. The average-height of ramets ranged from 23.3 to 75.3 cm at seven (five fenced,
two unfenced) burn sites.

Total root biomass was positively correlated, and showed the best correlation, with basal area for each
root trench' (metric tons/ha of root biomass = -18.57 + 22.22[square meters of basal area/ha] -
7.791[square meters of basal area/ha]? + 0.91[square meters of basal area/ha]®; » = 0.88, p = 0.00).
Areas with less than 6 square meters of basal area had a root biomass of less than 7 metric tons/ha.
Basal area ranging from 6 - 16 square meters/ha generally produced about 12 metric tons/ha of root
biomass. Basal areas greater than 16 square meters/ha showed a corresponding incremental increase
in root biomass.

Ramet biomass produced the first year after fire was positively correlated with both preburn basal area
and root biomass (metric tons/ha of ramets produced = -5.68 + 1.275[square meters of basal area/ha],
r’ = 0.90, p = 0.013; and -4.209 + 0.887[metric tons/ha of root biomass], * = 0.94, p = 0.006). On the
average, 15.4 meters/ha of basal area and/or 11.5 metric tons/ha of root biomass were required to
produce 0.1 metric ton/ha of ramets.

Average ramet height was also positively correlated with basal area and root biomass (average ramet
length = 2.52 + 0.43[square meters of basal area/ha), = 0.85, p = 0.004; and 2.941 + 0.33[metric
tons/ha of root biomass], = 0.81, p = 0.006, respectively). On the average, 25 square meters/ha of
basal area and/or 19 metric tons/ha of root biomass were required to produce 0.5 meter of ramet growth.

Root biomass at a point beneath the aspen canopy can be determined from basal area at that point, and
both can be used to predict the local response of aspen to burning. Other factors such as root
carbohydrate levels and site conditions undoubtedly influence the fire response, but were not measured
here. It is apparent that some sites are more favorable for aspen than others — the more favorable sites

'Because of heteroscedasticity, the natural logarithms of both the independent and dependent variable
were used in data analysis and equations presented here.
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supported a greater root biomass/basal area and subsequently produced more ramet biomass that grew
taller. These considerations are being further investigated to define the optimal aspen environment.




Relationships Between Spatial Heterogeneity
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Spatial variation in the behavior and severity of the 1988 fires in Yellowstone National Park created an
extremely heterogeneous landscape. We initiated studies in 1989 to address three general questions.
First, how does prefire heterogeneity of the landscape affect fire spread and severity? Prefire
heterogeneity in our study includes the spatial variability in abiotic factors, such as slope and aspect,
as well as in biotic factors, such as the mosaic of stand-age classes and the effects of prior disturbances
like mountain pine beetle (Dendroctonus ponderosae Hopk.) or mistletoe (Arceuthobium americanum
Nutt. ex Engelm.) infestations. Second, how do the effects of prefire heterogeneity on fire spread and
severity change under moderate and severe burning conditions? Third, how do the postfire patterns of
burn severities influence plant reestablishment? Two hypotheses are examined: (1) the percent cover
of herbaceous vegetation, which was composed primarily of individuals that had resprouted from
surviving rhizomes, does not differ with distance from the edge of the burned area, and (2) the presence
of seedlings of lodgepole pine (Pinus contorta var. latifolia Engelm.) is independent of the spatial pattern

of burn severity.

Field studies were conducted on three 1-km? sites on areas of the subalpine plateau in which a mosaic
of fire severity was observed aerially and from the ground. All three sites were located on glacial till
composed primarily of rhyolite at elevations of 2,300 to 2,400 m. The two most important environmental
gradients controlling vegetation on the plateau are related to elevation and geological substrate, with
moisture generally increasing with elevation and soil fertility lower on rhyolite than on andesite substrate.
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Our study areas represent the dry and infertile end of the major gradients. The broad-scale analyses
were conducted on the park geographic information system (GIS) and encompassed a 1,300-km” section
of the Yellowstone Plateau, the same study area in which long-term fire history studies have been
conducted by Romme and Despain. More than 75 percent of this landscape contained stands that
exceeded 100 years in age. Elevation in the area ranged from 2,120 to 3,040 m, with 90 percent of the
area between 2,270 and 2,730 m.

At each of the three field sites, we sampled 100 points distributed regularly in a 1-km x 1-km grid,
recording information on fire severity (severity class, depth of ash, depth to which soil was charred, and
percent mineral soil exposed), prefire forest structure (forest successional stage; tree density; tree
species; and tree size, measured by diameter at breast height), first- and second-year plant responses
(percent cover of graminoids, forbs, and low shrubs; dominant species; and number of seedlings of
Pinus contorta var. latifolia), and general site characteristics (slope and aspect). |

Fire severity was not influenced by slope, aspect, tree density, or tree size. Fire severity was aftected by
stand age, with older successional stages more likely to have burned, and by prefire effects of mountain
pine beetle and mistletoe infestations. Increasing severity of mistletoe infestation was associated with
increasing probability of crown fire. Severe prefire beetle damage increased the probability of crown fire,
whereas light or moderate beetle damage decreased this probability. Also, fires that occurred early in
the 1988 season (under more typical drought conditions) appeared mcre responsive to the preiire spatiai
mosaic of successional stages than did fires that burned later in the season (under extremely low fuel
moisture and high winds). Plant reestablishment was affected by postfire heterogeneity in the landscape
due to overall burning patterns and the variable fire severity within burned areas. The depth to-which soil
was charred increased with fire severity, ranging from an average of 5.8 mm in lightly burned sites to
13.6 mm in sites that experienced crown fires. In 1989 unburned sites had the highest vegetative cover
in forbs (12 percent), graminoids (18 percent), and low shrubs (20 percent). Total vegetative cover
declined somewhat in lightly burned sites but was extremely low in moderately burned (< 10 percent)
and crown fire sites (< 4 percent). The percent cover of exposed mineral soil was greatest in crown fire
sites (82 percent) and lowest in unburned sites (5 percent). By 1990 vegetative cover had generally
doubled, and the density of lodgepole pine seedlings increased by fivefold.

Despite generally low densities, there were significant differences in the abundance of lodgepole
seedlings among burn severity classes and between years. Sites affected by crown fire burns had a
lower seedling density than the other three burn severity classes, and there was a fivefold increase in
seedling abundance between 1989 and 1990 (Tukey's studentized range test, p < 0.05). However,

because densities were so low, a Chi-square analysis was used to examine the expected and observed

number of sampling points at which one or more seedlings were present within each burn severity class.
The presence of seedlings differed among burn severity classes in both 1989 (c2 = 8.338, df = 3,p <
0.04) and 1990 (c2 = 30.16, df = 3, p < 0.0001). During both years seedlings were present more often
than expected on lightly burned sites and less often than expected on sites that experienced crown fires.
The spatial pattern of burning also appeared to influence lodgepole seedling density. During 1989
lodgepole seedlings were found more often on edge sites than on interior sites (p = 0.005), with 39
percent of edge sites but only 7 percent of interior sites containing seedlings. During 1990, however, no
difference was observed in the presence of lodgepole seedlings on edge and interior points (p = 0.37).

In general the floristic composition of the burned areas was very similar to that of adjacent unburned
areas. Most of the individual plants present in 1989 and 1990 appeared to be either adult forms whose
above-ground structures had survived the fire or vegetative sprouts from surviving rhizomes or root
stocks. We observed seedlings of the annual species, Collinsia parviflora Lindl. and Gayophytum diffusum

.
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T. & G., and of six perennial species, Cirsium arvense (L.) Scop., Epilobium angustifolium L., Lupinus
argenteus Pursh, Pinus contorta Dougl., Populus tremuloides Michx., and Carex sp. (C. geyeri Boott or
C. rossii Boott, or both). However, seedlings of the perennial species were much less numerous than
sprouts in all study sites and over all burn classes. Resprouting perennial plants bore few flowers in
1989, but flowered abundantly in 1990. Consequently, we expect to find increasing numbers of seedlings
in the burned areas over the next several years.

Our studies on the 1988 Yellowstone fires support suggestions that the spatial mosaic of burn severities
is important. Extensive areas that experienced fires of high severity contained low densities of seedlings,
probably because much of the seedbank in the canopy and the soil was destroyed. Remnant unburned
or lightly burned patches within a severely burned area may provide a seed source that will considerably
increase the rate of plant reestablishment. Thus, we hypothesize that the spatial geometry of the burn
mosaic will differentially influence plants that exhibit the modes of reproduction. The rate of
- reestablishment of plants that depend on the dispersal of propagules should be influenced by the size
of the burned patch, the distance to the nearest unburned forest patch, and the amount and spatial
distribution of burn severities within the patch. In contrast, the rate of reestablishment of resprouting
species shouid be controlled primarily by burn severity, regardless of the size of the burned patch or
the distance to an unburned forest patch. We have initiated new, long-term studies to test these
hypotheses in Yellowstone National Park.
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