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Salvage-logging and artificial seeding of grass following wildfire are common

practices in coniferous forests of the western United States, yet few studies have

quantified the ecological effects of these post-fire activities. The effects of post-wildfire

salvage-logging and grass-seeding on vegetation composition, aboveground biomass, and

growth and survival ofPinusponderosa and Purshia tridentata were quantified on the

area burned by the 1992 Lone Pine Fire, Winema National Forest in the Kiamath Basin,

Oregon. Prior to the fire, the area was dominated by uneven-aged stands of Pinus

ponderosa with Purshia tridentata and Stipa occidentalis in the understory. The fire was

a stand-replacement disturbance, where the majority of trees, the herbaceous component,

and crowns of understory shrubs were killed.

Salvage logging resulted in a significant decrease in understory biomass, species

richness, species diversity, and growth and survival of P. ponderosa and P. tridentata. In

addition plant community composition was shifted from native forb dominance to grass

dominance. In 1993, the understory biomass of salvage-logged sites was 38% of the

aboveground biomass produced on nonsalvaged sites (322 kg ha' vs 843 kg ha'). In



1994, salvage-logged sites produced only 27% of the biomass produced on nonsalvaged

sites (402 kg ha' vs 1468 kg haT'). Salvage-logging reduced species richness, species

diversity, and altered species composition. The first and second years following logging,

species richness was reduced by 13% (20 versus 23), and 30 % (15 versus 22),

respectively. In 1993 and 1994, native forb frequency on nonsalvaged sites was 80% and

77% respectively, while salvage-logged sites recorded 68% and 31% respectively.

Conversely, graminoid frequency was significantly higher on salvage-logged sites. In

1994, native graminoid frequency was 35% in nonsalvagel sites and> 61% on salvage-

logged sites. During the first two years following salvage-logging, mean height growth of

naturally-regenerated Pinusponderosa was significantly lower on salvaged sites (9.4

versus 7.8 cm yr') as was density of natural Purshia tridentata seedlings (313 versus 530

seedlings haT'). Survival in salvage-logged treatments was 22% lower for planted Purshia

tridentata seedlings (57% versus 45%). Height growth in salvage-logged treatments was

16% lower for planted Pinusponderosa (4.4 versus 3.7 cm).

Total aboveground biomass on nonsalvaged burned sites (controls) averaged

843 kg haT' in 1993, and 1473 kg haT' in 1994. In 1993, the first year following the fire,

sites seeded to Secale cereale produced 1995 kg haT' total aboveground biomass; most

of the biomass was S. cereale. Those seeded sites produced 89% less native forb biomass

than controls (82 versus 780 kg haT'), and 80% less native forb biomass than areas

seeded to the native grasses Sitanion hystrix and Festuca idahoensis. In 1994, the

second post-fire year, biomass on sites seeded to S. cereale was >1653 kg haT', dominated

by S. cereale. In 1994, no differences in total aboveground biomass were detected

between S. cereale, F idahoensis, S. hystrix, and the Control, indicating that the erosion



reducing benefits of grass-seeding did not last for more than one year. Treatments seeded

with S. cereale produced 58% less native forb biomass than controls (350 versus

825 kg ha'). Seeding S. cereale also reduced by 69% the biomass ofStipa occidentalis,

the most common native grass in the area (311 kg ha' on control sites versus 96 kg ha'

on S. cereale sites). In 1993 and 1994, fewer species were recorded on S. cereale sites

than on all other sites. Grass-seeded sites exhibited no significant differences in frequency

of noxious weeds in either of the two years following wildfire and seeding, rejecting the

hypothesis that grass-seeding reduces noxious weeds. However, native graminoid

frequency was reduced on all grass-seeded treatments. There were no significant

differences between grass-seeding treatments in height and density of natural P. ponderosa

and P. tridentata seedlings or growth and survival of planted P. ponderosa and P.

tridentata seedlings.

While salvage-logging provides an economic benefit to local communities

through the extraction of commercially valuable timber, there is an ecological cost.

Reduction in ecosystem structure, production, species richness, diversity and alterations in

species composition are important ecological consequences of salvage logging. In

addition, this study demonstrates that salvage-logging retards the re-establishment and

early growth of Pinusponderosa and Purshia tridentata, two important wildfire

restoration priorities. Grass-seeding also results in significant ecological changes.

Alterations in ecosystem production, species richness, diversity and species composition

are important ecological consequences of grass-seeding. Managers should consider these

long-term influences on ecosystem composition and structure when faced with decisions

concerning post-fire rehabilitation and management.
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ECOLOGICAL EHECTS OF POST-WILDFIRE MANAGEMENT ACT WITIES
(SALVAGE-LOGGiNG AN) GRASS-SEEDING) ON VEGETATION

COMPOSITION, DWERSITY, BIOMASS, AND GROWTH AND SURVWAL OF
Pinusponderosa AND Purshia tridentata

CHAPTER 1
INTRODUCTION

Each year wildfires burn thousands of hectares of forest and range lands in the

western United States. Ecosystem impacts from burning and suppression activities may

last from a few months to centuries. Historically, public land management agencies have

taken a variety of actions that were intended to mitigate the impacts for beneficial human

uses. Specific objectives of post-fire management activities have included: (1) soil erosion

prevention or reduction to protect life and property, and maintain ecosystem productivity

(2) revegetation with the intent to return the burned area to previous conditions as quickly

as possible, and (3) salvage-logging burned timber before decay reduces the economic

value (Boyle 1982, Bruington 1982, Barker 1989, Ruby 1989, Simon Ct al. 1994). In

most cases actions are undertaken with a high degree of urgency (Herald & News 1992a,

Herald & News 1992b). Timber sale planning often begins prior to control of the fire (D.

Campbell, USFS Chiloquin Ranger District, Lone Pine Fire Recovery environmental

assessment interdisciplinary team leader, pers. comm 1992). Burned area emergency

rehabilitation measures (primarily erosion control activities) available to US Forest Service

units must be planned, and funds requested within 72 hours after control of a wildfire

(USDA Forest Service 1995a). Despite the perceived importance of these activities, there

has been very little scientific monitoring of the effectiveness or effects of these activities.
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Research concerning effects to ecosystem structure and function associated with these

activities is very limited (Berg 1989).

Post-fire management actions are typically divided into rehabilitation and

recovery. Rehabilitation has been defined as those activities which attempt to reduce any

further degradation to the fire area and adjacent areas (MacDonald 1989). Most often it is

associated with attempts to reduce soil erosion. Check dams in streams, sediment traps on

steep slopes, and grass-seeding across the burned landscape are common rehabilitation

activities (Simon 1994). Effectiveness of rehabilitation efforts have usually been measured

by estimating amount of sediment behind erosion dams and sediment traps, and percent

grass cover on burned slopes during the first growing season after the fire (USDA Forest

Service 1995a).

Recovery actions on burned areas are those activities which are intended to

accelerate the return of the ecosystem to pre-fire levels of productivity (MacDonald,

1989). Recovery actions generally include timber harvest (salvage-logging) followed by

reforestation. The primary focus of these projects has been economic recovery through

sale of timber in the burned area (Simon, et al. 1994). Effectiveness of recovery projects

have usually been measured by the rapidity of planning and implementation of the salvage

sale and the bid price of the timber (USDA Forest Service 1992, Herald & News 1992c).

Ecological restoration, as a viable alternative to recovery or rehabilitation, is

often overlooked. Restoration has been defined as the reestablishment of natural

processes, functions, and related biological, chemical, and physical linkages (Kauffiuian, et

al. 1997). Passive restoration is simply the cessation of damaging activities that are
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causing degradation or preventing recovery. While active restoration (i.e.; the purposefiul

manipulation of ecosystem structure, composition, or chemistry) may be an appropriate

strategy for damaged ecosystems, passive restoration should be considered first (Beschta,

et al. 1995).

Other than grass cover, amount of sediment trapped, and reforestation success,

very little attention has been given to evaluating ecosystem properties that might have

been affected by post-fire management actions (Shovic 1991, USDA Forest Service

1995b, USDA Forest Service 1993, USDA Forest Service 1994). Many concerned

citizens groups and individuals have expressed concerns about potential adverse effects to

ecosystems stemming from rehabilitation and recovery actions. (Henly 1988, USDA

Forest Service 1992, Folger 1995, Frost 1995). Because very little research has described

the influence of salvage-logging and grass-seeding, it has been difficult to provide

evidence supporting or contradicting those beliefs.

Salvage-logging has become particularly controversial (Henly 1988, Herald &

News 1 992d, Bass 1996). Opponents of salvage-logging have likened it to "raping a burn

victim" (W. Wood, Oregon Natural Resources Council, Klamath Falls, pers. comm

1993). Specific ecosystem impacts potentially resulting from salvage-logging include site

productivity reduction through soil compaction, reduction in plant and animal species

diversity through loss of forest structure, and reductions in water quality through

sedimentation (Beschta, et al. 1995, Frost 1995).

Pro-logging advocates have cited economic benefits of logging including

providing portions of timber sale receipts to counties for schools and roads, increases in
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work for loggers and millworkers, and providing funds for rehabilitation and recovery

efforts such as conifer planting and wildlife habitat improvements (USDA Forest Service

1992, Herald & News 1992e). I have not located any other research study that has been

done on post-fire salvage-logging in Pinusponderosa forests of eastern Oregon.

Grass-seeding following wildfire has also been criticized. Some research

indicates that grass-seeding does not reduce erosion (Gautier 1983, Zedler et al. 1983).

Other researchers have shown that grass-seeding actually increases erosion in the long

term through reduction in deep-rooting shrub species (Corbett and Rice 1966). In

addition, plant community species composition and successional pathways can be altered

by grass-seeding, potentially reducing ecosystem resilience (Keeley et al. 1981, Taskey, et

al. 1989). This may be a critical concern for fire adapted, early successional species.

Proponents of grass-seeding assert that it reduces erosion and associated losses in

site productivity, maintains water quality, provides forage and cover for wildlife, and

prevents damage to fisheries (Corbett and Green 1965, Miles, et al. 1989, Ruby 1989).

Others advocate grass-seeding to reduce or prevent noxious weed invasions following

wildflres (USDA Forest Service 1992). While this is a common post-fire activity, no

research was located on post-fire grass-seeding in Pinusponderosa forests of eastern

Oregon.

The overall goal of this research is to quantify ecological effects of land

management practices currently implemented following wildfires in south-central Oregon.

These data should provide information and management implications for determining post-

fire actions in the future. The research has been divided into two experiments that
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quantifr effects on ecosystem properties of: (1) salvage-logging, and

(2) grass-seeding. Central to both experiments is the hypothesis that current recovery and

rehabilitation practices following wildfire in south-central Oregon forests is a

misinterpretation of ecosystem needs, resulting in a further degraded ecosystem condition.

The central hypothesis of the salvage-logging experiment was: Salvage-logging

significantly influences plant community species richness, diversity, and composition, and

Pinusponderosa and Purshia tridentata seedling survival and growth. This will be due to

the presence of wider fluctuations of temperature and concomitant changes in relative

humidity, soil moisture and soil nutrients in disturbed areas. In addition, salvage logging

influences ecological factors through mechanical damage to soil, seed banks, and

seedlings.

The central hypothesis of the grass-seeding experiment was: Active restoration

(i.e., the introduction of exotic grasses) is a misinterpretation of ecosystem needs. Seeding

of exotic grass species significantly influences survival and growth ofF. ponderosa and

Purshia tridentata seedlings, as well as ecosystem plant species diversity, richness, and

composition. This will be due to the high levels of competition for moisture, nutrients, and

light that exotic species exert over native species.

Both experiments were conducted within the burned area of the Lone Pine Fire.

This stand-replacement wildfire occurred in August, 1992 on the Chiloquin Ranger

District of the Winema National Forest in south-central Oregon (Fig. 1.1). The research

plots are located 48 kilometers north of Klamath Falls, Oregon at 42° 33' latitude and
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121° 30' longitude (Township 34 South, Range 10 East, section 34, and Township 35

South, Range 10 East, section 3, Willamette Meridian).

The Lone Pine Fire started on August 2nd and burned> 12,000 ha in four

days (USDA Forest Service 1992). The portion of the fire area selected for study was

classified as a Pinusponderosa/Furshia tridentata/Stqxi occidentalis plant association

(Volland, 1985). Prior to burning, an uneven-aged stand ofPinusponderosa with an

understory of Purshia tridentata dominated the area. Pre-fire basal areas ranged from 9.2

m2 ha1 to 16.1 m2 ha4. Other understory vegetation included the shrubs Ceanothus

velutinus, Arctostaphylospatula, and the grass, Stipa occidentalis. All vegetation in all of

the experimental sites were top-killed during the Lone Pine Fire. Emergency rehabilitation

efforts on the Lone Pine Fire area included seeding slopes with sterile wheat (sterile hybrid

of Triticum and Agropyron) in an attempt to prevent erosion and noxious weed invasion.

Long-term recovery efforts on the Lone Pine Fire area included salvage-logging 8,000

ha and planting 8,000 ha ofPinusponderosa and 5,000 ha of Purshia tridentata (S.

Puddy, Chiloquin Ranger District Silviculturist, pers. comm. 1998).



Figure 1.1 Winema National Forest, in the Kiamath Basin, Oregon with Lone Pine Fire
area identified.
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CHAPTER 2

ECOLOGICAL EFFICTS OF POST-WILDFIRE SALVAGE-LOGGING ON
VEGETATION DIVERSITY, BIOMASS, AND GROWTH AND SURVIVAL OF

Pinusponderosa AND Purshia tridentata

Abstract

Salvage-logging following wildfire is a common practice in coniferous forests of

the western United States yet few studies have quantified the ecological effects of this land

use activity. The effects of post-wildfire salvage-logging on vegetation composition,

aboveground biomass, and growth and survival ofPinusponderosa and Purshia

tridentata was quantified on the area burned by the 1992 Lone Pine Fire, Winema

National Forest in the Klamath Basin of south-central Oregon. Prior to the fire, the area

was dominated by uneven-aged stands of second-growth P. ponderosawith P. tridentata

and Stipa occidentalis in the understory. The fire was a stand-replacement disturbance,

where the majority of trees and crowns of understory shrubs were killed.

Salvage logging (all but 10 trees ha' cut and removed from the site) in the winter

of 1993, resulted in a significant decrease in understory biomass the following year. In

1993, the understory biomass of salvage-logged treatments was 38% of the

aboveground biomass produced on nonsalvaged treatments (322 vs 843 kg ha'). In 1994,

salvage-logged treatments produced only 27% of the biomass produced on nonsalvaged

treatments (402 vs 1468 kg ha1).

Salvage-logging reduced species richness, species diversity, and altered species

composition. The first and second years following logging, species richness was reduced

11
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by 13% (20 versus 23 species), and 30 % (15 versus 22 species) respectively. The second

year after salvage, mean Shannon Diversity indices for salvage-logged and nonsalvaged

treatments were 1.7 and 2.2, respectively. Salvage logging favored graminoid dominance

while decreasing native forb abundance. In 1993, frequency of native forbs salvage-

logged treatments was 68% compared with 80% in nonsalvaged treatments. In 1994, this

difference was greater; mean native forb frequency on nonsalvaged treatments was 77%

and salvage-logged treatments was 31%. Conversely, graminoid frequency was

significantly higher on salvage-logged treatments. In 1994, graminoid frequency was 35%

in nonsalvaged treatments and> 61% on salvage-logged treatments.

During the first two years following salvage-logging, mean height growth of

naturally-regenerated P. ponderosa was significantly lower on salvaged treatments (9.4

versus 7.8 cm yr1) as was density of natural P. tridentata seedlings (313 versus 530

seedlings ha1). Salvage-logging reduced survival of planted P. tridentata seedlings by

22% (57% versus 45%) and height growth in planted P. ponderosa by 16% (4.4 versus

3.7 cm).

While salvage-logging facilitates the extraction of commercially valuable timber,

there is an ecological cost. Reduction in ecosystem structure and composition,

productivity, species richness and diversity are significant ecological consequences of

salvage logging. In the Kiamath Basin re-establishment ofF. ponderosa and P. tridentata

are important wildfire restoration priorities. This study demonstrates that salvage-logging

retarded their re-establishment and early growth. Salvage-logging following wildfire may

have long-term influences on ecosystem composition and structure. Managers should



consider these influences in decisions concerning post-fire rehabilitation, recovery, and

restoration.

Introduction

Wildflres have historically been an integral ecological disturbance process of the

Pinusponderosa forests of south-central Oregon (Agee, 1990). Pre-European settlement

fire return intervals of 5-15 years (Martin and Johnson, 1979), 15-20 years (Miller and

Keen, 1960), and 18 years (Keen, 1940) have been determined for these forests. Fire has

been excluded from much of the landscape since the early years of the twentieth century.

In a nearby, similar forest type, Bork (1985) and Morrow (1985) determined that this era

of fire suppression was the longest fire-free interval in the past 3 -4 centuries in central

Oregon. It is likely that natural forest fuels have increased substantially during this eight

decade fire-free interval. In 1992, at the time of the Lone Pine Fire, the large fuel buildup,

coupled with the seventh year of drought resulted in high levels of fire intensity and

severity. The last broad-scale occurrence of fire on the Chiloquin Ranger District

(formerly the Klamath Indian Reservation) was during the summer of 1918 when 80,000

ha burned (USDA Forest Service 1992a). The Lone Pine Fire of 2 August, 1992 was the

largest fire in the Klamath Basin since 1918, burning approximately 12,500 ha in four days

(USDA Forest Service 1992b).

Weather conditions contributed to the fire severity. No significant precipitation

had occurred in the area for over 90 days. Fuel sticks (1.2 cm diameter pine dowels)

13
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measured at Calimus Butte Lookout (within 6.2 km of the study sites) had 2% gravimetric

moisture content on the day of the fire (USDA Forest Service 1992c). Larger fuels (7.5 -

22.5 cm diameter) were measured at 10% fuel moisture content. At these levels, forest

fuels burn more rapidly and more completely (Schroeder and Buck 1970, Chandler, et al.

1983, Kauffman, et al. 1993, Pyne, et al. 1996). These fuel moisture levels are low (but

not rare) for late summer in the Klamath Basin. Winds were light and the Lower

Atmospheric Haines Index was 6, out of a range of 2 to 6 (National Weather Service

1992). A Haines Index of 6 indicates atmospheric conditions conducive to crown fire

development (Haines 1988, Werth and Ochoa 1990). Fire behavior was characterized as a

plume-dominated crown fire with profuse spotting in all directions (USDA Forest Service

1 992c).

Large expanses within the burned area experienced total mortality of aboveground

vegetation. Across the landscape more than 75% of the conifers were directly killed by

the fire (USDA Forest Service 1992d).

At the landscape scale, the Lone Pine Fire likely burned with much greater

intensity and severity than fires which burned in these P. ponderosa ecosystems in the

centuries prior to European settlement. These fires were largely low intensity surface fires

(Weaver 1959, 1964); crown fires were limited to small patches. Much of the understory

vegetation resprouted from subterranean perrenating buds. However, during the Lone

Pine Fire some understory species with the capacity to sprout were killed by the great soil

heat flux generated by this fire. The litter layer and much of the organic horizons were

consumed by fire in most of the burned area. Mortality was highest in the locales of high
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biomass consumption. This high level of fuel combustion at the surface, likely imparted a

heat flux downward that was much greater than that produced historically by frequent

fires that maintained much lower quantities of fuels at the surface (Weaver 1961a, 1961b).

The historic, low severity surface fires affected Klamath Basin ecosystems in

several significant ways. Past fires prevented fuel buildups that could support large-scale

stand-replacement fires (Weaver 1967) and provided ecosystem stability (Agee 1993). In

addition these past fires reduced competition for moisture and nutrients through

selectively killing much of the smaller understory trees (Cooper 1960). Other effects of

past fires include shaping species composition by selectively killing fire-sensitive species

(Biswell, et al. 1973), increasing nutrient content of forage (Hobbs and Spowart 1984,

Seip and Bunnell 1985), and perhaps most significantly, leaving intact most of the surface-

fire-resistant old growth component of the forest (Saveland and Bunting 1987).

Because of the extent of the fire, the perceived severe ecosystem effects, and the

high timber value of the trees, "restoration" and salvage efforts were given high priority

by federal land managers (USDA Forest Service 1 992d). Even before control of the fire,

initial actions were taken to begin planning for the "recovery" of the area (D. Campbell,

USFS Chiloquin Ranger District, Lone Pine Fire Recovery environmental assessment

interdisciplinary team leader, pers. comm. 1992). Much interest was expressed by local

and regional advocacy groups concerning potential salvage logging (Herald and News

1992a, Herald and News 1992b, Kepple 1992).

Much of the rationale given for why post-fire salvage logging should be done

(along with fire area ecosystem restoration) has been related to the commodity value of
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the timber. Pacific Southwest Regional Forester, Paul Barker (1989) placed economic

benefits at the top of a list of reasons why he considered salvage logging important.

Under current policies, seedlings for reforestation of the burned area would be funded

only by timber sale receipts (S. Puddy, USFS Chiloquin Ranger District, Silviculturist,

pers. comm 1992). Many collateral projects (also funded by the sale of fire-killed or

damaged trees) were undertaken with the intention of "improving" the site for specific

management objectives. Examples include winter range improvement for mule deer

(Odocoileus hemionus), primarily through planting P. tridentata seedlings; and noxious

weed eradication to avoid competition with native species (USDA Forest Service 1992d).

Timber industry and local government groups supported immediate, intensive

salvage-logging. These groups maintained that the value of the fire-killed trees as a wood

product would decline rapidly due to "bluestaining" and other decay agents (Henly 1988;

USDA Forest Service 1992d). Environmental groups opposed all salvage-logging or

proposed much-reduced levels of salvage-logging (Herald and News 1992, USDA Forest

Service 1992d). These groups recommended that a thorough evaluation of the burned

area must be done before proceeding with any activities. Some maintained that

procedures for timber sales after wildfire should be no different than without wildfire

(USDA Forest Service 1992b).

Over 566,400 m3 of wood were removed from the site; about 1 million trees were

cut (K. Moore, USFS Chiloquin Ranger District, Silviculturist, pers. comm. 1993, 1997).

Most of the burned area was logged with ground-based equipment; primarily tracked

equipment. Some of the steeper terrain was helicopter-logged. All of the salvage-logged
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treatments were logged with tracked equipment over> 60 cm of snow (F. Puddy, USFS

Chiloquin Ranger District Timber Sale Officer, pers. comm. 1994). About 10 trees ha'

were left to provide habitat for cavity nesting birds and as future downed coarse woody

debris for maintaining soil productivity. In addition, about half of the salvage-logged area

had tree tops scattered in the cutting areas (only the merchantable bole was removed). In

other areas tree tops were hauled to a landing for burning (USDA Forest Service 1 992d).

After salvage logging was completed, P. ponderosa, Pinus contorta, and

P. tridentata were planted. During May, 1993, nursery-grown, two-year old P.

ponderosa and one year-old P. tridentata seedlings were planted at 3.7 x 3.7 m spacing

(746 seedlings ha') on all portions of the study area except those treatments reserved as

controls.

The hypothesis of this research was: Survival and growth ofF. ponderosa and

P. tridentata seedlings, and community species richness, diversity, and species

composition are significantly influenced by salvage logging. This will be due to the relative

capabilities of plant species to survive and grow under wider fluctuations of temperature

and concomitant changes in relative humidity, soil moisture and soil nutrients. In addition,

salvage logging influences ecological factors through mechanical damage to soil, seed

banks, and seedlings.

The site is located 48 kilometers north of Klamath Falls, Oregon at 42° 33'

latitude and 121° 30' longitude (Township 34 South, Range 10 East, section 34, and

Township 35 South, Range 10 East, section 3, Willamette Meridian).

The portion of the fire area selected for study was classified as a P. ponderosa/
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P. tridentata/Stipa occidentalis plant association (Volland 1985). The study site area had

been railroad logged in the 193 0's and precommercially thinned about 20 years previous

to the fire. Prior to burning, an uneven-aged stand ofF. ponderosa with an understoiy of

P. tridentata dominated the area. Pre-fire basal areas ranged from 9.2 to

16.1 m2 ha'. Other understory vegetation included the shrubs Ceanothus velutinus,

Arctostaphylospatula, and the grass, Stpa occidentalis. Specific sites in this study were

selected based upon uniformity of pre-fire plant community, and similar slope, aspect and

elevation. All vegetation in all of the experimental treatments were top-killed during the

Lone Pine Fire.

The climate of the area is typified by warm, dry summers and cold, moist winters.

Mean annual precipitation in the general location of the study area is approximately 40 cm.

Killing frosts have occurred every month of the year, but generally do not occur between

May and September (Carison 1979). The study sites are located on the lower third of the

southeast slope of Calimus Butte. Prevailing winds are from the west and southwest.

Consequently, these sites are somewhat sheltered from those winds. Elevation ranges

from 1,460 to 1,520 m ASL.

All sites have similar soils. They have been identified within the Winema National

Forest Soils Resource Inventory (Carlson 1979) as Shanahan and Shukash soils. These

soils formed after the eruption of Mt. Mazama in the air-laid mantle of pumice and ash

over a buried soil. Depth to buried soil ranges from 50 to 100 cm. The Al horizon

textures are gravelly loamy coarse sands, with very gravelly coarse sand to coarse sand C

horizons. The buried soil (U B horizon) textures are cobbly to very cobbly barns and
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sandy barns. Tree roots commonly occupy the buried soil. Slope gradients range from 0

to 5%. Winema National Forest Soil Scientist, Garwin Carison (1979), noted that this soil

has high potential for high surface temperatures and moderate to high potential for frost

heave.

Methods

Six blocks (10 ha in size) were selected for inventory within the burned area.

Three blocks were salvage-logged and three were left nonsalvaged. Stand structure and

total mortality was relatively uniform in all blocks. Within each block, five treatment plots

(10 ha) were randomly located (Fig. 2.1). Within each treatment plot, five belt transects

(2 x 20 meters) were established. Within each belt transect three 50 x 50 cm microplots

were established.

Canopy Cover Measurements

On salvage-logged treatments all trees> 17.8 cm diameter (at 1.37 m above the

ground) except 10 per hectare were cut and removed from the sites. No trees were cut

and removed on non-salvaged treatments. Fisheye lens (7 5 mm) photos were taken on all

treatments in May and June, 1994. The camera lens was placed in the center of each 0.1

ha plot and cover was determined by digitizing the negatives (Chan et. ab. 1986).
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Fig. 2.1. Plot, belt transect, and microplot layout. Three microplots 50 x 50 cm each are
located in each belt transect. Species diversity measurements (richness, evenness,
Shannon Diversity Index) were taken in the microplots. There are 15 microplots in each
plot and 75 in each treatment block. Five belt transects 2 x 20 m were evenly spaced
within each plot (25 belt transects per treatment block). At the end of the second growing
season after the fire, all natural P. ponderosa and P. tridentata were measured for height
and density and all planted P. ponderosa and P. tridentata were measured for growth and
survival within the belt transects. Soil moisture samples were taken in the middle of each
plot. Biomass clippings were taken from 3 randomly located 50 x 50 cm areas within
each plot (25 clip plots within each treatment block).

Soil Moisture Measurements

Soil moisture was measured gravimetrically in April, May, June, July, and

September, 1994. One soil moisture core was collected at two depths: 0-10 and 10-20 cm

from the center of each plot. Soil samples were dried at 100°C for 48 hours and weighed

to obtain percent water content.
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Herbaceous Biomass

Aboveground biomass production was determined by clipping all biomass at < 1

cm height above ground in three 50 x 50 cm microplots randomly located within each plot

(75 samples per treatment). Biomass was separated by life form and selected species,

oven-dried at 800 C for 48 hours. All plots were clipped within one week of each other

each year in late June towards the end of the growing season.

Species Richness, Frequency, and Diversity

Species richness was quantified by recording all species present in all microplots

within a treatment (75 microplots). Species frequency was quantified by recording

presence or absence in each of the microplots and then calculating the percent of plots in

which the species was present (e.g., a plant species present in 25 of 75 plots yields a

frequency of 33%). Species diversity was determined by quantifying species richness and

species frequency within each of the fifteen 50 X 50 cm microplots (three in each belt

transect) in each plot. Diversity was calculated using the Shannon Diversity Index as

described in Magurran (1988). The Shannon Diversity Index was used to calculate H'

using the following formula (Magurran 1988):

H' = In p1

where p, is the proportional abundance (frequency) of the ith species (n/N). Species
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evenness (Y), a measure of the relative abundance of all species within a community, was

determined using the following formula (Magurran 1988):

= H' / in S

A Student's t-test was used to determine significant differences between treatments.

Species nomenclature follows Hitchcock and Cronquist (1978) and Hickman (1993) when

not listed in Hitchcock and Cronquist.

Growth and Survival of Planted and Height and Density of Natural P. ponderosa
and P. trülentata

Height and density of all natural P. ponderosa and P. tridentata and survival

percentage and growth of all planted P. ponderosa and P. tridentata were recorded within

each belt transect and averaged for all belt transects within each treatment block (25 belt

transects). All P. ponderosa and P. tridentata within belt transects were measured for

height in June 1993. Each plant was remeasured for height and dead plants were

recorded in 1994. The difference in height and survival averages were calculated for each

treatment block.

Means were calculated for all growth and survival measurements for salvage-

logged and nonsalvaged treatments. Differences between salvage-logged and

nonsalvaged treatment means were evaluated using Student's T-test. P-values 0.10 were

considered statistically significant unless otherwise noted.



Results

Canopy Cover

Canopy cover in salvage-logged areas averaged 5.3% while areas not salvaged

averaged 13.5% canopy cover (Table 2.1). No live crown foliage was visible on either

salvage-logged or nonsalvaged treatments. However, standing snags provided over twice

as much shade on nonsalvaged treatments as on salvage-logged treatments. By reference,

unburned forests adjacent to the Lone Pine fire study area averaged 47% canopy cover.

Table 2.1. Mean canopy cover percent for salvage-logged and nonsalvaged treatments
within the Lone Pine Fire area in 1994. Nonsalvaged treatments were not salvage-logged,
nor was anything planted; Salvage-logged treatments were logged in April, 1993, leaving
10 snags ha'.
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$oil Moisture

In April 1994, nonsalvaged treatments had greater soil moisture content in the

upper and lower soil depths than salvage-logged treatments (Table 2.2). Soil in the upper

depth (0-10 cm) in combined nonsalvaged treatments (those planted with P. ponderosa

Treatment Mean SE

Salvage-logged 5.3%
Nonsalvaged 13.5% (2.9)
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and P. tridentata and those not planted) averaged 3 6.9% while salvage-logged treatments

averaged 3 4.6% (J)=O. 17). In the lower soil depth, moisture in April, nonsalvaged

treatments averaged 36.1% moisture content, while salvage-logged treatments averaged

3 2.9%.

No differences in soil moisture content between salvage-logged and nonsalvaged

treatments were apparent in May or June. However, in July, the upper soil depth had

greater soil moisture on nonsalvaged treatments than salvage-logged treatments. Data for

combined nonsalvaged treatments had a mean soil moisture content of 8%, while the

mean of salvage-logged treatments was 6%. Conversely, there was a higher soil moisture

content in the lower depth in salvage-logged treatments than in nonsalvaged treatments.

Nonsalvaged treatments averaged 15% soil moisture content, while salvage-logged

treatments averaged 21%.

In September, 1994, soil moisture content in only the lower soil depth was

significantly different between treatments. In that depth, salvage-logged treatments had a

mean of 15% soil moisture content, while nonsalvaged treatments were 10%.
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Table 2.2. Mean soil moisture content (%) for salvage-logged and nonsalvaged treatments
in the Lone Pine Fire area in 1994. Standard error of the mean in parentheses. Significant
differences between treatments within a month indicated by asterisk (ps0. 10).
Nonsalvaged treatments were not salvage-logged, nor was anything planted; Salvage-
logged treatments were harvested in April, 1993, leaving 10 snags ha'; P1PO/PUTR
treatments were not salvage-logged, but were planted with two year-old P. ponderosa and
one year-old P. tridentata in June, 1993; Salvaged PIPO/PUTR treatments were salvage-
logged in April, 1993, leaving 10 snags ha' and then planted with two year-old P.
ponderosa and one year-old P. tridentata in June, 1993. Combined Nonsalvage treatments
combines data from Nonsalvage and Nonsalvage PIPOIPTJTR; Combined Salvaged
treatments combines data from Salvage-logged and Salvaged PIPOIPUTR.

April May June July September
0-10 cm depth

Nonsalvaged 37.3 (1.9) 29.7 (2.3) 20.7 (1.0) 6.9 (1.4) 14.3 (0.2)
Salvage-
logged 34.6 (3.1) 29.2 (1.3) 23.2 (3.3) 6.3 (0.4) 15.7 (1.4)

Nonsalvaged
PIPO/PUTR 36.6 (3.0) 30.2 (1.7) 20.2 (1.7) 8.8 (1.2)* 15.4 (0.4)
Salvaged
PTPOIPUI'R 34.5 (2.6) 27.5 (4.0) 21.1 (2.3) 5.4 (1.4) 14.5 (0.9)

Combined
Nonsalvaged 36.9 (1.6) 30.0 (1.3) 20.4 (0.9) 7.8 (0.9)* 14.9 (0.3)
Combined
Salvaged 34.5 (1.8) 28.3 (1.9) 22.2 (1.9) 5.9 (0.6)* 15.1 (0.8)

10-20 cm depth--------
Nonsalvaged 36.1 (1.1)* 32.9 (1.1) 28.2 (1.0) 15.3 (2.0)* 10.3 (1.5)*
Salvage-
logged 32.9 (O.9)* 32.7 (0.9) 29.5 (1.5) 21.1 (1.6)* 15.2 (1.7)*

Nonsalvaged
PIPO/PUTR 34.5 (2.0) 33.5 (0.8) 27.3 (1.4) 18.5 (1.8) 11.0 (1.8)
Salvaged
PIPO/PUI1t 35.0 (1.2) 31.1 (1.5) 27.0 (1.3) 19.6 (3.2) 13.2 (2.1)

Combined
Nonsalvaged 35.3 (1.1) 33.2 (0.7) 27.7 (0.8) 16.9 (1.4)* 10.6 (1.1)*
Combined
Salvaged 33.9 (0.8) 31.9 (0.9) 28.2 (1.1) 20.4 (1.6)* 14.2 (1.3)*



Aboveground Biomass

Salvage-logging resulted in large reductions in the total aboveground biomass

(TAGB) produced the first and second growing seasons following the Lone Pine Fire

(Table 2.3). In 1993 (the first growing season after the fire), TAGB in salvage-logged

treatments was only 38% that of the aboveground biomass in areas not salvage logged.

Table 2.3. Mean aboveground biomass in salvage-logged and nonsalvaged treatments in
the Lone Pine Fire area in 1993. Biomass and standard error (SE) in kg ha1
Nonsalvaged: not salvage-logged and no plantings; Salvage-logged: no plantings and all
but 10 trees per hectare cut and removed. Standard Error in parentheses. Significant
differences (P0. 10) between treatments within a year indicated by different letters (a,, b).
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Species Treatment

NONSALVAGED (SE) SALVAGE-
LOGGED (SE)

Arctostaphylospatula 0.53 (0.53) 0.18 (0.01)
Carex rossli 0.00 (0.00) 0.00 (0.00)
Ceanothus veluilnus 0.35 (0.18) 0.98 (0.47)
Chrysothamnus viscidflorus 0.00 (0.00) 0.00 (0.00)
Pinusponderosa 0.27 (0.16) 0.27 (0.16)
Purshia tridentata 0.09 (0.09) 0.27 (0.16)
Sitanion hystrix 1.16 (1.15)a 0.00 (0.00)b
Stipa occidentalis 21.95 (12.18) 40.80 (16.70)
Other Grass 39.11 (38.58) 0.36 (0.09)
Forbs 779.64 (212.36)a 279.65 (61.20)b

Graniinoids 62.22 (49.09) 41.16 (16.65)
Forbs 779.64 (212.36)a 279.65 (61.20)b
Shrubs 1.11 (0.72) 1.43 (0.49)
Trees 0.27 (0.16) 0.27 (0.16)

Total 843.24 (244.28)a 322.51 (71.05)b
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In 1994, this difference widened. At the end of the 1994 growing season, TAGB in

the salvage-logged treatment was only 27% of that in nonsalvaged treatments (Table 2.4).

Forbs (dicotyledenous herbs) were the life form that exhibited the greatest

differences in biomass between salvaged and nonsalvaged treatments. In 1993, mean forb

biomass in salvage-logged treatments was 36% (Fig. 2.2) of that in nonsalvaged

treatments.

By 1994, salvage-logged treatments had dropped to 33% (Fig. 2.3) of forb

biomass present on nonsalvaged treatments. The only species exhibiting significant

differences between salvage-logged and nonsalvaged treatments was Carex rossii.

Salvage-logging reduced C. rossii biomass production by 92.8% in 1994.



Table 2.4. Mean aboveground biomass in salvage-logged and nonsalvaged treatments in the Lone Pi
Nonsalvaged: not salvage-logged and no plantings; Salvage-logged: no plantings and all but 10 trees
Nonsalvaged PIPOIPUTR: not salvage-logged and P. ponderosa and P. tridentata seedlings planted;
salvage-logged and P. ponderosa and P. tridentata seedlings planted. Standard error in parentheses.
between treatments indicated by different letters (a,b).

ne Fire area in 1994.
ha' cut and removed;
Salvage-logged PIPO/PUTR:
Significant differences (pSO. 10)

Nonsalvaged (SE)
Nonsalvaged

Salvage-logged (SE) PIPOIPUTR (SE)
Salvage-logged Combined

PIPOIPUTR (SE) Nonsalvaged
Combined

Salvage-logged
Arcfosfaphylos patula 0.00 (0.00) 0.00 (0.00) 5.96 (5.96)a 0.00 (0.O0)b 2.98 (2.98) 3.24 (2.89)
Carex rossii 24.98 (11.17)a 1.87 (0.94)b 8.53 (2.83) 8.27 (1.97) 16.76 (6.33)b 5.03 (1.74)b
Ceanothus velutinus 0.44 (0.44)b 3.67 (3.27)a 6.93 (3.52)a 2.93 (1 .62)b 3.69 (2,15) 3.30 (2.32)
Chrysothamnus viscidtloius 271.02 (271.02) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 135.51 (135.51) 0.00 (0.00)
Pinus ponderosa 0.00 (0.00) 0.27 (0.27) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.13 (0.13)
Purshia tndentafa 39.67 (38.00)a 0.00 (0.0O)b 0.00 (0.00)b 7.47 (5.94)a 19.33 (19.07) 3.73 (3.14)
Sitanion hystnx 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.07 (0.07)
Stipa occidentalis 311.20 (65.24) 229.51 (64.80) 377.33 (128.04)a 184.13 (43.07)b 344.27 (65.95)a 206.77 (38.25)b
Other Grass 2.04 (2.04) 0.00 (0.00) 16.89 (16.89) 0.00 (0.00) 9.47 (8.30)a 0.00 (0.00)b
Forts 824.62 (205.21)a 161.33 (78.47)b 720.27 (376.40)a 105.87 (58.99)b 772.44 (193.14)a 241.29 (77.91)b

Graminoids 338.22 (75.32) 231.47 (65.19) 402.76 (115.82) 192.40 (42.71) 370.49 (63.45)a 211.87 (35.90)b
Forts 824.62 (205.21)a 161.33 (78.47)b 720.27 (376.40)a 105.87 (59.99)b 772.44 (193.14)a 241.29 (77.91)b
Shrubs 310.13 (308.80) 9.06 (4.59) 12.89 (7.88) 14.47 (8.62) 161.51 (153.30) 11.77 (4.53)
Trees 0.00 (0.00) 0.27 (0.27) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.13 (0.13)

Total Biomass 1472.98 (498.67)a 402.14 87.80)b 1135.91 (291.41)a 308.47 (18.80)b 1304.44 (269.07)a 465.06 (45.30)b
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Figure 2.2. Biomass partitioned by life form for salvage-logged and nonsalvaged
treatments in the Lone Pine Fire area in 1993. Standard error for total aboveground
biomass indicated by bars extending above each column.
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Figure 2.3. Biomass partitioned by life form for salvage-logged and nonsalvaged
treatments in the Lone Pine Fire area in 1994. NSalv not salvage-logged nor planted;
Salv salvage-logged but not planted; NSPP not salvage-logged, but planted with two
year-old P. ponderosa and one year-old P. Iridentata; SPP salvage-logged and planted
with two year-old P. ponderosa and one year-old P. tridentata; CNSV combined data
from Nsalv and NSPP; CSV combined data from Salv and SPP. Standard error for total
aboveground biomass indicated by bars extending above each column.
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Species Richness Evenness, Diversity, and Composition

Salvage-logging had dramatic influences on the composition and structure of the

post-fire plant communities. Species richness, evenness, and species diversity were

reduced by salvage logging (Table 2.4). In 1993, salvage-logged treatments displayed

mean species richness 13% lower than nonsalvaged treatments (22.7 versus 19.7 species

averaged in microplots totaling 18.75 m2). In 1994, the difference widened as

nonsalvaged treatments averaged 30% more species (22 versus 15.5) than salvage-logged

treatments,

Salvage-logged treatments displayed higher species evenness values than

nonsalvaged treatments in 1993 (Table 2.5). Data collected that year showed species

evenness values 6.1% higher on salvage-logged treatments than on nonsalvaged

treatments. In 1994, no significant differences in evenness between treatments was found.

In 1993, mean Shannon Diversity indices ranged from 2.43 to 2.50 (Table 2.5). The

differences between treatments were not statistically significant. In 1994, however, the

Shannon Diversity Index mean for nonsalvaged treatments averaged 2.23, while salvage-

logged treatments averaged 1.63.
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Table 2.5. Mean species richness, evenness, and Shannon Diversity indices on salvage-logged and nonsalvaged treatments in the
Lone Pine Fire area in 1993 and 1994. Standard error of the mean in parentheses. Treatments with PIPO/PUTR designations in
parentheses were planted with nursery-grown, two year-old P. ponderosa and one year-old P. fridentata seedlings in June,
1993. "Combined Nonsalvaged" and "Combined Salvaged" are grouped treatments with and without PIPOIPUTR.

Significant differences between treatments indicated by asterisk (pS0. 10).

Species Richness

Nonsalvaged Salvaged
Nonsalvaged Salvaged
(PIPO/PUTR)(PIPO/PUTR)

Combined Combined
Nonsalvaged Salvaged

1993 21.7 (0.88)* 19.3 (0.67)* 23.7 (1.67) 20.0 (2.65) 22.7 (0.95)* 19.7 (1.23)*

1994 21.3 (0.33)* 15.7 (0.67)* 23.0 (2.65)* 15.3 (2.03)* 22.0 (1.26)* 15.5 (0.96)*

Species Evenness

1993 0.81 (0.02) 0.86 (0.02) 0.77 (0.01)* 0.82 (0.01)* 0.79 (O.01)* 0.83 (0.01)*

1994 0.73 (0.07) 0.63 (0.03) 0.70 (0.04) 0.59 (0.07) 0.72 (0.04)* 0.61 (0.04)*

Shannon Index

1993 2.50 (0.09) 2.47 (0.01) 2.43 (0.02) 2.45 (0.11) 2.46 (0.05) 2.46 (0.05)

1994 2.23 (0.20)* 1.73 (0.12)* 2.20 (0.19)* 1.63 (0.21)* 2.22 (0.13)* 1.68 (0.14)*



33

Species composition was affected by salvage-logging in many ways (Fig. 2.4). In

1993 (Table 2.6), frequency of native forbs in microplots was> 15% in nonsalvaged

treatments than salvage-logged treatments. Exotic species were five times more frequent

on salvage-logged treatments than on nonsalvaged treatments. No differences in

frequency between salvage-logged and nonsalvaged treatments were detected for

graminoids.
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Figure 2.4. Community composition in salvage-logged and nonsalvaged treatments in the

Lone Pine Fire area in 1993 and 1994. NSLV = nonsalvaged; SLV = salvage-logged.
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Table 2.6. Mean relative abundance indices for salvage-logged and nonsalvaged treatments in the Lone Pine Fire area in 1993.
Standard error in parentheses. Significant difference between paired treatments indicated by asterisk * (p 0.10).

Nonsalvaged Salvaged Nonsalvaged Salvaged Nonsalvaged Salvaged
S. les NoPlantin.s NoPlanti !S PIPO!PUTR PIPOIPUTR Combined Combined
Agosens retroisa
Antennane geyen
Arctostaphylospatula
Bromusjaponicus
Carex rossii
Ceenothus velufinus
Cirsium vulgare
Collinsia parviflora
Collomia grandiflora
Coiomia tincfona
C,yptentha affinis
Epilobium paniculatum
Enophylum lanatum
Fra gene virginiena
Gayophyfum diffusum
Lomafium tiltematum
Lupinus caudatus
Metricene matiicanoides
Mentzelie albicaulis
MicroseiIs nutens
Mimulusnenus
Name pusillum
Phacelie hastete
Pinusponderosa
Plagiobottwys hispidus
Polygonum douglas!!
Purshie tridentafa
Ribes cereum
Scutellana nana
Senecio integenimus
Sitenion hysfnx
Stephanomei'ie exiqua
St/pa occidentalis
Terexacum officinale
Viola pwpuree

1.81 (1.81) 0.00(0.00) 0.35(0.24) 0.00(0.00) 1.08(0.88) 0.00(0.00)
0.45(0.29) 0.00(0.00) 0.07(0.07) 0.00(0.00) 0.25(0.16) 0.00(0.00)
1.91 (1.09) 2.77(0.90) 0.50(0.17) 1.92 (1 .24) 1.20(1.43) 2.35(0.71)
0.00(0.00) 0.00(0.00) 0.17(0.17) 0.00(0.00) 0.08(0.08) 0.00(0.00)
4.70(1.40) 3.21 (1.03) 7.05(3.96) 3.13(2.36) 5.88(1.95) 3.17(1.15)

4.10(1 .56) 10.57 (3.00)* 3.46(1 .25)* 12.25 (4.28)* 3.78 (0.90)* 11.41 (2.37)*
0.00(0.00) 0.00(0.00) 0.00(0.00) 0.12(0.12) 0.00(0.00) 0.08(0.08)

13.10 (357)* 4.99(1 .71)* 16.83 (3.05) 3.23 (0.44)* 14.97 (2.26)* 4.11 (0.88)*
0.73 (O.65)* 0.00 (0.00)* 0.08(0.08) 0.00(0.00) 0.41 (0.33) 0.00 (0.00)
3.28(0.93) 2.29(0.75) 2.41 (0.58) 2.03(0.91) 2.84 (0.52) 2.16(0.53)
0.22(0.22) 0.53(0.26) 1.05(0.62) 0.88(0.44) 0.63(0.35) 0.70(0.24)
1.06(0.57) 0.35(0.35) 2.27 (1.88) 0.15(0.08) 1.67 (0.91 ) 0.25 (0.1 7)*
1.15(0.62) 0.70(0.35) 1.03(0.79) 0.33(0.21) 1.09(0.45) 0.52(0.20)
0.00(0.00) 0.00(0.00) 0.17(0.17) 0.00(0.00) 0.08(0.08) 0.00(0.00)

18.15 (2.21) 18.70(1.90) 14.24 (1.85) 15.73(1.20) 16.20 (1.56) 17.22 (1.20)
0.23(0.23) 0.00(0.00) 0.41 (0.41) 0.00(0.00) 0.32(0.21) 0.00(0.00)
0.11(0.11) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.08(0.08) 0.00(0.00)
0.00(0.00) 0.35(0.35) 0.14(0.14) 0.00(0.00) 0.07(0.07) 0.18(0.18)

11.99(2.31) 8.70(2.40) 11.76(1.24) 8.59(3.09) 11.88 (1.1 8)* 8.65(1 75)*
0.00(0.00) 0.00(0.00) 0.07(0.07) 0.36(0.36) 5.59(1.17) 6.84(0.98)
5.28(2.08) 7.02(1.29) 5.91 (1.55) 6.66(1.77) 0.12 (0.08) 0.18 (0.18)
0.22(0.22) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.11(0.11) 0.00(0.00)
3.02(1.64) 3.24(0.61) 3.01 (1.75) 3.88(1.25) 3.02 (1.07) 3.56(0.64)
0.28(0.15) 0.99(0.66) 1.08 (0.59)* 3.11 (0.47)* 0.67 (0.32) 2.05 (0.60)*

15.33(6.08) 16.89(2.36) 14.39(4.26) 17.54(0.52) 14.86 (3.33) 17.21 (8.38)
0.78(0.49) 0.00(0.00) 0.33(0.33) 0.24(0.24) 0.56 (O.28)* 0.12 (0.12)*
0.31 (0.20) 0.63(0.32) 1.04(0.59) 1.08(0.55) 0.67(0.32) 0.84(0.30)
0.83(0.83) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.42(0.42) 0.00(0.00)
0.33(0.19) 0.18(0.09) 1.08(0.30) 0.91 (0.82) 0.70(0.23) 0.55(0.40)
0.11(0.11) 0.00(0.00) 0.07 (0.07) 0.00(0.00) 0.09(0.08) 0.00(0.00)
0.08 (0.08) 0.54(0.30) 0.14 (0.14) 0.49(0.49) 0.11 (0.07)* 0.51 (0.26)*
0.00(0.00) 1.61(0.85) 0.08 (0.08)* 2.38(1 .19) 0.04 (0.04)* 2.00 (0.68)
6.09(1.76) 7.93(2.80) 6.99(1 35)* 10.38 (1.1 9) 6.54 (1.01 )* 9.15 (1 .47)
0.00(0.00) 0.25(0.26) 0.30(0.15) 0.00(0.00) 0.15(0.10) 0.13(0.13)
3.42 (1.12) 5.49(1.08) 2.79(0.1 4)* 4.63 (0.58) 3.11 (0.52) 5.06 (0.57)*
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In 1994, species composition differences were most apparent in the

native forb, graminoid, and tree life forms (Table 2.7). Native forbs were twice as

abundant on nonsalvaged treatments than on salvage-logged treatments. Graminoids,

however, were almost twice as abundant on salvage-logged treatments than nonsalvaged

treatments. No statistical differences between treatments were detected for exotic species

and shrubs. However, three native graminoid species (Carex rossii Sitanion hystrix, and

Stipa occidentalis) and one shrub (Arctostaphylospatula) had significantly higher relative

abundance on salvage-logged treatments than on nonsalvaged treatments. The same year,

eight native forb species displayed significantly higher relative abundance on nonsalvaged

treatments than on salvage-logged treatments. The exotic species Dactylis glomerata and

Lactuca serriola were present on nonsalvaged treatments but not recorded on salvage-

logged treatments. The exotic Stephanomeria exigua was present on salvage-logged

treatments but not recorded on nonsalvaged treatments.



Table 2.7. Mean relative abundance indices for salvage-logged and nonsalvaged treatments in the Lone Pine Fire area in 1994.
Standard error in parentheses. Significant difference between paired treatments indicated by asterisk * (pO. 10).

PIPOIPUTR PIPOIPUTR
0.26(0.20)
4.78 (1.15)
0.78(0.47)
0.41 (0.27)
0.00(0.00)
12.53 (1.75)*
2.29(2.21)
128 (0.20)*
0.08(0.08)
5.97(3.72)
1.95(1.25)
0.27(0.27)
0.20(0.20)
12.15 (1 .68)

11(0.11)
1.09(0.78)
.28(0.28)

0.00(0.00)
0.00(0.00)
0.00(0.00)
5.24 (2.1 3)
0.00(0.00)
0.27(0.27)
2.77(2.25)
0.26 (0.20)*
11.52 (1
0.44(0.44)
1.00(0.26)
0.62(0.07)
0.00(0.00)
0.11 (0.11)
0.00 (0.00)
31.01 (7.99)

.38(0.14)
1.33(0.17)

Nonsalvaged Salvaged Nonealvaged Salvaged
ombined Combined

1.23 (1.08) 0.62 (0.29)* 1.73 (065)*
7.63(3.64) 5.18 (0.96)* 8.03 (1.70)*
1.75 (1.50) 0.88 (0.35) 1.08 (0.74)
0.00(0.00) 0.34(0.17) 0.28 (0.28)
0.20(0.20) 0.09(0.06) 0.18(0.11)
3.93 (2.26) 10.63(1 .50) 4.60(1 .40)*
0.27(0.15) 1.80(1.15) 0.25(0.12)*
0.54 (O.29)* 1.83(0.51 )* 0.57 (0.22)*
0.00(0.00) 0.04(0.04) 0.00(0.00)
0.00(0.00) .94(2.34 0.00(0.00)
0.40(0.40) 1.58 (0.69) 0.28 (0.20)
0.00(0.00) .16(0.13) 0.11 (0.11)
0.00(0.00) 0.10(0.10) 0.00(0.00)
17.20 (4.28) 11.87 (1 .24) 14.11(3.17)
0.34(0.34) '.06(0.06) 0.45(0.30)
0.00(0.00) 1.23(0.72) 0.00(0.00)
0.00(0.00) .30(0.15) 0.00(0.00)
0.00(0.00) 0.14(0.14) 0.00(0.00)
0.00(0.00) 0.02(0.02) 0.00(0.00)
0.00(0.00) 0.08(0.08) 0.00(0.00)
0.86 (0.10) 5.95(1 79)* 1.77 (0.79)*
0.00(0.00) 0.13(0.09) 0.00(0.00)
0.45(0.45) 0.44(0.30) 0.23(0.23)
4.91 (2.25) 2.87 (1.41) 5.05(1.06)
2.19(1 .02) 0.21 (0.12)* 1.37 (0.63)*
0.50 (0.50)* 12.47 (1 59)* 2.61 (1 .22)
0.00(0.00)
1.00(1.00)
0.00(0.00)
0.00(0.00)
2.28 (1.40)
1.10 (1 .10)
51.76 (8.87)* 29.89 (4.79) 51.92 (4.88)
0.55(0.41) .30(0.12) 0.39(0.22)
0.90(0.59) 1.33 (0.10)* 0.52 (0.32)*

S. lee
Nonealvaged
No Plantin.s

Salvaged
No Plantin.s

Arctostapliylos peft,la 0.98(0.50) 2.23 (0.84)
Carex rossii 5.57 (1.78) 8.43(1.03)
Ceanothus volutinus 0.98 (0.61) 0.42(0.27)
Chiysothemnus viscidflonis 0.27(0.27) 0.57(0.57)
Cirsium vulgave 0.18(0.09) 0.16(0.16)
Collinsia paiviflora 8.73 (2.15) 5.66 (1 .98)
Coiomiagrandiflore 1.31 (1.21) 0.22 (0.22)
Collomia tinctona 2.38 (0.98)* 0.60 (0.39)*
Daclylis glomerata 0.00(0.00) 0.00(0.00)
Epilobium peniculatum 7.91 (3.55) 0.00(0.00)
Eriophylum lanatum 1.20(0.82) 0.16(0.16)
Enogonum viminoum 0.05(0.05) 0.84(0.54)
Fragada virginiana 0.00(0.00) 0.00(0.00)
Gayohyfumdiffusum 11.59(2.18) 11.02(4.72)
Gilla aggregate 0.00(0.00) 0.57(0.57)
Lactuca semole 1.50(1.40) 0.00(0.00)
Lomalium fritematum 0.33(0.17) 0.00(0.00)
Unanthus blcolor 0.28(0.28) 0.00(0.00)
Lupinus caudatus 0.05(0.05) 0.00(0.00)
Mafricana mafricanoides 0.00(0.00) 0.16(0.16)
Mentzelia elbicauha 6.66(3.31) 2.67 (1.52)
Mimulus nanus 0.25(0.16) 0.00(0.00)
Microsons nutens 0.60(0.60) 0.00(0.00)
Phacelia hastate 2.96(2.19) 5.18(0.76)
Pinus ponderosa 0.16(0.16) 0.55(0.55)
Plagioboth,ys hispidus 13.42 (3.03)* 4.72(1 .67)*
Polygonum douglasu 0.37(0.20) 0.00(0.00)
Purshia tridentafe 0.22(0.03) 0.79(0.49)
Scutellada nan. 0.33(0.26) 0.31 (0.31)
Senecio integemmus 0.75(0.50) 0.00(0.00)
Sifanion hystdx 0.27 (0.27)* 1.63 (0.16)*
Sfephanomene .xigua 0.00(0.00) 0.72(0.39)
.Stipa occidenfalis 28.77 (7.05)* 52.07 (6.35)*
Taraxecum officinele 0.22(0.22) 0.22(0.22)
Viola puspuree 1.34 (0.15)* 0.14 (0.14)*

0.19 (0.14)* 1.95 (0.65)
0.00 (0.00) 0.91 (0.53)

0.41 (0.22) 0.00(0.00)
0.61 (0.21) 0.90(0.50)
0.48 (0.14)* 0.15 (0.16)
0.38(0.28) 0.00(0.00)



37

Natural P. ponderosa and P. tridentata Seedling Growth and Survival

Salvage-logging reduced height of P. ponderosa seedlings and density of Purshia

tridentata and P. ponderosa seedlings in the second year following fire. P. ponderosa

seedling height was 17% greater (9.4 vs. 7.8 cm; p=O.l 5) on nonsalvaged treatments than

on salvage-logged treatments (Table 2.8). P. tridentata seedling density on salvage-

logged treatments was only 41% of the density (247 versus 600 seedlings ha') recorded

on nonsalvaged treatments.

Planted P. ponderosa and P. tridentata Seedling Growth and Survival

The growth of planted P. ponderosa was reduced by salvage-logging during the

second growing season after logging and planting (Table 2.9). In addition, salvage

logging significantly reduced planted P. tridentata seedling survival.

During the second growing season after salvage-logging and planting (1994), P.

ponderosa seedlings grew 15.9% less in height (3.7 cm versus 4.4 cm) on salvage-logged

treatments than on nonsalvaged treatments. After the second growing season (Fall of

1994), the survival rate for planted P. tridentata seedlings was over 57% on nonsalvaged

treatments and <45% on salvage-logged treatments.



Table 2.8. Mean natural P. ponderosa and P. tridentata seedling height and density in
1994, after two growing seasons on salvage-logged and nonsalvaged treatments in the
Lone Pine Fire area. Standard error in parentheses. Nonsalvaged treatments were not
salvage-logged, nor was anything planted; Salvage-logged plots were logged in April,
1993, leaving 10 snags ha'.

Naturals

Treatments that had been planted with 2 year-old Pinusponderosa and 1 year-old Purshia
tridentata seedlings.

Planted
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Asterisk (*) indicates statistical difference where p0. 10; (t) indicates statistical difference
where pO.lS.

Pinusponderosa
Nonsalvage Salvage

Purshia tridentata
Nonsalvage Salvage

Height (cm) after 2
growingseasons 9.4(1.1)t 7.8(0.3)t 23.8 (3.3) 24.3 (1.9)

Density (seedlings ha')
after 2 growing seasons 390 (245) 520 (316) 530 (87) 313 (24)

Pinusponderosa
Nonsalvage Salvage

Purshia tridentata
Nonsalvage Salvage

Height (cm) after 2
growing seasons 7.7(0.8) 7.4(0.6) 22.1(2.8) 21.1(0.5)

Density (seedlings ha')
after 2 growing seasons 390 (251) 360 (104) 600 (182)* 247 (77)*



Table 2.9. Annual growth and percent survival of two year-old, nurseiy grown P.
ponderosa and P. tridentata seedlings after two growing seasons on salvage-logged and
nonsalvaged treatments in the Lone Pine Fire area. Standard error in parentheses.
Nonsalvaged treatments were not salvage-logged, nor was anything planted; Salvage-
logged treatments were logged in April, 1993, leaving 10 snags ha1. Significant
differences between paired treatments (Nonsalvaged vs Salvage) indicated by asterisk *

(P0. 10).

Growth during
second growing
season (cm)

Percent survival
after 2 growing
seasons

Discussion

The near-total overstory mortality associated with the Lone Pine Fire was extreme

compared to the pre-European settlement fire regime (Weaver 1961a). The removal of

almost all forest structure within a few months exacerbated the anthropogenic nature of

the fire disturbance, moving the site even fin-ther from "natural" conditions. This is the

first study to measure plant community compositional responses to post-fire salvage-

logging. Forest canopy cover reduction from> 13% to 5% and other non-quantified

39

44 (Ø3)* 3.7 (0.1)" 11.6 (2.5) 13.0 (2.5)

64.6% (5.7) 69.4% (3.4) 57.4%(3.3)* 44.8%(7.6)*

Pinusponderosa Purshia tridentata
Treatment Nonsalvaged Salvage-logged Nonsalvaged Salvage-logged



salvage-logging effects (e.g., soil compaction and displacement) resulted in significant

decreases in biomass production, species richness, and tree and shrub growth and survival.

Microclimate - Canopy Cover and Soil Moisture

Salvage logging reduced shade from dead snags to 60% of that of nonsalvaged

treatments. While no other studies have measured shade reduction from post-fire salvage-

logging, many have documented significant influences on temperature and water use due

to overstory removal associated with timber harvest. Soil moistures in the salvaged

treatments were 7% less in the 0-10 cm depths and 9% less than the Control in the 10-20

cm depths during April and May of the second year after wildfire and logging. This early

season reduction in soil moisture as a result of salvage-logging is comparable to changes

recorded in other studies as a result of clearcutting. Harrington and Kelsey (1979) found

higher early season soil moisture on an underburned site with an overstory versus a

clearcut site. They also found lower late season soil moisture in the underbumed site

versus the clearcut site. Swank and Vose (1988) found that large forest openings created

by clearcutting significantly reduced forest floor litter moisture. They explained that

reduced soil moisture on salvage-logged treatments was caused by increased surface

temperatures associated with reduced shade. In my study, dead snags on the nonsalvaged

treatments likely provided enough shade to reduce surface evaporation. In addition, those

snags likely provided a barrier to air movement, reducing the evaporative effects of wind

40
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(Geiger 1975). Higher soil moisture during the late season on salvage-logged treatments

is likely associated with substantially less aboveground biomass production compared to

nonsalvaged treatments. By September, the reduced transpiration associated with less leaf

area in the salvage treatment resulted in greater amount of soil moisture on the salvaged

versus the nonsalvaged treatments. Less interception of summer precipitation

(approximately 2.5 cm fell on the area during the 1994 summer inventory period) from

fewer snags could also have contributed to higher late season soil moisture in the salvage

versus the nonsalvage treatments. Leger and Millette (1975) documented that the

sheltering of the branches of trees reduces the amount of rainfall reaching the surface. The

greater amount of soil moisture in September would have had no effect on plant growth

(shoot elongation) as growth for the year has ceased by that time (Lavender 1981).

Greater extremes in surface temperatures have been correlated with overstory

removal in several studies. In this study, surface temperatures were not directly measured.

However, during July and August, afternoon soil temperatures were frequently too hot to

leave bare hands on the soil for more than a few seconds on salvage-logged treatments,

but were comfortable to the touch on nonsalvaged treatments. Temperature extremes can

cause lethal scorch during summertime heat (Silen 1960; Cochran 1969) and lethal

freezing and frost heave damage during winter cold (Cochran and Berntsen 1973).

Hungerford and Babbitt (1987) recorded greater diurnal variability (i.e.; lower lows and

higher highs) on clearcut compared to shelterwood or uncut stands. They found that

shelterwoods provided as much cold temperature protection as uncut forests. During the
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first summer following logging, Mclnnis and Roberts (1995) recorded potentially lethal

temperatures (>460 C) 18 times more frequently on harvested treatments without canopy

cover than on treatments with canopy cover. In addition, they documented longer

durations of these extreme temperatures on the plots that had no cover. Elliott, et al.

(1997) found that clearcutting increased the mean monthly summertime temperature at the

litter-soil boundaiy by 8-11 °C. In Montana clearcuts, Hungerford (1980) recorded

increased daytime solar radiation at the surface and increased surface heat loss at night.

Biomass Production

Salvage-logging reduced aboveground biomass production during the second post-

fire year by 73% compared to nonsalvaged treatments. This is the first study to compare

biomass production on salvage-logged versus nonsalvaged treatments. Many previous

studies have shown an inverse relationship between canopy cover and biomass/forage

production inP. ponderosa forests (Pase 1958, McConnell and Smith 1965, Jameson

1967, and Mitchell and Bartling 1991). Those studies determined the competitive effect

of a living overstory (for light, moisture, and nutrients). Conversely, on hot, dry African

savannah treatments (more closely resembling a post-fire site), Muoghalu (1991) found

forb biomass production was higher under tree canopies than in openings. The latter study

also relates better to the relatively low canopy levels left following wildfire in
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P. ponderosa stands. It appears that canopy cover levels> 5% provide more favorable

growing treatments for forbs following wildfire.

Decreased early season soil moisture and increased soil temperature in salvage-

logged areas are likely the primary causes of reduced biomass production in those areas.

As soil surface temperature increases, evaporation of soil moisture increases (Geiger 1975,

Hallin 1968) and moisture available for plant uptake decreases. Plants respond to declines

in available moisture by reducing transpiration and photosynthesis which reduces shoot

growth (McColl 1973, Waring and Schlesinger 1985, Schulze 1991). Soil moisture

decreases in salvage-logged treatments were demonstrated only during April and May,

however, this time period is the most critical for plant growth in the climate of the

Klamath Basin (Newton 1964, Fowler and Helvey 1981, Elliott and White 1987).

Soil compaction associated with tracked harvesting equipment may also have

contributed to reduced biomass production. Although harvesting on the treatment sites

was done during January and February, 1993 over> 40 cm of snow, compaction in skid

trails and yarding corridors was evident. Froehlich (1979) measured reduced

Pseudotsuga menziesii growth and Cochran and Brock (1985) recorded reduced P.

ponderosa growth on compacted soils following timber harvest. In the Lone Pine study,

bulldozers were used to skid logs to landings on all salvage-logged study treatments.

While bulk density measurements were not taken, skid trails on these treatments appeared

to exhibit a much firmer surface than the nonsalvaged treatments. Biomass measurements

were not taken specifically on skid trails, however, almost no vegetation established on the
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skid trails. Other studies have shown that compaction alters water holding capacity and

reduces infiltration rates, resulting in less moisture available for plant growth (Warkentin

197 1, Cafferata 1981). In addition, soil compaction has been shown to inhibit root

elongation, causing reduced growth and/or plant mortality (Adams and Froehlich 1981,

Cafferata 1992).

Species Diversity

Salvage-logging reduced species richness by 30% and diversity (Shannon Index)

by 23% compared to nonsalvaged treatment the second year following logging.

Nonsalvaged treatments had a greater abundance and diversity of native forbs and shrubs

than salvage-logged treatments. This is the first study to document this important

influence of salvage logging. Consequently, it is difficult to find species richness and

diversity studies for comparisons. However, in a western Oregon Psuedotsuga menziesii

forest Stewart (1988) found that species richness increased where living canopy cover

decreased. Those results seemingly conflict with the findings in this study. However, the

contradiction can be explained by differences in several site factors. Stewart's study

contrasted species richness on unburned treatments under living overstories that were

actively competing with understoiy vegetation for site resources. In addition, canopy

cover levels were much higher in Stewart's study (basal areas were >90 m2 ha1) than those

recorded in this study.
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Reductions in species richness on salvage-logged treatments were likely associated

with less moisture and greater temperature extremes caused by removal of shade.

Habitats suitable for temperature-sensitive species would be less available following

salvage-logging. Salvage-logging produced a more even distribution of sunlight on site

for competing pioneer species. Nonsalvaged treatments exhibited greater diversity of

needle and branch litter across the landscape, and sun/shade flecks throughout the day and

season. Consequently, those species that rely on variations in environmental factors in

order to establish and survive, did not fare well on salvage-logged treatments (Grubb

1977). These severe microsite conditions (similar to that of salvage logging) have been

shown to reduce biodiversity in a variety of other ecosystems (Whittaker 1965, Denslow

1985). For example, Elliott, et. al. (1997) recorded reduced species richness following

clearcutting. They attributed this to physiological characteristics such as stress tolerance,

rapid growth rates, or high nutrient acquisition rates that are influenced by reduced

sunlight and moisture, and increased summertime temperature extremes.

Impacts on Natural P. Ponderosa and P. tridentata Seedlings

Naturally regenerated P. ponderosa growth was 17% lower and P. tridentata

stocking was 41% lower on salvage-logged treatments compared to nonsalvaged

treatments the second year following logging. In the Colorado Front Range, Shankman

and Daly (1988) also demonstrated increased establishment and survival of natural
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coniferous tree seedlings where shelter from temperature extremes and desiccating winds

was present. Environmental factors such as those resulting from salvage-logging have

been shown to reduce plant growth in many other studies (Petersen and Maxwell 1987,

Waistad and Kuch 1987, Helgerson Ct al. 1992, Amaranthus, et. al. 1993,).

Impacts on Planted P. ponderosa and P. tridentata Seedlings

Height growth in planted P. ponderosa was reduced by 16% and survival of

planted P. tridentata was reduced by 22% on salvaged logged treatments versus

nonsalvaged treatments. This agrees with previous studies that have demonstrated

reduced growth and survival on treatments exhibiting greater temperature and moisture

extremes such as those found on salvage-logged treatments (Levitt 1980, Cochran and

Berntsen 1973, Fitter and Hay 1987, Rosenberg, et al. 1989).

Conclusions

In this study, salvage-logging did not facilitate a more rapid recoveiy of

ecosystems within the Lone Pine Fire area as the environmental assessment predicted

(USDA Forest Service 1992). In fact, the deleterious ecological effects of the stand

replacement wildfire were exacerbated by salvage logging. With this in mind, post-fire



47

planning efforts should weigh carefully the ecological consequences versus the economic

benefits of salvage-logging.

Each year, land managers are faced with multi-million dollar decisions when

evaluating whether or not or how much to salvage-log. Tremendous political pressure

tends to place the burden of proof on the "not to log" decision. Consequently, managers

should ensure comprehensive analyses occur prior to making these important decisions.

When evaluating potential salvage-logging plans, one should remember the responsibility

to future generations that might also derive benefits from productive ecosystems. Salvage-

logging decisions should be guided by the need to balance current and future needs as well

as ecological and economic considerations.

Federal land management agencies are mandated by the National Forest

Management Act to preserve biodiversity (US Code 1982, USDA Forest Service 1993,

Grumbine 1996). The importance of maintaining biodiversity has also been stressed by

many scientists (Wilson 1987, Ehrlich 1991, Lawton and Brown 1994, Vitousek and

Hooper 1994). Forest ecologists recommend that in order to maintain biodiversity levels,

one should design activities following wildfire that mimic natural structure and function

(Runlde 1985, Wilcove 1989, Hansen et al. 1991).

Given that few burned forests (in recent times) have not been salvage-logged, and

that salvage-logging impedes several important ecosystem recovery factors, the prudent

manager should strongly consider passive restoration approaches (none or reduced

logging) on much of the post-fire landscape. The nonsalvaged islands must be large
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enough so that the interior of the island is unaffected by the more severe microclimate of

the outer salvaged opening (Geiger 1975, Chen, et al. 1995). Significant reductions in

salvage-logging effects will likely be realized only in those nonsalvaged treatments that are

at least five to ten hectares in size. If one wishes to preserve biodiversity (as mandated by

NFMA 1976) and assist post-fire landscapes in recovering from unnaturally severe

wildfires, strong consideration should be given to leaving much of the post-fire landscape

uncut and uncompacted (from logging equipment) so that natural processes proceed

effectively.
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CHAPTER 3

ECOLOGICAL EFFECTS OF POST-WIIJ)FIRE MANAGEMENT ACTIVITIES:
INFLUENCES OF SEEDING ON VEGETATION cOMPOsmON,

BIOMASS, AND GROWTH AND SURVIVAL OF
Pinusponderosa AND Purshia tridentata

Abstract

Artificial seeding of grass following wildfire is a common practice in the western

United States, yet few studies have quantified the ecological consequences of this activity.

The effects of post-wildfire grass-seeding on floristic diversity, aboveground biomass

production, and growth and survival ofFinusponderosa and Purshia tridentata were

quantified in a recently burned area in the Kiamath Basin of south-central Oregon. Prior

to the fire, the area was typified as an uneven-aged stand of second-growth P. ponderosa

with a dominance of P. tridentata and Stipa occidentalis in the understory. The fire was

a stand-replacement disturbance, where the majority of trees and crowns of understory

shrubs and herbs were killed.

Two native grasses (Festuca idahoensis and Sitanion hystrix) and two exotic

grasses (Secale cereale and a Trificum x Agropyron hybrid known as sterile wheat) were

experimentally seeded on nonsalvage-logged sites in November, 1992 during the first

snowfall following the Lone Pine Fire.

Total aboveground biomass (TAGB) on nonsalvage-logged burned treatments

(controls) averaged 843 kg ha' in 1993 and 1473 kg ha' in 1994. In 1993, the first year

following the fire, biomass in S. cereale treatments was 1995 kg ha' TAGB (>95%of
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the biomass was S. cereale). Those treatments contained 89% less native forb biomass

than the control treatment (82 kg ha1 versus 780 kg ha'), 84% less native forb biomass

than treatments seeded to the native grass Sitanion hystrix (82 kg ha' versus 503 kg ha'),

and 87% less than treatments seeded to the native grass Festuca idahoensis (82 kg ha'

versus 723 kg ha'). S. cereale seeding also reduced aboveground biomass of S.

occidentalis, the most common native grass in the area by 53% (22 kg ha' on the control

versus 10.3 kg ha' on S. cereale treatments). In 1994, the second post-fire year, S.

cereale treatments produced >1653 kg ha' (dominated by S. cereale). Those treatments

produced 58% less native forb biomass than the control (350 versus 825 kg ha'). S.

cereale seeding also reduced the biomass production of S. occidentalis by 69% (311 on

the control versus 96 kg ha' on S. cereale treatment).

In 1993, 18% fewer species were recorded on S. cereale treatments than on

F. idahoensis treatments (23 versus 28 species). The Shannon Diversity Index was lower

on S. cereale than all other treatments. The S. cereale treatment had a mean of 1.9 while

all other treatments averaged> 2.0. In 1994, the mean number of species was 20% lower

on S. cereale treatments than on the control (18 versus 22 species per block). Grass-

seeded treatments exhibited no differences in frequency of noxious weeds in either of the

two years following wildfire and seeding, suggesting that this treatment does not diminish

invasion of exotics.

There were no differences between treatments in height and density of natural

P. ponderosa and P. tridentata seedlings or growth and survival of planted P. ponderosa

and P. tridentata seedlings.



Introduction

Fires have historically been an inherent ecological disturbance process of the

Pinusponderosa forests of south-central Oregon (Agee 1990). Prior to Euro-American

settlement, fires occurred at intervals of 5-15 years (Martin and Johnson 1979), 15-20

years (Miller and Keen 1960), and 18 years (Keen 1940) in P. ponderosa these forests.

Fire has been excluded from much of the landscape since the early years of the twentieth

century. It is likely that natural forest fuels have increased substantially during this eight

decade fire-free interval. In this region, Bork (1985) and Morrow (1985) determined that

this era of fire suppression was the longest fire-free interval in the past 3 - 4 centuries.

The Lone Pine Fire of August 2, 1992 was the largest fire in the Klamath Basin since

1918, burning approximately 12,500 ha in four days (USDA Forest Service 1992a). The

large fuel buildup, coupled with the seventh year of a severe drought resulted in high fire

intensity and severity. Prior to the Lone Pine Fire, the last landscape scale fire on the

Chiloquin Ranger District (formerly the Klamath Indian Reservation) was during the

summer of 1918 when 80,000 ha burned (Weaver 1961a).

Weather conditions conditions contributed to fire severity. No significant

precipitation had occurred in the area for over 90 days. Fuel sticks (1.2 centimeter

diameter pine dowels) measured at Calimus Butte Lookout (within 6.2 kilometers of the

study sites) registered 2% gravimetric moisture content on the day of the fire (USDA

Forest Service 1992b). Larger fuels (7.5 - 22.5 centimeter diameter) were measured at

10% fuel moisture content. At these levels, forest fuels burn more rapidly and more
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completely (Schroeder and Buck 1970, Chandler, et al. 1983, Kauffman, et al. 1993, Pyne

et al. 1996), creating flame lengths that tend to elevate fire from the surface to the crowns

of trees (Van Wagner 1977). Winds were light and the Lower Atmospheric Haines Index

was 6, out of a range of 2 to 6 (National Weather Service 1992). AHaines Index of 6

indicates atmospheric conditions conducive to crown fire development (Haines 1988,

Werth and Ochoa 1990) which was the nature of the Lone Pine fire. Fire behavior was

characterized as a plume-dominated crown fire with profuse spotting in all directions

(USDA Forest Service 1992c). A plume-dominated fire releases energy at such a great

rate that it overrides the effects of local weather. This type of fire generally advances with

great intensity on all portions of the fire perimeter, making it very difficult to control

(Pyne, et al. 1996).

The Lone Pine Fire likely burned with much greater intensity and severity than

fires which burned in these P. ponderosa ecosystems in the centuries prior to European

settlement. The past fires were largely low intensity surface fires leaving most of the

overstory conifers alive and much of the understory vegetation alive or only top-killed

(Weaver 1961b). In the Lone Pine Fire however, large expanses experienced total

mortality of aboveground vegetation. Across the landscape> 75% of the conifers were

directly killed by the fire (USDA Forest Service 1992d). Some of the understory

vegetation resprouted from perrenating buds where they were located below the ground.

However, some understory species with the capacity to resprout were killed by the great

heat flux generated by this fire (especially those senescent individuals). The litter layer and

much of the organic layer were consumed by fire in most of the burned area. Mortality
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was highest in the locales of high biomass consumption. This high level of fuel combustion

at the surface imparted a heat flux downward that was likely much greater than that

produced historically by frequent fires that maintained much lower quantities of fuels at

the surface.

The historic, low severity surface fires affected Kiamath Basin ecosystems in

several ways. Past fires prevented fuel buildups that would result in large scale stand-

replacement fires (Weaver 1967), providing ecosystem stability (Agee 1993). In addition,

these past fires kept competition for moisture and nutrients at low levels through

selectively killing much of the smaller understory trees (Cooper 1960). Past fires also

shaped species composition by selectively killing fire-sensitive species (Biswell, Ct al.

1973), increased nutrient content of forage (Hobbs and Spowart 1984, Seip and Bunnell

1985), and, perhaps most significantly, left intact most of the old growth structure of the

forest (Saveland and Bunting 1987).

Because of the extent and perceived severe ecosystem effects, and the high timber

value of the fire-killed trees, rehabilitation and salvage efforts were given high priority by

federal land managers (USDA Forest Service 1992d). Even before control of the fire,

initial actions were taken to begin planning for the "recovery" of the area (D. Campbell,

USFS Chiloquin Ranger District, Lone Pine Fire Recovery environmental assessment

interdisciplinary team leader, pers. comm. 1992). Adjacent farmers and ranchers actively

supported grass-seeding under the assumption that it would prevent noxious weed

invasion (USDA Forest Service 1992d).

Rationale for grass-seeding included soil stabilization to reduce erosion
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(L. Corzatt, Winema National Forest Hydrologist, pers. comm. 1992) and prevention of

noxious weed invasion (USDA Forest Service 1992d). In 1987, the Cowboy Fire (several

miles southwest of the Lone Pine Fire) had been seeded with Daclylis glomerata and S.

cereale to prevent erosion and associated sediment input into the Sprague River. The

Fremont National Forest (an adjacent Forest several miles to the east) seeded several

wildfire-burned landscapes with S. cereale to prevent noxious weed invasion. Sterile

wheat (a hybrid of Triticum and Agropyron) was offered as an innocuous plant that could

stabilize a site and fade quickly from the ecosystem. However, previous to this study,

there had been no post-fire seeding of native grass species by local land management

agencies. Common native grass species in the general fire area included Festuca

idahoensis, Sitanion hystrix, and Stipa occidentalis.

The hypothesis of this research was: Passive restoration is a more ecologically

sound method restoring degraded physical, chemical, and biological linkages in severely

burned P. ponderosa forests in the Klamath Basin. Specifically, seeding exotic grass

species significantly influences the survival and growth ofF. ponderosa and P. tridentata

seedlings, as well as ecosystem plant species diversity, richness, and composition.

Therefore, grass-seeding could be considered a misinterpretation of ecosystem needs that

actually exacerbates the degree of ecosystem degradation. This would be due to the high

levels of competition for moisture, nutrients, and light that exotic species exert over native

species.
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The site is located 48 km north of Klamath Falls, Oregon at 42° 33' latitude and

121° 30' longitude (T 34 S, RiO E, sec. 34, and T 35 5, R 10 E, sec. 3, Willamette

Meridian).

The portion of the fire area selected for study has been classified as a Pinus

ponderosa/Purshia (ridentata/Stipa occidentalis plant association (Volland 1985). The

area had been railroad logged in the 1930's and precommercially thinned about 20 years

previous to the fire (S. Puddy, USFS Chiloquin Ranger District, Silviculturist, pers.

comm. 1992). Prior to burning, an uneven-aged stand of P. ponderosa with an

understory ofF. tridentata dominated the area. Pre-fire basal areas ranged from 9.2 m2

ha' to 16.1 m2 ha'. Common understory vegetation species included Ceanothus

velutinus, Arctostaphylospatula, and Stipa occidentalis. Specific treatment sites were

selected based upon uniformity of pre-fire plant community, and similar slope, aspect and

elevation. In addition, all vegetation on all sites was top-killed during the Lone Pine Fire.

The climate of the area is typified by warm, dry summers and cold, moist winters.

Annual precipitation in the general location of the study sites is approximately 40 cm.

Killing frosts have occurred every month of the year, but generally do not occur between

May and September. The winter following the Lone Pine Fire (1992-1993) set local

records for snowfall, receiving over 250 cm from November to March (USDA Forest

Service 1993a).

The study sites are located on the lower third of the southeast slope of Calimus

Butte. Prevailing winds are from the west and southwest. Consequently, these sites are

somewhat sheltered from these winds. Elevation ranges from 1,460 to 1,520 m ASL.
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All sites have similar soils. They have been identified within the Winema National

Forest Soils Resource Inventory (Carison 1979) as Shanahan-and Shukash-like soils.

These soils formed after the eruption of Mt. Mazama in the air-laid mantle of pumice and

ash over a buried soil. Depth to buried soil ranges from 50 to 100 cm. The Al horizon

textures are gravelly loamy coarse sands, with very gravelly coarse sand to coarse sand C

horizons. The buried soil (II B horizon) textures are cobbly to very cobbly barns and

sandy barns. Tree roots commonly occupy the buried soil. Slope gradients range from 0

to 5%. Winema National Forest Soil Scientist, Garwin Carison (1979), advised that this

soil has high potential for high surface temperatures and moderate to high potential for

frost heaving.

Methods

Ninety plots (0.10 ha in size) were randomly located within areas that were not

subject to salvage-logging. All plots were uniform in soils, topography, elevation, pre-fire

vegetation, and post-fire mortality. Among these plots fifteen replicates of six treatments

were established (Table 3.1). The treatments were as follows: four treatments consisted

of grass-seedings at a rate of 11.2 kg ha1 on burned sites that had not been salvage-

logged. Two of the grass species were native (Festuca idahoensis and Sitanion hystrix);

and two were exotic (S. cereale and sterile wheat). Sterile wheat is a non-reproducing

hybrid of Agropyron and Triticum species. Grass-seeding was done in November, 1993

during the first snowfall of the season. The last two treatments were plantings of Pinus
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ponderosa and Purshia iridentata with no grass-seeding, and the control with no plantings

and no seedings (natural recovery). All treatments except the Control had two year-old

Pinusponderosa and one year-old Purshia tridentata planted at a 3.7 m X 3.7 m spacing

(746 seedlings ha').

Table 3.1 Treatment descriptions and naming conventions for grass-seeded and control
treatments in the Lone Pine Fire area.

Within each plot, five belt transects (2 x 20 meters) were established (Fig. 3.1). Within

each belt transect three 50 x 50 cm microplots were established.

Treatment Name Treatment Descnption

Control No grass-seedings or plantings

PIPOPUTR No grass-seedings

FEID Seeded with Festuca idahoensis

SECE Seeded with Secale cereale

SIHY Seeded with Sitanion hystrix

STWT Seeded with sterile wheat
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PLOT LAYOUT( 25 X 40 meters; 0.1 hectare) BELT TRANSECT

(2 X 20 meters)

M
I
C

R
O 50cm

P X I
L 50cm
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S I
Fig. 3.1. Plot, belt transect, and microplot layout. Three microplots (50 x 50 cm) each are
located in each belt transect. Species frequency was taken in the microplots for
determining species richness, evenness, and Shannon Diversity indices. There are 15
microplots in each plot and 75 in each treatment bock. Five belt transects 2 x 20 m were
evenly spaced in each plot (25 belt transects per treatment block). All natural P.
ponderosa and P. Iridentata were measured for height and density and all planted P.
ponderosa and P. tridentata were measured for growth and survival within the belt
transects. Soil moisture samples were taken in the middle of each plot. Biomass clippings
were taken from 3 randomly located 50 x 50 cm micoplots within each plot (25 clip plots
within each treatment block).

Soil Moisture Measurements

Gravimetric soil moisture samples were collected from the center of each treatment

plot. Samples were taken in April, May, June, July, and September, 1994. One soil

moisture core was collected at twp depths: 0-10 and 10-20 cm. Soils were dried at 100°C

for 48 hours and weighed to obtain percent water content.



Herbaceous Biomass

Aboveground biomass of the surface layer was determined by clipping all plants

at < 1 cm height above ground in three 50 x 50 cm microplots randomly located within

each treatment plot (75 samples per treatment). Biomass was separated by life form and

selected species, oven-dried at 800 C for 48 hours, and weighed. All treatment plots were

clipped within one week of each other each year in late June towards the end of the

growing season. The second year (1994), additional clip plots were randomly located

away from the influence of the first-year clip plots.

Species Frequency3 Richness1 Diversity, and Evenness

Species frequency was quantified by recording presence or absence in each of the

microplots in which the species was present (e.g.; a plant species present in 25 of 75

microplots yields a frequency of 33%). Species richness was quantified by recording all

species present in all microplots within a treatment block (75 microplots totaling 18.75 m2

in area). Species diversity (II') was determined by quantifying species richness and

species frequency within each of the fifteen 50 x 50 cm microplots (three in each belt
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transect) in each treatment plot. The Shannon Diversity Index was used to calculate H'

using the following formula (Magurran 1988):

H'=-p1 lnp1

where p3 is the proportional abundance (frequency) of the ith species (n/N).

Species evenness (J'), a measure of the relative abundance of all species within a

community, was determined using the following formula (Magurran 1988):

P = H' / ln S

The LSD multiple comparison procedure was used to determine significant differences

between treatments.

Growth and Survival of Planted and Natural P. ponderosa and P. tn dentala
seedlings

Height and density of all natural P. ponderosa and P. tridentata and survival

percentage and growth of all planted P. ponderosa and P. tridentata was recorded within

each belt transect and averaged for all belt transects within each treatment block (25 belt

transects covering 0.10 ha). All planted P. ponderosa and P. tridentata were measured

for height when planted in 1993. Each plant was remeasured for height and dead plants

noted in 1994. The difference was recorded and height and survival averages were

calculated for each treatment block. All naturally regenerated P. ponderosa and P.

tridentata within belt transects were measured in 1993. These plants were remeasured in
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1993 and dead plants noted. Total height was recorded for each plant in September, at

the end of the 1994 growing season. Height and density averages were calculated for

each treatment block. Differences between treatment means were analyzed via analysis of

variance and a protected LSD multiple comparison procedure. P-values 0.10 were

considered statistically significant unless otherwise noted. Analyses were conducted

between treatments for 1993 and 1994.

Results

Soil Moisture

In 1994, the second year after the fire, early season (April, May, and June) soil

moisture data displayed no differences between treatments (Table 3.2) in the upper soil

depth (0-10 cm). In the lower depth (10-20 cm) however, during April and May, SECE

had lower soil moisture than the control and PIPO/PUTR treatment. In April, the control

averaged 36% soil moisture while SECE averaged 34% (p0.16). In May,

PIPO/PUTR averaged 34%, while SECE averaged 32% (p=0. 14).

Differences in soil moisture were measured in both upper and lower soil depths

during the latter part of the season (Table 3.2). In July, FEID treatments had less

moisture than most of the other treatments in both upper and lower soil depths. In the

upper soil depth, FEll) had less soil moisture than STWT (5% vs 9%); P1POIPUTR (5%

vs 9%); SECE (5% vs 7%); and the control (5% vs 7%). Similar results were obtained



Control
PIPO/PUTR
FEW
SECE
SIllY
STWT

Control
PIPOIPUTR
FEW
SECE
SillY
STWT

April May June
0-10 cm depth

37.3 (1.9) 29.7 (2.3)
36.6 (3.0) 30.2 (1.7)
37.34 (1.8) 30.5 (3.6)
35.73 (2.1) 29.4 (1.6)
36.59 (0.8) 29.4 (1.4)
35.13 (2.4) 29.5 (3.3)

36.1 (1.1)
34.5 (2.0)
34.9 (1.2)
34.3(1.1)
35.4 (1.8)
35.1 (1.0)

32.9 (1.1)
33.5 (0.8)
33.3 (1.4)
32.3 (0.5)
32.9 (0.9)
32.9 (1.4)

20.7 (1.0)
20.2 (1.7)
19.8 (1.8)
21.1 (1.8)
19.9 (1.2)
20.4 (2.0)

10-20 cm depth
28.2 (1.0)
27.3 (1.4)
28.4 (2.6)
27.7 (1.6)
26.6 (1.2)
19.2 (2.5)

July Sept

6.9 (1.4)a 14.3 (0.2)ab
8.8 (1.2)a 15.4 (0.4)a
4.5 (0.4)b 13.1 (0.9)bc
7.1 (1.0)a 14.4 (1.2)a
7.4 (2.6)ab 14.9 (1.7)c
9.4 (1.4)a 15.7 (2.0)ab

15.3 (2.0)a 10.3 (1.5)b
18.5 (1.8)a 11.0 (1.8)a
13.5 (0.9)b 8.1 (0.2)b
17.5 (3.1)a 10.8 (0.9)ab
16.9 (3.1)ab 7.8 (0.2)ab

18.8 (2.7)a 11.6 (2.4)ab
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for the lower soil depth for July. In the 10 to 20 cm soil depth FEID averaged less soil

moisture than STWT (14% vs 19%) and less than P1PO/PUTR (14% vs 19%).

In September, the two native grass-seeded treatments, SIllY and FEW had

less soil moisture in the lower soil depth than most other treatments (Table 3.2). Lower

depth soil moisture in FEW was 8%, much less than STWT (12%, p=O.l 1), PIPOIPUTR

(11%), and SECE (11%). Similarly, soil moisture in SIHY lower depths was 8%, less

than STWT (12%), PIPO/PUTR (11%) and SECE treatments (11%).

Table 3.2. Soil moisture in the upper (0-10 cm) and lower (10-20 cm) soil depths in
grass-seeded and Control treatments in the Lone Pine Fire area in 1994. Standard error in
parentheses. Control: native vegetation (unseeded); PIPO/PUTR: planted with P.
ponderosa and P. tridentata but not grass-seeded; FEW: seeded with F idahoensis;
SECE: seeded with S. cereale; SIllY: seeded with S. hystrix; STWT: seeded with sterile
wheat. All grass-seeded treatments were also planted with P . ponderosa and P.
tridentata. Significant difference between treatments (pO. 10) designated by different
letters in the month columns (a, b, c, d).



Aboveground Biomass

The SECE treatment had the highest total aboveground biomass (TAGB) of all

treatments in 1993, the first growing season following the Lone Pine Fire (Table 3.3).

TAGB ranged from over 1,994 kg ha' in SECE to 660 kg ha' in SillY. TAGB in

FEID was 54% lower (923 kg ha1); the control was 58% lower (843 kg ha'); STWT was

64% lower (715 kg ha'); and SIllY was 67% lower (660 kg ha1) than TAGB produced in

the SECE treatment.

While TAGB was higher in the SECE treatment, native forb biomass was

reduced compared to all other treatments in 1993 (Figure 3.2). Forb biomass ranged from

780 kg ha' in the control to about 82 kg ha1 in SECE. Forb biomass comprised only

4% of TAGB in the SECE treatment. In all other treatments native forb biomass

comprised >75% of the total biomass: 76% in SIHY (660 kg ha'), 78% in STWT (715 kg

had) and FEID (923 kg ha'), and 92% in the control (843 kg ha').

Shrubs comprised a very small percentage of TAGB in the first post-fire year.

This life form represented <2% of TAGB in all treatments.
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Table 3.3. Mean aboveground biomass in kg ha' for grass-seeded and unseeded control treatments in the Lone Pine Fire area in 1993
(standard error in parentheses). Significant differences between treatments indicated by letters a,b,c, etc. (pSO. 10)

CONTROL SE FEID SE SECE SE SIHY SE Stwt SE

A.patula 0.5 (0.5) 0.6 -(0.4) 0.1 -(0.1) 0.3 (0.3) 0.0 (0.0)

C.veltttjnus 0.4 (0.2)a 0.4 (0.2)a 0.2 (0.2)a 0.5 (0.3)a 0.5 (0.3)a

C. visc!dflorus 0.0 (0.0)a 12.1 (12.1)a 0.0 (0.0)a 0.0 (0.0)a 0.0 (0.0)a

F.idahoensis 0.0 (0.0)b 123.0 (61.6)a 0.0 (0.0)b 0.0 (0.0)b 0.0 (0.0)b

P. pondemsa 0.3 (0.2)a 0.2 (0.2)a 0.1 (0.2)a 0.0 (0.0)a 0.0 (0.0)a

P.tridentata 0.1 (0.1)a 0.0 (0.0)a 0.2 (0.2)a 0.3 (0.3)a 0.0 (0.0)a

S. cereale 0.0 (0.0)b 0.0 (0.0)b 1901.0 (220.4)a 0.0 (0.0)b 0.0 (0.0)b

Sterile wheat 0.0 (0.0)b 0.0 (0.0)b 0.0 (0.0)b 0.0 (0.0)b 120.6 (14.12)a

S. hystnx 1.2 (1.2)b 0.0 (0.0)b 0.0 (0.0)b 120.9 (39.2)a 4.2 (4.2)b

S. occidentalis 22.0 (12.2)ab 50.1 (15.5)a 10.3 (3.6)b 34.3 (14.6)a 28.8 (17.3)ab

Forbs 779.6 (212.4)a 722.9 (126.5)a 81.8 (5.3)b 502.7 (164.2)a 560.4 (155.6)a

Other Grass 39.1 (38.6)a 13.2 (8.9)a 1.2 (0.7)a 1.0 (0.5)a 0.5 (0.2)a

Graminoids 62.2 (49.lc 186.3 (59.2)b 1912.5 (217.8)a 156.2 (51.8)bc 154.1 (33.2)b

Forbs 779.6 (212.4)a 722.9 (126.5)a 81.8 (5.3)b 502.7 (164.2)a 560.4 (155.6)a

Shrubs 1.1 (0.7)ab 13.2 (12.1)ab 0.4 (0.2)b 1.0 (0.5)a 0.5 (0.3)ab

Trees 0.3 (0.2)a 0.2 (0.2)a 0.1 (0.2)a 0.0 (0.0)a 0.0 (0.0)a

Total Biomass 843.1 (244.3)b 922.5 (169.7)b 1994.8 (214.2)a 659.8 (197.2)b 715.0 (123.9)b
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Figure 3.2. Biomass by life form on grass-seeded and unseeded control treatments in the
Lone Pine Fire area in 1993. Standard error of total aboveground biomass indicated by
bars at top of each column.

Graminoid biomass differences were comparable to total biomass differences in

most cases. This was due to the dominance of grasses in grass-seeded treatments. First

year treatment averages ranged from> 1,900 kg ha' for SECE to 62 kg ha' for the

control. SECE had greater graminoid biomass than all other treatments. Graminoid

biomass comprised only 7% of TAGB (62 kg ha') in the control, 20% of TAGB (186 kg
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ha') in FEID, 22% of TAGB (154 kg ha') in STWT, 24% of TAGB (156 kg ha') in

SIHY, and 96% of TAGB (1913 kg ha') in SECE. Aboveground biomass of the native

grass, S. occidentalis, was different in two treatment comparisons. S. occidentalis

biomass was 79% less in SECE treatments compared to FEW treatments (=10 kg ha1 vs

> 50 kg ha4) and 70% less than SIHY (= 10 kg ha' vs 121 kg ha').

In 1994, TAGB increased from 1993 levels in all treatments except SECE. The

only treatment that had lower TAGB than any others was STWT (Table 3.4). STWT

TAGB was 834 kg ha4 while all other treatments averaged >1100 kg ha'.

While there were no differences in TAGB between most treatments in 1994, there

was a reduction in native forb biomass due to grass-seeding (Fig. 3.3). Total native forb

biomass ranged from> 824 kg ha' in the control to <350 kg ha' in SECE. Planting the

native grass species S. hystrix and F idahoensis resulted in the least reduction in native

forb biomass compared to the control treatment. SillY averaged 444 kg ha' (46% less

than the control) and FEW averaged 383 kg ha' (54% less than the control). Planting

non-native grasses had a greater effect on forb biomass. Forb biomass in SECE

treatments was 350 kg ha' (58% less than the control).



Table 3.4. Mean aboveground biomass in kg ha-i for grass-seeded and unseeded control treatments in the Lone Pine Firearea in 1994
(standard error in parentheses). Significant differences between treatments indicated by letters a,b,c, etc. (pO.1 0)

CONTROL SE PIPO/PUTR SE FEID SE SECE SE SIHY SE Stwt SE
A.pafu!a 0.00 (0.0) 5.96 (6.0) 0.00 (0.0) 0.71 (0.7) 2.84 (2.8) 12.44 (12.4)
C.rossii 24.98 (11.2)a 8.53 (2.8)b 14.49 (4.3)a 4.80 (2.4)b 21,87 (3.8)a 41.51 (29.8)ab
C. velutinus 0.44 (0.4)b 6.93 (3.5)a 0.00 (0.0)b 0.00 (0.0)b 4.18 (2.2)a 1.51 (1.0)ab
C. viscidflorus 271.02 (271.0)a 0.00 (0.0)a 0.00 (0.0)a 0.00 (0.0)a 54.67 (54.7)a 0.00 (0.0)a
F. idahoonsis 0.00 (0.0)b 0.00 (0.0)b 758.67 (208.8)a 0.00 (0.0)b 0.00 (0.0)b 0.00 (0.0)b
P. pondorosa 0.00 (0.0)a 0.00 (0.0)a 0.00 (0.0)a 0.62 (0.6)a 0.44 (0.4)a 0.00 0.0)a
P. tridentafa 38.67 (38.0)a 0.00 (0.0)a 0.00 (0.0)a 0.00 (0.0)a 0.00 (0.0)a 2.84 (2.8)a
S. cereale 0.00 (0.0)b 0.00 (0.0)b 0.00 (0.0)b 1200.62 (236.4)a 0.00 (0.0)b 0.00 (0.0)b
Sterile wheat 0.00 (0.0)b 0.00 (0.0)b 0.00 (0.0)b 0.00 (0.0)b 0.00 (0.0)b 62.67 (36.2)a
S. hystrix 0.00 (0.0)b 0.00 (0.0)a 73.96 (74.0)b 0.00 (0.0)b 731.73 (112.6)a 0.00 (0.0)b
S. occiden falls 311.20 (65.2)ab 377.33 (128.0)ab 153.51 (31.7)c 96.09 (33.8)c 182.04 (69.2)bc 336.00 (65.5)a
Forbs 824.62 (205.2)a 720.27 (376.4)ab 382.58 (166.2)b 349.78 (65.5)b 443.64 (90.3)b 376.71 (92.3)b
Other Grass 2.04 (2.0)a 16.89 (16.9)a 19.91 (19.9)a 0.00 0.0)a 0.00 (0.0)a 0.00 (0.0)a

Graminoids 338.22 (75.3)b 402.76 (115.8)b 1020.53 (166.3)a 1301.51 (267.7)a 935.64 (59.2)a 440.18 (31.6)b
Forbs 824.62 (205.2)a 720.27 (376.4)ab 382.58 (166.2)b 349.78 (65.5)b 443.64 (90.3)b 376.71 (92.3)b
Shrubs 310.13 (308.8)a 12.89 (7.9)a 0.00 (0.0)b 0.00 (0.0)b 61.69 (54.0)a 16.80 (15.1)a
Trees 0.00 (0.0)a 0.00 (0.0)a 0.00 (0.0)a 0.00 (O.0)a 0.44 (0.4)a 0.00 (0.0)a

Total Biomass 1472.98 (498.7)ab 1135.91 (291.4)ab 1403.11 (321.5)a 1652.62 (313.9)a 1441.42 (168.1)a 833.69 (118.3)b
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Figure 3.3. 1994 aboveground biomass in kg ha', by life form in grass-seeded and
unseeded control treatments in the Lone Pine Fire Area.

Shrub biomass was significantly greater in the control, SillY, and STWT

compared with other treatments in 1994. Shrub biomass in the control was> 310 kg ha',

62 kg ha' in SillY, and 17 kg ha' STWT. No shrub biomass was recorded in any of the

other treatments.

In 1994, SECE, FEID, and SillY treatments had significantly greater total

graminoid biomass than the control. Treatment averages for graminoid biomass ranged

from> 1,300 kg ha' in SECE to 338 kg ha' in the control. The control had less

graminoid biomass (338 kg ha') than SECE (1,302 kg ha'), FEID (1021 kg ha'), and

SillY (936 kg ha').
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The control had greater biomass of S. occidentalis (311 kg ha' vs 96 kg ha') and

C. rossii (25 kg ha1 vs 5 kg ha') than SECE.

Species Composition, Richness. Evenness, and Diversity

Species Composition

Species composition (as measured by species frequency) was altered in numerous

ways by grass-seeding. The greatest changes were reductions in native forb frequency and

increases in grass frequency (both exotic and native). In 1993 (Table 3.5), total native

forb frequency was >80% in the control and 60% on grass-seeded treatments. The four

most frequent native forb species (Coiinsiaparvf1ora, Gayophytum dffusum, Mentzelia

albicaulis, and Plagiobothrys hispidus) were common in all treatments. However, three

of the four species displayed greater frequency values in the control than in both native

and exotic grass-seeded treatments. The most frequent native grass, S. occidentalis also

displayed greater frequency in the control than on the treatments seeded to native and

exotic grasses (7% on the control compared to 5% on native and exotic grass-seeded

treatments. Because of the small frequency values, shrubs, trees, and exotic forb species

displayed few meaningthl differences. As would be expected, exotic grasses were most

abundant in treatments where they had been seeded (SECE and STWT). Because of

extremely small frequency values (<1%) no other differences were measured between

treatments for exotic grasses and forbs.



Table 3.5. Mean relative abundance indices (proportioni frequency) for grass-seeded and unseeded control treatments in the Lone Pine
Fire area in 1993. Significant differences between treatments within a row indicated by different letters a,b,c, etc. (pO. 10). Combined
treatments compared separately from individual treatments.

00

Unseeded Treatments
Planted with

Control P.pondecosa
(No plantings) and P. trldentata

Native Grass Seedings

Festuca Sitanlon
Idahoensis hystrix

Exotic Grass Seedings

Secale Sterile
oereale wheat

Combined Treatments

Unseeded Native
Controls Grasses

Exotic
Grasses

NATIVE FORBS
Achillea m!llefolitm 0.00 (0.00) 0.08(0.08) 0.00 (0.00) 0.05 (0.05) 0.00 (0.00) 0.00(0.00) 0.04 (0.04) 0.02 (0.02) 0.00 (0.00)
Agosetis g!auca 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 1.00 0.00(0.00) 0.10 (0.10) 0.00(0.00) 0.00(0.00) 0.05(0.05)
Agosens ret,orsa 1.81 (1.81)a 0.35 (0.24)ab 0.21 (0.21)ab 0.05 (0.05)b 0.70 (0.44)a 3.09 (3.01)a 1.08 (0.88) 0.13(0.10) 2.00(1.46)
Antennaha geyetl 0.45 (0.29)ab 0.07 (0.07)c 0.62 (0.33)a 0.07 (0.07)c 0.14 (0.14)abc 0.00 (0.00)c 0.26 (0.16) 0.35 (0.19) 0.07 (0.07)
Collinsla parviflofa 13.10 (3.57)ab 16.83 (3.05)a 9.08 (2.40)b 11.81 (2.81)ab 9.57 (2.77)b 11.74 (2.33)ab 14.97 (2.26)a 10.45 (1.76)b 10.66 (1.69)b
Collomia grandffloa 0.73 (0.65) 0.08 (0.08) 0.21 (0.21) 0.00 (0.00) 0.28 (0.28) 0.16(0.16) 0.41 (0.33) 0.11 (0.11) 0.22 (0.15)
Colk,mia tinctorla 3.28 (0.93)a 2.41 (0.58)ab 1.22 (0.25)d 1.87 (1.29)abcd 0.98 (0.61)cd 2.13 (0.51)ab 2.84 (0.53)a 1.55 (0.60)b 1.55 (0.44)b
Cr/ptantha afltnls 0.22 (0.22)abcd 1.05 (0.82)a 0.12 (0.06)bc 0.00 (0.00)d 0.34 (0,34)ab 0.21 (0.21 )abcd 0.63 (0.35)ab 0.06 (0.04)c 0.27 (0.18)bc
Epilobium paniculatum 1.06 (0.57)a 2.27 (1 .86)ab 1.10 (0.75)ab 0.12 (O.06)b 0.10 (0.05)b 1.06 (O.46)a 1.67 (0.91) 0.61 (0.40) 0.58 (0.30)
Erlophylum lanatum 1.15 (0,62) 1.03(0.79) 1.03 (0.54) 0.98 (0.57) 0.97 (0.58) 1.46(1.02) 1.09 (0.45) 1.01 (0.35) 1.22 (0.53)
Eriogonum nudmJ 0.00 (0.00) 0.00 (0.00) 0.05 (0.05) 0.00 (0.00) 0.05 (0.05) 0.00 (0.00) 0.00 (0.00) 0.23 (0.23) 0.03 (0.03)
Enogonum viminoum 0.00 (0.00)c 0.00 (0.00)c 0.00 (0.00)0 0.57 (0.47)a 0,06 (0.06)abc 0.00 (0.00)c 0.00 (0.00)b 0.28 (0.25)a 0.03 (0.03)b
&lastrum whoosh 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 0.08 (0.08) 0.00 (0.00) 0.00 (0.00) 0.04 (0.04)
Fraqarla virginlana 0.00(0.00) 0.17 (0.17) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 0.08 (0.08) 0.00 (0.00) 0.00 (0.00)
Gayophytum diffusum 18.15 (2.21)a 14.24 (1 .85)abc 12.99 (1.69)bc 14.28 (0.77)bc 12.71 (1.58)c 13.95 (1.23)bc 18.20 (1.56)a 13.64 (O.88)b 13.33 (0.94)b
Gnaphahium palustre 0.11 (0.11) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.05 (0.05) 0.00(0.00) 0.05 (0.05) 0.00 (0.00) 0,02 (0.02)
Lonathum tritematum 0.23 (0.23)ab 0.41 (0.41 )ab 0.05 (0.05)b 0.26 (0.26)ab 0.06 (0.06)b 0.63 (0.35)a 0.32(0.21) 0.16 (0.13) 0.14(0.11)
Lupinus cardatus 0.11 (0.11) 0.00 (0.00) 0.00 (0.00) 0.07 (0.07) 0.00 (0.00) 0.05(0.05) 0.06 (0.06) 0.03 (0.03) 0.03 (0.03)
Madia minima 0.00 (0.00) 0.00 (0.00) 0.19 (0.19) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.00 (0,00)
Matriceha matricadoldes 0.00 (0,00)0 0.14 (0.14)bc 0.69 (0.29)a 0.00 (0.00)0 0.00 (0.00)0 0.00 (0.00)0 0.07 (0.07)bc 0.34 (0.20)ab 0.00 (0.00)0
Mentzehia albkaulls 11.99 (2.31)abc 11.76 (1.24)a 7.42 (1.15)cd 8.57 (1.07)bc 4.57 (0.69)d 8.83 (1.27)bcd 11.88 (1.18)a 8.00 (0.75)b 6.70 (1.15)b
Microse4s nutana 0.00 (0.00) 0.07 (0.07) 0.31 (0.23) 0.07 (0.07) 0.16(0.10) 0.26(0.26) 0.12(0.08) 0.19 (0.12) 0.21 (0.13)
Mimulus nanus 5.28 (2.08)ab 5.91 (1.55)a 4.45 (1.95)a 2.42 (1.39)b 3.39 (1.05)a 5.75 (1.24)a 5.59 (1.17) 3.44(1.16) 4.57 (0.90)
Monardehla odovathsslma 0.00 (0.00) 0.00(0.00) 0.05 (0.05) 0.05 (0.05) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.05(0.03) 0.00 (0.00)
Montla pedohiata 0.00 (0.00) 0.00(0.00) 0.06 (0.06) 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.03 (0.03) 0.00 (0.00)
Name pusillum 0.22 (0.22) 0.00 (0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.23 (0.23) 0.11 (0.11) 0.00(0.00) 0.11 (0.11)
P6nstemon speclosus 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.21 (0.12) 0.00 (0.00) 0.00(0.00) 0.00(0.00) 0.07 (0.03) 0.00(0.00)
Phacehla hastata 3.02 (1.64) 3.01 (1.75) 1.17 (0.79) 2.22 (0.64) 1.48 (0.38) 1.87 (1,26) 3.02 (1.07) 1.70 (0.51) 1.67 (0.59)
P!aglobofhiys hlspkius 15.33 (6.08) 14.39 (4.26) 12.15(3.73) 12.68 (1.72) 11.99 (3.40) 20.41 (7.76) 14.86 (3.33) 12.42 (1 .84) 16.20 (4.23)
Polygonum dotçlasll 0.78 (0.49) 0.33(0.33) 0.90(0.90) 0.32 (0.17) 0.38(0.25) 0.40(0.40) 0.78(0.49) 0.61 (0.43) 0.39 (0.21)
Scute#arla nana 0.33 (0.19)b 1.08 (0.30)a 0.50 (0.42)ab 0.42 (0.25)b 0.58 (0.25)ab 0.88 (0.44)ab 0.70(0.23) 0.46(0.22) 0.73 (0.24)
Senecho ftjtegen*,us 0.78 (0.49) 0.33 (0.33) 0.09 (0.06) 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.78 (0.49) 0.10(0.10) 0.05 (0.05)
Viola purpurea 3.42 (1.12) 2.79(0.14) 2.86(0.40) 2.84(0.91) 2.60(0.32) 3.64(1.17) 3.11(0.52) 2.85(0.44) 3.21 (0.59)
Unknown 0.66 (0.19)a 0.43 (0.33)ab 0.05(0.05)0 0.28 (0.28)abc 0.05(0.05)0 0.16(0.09)0 0.55 (0.18)a 0.17 (0.14)b 0.10 (O.05)b
TOTAL 81.71(1 .07)a 78.96 (3.08)a 57.47 (5.44)bc 60.20 (2.98)b 51.28(2.29)0 77.19 (0.77)a 80.33 (1.58)a 58.83 (2.84)b 64.24 (5.89)b



Table 3.5, continued. Mean relative abundance indices (proportionl frequency) for grass-seeded and unseeded control treatments in the
Lone Pine Fire area in 1993. Significant differences between treatments within a row indicated by different letters a,b,c, etc. (pO.l 0).
Combined treatments compared separately from individual treatments.

NATIVE GRAMINOIDS
Ca,ex loss!!

Unseeded Treatments
Planted with

Control P.ponderosa
(No plantings) and P. tridentata

4.70(1.40) 7.05 (3.96)

Native Grass Seedings

Festuca Sitanian
ida hoen s/s hystrix

4.08 (1.88) 4.59(2.34)

Exotic Grass Seedings

Secale Sterile
cerwale wheat

2.68 (1.09) 2.71 (0.69)

Combined Treatments

Unseeded Native
Controls Grasses

5.88 (1.95) 4.34 (1.35)

Exotic
Grasses

2.70(0.58)
Festuca Idahoensis 0.00 (0.00)b 0.00 (0.00)b 24.00 (3.33)a 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 12.00 (5.57)a 0.00 (0.00)b
Sitanion hystrix 0.08 (0.08)c 0.14 (0.14)b 0.73 (0.41)b 24.48 (2.75)a 0.00 (0.00)c 0.31 (0.31)bc 0.11 (0.07)b 12.6 (5.45)a 0.16 (0.16)b
Stipa occklentalis 6.09 (1 .76)abc 6.99 (1.35)a 6.14 (0.62)ab 3.42 (0.96)c 3.79 (0.18)c 6.15 (2.05)abc 6.54(1.01)0 4.78 (0.79)b 5.00 (1.06)ab
TOTAL 10.88 (0.81)b 14.18 (3.21)b 34.94 (4.60)a 32.49(2.76). 6.47(1.22)0 9.16(1.72)0 12.53 (1.65)b 33.72 (2.46)a 7.82(1.12)0

SHRUBS
Amtostaphybs patule 1.91 (1.09). 0.50 (0.17)ab 0.54 (0.19)abd 0.30 (0.07)abde 0.14(0.08)c 0.26 (0.14)de 1.20 (0.58). 0.42(0.11). 0.20 (0.08)b
Ceenothus veMlnus 4.10(1.88) 3.46 (1.25) 2.55 (0.99) 2.84 (0.63) 1.98 (0.82) 2.30(1.89) 3.78 (0.90) 2.69 (0.53) 2.14(0.93)
Chr/sothamnus viscIdfl 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.13 (0.13) 0.11 (0.11) 0.10(0.10) 0.00(0.00) 0.07 (0.07) 0.11 (0.07)
Purshia ti'identata 0.31 (0.20)b 1.04 (0.59)ab 0.65 (0.48)ab 0.65 (0.37)ab 0.80 (0.07)8 0.82 (0.25)0 0.67 (0.32) 0.85 (0.27) 0.81 (0.12)
Ribes cereum 0.63 (0.83) 0.00 (0.00) 0.09(0.09) 0.00(0.00) 0.00 (0.00) 0.00(0.00) 0.42(0.42) 0.05 (0.05) 0.00(0.00)
TOTAL 7.15 (1.70). 4.99 (1 .97)abc 3.84 (0.77)bc 3.92 (0.21)bc 3.03(0.85)0 3.49 (2.06)abc 6.07(1.26). 3.88 (0.36)b 3.26 (1.00)b

TREES
Pinus poir.derosa 0.28 (0.15)b 1.06 (0.59)ab 0.99 (0.46)ab 1.74 (1.38)ab 1.05(0.10). 0.60 (0.31)ab 0.67 (0.32) 1.36 (0.67) 0.83(0.18)

EXOTICS FORBS
Clrsium vulqare 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.16 (0.16) 0.00 (0.00) 0.00 (0.00) 0.08 (0.08)
Lactta semola 0.00 (0.00)b 0.27 (0.27)ab 0.31 (0.23)a 0.07 (0.07)ab 0.00 (0.00)b 0.00 (0.00)b 0.14 (0.14)ab 0.19 (0.12)ab 0.00 (0.0O)b
Stephanomer!a exlgua 0.00 (0.00) 0.08 (0.08) 0.37 (0.37) 0.33 (0.33) 0.11 (0.11) 0.06 (0.06) 0.04 (0.04)b 0.35 (0.22). 0.09 (0.06)ab
Tataxacum ofltclnale 0.00 (0.00) 0.30 (0.15) 0.21 (0.21) 0.00(0.00) 0.00 (0.00) 0.00(0.00) 0.15 (0.10)a 0.11 (0.11)ab 0.00 (0.00)b
TOTAL 0.00 (0.00) 0.66 (0.36)a 0.89 (0.55)ab 0.40 (0.40)ab 0.11 (O.11)ab 0.22 (0.14)ab 0.33(0.22). 0.64(0.32)0 0.17 (0.08)b

EXOTIC GRASSES
Brolnusjaponbcus 0.00 (0.00)b 0.17 (0.17)ab 0.97 (0.79). 0.00 (0.00)b 0.19 (0.19)ab 0.00 (0.00)b 0.08 (0.08) 0.49 (0.41) 0.09 (0.09)
Bromus tectonim 0.00(0.00) 0.00 (0.00) 0.18 (0.16) 0.00 (0.00) 0.00 (0.00) 0.08 (0.08) 0.00 (0.00) 0.08 (0.08) 0.04(0.04)
Dactyls glomerata 0.00 (0.00)b 0.00 (0.00)b 0.27 (0.13)a 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00) 0.13 (0.13) 0.00(0.00)
FOa annua 0.00 (0.00)b 0.00 (0.00)b 0.29 (0.22)a 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.15 (0.12)a 0.00 (0.00)b
Secale cetwale 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 37.87 (1.87). 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 18.94 (8.51)a
Sterile wheat 0.00 (O.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0,00)b 9.27 (1.13). 0.00 (0,00)b 0.00 (0.00)b 4.64 (2.13)e
TOTAL 0.00 (0.00)d 0.17 (0.17)d 1.68(0.75)0 0.00 (0.00)d 38.05 (1.75). 9.35 (1.19)b 0.08 (0.06)o 0.84 (0.50)b 23.71 (6.45).
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In 1994, total native forb frequency was >60% on the control and <50% on grass-

seeded treatments (Table 3.6). The five native forb species with highest frequency values

included the four most frequent of 1993 as well as Epilobium paniculatum. However, no

differences in the relative abundance of these species were detected between any

treatments.

Native graminoid abundances were not different except in FEID and SillY

treatments. In those treatments, native species had greater frequency values than in all

other treatments.

Shrub and tree species abundances were quite low (0 to 1% for all species in all

treatments). Slight differences were detected but these were not considered meaningfiul

with respect to species composition, due to the relatively small proportion of the total

species frequency that they represented.

The greatest differences in exotic species between treatments were the seeded

exotic grasses in seeded exotic grass treatments. In SECE treatments, S. cereale had a

mean frequency of almost 40%. The next greatest frequency of exotic species was sterile

wheat (z 3%) in S1'WT. All other exotic species averaged <2% frequency.

Frequency of life forms (aggregated species frequency) were compared between

treatments revealing several important differences. In 1993, total frequency of native forb

life forms were different between treatments. Control treatments averaged >80% native

forb frequency, while grass-seeded treatments averaged 60%. Native graminoids were

most frequent where they had been seeded (FEID and SillY treatments). However, when

seeded native grasses are subtracted, no differences in frequency of native graminoids



Table 3.6. Mean relative abundance indices (proportioni frequency) for grass-seeded and unseeded control treatments in the Lone Pine
Fire area in 1994. Significant differences between treatments within a row indicated by different letters a,b,c, etc. (pO.l 0). Combined
treatments compared separately from individual treatments.

Unseeded Treatments Native Grass Seedings
Planted with

Control P. pondevo.sa
(No Plantings) and P. tridentata Festuca kiahoensis Sitanlon hystntc

Exotic Grass Seedings

Secale ceieale Sterile Wheat

Combined Treatments

Unseeded Native
Controls Grass

Exotic
Grass

NATIVE FORBS
AcMilIea millefolium 0.00 (0.00) 0.04 (0.04) 0.00 (0.00) 0.05(0.05) 0.00 (0.00) 0.00(0.00) 0.02 (0.02) 0.03 (0.03) 0.00 (0.00)
Agoesens gIaa 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.07 (0.07) 0.00 (0.00) 0.00 (0.00) 0.03 (0.03)
Agos.er'isretror'sa 0.00(0.00) 0.00(0.00) 0.15 (0.15) 0.05 (0.05) 0.31 (0.31) 0.16 (0.16) 0.00 (0.00) 0.10(0.08) 0.23 (0.16)
Amsinckia menziesil 0,00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.05(0.05) 0.00(0.00) 0.13(0.13) 0.00 (0.00) 0.03 (0.03) 0.07 (0.07)
Antennana geyen 0,26 (0.20)a 0.22 (0.22)ab 0.23 (0.23)ab 0.04 (0.04)ab 0.00 (0.00)b 0.00 (0.00)b 0.24 (0.13)a 0.10 (0.08)a 0.00 (0.00)b
Collinsiapa,viflora 8.73 (2.15)ab 12.53 (1.75)a 6.91 (2.52)b 9.08 (2.90)ab 8.07 (2.72)ab 8.67 (1.82)b 10.63 (1.50) 8.00 (1.78) 8.37 (1.47)
Collom,a grandiflora 1.31 (1.21) 2.29 (2.21) 1.69 (1.69) 0.54(0.37) 0,66(0.66) 0.31 (0.31) 1.80 (1.15) 1.11 (0.82) 0.49 (0.34)
Colkjnia tincfrjna 2.38 (0.98)a 1.28 (0.20)a 0.46 (0.46)b 1.01 (0.18)ab 0.92 (0.92)ab 1.36 (0.81)ab 1.83 (0.51)a 0.73 (0.25)b 1.14 (0.56)ab
C,yptantha affinis 0.00 (0.00) 0.08 (0.08) 0.04 (0.04) 0.00(0.00) 0.00 (0.00) 0.04(0.04) 0.08 (0.08) 0.02 (0.02) 0.02 (0.02)
Epilobiumpanicuiatum 7.91 (3.55) 5.97 (3.72) 4,23 (2.28) 4.25 (2.63) 3.93 (1.79) 4,32 (2.73) 6.94 (2.34 4.24 (1.56) 4,13(1.46)
Eriophylum Ianatum 1.20 (0.82) 1.95 (1.25) 1.95 (1.13) 1.27(0.69) 1.28 (0.72) 1.75(1.34) 1.58 (0.69) 1.61 (0.61) 1.52 (0.69)
Enogonum nudum 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.05 (0.05) 0.00(0.00) 0.00(0.00) 0.00 (0.00) 0.03 (0.03) 0.00 (0,00)
Eriogonum vimineum 0.05 (0.05)ab 0.27 (0.27)ab 0.34 (0.28)ab 0.70 (0.58)a 0.20 (0.12)ab 0.06 (0.06)ab 0.16 (0.13) 0.52 (0.30) 0.13 (0.07)
Enasfrum aslcoxI 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.04(0.04) 0.00 (0.00) 0.00 (0.00) 0.02 (0.02)
Fvagana vkgiruena 0.00 (0.00) 0.20 (0.20) 0.04(0.04) 0.00(0.00) 0.00 (0.00) 0.00(0.00) 0.10 (0.10) 0.02 (0.02) 0.00 (0.00)
Gayophytum diffusum 11.59 (2.18)ab 12.15 (1.68)ab 11.52 (2.15)ab 13.39 (2.66)a 7.81 (2.44)b 13.65 (2.06)a 11.87 (1.24) 12.45 (1.59) 10.73 (1.93)
Glib aggregata 0.00(0.00) 0.11 (0.11) 0.15 (0.15) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.06 (0.06) 0.08(0.08) 0.00(0.00)
Lomatium tritematum 0.33 (0.17)a 0.28 (0.28)ab 0.38 (0.38)ab 0.16 (0.16)ab 0.06 (0.06)b 0.46 (0.24)a 0.30 (0.15) 0.27 (0.19) 0.26 (0.14)
Linanfhusbicobo 0.28 (0.28) 0.00(0.00) 0.00(0.00) 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.14(0.14) 0.00(0.00) 0.00(0.00)
Lupinus caudatus 0.05 (0.05) 0.00 (0.00) 0.00 (0.00) 0.16(0.16) 0.00 (0.00) 0.00(0.00) 0.02 (0.02) 0.08 (0.08) 0.00 (0.00)
Matricai'Ia matricarloldes 0.00 (0.00) 0.16 (0.16) 0.15 (0.15) 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 0.08 (0.08) 0.08 (0.08) 0.00 (0.00)
Mentzeiia a1bcau1ls 6.66(3.31) 5.24 (2.13) 4.13 (2.75) 4.19(3.31) 2.47 (1.27) 4.78 (3.18) 5.95 (1.79) 4.16(1.92) 3.62 (1.62)
Mimulus nanus 0.25 (0.16)a 0.00 (0.00)b 0.00 (0.00)b 0.25 (0.25)ab 0.00 (0.00)b 0.00 (0.00)b 0.13 (0.09)a 0.12 (0.12)a 0.00 (0.00)b
Microsensnutans 0.60 (0.60) 0.27 (0.27) 0.73 (0.73) 0.00 (0.00) 0.99(0.99) 1.80(1.80) 0.44 (0.30) 0.37(0.37) 1.40 (0.94)
Monai'della odor'atissima 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.04(0.04) 0.00 (0.00) 0.04(0.04) 0.00 (0.00) 0.02 (0.02) 0.02 (0.02)
Penstemon speciosus 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.43(0.43) 0.00(0.00) 0.00(0.00) 0.00 (0.00) 0.22 (0.22) 0.00 (0.00)
PhaOsIIa hastata 2.96 (2.19) 2.77 (2.25) 2.60 (1.38) 2.69(1.16) 2.20 (1.29) 4.16(2.84) 2.87 (1.41) 2.13 (0.91) 3.18 (1.46)
Plagbobo#uyshispklus 13.42 (3.03)ab 11.52 (1.60)abc 10.21 (2.23)abc 9.20 (0.22)bc 3.07(1.10)d 13.45 (1.61)a 12.47 (1.59)a 9.71 (1.03)b 8.26 (2.48)ab
F'olygonum douglasli 0.37 (0.20) 0.44(0.44) 0.50 (0.50) 0.25(0.25) 0.15(0.15) 0.31 (0.31) 0.41 (0.22) 0.37 (0.26) 0.23 (0.16)
Scutellaria nana 0.33 (0.26) 0.62 (0.07) 0.28 (0.22) 0.36(0.28) 0.31 (0.31) 0,53(0.29) 0.48 (0.14) 0.32 (0.16) 0.42 (0,20)
Senecio integemsnus 0.75 (0.50)a 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.08 (0.08)ab 0.07 (0.07)ab 0.38 (0.28)a 0.00 (0.00)b 0.07 (0.05)a
Viola purpurea 1.34 (0.15)b 1.33 (0.17)b 1.35 (0.14)abc 1.34 (0.81)ab 1.95 (0.29)ac 3.22 (1.42)ab 1.33 (0.10)b 1.35 (0.37)b 2.58 (0.71)a
Unknown 0.00 (0.00)b 0.13 (0.07)a 0.04 (0.04)ab 0.00 (0.00)b 0.00 (0.00)b 0.00 (0,00)b 0.07 (0.04)a 0.02 (0.02)s 0.00 (0.00)b
TOTAL 60.77 (4.66) 58.33 (7.40) 48.09 (5.18) 49.56(5.75) 34.45(4.00) 59.38(4.06) 60.31 (3.76)a 48.83 (3.48)b 46.91 (6.13)b



Table 3.6, continued. Mean relative abundance indices (proportion! frequency) for grass-seeded and unseeded control treatments in the
Lone Pine Fire area in 1994. Significant differences between treatments within a row indicated by different letters a,b,c, etc. (pO.l 0).
Combined treatments compared separately from individual treatments.

Control
Planted with

P. pcnderosa Unseeded Natle Exotic
NATIVE GRAM INOIDS (No Plantings) and P. t,klentata Festuca Idahoensis Sitanion hystrix Secale cereale Sterile Wheat Controls Grass Grass
Ca,ex ross!! 5.57 (1.78) 4.78 (1.15) 4.40(1.44) 5.50 (0.82) 5.55(1.06) 4.98 (1.00) 5.18(0.96) 4.96(0.78) 5.27 (0.66)
Festuca idahoensis 0.11 (0.11)b 0.00 (0.00)b 19.23 (O.66)a 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.05 (0.05)b 9.61 (4.31)a 0.00 (0.00)b
Pbleum alpinum 0.00(0.00) 0.00 (0.00) 0.06 (0.06) 0.00 (0.00) 0.00 (0,00) 0.00 (0.00) 0.00 (0.00) 0.03 (0.03) 0.00 (0.00)
Sltanlonhystrix 0.27 (0.27)b 0.11 (0.11)b 0.40 (0.21)b 20.91 (4.14)a 0.00 (0.00)b 0.42 (0.42)b 0.19 (0.14) 10.66 (4.95) 0.21 (0.21)
St!pa ccckientails 28.77 (7.05)ab 31.01 (7.99)ab 24.67 (6.39)ab 19.72 (2.86)b 17.58 (4.74)b 27.74 (4.52)a 29.89(4.79) 22.20 (3.32) 22.66 (3.71)
TOTAL 39.32 (6.67)ab 35.90 (6.88)abo 42.47 (6.03)ab 46.13 (6.10)s 23.14 (3.68)d 33,14 (5.02)bo 37.61 (4.35)a 44.30 (3.92)a 28.14 (3.57)b

SHRUBS
Arctostaphyfos patula 0.98 (0.50). 0.26 (0.20)abc 0.59 (0.24)ab 0.22 (0,08)bcd 0.14(0.14)0 0.26 (0.17)acd 0.62 (0.29). 0.40 (0.14)ab 0.20 (0.10)b
Ceanothus velutlnus 0.98(0.61) 0,78 (0.47) 0.29(0.21) 0.68 (0.34) 0.51 (0.31) 0.61 (0.51) 0.88(0.35) 0.49(0.20) 0.66 (0.27)
Chrysothamnus visckiflonjs 0.27 (0.27)ab 0.41 (0.27)ab 0.00 (0.00)0 0.30 (0.22)ab 0.11 (0.11)bc 0.64 (0.42)a 0.34 (0.17) 0.15(0.12) 0.37 (0.23)
Purshla trkientata 0.22 (0,03)0 1.00 (0.26)a 0.15 (0.15)d 0.30 (0.22)b 0.60 (0.33)abcd 0.48 (0.15)b 0.61 (0.21)a 0.23 (0.13)b 0.54 (0.16)ab
TOTAL 2.46(0.98) 2.40 (0.19) 1.03(0.12) 1.50(0.98) 1.36(0.19) 1.98 (0.98) 2.43(0.59) 1.26 (0.12) 1.67(0.47)

TREES
Pfnusponderosa 0.16 (0.16)ce 0.26 (0.20)0. 0.00 (0.00). 1.17 (0.83)ab 1.07 (0.16)ade 0.28 (0.22)cd 0.21 (0.12)b 0.80 (0.42)a 0.68 (0.21)ab

EXOTIC FORBS
Clrsium vUlgare 0.18 (0.09) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00(0.00) 0.00 (0.00) 0.09(0.06) 0.00 (0.00) 0.00 (0.00)
Lactuca setrlola 1.50 (1.40) 1.09 (0.78) 0.71 (0.63) 1.38(0.75) 0.50 (0.50) 1.83(1.45) 1.30(0.72) 1.05(0.46) 1.16(0.75)
Stephanomerla exlgUa 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.22 (0.14) 0.31 (0.31) 0.00 (0.00) 0.00 (0.00) 0.11 (0.08) 0.16(0.16)
Taraxacum o4l7cinale 0.22 (0.22)ab 0.38 (0.14). 0,00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0,07 (0.07)b 0.30 (0.12)5 0.00 (0.00)b 0.03 (0.03)b
TOTAL 1.89(1.21) 1.47 (0.70) 0.71 (0.63) 1.60(0.84) 0.81 (0.43) 1.90(1.43) 1.59(0.66) 1.16(0.51) 1.35(0.71)

EXOTIC GRASSES
Bron,us tectGum 0.00 (0.00)b 0.00 (0.00)b 0.88 (0.37)a 0.12 (0.12)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.50 (0.24). 0.00 (0.00)b
Dactylls gbnweta 0,00(0.00) 0.08 (0.08) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0,04(0.04) 0.00 (0.00) 0.00 (0.00)
Poe annua 0.00 (0.00)b 0.00 (0.00)b 0.58 (0.37)a 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.29 (0.21). 0.00 (0.00)b
Secelecereele 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 39.20 (1.93). 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 19.60 (8.81).
Sterile Wheat 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 0.00 (0.00)b 3.34(1.67). 0.00 (0.00)b 0.00 (0.00)b 1.67 (0.84).
TOTAL 0.00 (0.00)d 0.08 (0.08)d 1.46(0.28)0 0.12 (0.12)d 39.20(1.93). 3.34 (0.42)b 0.04(0.04)0 0.79 (0.33)b 21.27 (8.07).
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were detected between any of the treatments. Frequency of shrubs in the control (6%)

were almost twice as much as on treatments seeded with native grasses (4%) and with

exotic grasses (3%). No differences were detected between treatments in abundance of

trees and exotic forbs. Exotic grasses were most frequent on treatments where they had

been seeded. Exotic grass-seeded treatments (SECE and SIHY) averaged 24%

frequency of exotic grasses, while native grass-seeded treatments (IE]D and S]IHY)

averaged less than 1% and the control averaged < 0.10%. When subtracting seeded exotic

grasses, native grass-seeded treatments exhibited the greatest frequency for exotic

graminoids.

In 1994, total frequency of native forb life forms displayed strong differences

between treatments. The control had a native forb frequency of >60%, while native

grass-seeded treatments were 49% and exotic grass-seeded treatments were 47%.

Native graminoids were more frequent in native grass treatments (44%) and the control

(38%) than on exotic grass treatments (2 8%).

In summary, there were no differences in frequency of native graminoids between

the control and native grass-seeded treatments. There were no differences in shrub

frequency between treatments. Frequency of trees was < 1% in all treatments. No

differences in frequency between treatments were detected for exotic forbs. Exotic grass-

seeded treatments averaged > 21% frequency of exotic grasses, while native grass-seeded

treatments averaged < 1% and the control averaged < 0.05%. When subtracting seeded

exotic grasses, native grass-seeded treatments exhibited the greatest frequency for exotic

graminoids.



Species Richness

In 1993, average species richness (S) for grass-seeded and the control (Table 3.7)

ranged from 28 species in FEID to 21 species in the control. S was 18% greater on

FEID than SECE treatments (28 vs 23 species).

In 1994, S increased in the control but declined in all other treatments. S

averages for treatments ranged from> 22 in the control to < 18 in SECE. No differences

were detected between any other treatments.

Species Evenness

Grass-seeding changed relative abundance of species and life forms compared to

the control. In the grass-seeded treatments, graminoids were much more abundant and

native forbs were much less abundant than in the control. In 1993, treatments seeded with

the two native grasses, F. idahoensis and S. hystrix had evenness indices 7% and 9%

lower than the control (Table 3.7). Treatments seeded with the exotic grass S. cereale

were even more dominated by graminoids, displaying evenness indices 16% lower than the

control. In 1994, SECE again had the lowest evenness indices of all treatments. However,

FEID was the only treatment different with evenness indices 7% greater than SECE.
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Shannon Diversity Index

Seeding exotic grasses reduced species diversity (primarily through reduction

or exclusion of native forb species) compared to the control and native grass-seeded

treatments (Table 3.7). In 1993, Shannon Diversity indices (if) were lower in SECE than

all other treatments (if was 8 to 15% lower on SECE than FEID, the control, and SIHY

treatments.

Table 3.7. Species Richness, Evenness, and Shannon Diversity Indices for grass-seeded
and unseeded control treatments in the Lone Pine Fire area in 1993 and 1994. Standard
error of the means in parentheses. Significant difference between treatments (p0. 10)

designated by different letters in the month columns (a, b, c). FEID: treatments seeded
with F. idahoensis; SECE: treatments seeded with S. cereale; SIHY: treatments seeded
with S. hystrix; STWT: treatments seeded with sterile wheat.
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1993 Richness Evenness Shannon Diversity
Index

Control 21(1.2)b 0.81 (0.02)a 2.09(0.07)ab
FEID 28(3.3)a 0.75 (0.06)bc 2.17 (0.03)a
SECE 23 (0.7)b 0.68 (0.01)d 1.88 (0.02)d
SIHY 23 (1.2)ab 0.74 (0.01)c 2.08 (0.02)c
STWT 23(0.6)ab 0.77(0.02)abc 2.18 (0.02)abc

1994 Richness Evenness Shannon Diversity
Index

Control 22 (1.0)a 0.73 (0.07)ab 1.98 (0.19)ab
FE]D 22(5.7)ab 0.74(0.02)a 2.01 (0.20)ab
SECE 18 (1.9)b 0.69 (0.01)b 1.74 (0.06)b
SIHY 22(2.0)ab 0.73 (0.02)ab 2.04 (0.13)a
STWT 21 (2.3)ab 0.74 (0.03)a 2.06 (0.15)a



Height and Density of Natural P. ponderosa and P. tridenlata seedlings

Height of natural P. ponderosa seedlings in 1994, at the end of the second

growing season ranged from 9.4 cm in the control to 7.7 cm in PIPO/PUTR (Table 3.8).

Treatment averages for natural P. ponderosa density in 1994, at the end of the second

growing season ranged from 390 trees ha' in the control to 113 trees ha' in FEID..

Table 3.8. Mean height and density of naturally-regenerated P. ponderosa and P.
tridentata seedlings ha' surviving two years after the Lone Pine Fire. Standard error in
parentheses. No significant differences between treatments (pO. 10) were detected.
Control: treatments were unseeded and unpianted; FEID: treatments seeded with F.
idahoensis; SECE: treatments seeded with S. cereale; SIIHY: treatments seeded with S.
hystrix; and STWT: treatments seeded with sterile wheat.

No differences between treatments were detected in mean growth and percent

survival of planted P. tridentata seedlings (Table 3.9). P. ponderosa seedlings in

PIPOIPUTR treatments had 14% lower survival rates than STWT (pO.09).
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P. ponderosa
Height Plants ha'

P. tridentata
Height Plants ha'

Control 9.4(1.1) 390 (247) 23.8 (3.3) 530 (87)
FEW 8.5 (0.7) 113 (17) 23.2 (2.4) 467 (64)
SECE 8.5 (0.9) 197 (123) 21.6 (1.5) 617 (129)
SIHY 7.9 (0.6) 287 (163) 21.5 (1.5) 550 (256)
STWT 8.3 (0.3) 210 (80) 19.1 (3.8) 493 (206)



Discussion

Seeding exotic grasses following wildfire was intended to assist in the recovery of

the Lone Pine Fire by reducing erosion and noxious weed invasion. TAGB has been

shown to be an indicator of site stabilization and erosion prevention (Blandford and

Gunter 1972, Gautier 1983). Seeding the exotic grass S. cereale resulted in a tremendous

increase in TAGB (mostly S. cereale), greatly reducing native forb and native graminoids.

TAGB on exotic grass-seeded treatments was greater than control only the first year. It is

questionable that erosion prevention or reduction was effective the first year because grass

seeds, although seeded the previous November, did not germinate until March. Snowmelt
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Table 3.9. Mean number of planted P. ponderosa and P. tridentata seedlings ha'
surviving two years after the Lone Pine Fire and mean growth between August 1993 and
September 1994. Standard error in parentheses. Both species were two year-old, nursery-
grown seedlings when planted in May, 1993. Significant difference between treatments
(p0. 10) designated by different letters (a, b, c, etc.). PIPO/PUTR: treatments planted
with P. ponderosa and P. tridentata; FEID: treatments seeded with F. idahoensis; SECE:
treatments seeded with S. cereale; S1HY:treatments seeded with S. hystrix; and STWT:
treatments seeded with sterile wheat.

P. ponderosa
Growth (cm) Percent Survival

P. tridentata
Growth (cm) Percent

Survival
PIPO/PUTR 4.37(0.27) 64.57 (5.73) 11.66(2.54) 57.43(3 .3 0)

FEID 4.71(0.49) 70.60 (5.36) 15.27(2.21) 55.53(4.09)
SECE 4.73(0.30) 75.17 (5.43) 16.63(2.38) 47.23(10.34)
SIHY 4.63(0.73) 68.03 (7.17) 14.53(1.73) 54.17(3.32)
STWT 5 .00(0. 85) 74.80(2.64) 15.83(3.12) 57.3 7(7.03)
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and runoff had already occurred before the roots had a chance to stabilize soil. By the

second post-fire year, control and native grass-seeded treatments had reached similar

levels of TAGB. The most significant post-fire erosion occurred prior to the November

1992 grass-seeding. Wind erosion removed most of the ash layer (in places >5 cm deep)

within a few weeks following the fire. Seeding grass did not reduce frequency of noxious

weeds or exotic species. In fact, seeding native grasses slightly increased frequency of

exotic grasses most likely through contamination of the seed source. Species richness and

diversity were reduced by seeding exotic grasses.

Microclimate - Soil Moisture

Seeding the exotic grass S. cereale resulted in less soil moisture in the lower

horizon in April compared to all other treatments. This was likely due to more rapid early

season root growth of S. cereale compared to the other species in this study. S. cereale

was the first of the seeded species to germinate and establish roots. S. cereale rapidly

develops a very extensive root system, producing up to 10,000 kilometers of roots in a

single four-month-old individual (Raven et al. 1986). This extensive root system and the

early germination enabled S. cereale to sequester greater amounts of early season soil

moisture than all other species. In SW Oregon burned areas, Amaranthus et al. (1993)

recorded similar results where an aggressive exotic species (Lolium multifiorum) used

soil moisture at a much faster rate than native species.

In the latter part of the season (July - September), FEID had less soil moisture
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than SECE in both the upper and lower soil depths. The lesser amount of soil moisture on

FEID was likely due to greater insolation and increased evaporation on these treatments.

By late July (when soil moisture samples were collected), annual growth on all treatments

had ceased and much of the herbaceous vegetation had cured. Transpiration from forbs

and grasses was greatly reduced, but evaporation continued. Other studies have shown

that dead plant material can reduce insolation and associated evaporation, maintaining

higher levels of soil moisture (Fowler and Helvey 1981, Hungerford and Babbit 1987,

Amaranthus, et al. 1993). FEJD treatments had much less dead plant material from the

first postfire growing season than SECE treatments. In that year, SECE produced >twice

as much TAGB as FEID treatments. Most of this biomass remained on site acting as a

mulch. Because there was less mulch on FEID treatments, greater surface heating and

evaporative demand likely resulted in greater soil moisture loss (Fowler 1974, Amaranthus

1990, Amaranthus et al. 1993).

Total Aboveground Biomass (TAGB)

SECE treatments produced > twice as much TAGB as the control the first

postfire year. Increased competition of seeded grasses with native species for moisture

and nutrients is likely the primary cause of reduced TAGB of the native species in the

grass-seeded areas. In this study, SECE was the only treatment resulting in a reduction in

native forb biomass the first postfire year. SECE treatments also demonstrated greater

graminoid biomass production than all other treatments. This was due to the species'
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temporal growth characteristics discussed above. Other plants responded to declines in

available moisture by reducing shoot growth rates resulting in greater mortality of

individuals (McColl 1973, Schuize 1991). Soil moisture decreases in SECE treatments

were measured only during April. However, this month is most critical for plant growth in

the porous soils and extended summer drought characteristic of the Kiamath Basin

(Newton 1964, Fowler and Helvey 1981, Effiott and White 1987).

S. cereale was able to establish early and grow rapidly due to greater seed size and

cooler germination threshold temperature than native species (Sheng and Hunt 1991, Gan

1997). Most of the S. cereale seeding had already germinated prior to complete snow

melt in the spring of 1993. Native graniinoid and forb species did not germinate until after

snow melt. Ross and Harper (1972) used the term "biological space" to describe the

complex of resources that are necessary to support establishment and survival of

individual plants. They demonstrated that emergence time and spatial separation from

neighbors strongly determined success of individual plants in competition. This follows

Egler's "initial floristic composition" (1954) and Connell and Slatyer's "inhibition" (1977)

models of community development. Artificial colonization of S. cereale allowed it to

occupy the site to the exclusion of native colonizers. Aggressive annual species such as S.

cereale clearly have competitive advantage with respect to "biological space".

An important aspect of TAGB is it's inferred relationship with erosion prevention.

While most erosion studies have correlated soil movement with percent cover, Gautier

(1983) asserted that TAGB is an good surrogate for cover when assessing erosion

potential. Most managers and researchers agree that grass-seeding has minimal effect on
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erosion the first postflre year because of the timing of root establishment which generally

follows precipitation events that cause erosion (Barro and Conard 1987). In the Lone

Pine Fire area, TAGB was greater on SECE than all others only the first postflre year.

Consequently, the erosion reduction offered by seeding this exotic grass was short-lived at

best and likely relatively inconsequential.

Species Composition. Richness, Evenness, and Diversity

The reduction in native forb abundance as a result of seeding S. cereale was likely

related to the aggressive pioneering characteristics of S. cereale. By initiating growth

early in the season, most of the site resources were sequestered by S. cereale. The even

distribution of seed across the treatments left few sites available for the native forbs and

grasses (which germinated later than S. cereale) to occupy. Other studies have shown that

the first seeds to germinate on site have a tremendous advantage over later-arriving or

later-germinating propagules (Ross and Harper 1972, Zedler et al. 1983, Halpern 1989,

Elliott et al. 1997). In addition to germination timing and presence on site through

seeding, another competitive advantage held by S. cereale is that the seed is much larger

than any of the native grass and forb seeds in this study. Several studies have shown the

competitive advantage that large seeds have over smaller seeds in occupying sites during

secondary succession (Black 1958, Shipley and Peters 1990, Westoby et al. 1992). Many

studies have demonstrated competitive exclusion of species adjacent to S. cereale. Barnes

and Putnam (1983), Barnes and Putnam (1986), and Weston (1996) suggested that
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allelopathy explained the reductions (chemical residues of S. cereale inhibit adjacent plant

germination and establishment. In contrast, Teasdale and Mohler (1993) suggested that

physical alterations of the seed environment, rather than allelopathy explained the

reductions. In either case, these studies demonstrated reductions in neighboring plant

species germination, growth, and biomass. Consequently, those native graminoids and

forbs that survived the fire in the soil seed bank, or arrived on the site after the fire, were

at a disadvantage in competing with S. cereale for several reasons: (1) later germination,

(2) less even distribution, (3) smaller seed size, (4) allelopathy, (5) alteration of seed

environment, and (6) annual versus perennial. Those native species that arrived after seed

cast during the first postfire year, had little biological space available to occupy due to the

aggressive site occupancy of S. cereale and the establishment of the few native species

from the soil seed bank.

Ecological implications of shifting species composition from native forb dominance

to one of exotic grass dominance includes site productivity concerns. On a site in

southwest Oregon that had been recently burned, seeding Lolium multflorum reduced

shrub abundance and diameter growth of Pinus lambertiana (Amaranthus and Perry

1987, 1989). They also measured decreased mycorrhiza formation on conifer root tips in

grass-seeded burned areas. They concluded that decreases in the shrub component

reduced mycorrhiza formation on conifer seedlings. In the Lone Pine Fire area, shrubs

were twice as abundant in the control (6% frequency) than in the SECE treatment (3%

frequency), possibly affecting mycorrhiza formation as in the Amaranthus and Perry

studies.
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Reduction in species richness on grass-seeded sites was related to increased

frequency of exotic species which displaced native species. The Lone Pine Fire burned in

August, after seed cast and wind dispersal of native grass and forb seeds. Secale cereale

was seeded on treatment sites in November, three months after the fire and at a rate to

fully occupy the site (11.2 kg ha1). The timing and rate of application gave S. cereale a

tremendous advantage over non-seeded natives that either survived the fire in the soil seed

bank or would be blown in the following summer after seed cast. This allowed S. cereale

to occupy most of the biological space that many native species might otherwise have

occupied. As a result of seeding S. cereale following the Lone Pine Fire, native forb

frequency on SECE treatments averaged 60 % of that found on the control the first

postflre year. In addition, SECE treatments had >4 times the graminoid frequency found

on the control. Although these differences narrowed in 1994, SECE remained heavily

dominated by grasses (averaging> 1½ times the graminoid frequency and 50% of the

native forb frequency in the control).

In fire-adapted ecosystems, such as the Klamath Basin, many species produce

seeds that germinate most effectively only after fire provides a heat treatment and exposes

mineral soil (Keeley & Keeley 1981). If grass-seeding limits the abundance of those

species (as this study indicates) the long-term persistence of those native species becomes

a concern.

No studies of grass-seeding following wildfire could be found that quantified

species evenness. In 1993, the SECE treatment had lowest evenness values (0.68) of all

treatments, while the control had the highest evenness values (0.81). Evenness for all
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treatments remained the same or declined in 1994. This corresponds with Whittaker

(1965) and Schoonmaker and McKee (1988) who reported declining evenness values as

succession proceeds. The importance of evenness is its relation to the distribution of site

resources among a variety of species. Seeding S. cereale prevented many short-lived

pioneering individuals from establishing, reducing the number of individuals and species on

SECE treatments.

Grass-seeding occupied much of the available space for vegetation establishment.

Richness, evenness, and diversity were reduced as a result of seeding exotic grasses.

Importance of diversity has been demonstrated in studies showing positive relationships

between ecosystem resilience (McNaughton 1985, Frank and McNaughton 1991) and

community and species diversity.

Natural and Planted P. ponderosa and P. tridenlata

No differences were recorded in height growth and survival of natural and

planted P. ponderosa and P. tridentata due to grass-seeding treatments. In contrast,

several other studies have quantified reduced conifer growth (Larson 1969, Eissenstat and

Mitchell 1983, McDonald and Fiddler 1990) and reduced shrub (Schultz et al. 1955,

Conrad 1979, Griffin 1982, Conard et al. 1991, ) growth due to competition from grasses.

Nursery grown seedlings had well-developed roots systems that enabled them to rapidly

occupy sites and sequester sufficient moisture and nutrients to grow and survive.

Although no differences were detected, additional study should be conducted.



Conclusion

Grass-seeding in the Lone Pine Fire area did not accomplish intended ecosystem

rehabilitation and recovery. There was no difference in TAGB (a measure of site

stabilization) by the second post-fire year, nor was noxious weed establishment reduced by

grass-seeding. Exotic grass species frequency slightly increased on treatments seeded to

native grasses, in addition to the very large increase on SECE treatments. In addition to

failing to achieve desired objectives, grass-seeding of S. cereale reduced native forb and

grass production and affected overall species composition, richness, and diversity during

the first two years following wildfire and seeding.

Land managers are faced with important ecological decisions when evaluating

whether or not or how much to grass-seed following wildfire. The urge to apply active

management to a disturbed site should be weighed against the potential long term

deleterious effects of this action. The capacity for natural ecosystem recovery or

resilience has often been overlooked simply because managers respond to internal and

public outcries to "do something". Rehabilitation (in this case grass-seeding) can often

result in responses that fhrther degrade ecosystem features, such as native floristic

diversity recovery. Grass-seeding should be applied only when it will reasonably result in

restoring natural ecological processes and moving a disturbed site back toward a dynamic

natural ecosystem (Kauffman, et. al 1997).

The importance of maintaining biodiversity has been stressed by many scientists

(Wilson 1987, Ehrlich 1991, Lawton and Brown 1994, Vitousek, et al. 1994). Forest
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ecologists recommend that in order to maintain biodiversity levels, one should design

activities following wildfire that mimic natural structure and function (Runlde 1985,

Wilcove 1989, Hansen et al. 1991). While the near-total mortality associated with the

Lone Pine Fire was not "natural" (in the sense of the pre-european settlement fire regime),

grass-seeding moved the site ftirther away from natural processes.

When considering rehabilitation, recovery, and restoration strategies following

wildfire, managers should look first to passive restoration. Cessation of anthropogenic

disturbances is often all that is needed for ecosystems to return to a natural dynamic state.

Management actions should be taken only after determining that the inherent capacity to

recover has been lost (Kauffinan et al. 1997). When active restoration is appropriate and

preservation of biodiversity is an objective, as mandated by federal regulation (US Code

1982, USDA Forest Service 1993b), managers might consider seeding native species, or

developed rehabilitation species that disappear very quickly, such as sterile wheat.

It will be very important to follow this study for an additional five, ten, and twenty

years to determine if initial conclusions remain valid.
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CHAPTER 4

CONCLUSION

Conclusions

In this study, salvage-logging and grass-seeding did not facilitate a more rapid recovery of

ecosystems within the Lone Pine Fire area as the environmental assessment predicted (USDA

Forest Service 1992). In fact, the deleterious ecological effects of the stand replacement wildfire

were exacerbated by salvage logging and grass-seeding. With this in mind, post-fire

planning efforts should weigh carefully the ecological consequences versus the economic benefits

of salvage-logging.

Each year following wildflres, land managers are faced with multi-million dollar decisions

when evaluating salvage-logging and grass-seeding. Tremendous political pressure tends to place

the burden of proof on the "not to log" decision. Considerable internal pressure to grass-seed is

exerted within federal agencies. Salvage-logging and grass-seeding decisions should be guided by

the need to balance current and future needs as well as ecological and economic considerations.

Managers should ensure that comprehensive analyses occur prior to making these important

decisions. Despite any scientific evidence supporting the practices, few burned forests (in recent

times) have not been salvage-logged and grass-seeding continues to be a very common

rehabilitation practice. This research has demonstrated that both post-fire practices impede several

important ecosystem recovery factors.

Federal land management agencies are mandated by the National Forest

Management Act to preserve biodiversity (US Code 1982, USDA Forest Service 1993, Grumbine
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1996). The importance of maintaining biodiversity has also been stressed by many scientists

(Wilson 1987, Ehrlich 1991, Lawton and Brown 1994, Vitousek and Hooper 1994). Forest

ecologists recommend that in order to maintain biodiversity levels, one should design activities

following wildfire that mimic natural structure and function (Runlde 1985, Wilcove 1989, Hansen

et al. 1991). Consequently, the prudent manager should strongly consider passive restoration

approaches (limited or no logging and grass-seeding) on much of the post-fire landscape.

Nonsalvaged islands must be large enough so that the interior of the island is unaffected by

the more severe microclimate of the outer salvaged opening (Geiger 1975, Chen, et al. 1995).

Significant reductions in salvage-logging effects will likely be realized only in those nonsalvaged

treatments that are at least five to ten hectares in size.

The urge to apply active management to a disturbed site should be weighed against the

potential long term deleterious effects of this action. The capacity for natural ecosystem recoveiy

or resilience has often been overlooked simply because managers respond to internal and public

outcries to "do something". Rehabilitation (in this case grass-seeding) can often result in

responses that further degrade ecosystem features, such as native floristic diversity recovery.

Grass-seeding should not be applied unless there is evidence that it will reasonably result in

restoring natural ecological processes and moving a disturbed site back toward a dynamic natural

ecosystem (Kauffman, et. al 1997).

If one wishes to preserve biodiversity (as mandated by NFMA 1976) and assist post-fire

landscapes in recovering from unnaturally severe wildfires, strong consideration should be given

to leaving much of the post-fire landscape uncut and uncompacted (from logging equipment) so

that natural processes proceed effectively.
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When considering rehabilitation, recovery, and restoration strategies following

wildfire, managers should look first to passive restoration. Cessation of anthropogenic

disturbances is often all that is needed for ecosystems to return to a natural dynamic state.

Management actions should be taken only after determining that the inherent capacity to recover

has been lost (Kauffman et al. 1997). When active restoration is appropriate and preservation of

biodiversity is an objective, as mandated by federal regulation (US Code 1982, USDA Forest

Service 1993), managers might consider seeding native species, or developed rehabilitation

species that disappear very quickly, such as sterile wheat.

It will be very important to follow this study for an additional five, ten, and twenty years

to determine if initial conclusions remain valid.
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