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Fires set by Native Americans were important in shaping and maintaining
Willamette Valley prairie plant communities. With fire exclusion after Euro-
American settlement in the 1840’s, composition of the remaining prairies shifted
toward shrub and tree dominance with a concomitant decline in endemic prairie
plant populations. I hypothesize that by restoring fire as an ecosystem process
native prairie flora would be enhanced by invigorating vegetative growth of
natives, by controlling exotic species, and by controlling successional invasion of
woody species. Additionally, I hypothesize that native prairie compositidn might
be better enhanced by multiple burns compared to a single burn.

Initial vegetation composition, fuels, fire behavior, and subsequent changes



in plant composition following fire were quantified in a total of five plant
communities at Rose Prairie and Fisher Butte study sites near Eugene, Oregon.
Three treatments were assessed over three years (unburned control, and once
burned, and twice burned).

A total of 205 species were observed. Species richness was dominated by
native forbs in all five plant communities. In contrast, vegetative cover was
dominated by native perennial graminoids in all communities except one where
exotic perennial graminoids dominated. Rosa nutkana was the most prevalent
woody species in all communities. Initial preburn R. nutkana densities ranged
from 30,519 to 50,963 plants ha! at Rose Prairie and from 17,156 to 53,067 ha™ at
Fisher Butte.

Fisher Butte had more tree encroachment relative to Rose Prairie. Most
trees at both sites were seedlings and saplings, ranging between 3 to 70 cm in
height. Total tree density initially ranged from 0 to 568 trees ha™ and from 430 to
1,071 ha at Fisher Butte where Fraxinus latifolia was invading the wet
Rosa/Juncus community.

Total above ground biomass of Willamette Valley wetland prairies was
greater than that of many other North American grasslands ranging from 6,958 to
12,038 kg ha™. The first season following one burn, above ground biomass
decreased significantly in one community (-25.4%) and increased significantly in
another (+68%).

Response to burning was often inconsistent and varied greatly by species

among plant communities. Native as well as exotic species increased in frequency



or cover with burning. Eight native perennials and three native annuals
established or significantly increased frequency (p = 0.1) in burned areas in two
or more plant communities. Four exotic perennials and one exotic annual
increased significantly in frequency following fire. Although frequency of
Deschampsia cespitosa increased in burn treatments, cover declined significantly in
the first postfire year following one burn, indicating a shift from fewer large plants
to a greater number of smaller plants immediately following burning.

Significant increases in vegetative cover occurred in burned areas in two
Rose Prairie communities and in one Fisher Butte community, due primarily to
changes in cover of perennial graminoids. Total cover of exotic species increased
following one or two burns in all but one community. Significant increases in
exotic forb cover occurred in two communities.

After two burns, relative frequency of native perennial forbs increased
significantly in three communities. Relative frequency of exotic perennial
graminoids declined significantly in burn treatments in all but one community
where they increased in the control treatment. Native annual forbs increased in
burns in all but one community.

Increases of woody biomass, frequency, and cover following burning suggest
that Willamette Valley wetland prairie woody plants are highly resilient to burning
and quickly recover and increase following fire. However, height of woody plants
significantly declined following burning leading to an improved prairie structure.
In addition, the number of Fraxinus latifolia seedlings and saplings were

significantly reduced in burn treatments in the Rosa/Juncus community.



Fire behavior and fuel conditions in relation to vegetation response are
required to develop optimal frequency and intensity of burn prescriptions.
Information on the response of native, woody, exotic plants, and aboriginal food
plants will assist land managers in determining optimal fire frequency for burning
Willamette Valley wetland prairies to maintain and enhance desired species. This
research initiates a long-term assessment of fire effects on Willamette Valley

vegetation to determine optimal burn prescriptions for wetland prairies.
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VEGETATION COMPOSITION AND RESPONSE TO FIRE OF NATIVE
WILLAMETTE VALLEY WETLAND PRAIRIES

CHAPTER 1
INTRODUCTION

Fires are an important ecological process in maintaining prairie and
grassland ecosystems throughout the world (Daubenmire 1968, Vogl 1974, Kucera
1981, Hulbert 1988, Collins and Wallace 1990). They influence ecosystem
functions including plant regeneration, nutrient cycling, successional development,
and vertebrate habitat alterations (Kilgore 1981, Volland and Dell 1981, Boerner
1982, Martin 1982, Wright and Bailey 1982). However, few studies have focused
on the response of Willamette Valley prairie plant communities to burning
(Streatfeild 1995).

The first human inhabitants in the Willamette Valley, the Kalapuya,
arrived during a period of warmer and drier climate when this region presumably
supported an extensive prairie ecosystem (11,500 to 8,000 BP) (Hansen 1947,
Hansen 1967, Aikens 1993). As the climate cooled and precipitation increased,
trees and shrubs were able to invade and establish from seed sources at the
prairie edge (Thilenius 1968). Kalapuya burning maintained these prairies until
Euroamerican settlement.

Prairie fires were extensive throughout the Willamette Valley during initial
Euroamerican settlement. Early trappers and explorers described burned regions

extending the entirety of the Willamette Valley (Habeck 1961, Johannesen et. al



1971). The Kalapuyas ignited most fires from late summer into early fall
(August-September) (Clarke 1905, Sprague and Hansen 1946, Habeck 1961,
Johannesen et al. 1971). The fire return interval (the number of years between
two successive fires) at a particular site is unknown. Different Willamette Valley
habitat types were perhaps burned at specific frequencies to attain desired plant
response such as to maintain low underbrush in woodlands or to maximize
Camassia spp. or Madia spp. production. Prairies may have been burned
biennially, however, specifics on burning frequencies were not recorded in journal
accounts of early explorers and pioneers (Atrozut 1955 in Boyd 1986).

At the onset of Euroamerican settlement the Willamette Valley consisted
of an expansive prairie with occasional solitary oaks, scattered tracts of open-
grown oak woodiands, and dense floodplain forests associated with rivers and
streams (Habeck 1961, Johannesen et. al 1971). With the extirpation of
Kalapuyans through disease and displacement, fire exclusion on these native
ecosystems began in the 1840’s and has largely continued since that time. Fire
exclusion has resulted in succession to woodlands and forests of many former
prairie areas (Clarke 1905, Sprague and Hansen 1946, Thilenius 1968). Prairies
were maintained in some places by continued use of fire by settlers and by grazing
(Boag 1992, Frenkel and Heinitz 1987, Streatfeild 1995). However, most prairies
have been lost to forest succession, urbanization, and intense agricultural and
pastoral practices (Johannesen et. al 1971, Sprague and Hansen 1946 Towle 1982,

Christy and Alverson 1994). Native Willamette Valley grasslands are considered



one of the rarest and most endangered of all natural ecosystems in Oregon (The
Oregon Natural Heritage Program 1983). Less than 1% of the former extent of
Willamette Valley prairies remain today.

Prairies of the Willamette Valley include dry, upland and wet, bottomland
(wetland) prairies. This study was located in wetland prairie plant communities.
With fire exclusion, wetland prairies may succeed to a dominance of willow (Salix
spp.), cottonwood (Populus trichocarpa), hawthorn (Crataegus spp.) and ash
(Fraxinus latifolia) woodlands and forests (Franklin and Dyrness 1973,
Johannessen et. al 1971, Sprague and Hansen 1946, Thilenius 1968, Frenkel and
Heinitz 1987).

An appreciation has developed in the scientific community for the important
role that disturbance plays in ecosystem dynamics (Mooney and Godron 1983).
The resilience of an ecosystem to a particular type of disturbance depends upon
the frequency or regularity of the disturbance (Sousa 1984). After thousands of
years of annual fall-season fires, Willamette Valley vegetation has evolved
adaptations to survive that disturbance regime.

Fire removes accumulated litter and causes mortality of some plant
individuals thus reducing competition and opening spaces for seedling
establishment. Periodic burning in the tallgrass prairie consumed litter and
increased biomass and species diversity compared to unburned prairie (Hopkins

1954, Hulbert 1969 and 1988, Risser 1988).
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Remnant wetland prairies provide habitat to many rare and endemic plant
species. State and federal laws mandate that publicly owned lands be managed to
perpetuate these species (Rohlf 1989). In recent years, federal agencies have also
been directed to sustain biological diversity on publically owned lands. Currently,
reintroduction of fire may facilitate improved health in these disappearing
communities.

Remnant prairies currently contain many exotic plant species (Towle 1982).
Management practices that enhance exotics might further reduce native and rare
plant species in prairie landscapes. The response of exotic species to burning is
uncertain. Initial and sometimes unanalyzed, tentative results from other studies
in Willamette Valley prairies suggest that exotic species may increase in response
to burning (Macdonald - undated, Magee 1986, Frenkel and McEvoy 1983, Acker
1990, Frenkel and Streatfeild 1994, Streatfeild 1995). However, these same
studies indicate that native species have also increased in percent cover or
frequency following burning.

Little is known on the community ecology or the species life histories
within prairie communities of the Willamette Valley. Observations of a positive
response of native plant species to fire and some reduction of shrub and tree
densities have been made by a number of investigators (Frenkel and McEvoy
1983, Acker 1986, Acker 1990, Streatfeild 1995). However, increases in exotic

species have also been observed.
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Optimal fire frequency of wetland prairies should be based upon responses
of exotics, woody, and rare species as well as species which were important staple
food sources of Native Americans (e.g. Camassia spp., Madia spp., etc.). Optimal
burns should (1) control woody species, (2) control exotic plants, (3) maximize
cover and frequency of native plants, (4) increase density of aboriginal food
plants, and/or (5) increase density and/or vigor of rare plaﬁts.

The operational hypotheses are:

1) prescribed burns enhance native wetland prairie flora by controlling
successional invasion of woody species and by invigorating vegetative and
reproductive growth of fire-adapted native plant communities;

2) fire controls or reduces composition of exotic species, thus leading to a greater
level of health for the native system;

3) multiple burns facilitate successional retrogression and enhancement of native
prairie species relative to a one-time burn.

Different fire intensities will result in different plant responses and
succession trajectories. Therefore, fire behavior and fuel conditions in relation to
vegetation response are important for developing optimal burn prescriptions.

To test these hypotheses and to assist in determining optimal long-term
burn prescriptions, the following objectives of research were addressed:

(1) document fuel characteristics and fire behavior associated with experimental

prescribed burns in wetland Willamette Valley prairie communities (Chapter 3).
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(2) quantify preburn vegetative composition and response to two burn treatments
in different plant communities at two Willamette Valley wetland prairies (Chapter
4); and
(3) quantify preburn shrub and tree composition and response to burn treatments
in different plant communities at two Willamette Valley wetland prairies (Chapter
5).

This research initiates a long-term assessment of fire effects on Willamette

Valley vegetation to determine optimal burn prescriptions for wetland prairies.



CHAPTER 2
A LITERATURE REVIEW:
HISTORY OF WILLAMETTE VALLEY VEGETATION AND
IMPORTANCE OF FIRE IN GRASSLANDS/PRAIRIES

Introduction

The Willamette Valley is a linear lowland in western Oregon ranging
from 40-65 km wide and extending 210 km from the Willamette River’s southern
headwaters to its northern confluence with the Columbia River (Orr et al. 1992).
The Valley is delimited by the Coast Range to the west, the Cascade Mountains
to the east, and the Calapooia Mountains to the south. During the Cretaceous
Period (~130-62 million years before present - mBP), this region was part of a
broad, flat continental shelf extending into the Pacific ocean from the Cascade
Mountains (Orr et al. 1992).

During the Eocene Epoch (55-38 mBP), plate shifting resuited in uplifting,
tilting and folding of the Coast Range and further uplifting of the Cascade
Mountains; the Willamette Valley formed as a trough or depression between the
two mountain ranges. This lowland trough was at first covered by an inland sea.
With continued plate uplifting, this inland sea eventually drained to the Pacific
ocean. The southern end of the Willamette Valley became terrestrial as early as
the Eocene Epoch (55-38 mBP), although the northern portion of the Valley was
not entirely terrestrial until the Miocene Epoch (5.3-2 mBP) (Detling 1968, Orr et

al. 1992).
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The Willamette Valley trough was filled with successive deposits of fluvial
materials especially during a 2500 year interval (post 18,000 BP) in the
Pleistocene Epoch (~2 mBP to present) as the climate warmed and glaciers
receded (Alt and Hyndman 1978, Orr et al. 1992). Flooding during this interval
resulted in successive back flows of floodwaters from the Columbia River into the
Willamette Valley which extended up to elevations of about 120 m (Alt and
Hyndman 1978). These flood events left behind sediments of varying depth,
composition, and texture (sands and fine silts). This fluvial material is
characteristic of current Willamette Valley soils (Orr et al. 1992). Other soil
deposits have been carried into the Willamette Valley by flooding events and
fluvial outwashes from Cascade Mountain rivers and streams.

Plant communities of the Willamette Valley have changed continuously
over time in response to changes in landscape and climate (Detling 1968). The
climate of the Pacific Northwest region has varied from periods of near arctic
conditions to more tropical regimes. In addition to climatic and geologic
influences, plant communities in the Willamette Valley have changed in response
to disturbance processes. Most notably, vegetation in the Willamette Valley has
recently developed with the presence of frequent natural and anthropomorphic
fires (Sprague and Hansen 1946, Habeck 1961, Johannessen et al. 1971). In a
region with climatic conditions that would currently support forested plant

communities, it’s apparent that fires ignited by Native Americans were important



to the continued existence and maintenance of Willamette Valley prairies
(Franklin and Dyrness 1973).

Specific effects of fire in Willamette Valley ecosystems have not been
studied, however, fire effects have been documented in other grassland and
forested ecosystems. We can formulate hypotheses to test fire effects in
Willamette Valley prairies with a knowledge of the environmental history of the
Willamette Valley and the effects of fire in other ecosystems. Thus, we may more
quickly understand how best to maintain, enhance and/or restore the biodiversity

of these unique prairie landscapes.

History of
Willamette Valley Vegetation

Prehistoric changes

During the Cretaceous Period (130-62 million years before present - mBP),
western Oregon was generally covered by ocean (Orr et al. 1992) (Table 2.1).
Vegetation bordering this ocean (presently parts of eastern Oregon) consisted
predominantly of hardwood trees (Detling 1968). Important species of that era
that are still present within the Pacific Northwest today are referred to as the
West American Element of the early flora. These species included; Abies, Acer,
Alnus, Betula, Cornus, Corylus, Crataegus, Fraxinus, Gaultheria, Juglans, Larix,

Lithocarpus, Mahonia, Malus, Myrica, Philadelphus, Picea, Pinus, Populus,



Table 2.1. Geologic, climatic and biological events in the Willamette Valley (WV) since the Creataceous Peroid (the last 130 million

years).
Geologic Years BP
Epoch, Period, | (m = million)
or Era Geologic and Climatic Events Biological Events

Late Holocene 5,000 - 0 | Cooler temperatures and greater precipitation |Increase in Pseudotsuga, Tsuga and Abies;

Era than previous climate. Quercus declines. Extensive settlement of
region by euro-americans in 1840’s; Indian-
burning ceased.

Early Holocene 10,000 - Hotter summers, colder winters, and less ppt. | Pseudotsuga, Tsuga, Picea and Abies decline

Era 5,000 than present; driest postglacial climate at from ~8,000 BP; peak range and expression of

9,000 BP; Larentide ice sheet disappears; Quercus forests ~6-8,000 BP; peak expression of]
xerothermic maximum ~6,000 BP; prairies and xerophytic species; megafauna
present ~6,000 BP.
12,000 - Glacial retreat; wetter climate than present; Coniferous forest predominantly Pinus contorta
10,000 much of WV inudated by glacial melt-waters. | ~11,000 BP; increase in Pseudotsuga, Tsuga,
Abies and Picea ~11-8,000 BP.

Pleistocene ~2.0 m - 0 |Early Pleistocene-less precipitation and much | Temperate, coniferous forest in Pacific

Epoch cooler than present; maximum extent of Northwest; Charcoal abundant in soil layers.

glaciation ~18,000 BP. First human occupation WV ~11,500-8,000 BP.

Pliocene Epoch 53m Much uplift and tilting of Coastal Range. Appearance and expansion of Madro-Tertiary

Early Pliocene-warmer and drier than present;
Late Pliocene-increasing ppt. and decreasing
temps.; summer ppt. drops sharply.

Geoflora in PNW; Loss of species dependent on
summer precipitation.

01



Table 2.1., Continued.

Miocene 24 m Epoch began with a warm, rainy climate (?), |Evidence of subtropical-temperate floral

Epoch ppt. evenly distributed through the year; elements in WV, increase in Pinaceae;
lateritic soils formed; general cooling and appearance and increase of herbaceous plant
drying trend. Much volcanism building families in Pacific Northwest.

Cascades.

Oligocene 37 m Progressively cooling and drying trend. Subtropical forests revert to a temperate forest

Epoch similar to Cretaceous Period.

Eocene Epoch 58 m Increase in temperatures to subtropical Broadleaf forest develops with elements from
climate; WV becoming terrestial with slow now-common warm-temperate N.A. and flora
uplift and sedimentation of ocean floor. now largely found in tropical and subtropical

Central and S. America.
Cretaceous 130 m WV covered by ocean; temperate and humid | Temperate forest at margin of inland sea
Period climate with abundant summer precipitation. | (eastern Oregon)consists predominantly of

hardwood genera.

11
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Pseudotsuga, Quercus, Rhamnus, Salix, Sambucus, Sequoia, Smilax, Sorbus, Stipa,
Torreya, Tsuga, Umbellularia, Viburmum, and Vitis. Detling (1968) described two
additional groups of genera that were present during the Cretaceous but are now
generally absent from the Pacific Northwest. One of these groups, the East
America Element, consisted of genera still present in eastern North America
including: Aristolochia, Asimina, Carpinus, Carya, Cassia, Castanea, Celastrus,
Comptonia, Cotinus, Diospyros, Fagus, Ilex, Lindera, Liquidambar Liriodendron,
Magnolia, Myrsine, Nelumbo, Nyssa, Ostrya, Piper, Sapindus, Sassafras, Taxodium,
Tilia, and Ulmus. A second group consisted of genera that are now extinct, or
restricted to Asia or other tropical and subtropical regions of the New World.
This group included: Ailanthus, Cercidiphyllum, Cinnamomum, Ficus, Ginkgo,
Glyptostrobus, Grewia, Hedera, Keteleeria, Laurus, Metasequoia, Paulinia, Persea,
Pistachia, Pterocarya, Sabal, Sterculia, Zelkova, and Zizyphus. The presence of
genera in these groups now absent from the Pacific Northwest indicate a warmer,
more humid climate. Many of these genera also occur today in locales with
abundant summer rainfall suggesting that summer precipitation was probably
greater in the Pacific Northwest during that period than currently.

During the Eocene Epoch (55-38 mBP), the ocean covering the Willamette
Valley slowly turned into an inland sea through uplift of Coast and Cascade
mountain ranges (Detling 1968). Toward the later part of the Eocene Epoch this

inland sea began to disappear through further uplift and through sedimentation
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(Detling 1968). As a result, a layer of Eocene silts and sands over a mile deep
now extends under Eugene, Oregon (Orr et al. 1992).

Temperatures were elevated from those of the Cretaceous Period. Chaney
and Sanborn (1933 in Detling 1968) postulated a mean annual temperature of
~20°C and an annual precipitation of ~178 cm. Eocene silts from this period
contained fossil evidence of marine mollusks, crabs, and sharks of a tropical
environment (Orr et al. 1992). Eocene sediments dated to ~42-38 mBP near
Cottage Grove, Oregon, contained fossilized, broadleaf plants such as Aralia,
which further suggested a warm, moist sub-tropical to tropical climate (Orr et al.
1992). These fossil plants located near Cottage Grove also indicated that portions
of the southern Willamette Valley were terrestrial by the later part of the Eocene
Epoch.

The new lowland plain formed by the retreating inland sea was occupied by
a broadleaf forest from two floristic origins; (1) genera represented in the
temperate Cretaceous floras of Alaska and central Rocky Mountains, now
common to warm-temperate North America, and (2) a new group of genera now
largely found in tropical or subtropical regions of Central or South America. The
former group included; Aralia, Aristolochia, Celastrus, Cinnamomum, Diospyros,
Ficus, Magnolia, Persea, Platanus, Quercus, Rhamnus, Smilax and Viburnum. The
later group included’;’ Anona, Aporosa, Astronium, Calyptranthes, Cordia, Cupania,
Inga, Lucuma, Mallotus, Meliosma, Nectrandra, Ocotea, Sapium, Siparuna,

Strychnos, Symplocos, and Tetracera (Detling 1968).
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With progressive cooling and drying during the Oligocene Epoch (38-25
mBP), subtropical forest was replaced by a temperate forest similar to that
displayed in upland regions during the earlier Cretaceous Period (Detling 1968).
The inland sea covering the Willamette Valley reached as far south as Salem
during a portion of this Epoch (Orr et al. 1992). Evidence of conifer genera such
as Sequoia, Metasequoia and Taxodium were common in Oligocene sediments
while Abies, Pinus, Picea, Pseudotsuga and Tsuga were present and widespread
though not abundant.

Soil and plant evidence have lead to conflicting theories of the climatic
regime during the Miocene Epoch (25-5.3 mBP).‘ Bauxitic lateritic soils, which
generally form in hot climates, are present in Willamette Valley sediments that
formed during the Miocene (Alt and Hyndman 1978). Also, abundant evidence of
fossil flora such as Liquidambar, Platanus, Carya, Ginkgo and Metasequoia were
found in Willamette Valley sediment formed during the Miocene Epoch that
further suggest a warm, rainy climate (Orr et al. 1992).

In contrast, Axelrod (1950 in Detling 1968) postulated cooler, drier
conditions in the Pacific Northwest. Pinaceae increased during this period in
Pacific Northwest locations with the appearance and increase of herbaceous
families, including: Malvaceae, Onagraceae, Polemoniaceae, Umbelliferae,
Gramineae, Cyperaceae and Compositae (Detling (1968). Detling (1968)
postulated that an adverse climate for trees and shrubs (i.e drought and cold

winters) may have facilitated increases in herbaceous species.
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Thus, the Miocene Epoch likely began with a warm, rainy climate and
became progressively cooler and drier with time. Volcanic activity was rapidly
building the Cascade Range during this Epoch and the ocean finally withdrew
from the region of the Willamette Valley (Orr et al 1992).

The Pliocene Epoch (5.3-2 mBP) was a period of continued uplift and
tilting of the Coastal Range and folding of northern Willamette Valley rocks (Orr
et al. 1992). Temperatures increased and precipitation decreased early in the
period (Detling 1968). By the middle Pliocene, floras indicated that western
United States was semiarid with a warmer climate than present (Detling 1968).
The flora included: Abies, Acer, Amelanchier, Mahonia, Picea, Pinus, Populus,
Pseudotsuga and Sorbus. During this warm, dry period, a number of plants
included in the "Madro-Tertiary Geoflora" migrated from the south and flourished
in the Willamette Valley region. This flora evolved in the more arid, hotter and
continental portions of southwestern North America. A number of these genera
are still present and in cases, abundant, in the Willamette Valley today, including;
Amelanchier, Arbutus, Arctostaphylos, Baccharis, Ceanothus, Fraxinus, Holodiscus,
Mahonia, Myrica, Philadelphus, Pinus, Populus, Prunus, Quercus, Rhus, Ribes,
Symphoricarpos, and Umbellularia (Detling 1968).

Several xerophytic "islands" remain today in Lane County as evidence of
this period of Madro-Tertiary Geoflora expansion, including; Bohemia-Fairview
Mountain, Rebel Peak, Horsepasture Mountain, Spencer Butte and the Coburg

Hills (Detling 1968). Further range extensions of these species were halted by the
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change toward a cooler, moister climate with the advent of the Pleistocene.
Although there was a general trend toward a cooler and moister climate during
the late Pliocene, a sharp drop in summer rainfall resulted in the loss of East
American and East Asian Elements which were dependent upon summer
precipitation (Detling 1968).

During the early Pleistocene (~2 mBP), Pacific Northwest forest taxa
included Pseudotsuga, Tsuga, Larix, Thuja, Alnus, Acer macrophyllum, Cornus
nuttallii, and Populus, while understory vegetation included Corylus, Acer
circinatum, Mahonia nervosa, Philadelphus, Rhamnus purshiana, Sambucus glauca
and Vaccinium parviflorum (Detling 1968). Alpine glaciation was extensive in the
Pacific Northwest between 20-16,000 BP, although there was little glaciation in
lowland regions. Precipitation was lower and temperatures were as much as 10°C
cooler in western Washington (Whitlock 1992, Thompson et al. 1993).

The maximum extent of the Laurentide ice sheet over northeastern North
America during this time period (~ 18,000 BP) significantly affected thé climate of
the northwest United States in three ways: (1) it caused a general cooling of the
climate; (2) it split the North American jet stream - shifting winter storms to the
south, resulting in a winter drying of the climate; and (3) it changed surface wind
circulation and created stronger easterly winds that enhanced cold and arid
conditions (Whitlock 1992).

Between 20,000 and 16,000 BP, the Puget Trough supported tundra and

subalpine parkland; dominant plants included grasses, sedges, Artemisia spp. and
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tundra herbs (Whitlock 1992). A period of warming and overall glacial retreat
occurred at ~12,000 BP, when the Willamette Valley was inundated with glacial
meltwaters (Hansen 1947, Whitlock 1992, Thompson et al. 1993). Pinus contorta
was likely the pioneer invader as glacial waters subsided from the Willamette
Valley (Hansen 1947).

Pollen analysis suggested that the Willamette Vallevaas dominated by P.
contorta with lesser amounts of Picea sitchensis and Abies grandis at ~11,000 BP
(Hansen 1942, 1947, 1967). A period of warming and drying between 11,000 and
8,000 BP resulted in the decline of P. contorta and increases in Pseudotsuga
menziesii, Tsuga heterophylla, P. sitchensis and A. grandis (Hansen 1947 and 1967).

Several sources report evidence for warm, dry conditions during the early
Holocene (~10,000-5,000 BP) (Hansen 1947, 1967, Whitiock 1992, Thompson et
al. 1993). During this time, the tilt of the earth was greater, and the northern
hemisphere was closest to the sun during summer, rather than in winter as it is
now. Therefore, summers were warmer and drier,-and winters cooler than today.
Total annual precipitation was 40-50% lower and the average annual temperature
was 1-3°C higher in southwestern Washington during the early Holocene than at
present (Whitlock et al. 1990 in Whitlock 1992).

At ~9,000 BP the Pacific Northwest was at its driest since the glacial
maximum and far drier than at present as indicated by climatic simulations,
pollen, and lake-level data (Thompson et al. 1993). Species shifts also indicated

an extended drought period between ~ 10,000 to 6,000 BP with P. menziesii, Alnus
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rubra, and Pteridium appearing in great abundance in western Washington and
prairies expanding in the central Puget Trough (Whitlock 1992). Pollen studies in
the Willamette Valley also document a warming, drying trend between 8,000 and
6,000 BP as P. menziesii, T. heterophylla, P. sitchensis, and A. grandis declined in
composition and as Quercus and other xerophytic species reached their maximum
extents (Hansen 1947, 1967). Modelling indicated a thermic maximum but
increasing moisture levels at ~6,000 BP, although precipitation remained below
present values (Thompson et al. 1993). Stands of Pinus ponderosa remaining in
the valley attest to a former warmer, drier climate (Hansen 1947).

The Laurentide ice sheet covering eastern North America disappeared
between 9,000 and 6,000 BP, ending its distant influence over climate in the
Pacific Northwest (Thompson et al. 1993). Bones of ice age mammals such as
mammoths, mastodon, giant sloth, and bison (eight foot at the shoulder) were
found in buried organic layers of Willamette Valley soils (particularly at Lake
Labish, near Salem) and dated to ~6,000 BP (Hansen 1967, Orr et al. 1992).
Megafaunal grazers and browsers likely had a significant impact upon the
compositional direction of plant species in the Willamette Valley during this time
period.

During the late Holocene (5,000 BP to present), summer drought lessened,
temperatures declined. and precipitation increased compared to the early
Holocene (Whitlock 1992). Some mesophytic taxa such as Thuja plicata, T.

heterophylla and P. sitchensis increased, while grasses, composites and chenopodes
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declined in the Puget Trough of Washington. Pollen analysis showing increases of
P. menziesii, Tsuga and Abies at Willamette Valley sites also indicate a pattern of
increasing moisture and cooler temperatures during the last 4,000 (Hansen 1947,

1967).

Human habitation, subsistence, and burning practices

Human occupancy of the Willamette Valley probably began some 11,500
years ago, with firm evidence of occupancy for at least 8,000 years (Aikens 1993).
Indigenous people of the Willamette Valley formed a series of geographically
independent living groups and all spoke a language variation belonging to the
Kalapuya family (Mackey 1974, Minor et al. 1981, Boyd 1986, Toepel 1991,
Aikens 1993). Harvest and processing of camas bulbs (Camassia spp.) and a
variety of other plant foods were of particular importance in Kalapuya
subsistence; the harvest of deer meat (Odocoileus spp.) was secondary (Aikens
1993).

Subsistence revolved around a pattern of hunting and gathering seasonally
available foods. In the spring, multi-family camps would divide into small, mobile
family groups to begin harvesting the abundant plant and animal resources found
throughout the Valley’s wetlands, prairies and woodlands. From spring and
through summer, a variety of staple foods including; waterfowl, deer, fish, camas,
hazel nuts (Corylus cornuta var. californica), acorns (Quercus spp.), and various

seeds and berries were gathered and processed for winter storage. In mid- to
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late- summer, family groups moved to Coastal and Cascade upland areas to fish,
hunt, and harvest large quantities of berries. In Autumn, family units remained
dispersed across the landscape and continued to gather acorns, various seeds,
fruits, and roots. Fires were started intentionally in the dry late summer months
for a variety of reasons discussed in the next section. By late fall and early winter,
family units would regroup at village locations and inhabit semi-subterranean

wooden lodges at permanent winter sites.

Kalapuya fire use and frequency

The Kalapuya presumably utilized fire for a variety of purposes. Fires
increased the production of bulbs, roots, rhizomes, seeds, and berries of many
staple food plants including camas, onions (Allium spp.), bracken fern (Pteridium
aquilinum), salal (Gaultheria shallon), huckleberries (Vaccinium spp.), blackcaps
(Rubus leucodermis), strawberries (Fragaria spp.), thimble berries (R. parviflora),
salmonberries (R. spectabilis) and blackberries (R. ursinus) (Mackey 1974, Minor
et al. 1981, Boyd 1986, Aikens 1993). Underburning in oak and hazel woodlands
reduced brush and thick herbaceous ground covers, making acorns and nuts easier
to find (Boyd 1986). Burning encouraged production of suckers from the base of
hazel trees and growth of various reeds; both important materials in basketry.
Fire assisted in the collection of tarweed seed (Mackey 1974, Minor et al. 1981,
Boyd 1986). Burning removed the sticky exterior plant residue of tarweed and

facilitated ripening and opening of seed pods. Following fire, the plant skeleton,
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with the attached seed pods, remained standing. Immediately following burning,
Kalapuya women used racket-like sticks to dislodge tarweed seeds from seed pods,
knocking them into baskets. Most of the seed was ground into a meal and used
like flour. Tarweed was valued so highly by the Kalapuya, that patches were the
"property" of particular family groups.

The fertilizing effect of burning was also well-understood and utilized by
the Kalapuya in the cultivation of tobacco (Nicotiana quadrivalvus) (Boyd 1986).
An area with accumulated woody debris was burned to produce ash and to
prepare a seed bed prior to sowing tobacco seeds.

Burning was also used to collect grasshoppers and other insects as they fled
fire. Dead insects were also gathered from areas following burning (Mackey 1974,
Dicken and Dicken 1979, Boyd 1986).

Fire was used to assist in game hunting and management. Game animals
included a variety of waterfowl, dove, quail, elk (Cervis elaphus), white-tailed deer
(Odocoileus virginianus leucurus), and black-tailed deer (Odocoileus hemions
columbianus) (Boyd 1986). Two elderly Kalapuya Indians at the Grande Ronde
reservation told a story of "the great fall hunt" of deer (Clark 1905). They
described a highly organized burning pattern requiring a head chieftain and a
great force of men. At a given signal, men spread over the landscape, began
burning the prairie and driving deer toward a determined area where the animals
became easy prey. A sufficient number of deer were killed to provide meat for

the coming winter months.
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The Kalapuyas not only used fire directly as a tool to drive-hunt deer, but
indirectly as a plant manipulation tool to attract and concentrate game animals
(Mackey 1974, Minor et al. 1981, Boyd 1986, Aikens 1993). Unburned patches
would purposefully be left within a matrix of burned-over land. Game species
would naturally concentrate in these unburned areas immediately following
burning and were thus more easily hunted. The Kalapuya also underburned
woodlands to reduce brush, facilitating better visibility and easier movement
through areas during hunting. In some cases, the Kalapuya may have burned to
subsequently attract game animals to areas of more palatable regrowth (Minor et
al. 1981, Boyd 1986).

Fire might also have acted as a tool for tribal defense. Approaching
enemies could easily be seen by maintaining open prairie and open-understory
woodlands adjacent to long term camps (Clark 1905, Habeck 1961, Boyd 1986).

Numerous journal accounts by explorers and settlers indicated that prairie
fires were common every year in the Willamette Valley during the summer and
fall months (Sprague and Hansen 1946, Habeck 1961, Johannessen et al. 1971,
Thilenius 1968). However, the return interval of fire (the number of years
between successive fires) at each particular site within the valley is unknown.
One journal account by Lewis Judson (Atrozut 1955 in Boyd 1986) indicates that
the prairies may have been burned biennially.

These journal records raise a number of questions. Was the prairie in

Judson’s account a wet prairie or a dry prairie? Were different habitat types such
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as oak woodlands, riparian forest, dry prairie and wet prairie sites burned at
different frequencies to meet specific objectives? For example, were tarweed
patches burned more frequently, e.g., every year, than huckleberry patches, e.g.,
every seven years? Journal accounts do not provide precise insight into these
questions.

The Kalapuya probably burned particular habitat typés and/or specific
plants on a frequency that resulted in desired plant responses, €.g. burn
frequencies that maintained low brush density or increased desirable plants
and/or their fruits. Little anthropological field work was gathered on the specifics
of burn frequencies in different Willamette Valley habitats; therefore, the entire

story of Kalapuya burning practices may never be known (Boyd 1986).

European exploration and devastation of the Kalapuya culture

The maritime fur trade began along the Pacific Northwest coast around the
1780’s, and marked the first contact of the Kalapuyas with European trade goods
and diseases (Minor et al. 1981). Lewis and Clark explored in the area during
their 1805-1806 expedition. Although no direct contact with the Kalapuya was
documented, expedition accounts referenced the existence of the Kalapuya and
estimated their population. The first recorded meeting between whites and the
Kalapuya was during 1812 when fur traders from Astoria visited the Willamette

Valley (Zenk 1976 in Minor et al. 1981). During the 1820’s and 1830’s, a number
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of fur trappers settled in the Willamette Valley; however, the region remained
largely unsettled until the 1840’s (Minor et al. 1981).

Initial contacts with Europeans and their virulent diseases lead to a
number of epidemics that dramatically reduced the populations of the Kalapuya
(Mackey 1974, Boyd 1986). The first of these epidemics was small-pox which
spread from Missouri during 1782-1783 and may have destroyed half of the
Kalapuya population. Malaria raged from 1830 to 1833, further reducing the
Kalapuya population 90% and eliminating entire villages in some places. The
pre-contact population of the Kalapuya was estimated as 14,000 in 1806 (even
after the smallpox epidemic); by 1841 the population numbered approximately
600. The devastation of the Kalapuyas and their culture allowed the subsequent
uncontested occupation of the Willamette Valley by European settlers (Mackey
1974). The remainder of the Kalapuya Indians were placed on the Grande Ronde

Indian reservation in 18SS.

Fire and its exclusion from the Willamette Valley

Charcoal is abundant in soil layers deposited during the Pleistocene Epoch
(2 mBP to present) indicating fire’s importance as a force in shaping species
compositions during this era (Cwynar 1987). Humans arrived during a warmer
and drier period wheﬁ-the climate and environmental conditions may have
supported an extensive prairie landscape (Whitlock 1992). With a trend toward a

cool, moist climate, the Willamette Valley should have been largely a forested
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landscape at the time of European settlement. However, shrub and tree
expansion was suppressed by the burning activities of the Kalapuya Indians
(Hansen 1947, Hansen 1967, Clarke 1905, Morris 1934, Sprague and Hansen 1946,
Habeck 1961, Johannessen et al. 1971, Dicken and Dicken 1979, Thilenius 1968).
Fire scars in tree growth rings show evidence of a high frequency of fire in the
Willamette Valley extending back to 1647 (Sprague and Hansen 1946). This is as
far back into history as the tree record extends in the Willamette Valley, where
few trees are older than 350 years.

The Willamette Valley was not a close-forested landscape when European
settlement began. Journal accounts from explorers and early settlers (1830-1840’s)
describe the Willamette Valley as an expansive prairie with occasional solitary
oaks, scattered tracts of open-grown oak woodlands, and a dense riparian forest
"gallery" along perennial stream and river channels (Habeck 1962, Johannessen et.
al 1971). An account from the journal of an early pioneer on June 2, 1834,
described the area near the confluence of the Long Tom and the Willamette
River, (near the present city of Eugene and close to research sites used in this
thesis) as generally extensive plains of grasslands with seasonal wetlands and
swampy areas "and to the (W)est extends the chain of mountains, the first range
of rising hills with little wood on them" (Munford 1982). An historical cadastral
survey map prepared in 1854 of the vicinity of Fern Ridge Reservoir indicates the
general area around the Fisher Butte and Rose Prairie study sites (research sites

in Chapters 3 - S) as open, flat prairies (Finley 1994).
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Prairie fires were extensive throughout the Willamette Valley at the time
of European settlement (Sprague and Hansen 1946, Habeck 1961, Johannessen et
al. 1971). Early trappers and explorers described burned regions extending from
Oregon City, at the north end of the valley, to areas south of Eugene, a distance
of approximately 210 km (Johannessen et al. 1971). Journal accounts indicate
that the Kalapuyas ignited fires from late summer into early fall (August-
September) on a regular, almost yearly basis (Clarke 190S. Sprague and Hansen
1946, Habeck 1961, Johannessen et al. 1971). However, fires were also reported
from mid-summer (July 1) and into late fall (October 18) (Boyd 1986).

With increased pressure from settlers to control fire and the extirpation of
Kalapuyans through disease and displacement, inadvertent fire exclusion in the
Valley generally began in the late 1840’s and has largely continued to the present.
Fire exclusion has resulted in encroachment of woodlands and forests into former
prairies (Clarke 1905, Sprague and Hansen 1946, Thilenius 1968, Cole 1977).
However, heavy grazing has stemmed woody growth in places (Frenkel and
Heinitz 1987). With fire exclusion, wet prairies succeed to willow, cottonwood,
hawthorn and ash woodlands and forests, and drier grasslands succeed to oak and
maple woodlands and ultimately to Douglas fir forests (Franklin and Dyrness
1973, Johannessen et. al 1971, Sprague and Hansen 1946, Thileius 1968, Frenkel

and Heinitz 1987).
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European settlement and changes in the landscape

Large-scale settlement of the Willamette Valley progressed swiftly during
the mid 1840’s; by 1850 there were 11,873 people residing south of the Columbia
River (Minor et al. 1981). Rapid settlement continued with passage of the
Donation Land Act. Each American citizen who settled in the Oregon territory
by 1850 was entitled to a 320 acre-claim of free land. With settlement, came the
replacement (via the plow) of many prairie plant communities with agricultural
crops. Indeed, prairies fringed by forest were the preferred locations to settle
during the middle to late 1800’s (Minor et al. 1981). This pattern of settlement in
the Willamette Valley probably lead to the decline of dryland prairies early in the
history of settlement. Prairies not plowed and cropped were heavily grazed by
various livestock. Numerous horses, hogs and sheep, and large herds of cattle
were already ranging the Willamette Valley by 1844 (Towle 1982). Livestock
grazing increased and peaked in 1899; open-ranging of livestock became illegal in
the Willamette Valley ~1900 (Towle 1982). Between 1890 and 1930’s, hill lands
not heavily grazed were often occupied by fruit orchards. After 1930, tree crops
became concentrated on the coarser-textured floodplains (Towle 1982).
Subsequently, a number of orchard crop spe;:ies have naturalized in the
Willamette Valley.

| Large and small-scale flood control projects have also altered the
Willamette Valley landscape and its hydrology in recent years (Habeck 1961,

Towle 1982). Various channels and reservoirs for flood control were constructed
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throughout the 20th century. The Fern Ridge Dam was completed in 1942
(Towle 1982). Thus, there are far fewer natural ponds, marshes and other
wetlands in the Willamette Valley today compared to the presettlement era
(Franklin and Dyrness 1973). The areal extent of wetlands in Oregon decrease

38% between 1780 and 1980 (Dahl 1990).

Introduction of exotic plants

Numerous authors described the general pre-settlement natural vegetation
patterns, e.g., prairie, marsh, fir forest, woodland thickets, gallery forests along
rivers3 of the Willamette Valley (Smith 1949, Habeck 1961, Johannessen et al.
1971). However, complete historical species lists were never compiled for these
landscape types. The species composition of Willamette Valley prairies has been
significantly modified by accidental and deliberate introduction of exotic plant
species. A number of exotic species that are now naturalized in the Willamette
Valley landscape were intentionally introduced as orchard, food-crop, hedgerow
and ornamental plants (e.g. Pyrus communis, Prunus avium, Pyrus malus, Crataegus
monogyna, Rosa eglanteria). Other exotic species arrived in association with
livestock, various types of cargo, ballast and in imported agricultural seed mixes.
A species list of grasses in Salem and vicinity in 1919 indicated that 52% of the
plants were introduced (Nelson 1919). Exotic and now-naturalized plant species
form ~11% of the vascular plant flora of California (Mooney and Drake 1987).

Most of the exotic flora are annuals. Although no data are available for Oregon
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or the Willamette Valley, we may assume a somewhat lower composition of
exotics to that of California which had been heavily grazed by livestock since 1800

and agriculturally exploited in the mid 19th century.

Summary of vegetation history

Present patterns of natural plant species diversity expressed in the
Willamette Valley "represent a culmination of eéological, climatological, and
geological processes spanning several time scales” (Whitlock 1992). Clearly,
species composition and diversity has varied across the Willamette Valley
landscape throughout its geological history. Human populations have also exerted
a tremendous influence upon the dynamics and composition of Willamette Valley
vegetation. Within a century and a half, prairie, savanna, and open woodland
ecosystems that were once extensive throughout the Willamette Valley are today
close to extinction. Closed-canopy forest has increased. Agricultural and
urbanized landscapes have replaced natural landscapes. Today, less than 0.1% of
presettlement prairies are thought to exist in fragmented, disjunct and degraded
conditions throughout the valley (Christy and Alverson 1994). Even the remaining
fragments of natural vegetation have changed radically in composition as exotics
have replaced natives, as native taxa have gone extinct and as new assemblages
have developed.

Remnant wetland prairies host several narrowly endemic, rare and

potentially endangered plant species, including Lomatium bradshawii, a federally
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listed endangered plant species. State and federal laws now mandate that any
publicly owned lands containing endangered or threatened plant species be
managed in such a way as to perpetuate the existence of these species. Successful
techniques for the conservation of biological diversity, maintenance of a prairie
structure, and native composition requires a set of management practices
especially adapted for these plant communities. At this stage, recovery and
improvement of remnant prairies includes the reintroduction of fire as an
ecosystem process.

Prairies of the Willamette Valley are somewhat arbitrarily separated into
dryland and wetland prairie plant communities. The current study focussed on

vegetation responses to burn treatments in two wetland prairie remnants.

Importance of Disturbance
and Fire in Grasslands/Prairies
Contemporary information on plant responses to burning in Willamette
Valley prairies is limited (Frenkel and McEvoy 1983, Magee 1986, Acker 1986,
Acker 1990, Connelly and Kauffman 1991, Frenkel and Streatfeild 1994,
Streatfield 1995). Data on fuels and fire behavior are lacking. Information can,
however, be gained through review of fuels, fire behaviors and plant responses in
other ecosystem types, especially in other grassland/prairie communities. The
most comparable ecosystem to wetland prairies of the Willamette Valley in terms

of biomass and structure, is the mesic, tallgrass prairie of the Central and
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Northern Great Plains. Like the tallgrass prairie, Willamette Valley prairie is
highly productive with aboveground standing crops ranging from 3,230 kg ha-1 to
~12,000 kg ha-1 (Moir and Mika 1972, Kucera 1981, Frenkel and McEvoy 1983,
Chapter 3). Also, like tallgrass prairies, Willamette Valley prairies contain high
species diversity within small geographic areas. Two-hundred- thirty-seven species
occurred within a single square mile of tallgrass prairie in Nebraska (McNaughton
et al. 1982). Similar high levels of species richness occur in Willamette Valley
prairies (Chapter 3). But unlike tallgrass prairie, Willamette Valley prairie has a
marked dry summer and moist spring.

Grassland ecosystems have generally evolved with varying intensities and
frequencies of disturbance, both spatially and temporally (Sousa 1984). Contrary
to the traditional concept that disturbances disrupt ecosystem equilibrium,
equilibrium in natural ecosystems is currently perceived as a special case, rather
than the rule (Zedler et. al 1983). Vegetation composition is in a continuous
state of flux due to environmental perturbations and cycles. Disturbance events,
such as fire, may play as great a role in community dynamics as do biological
interactions of competition and predation (White 1979).

The historic and current prevalence of fire in grassland ecosystems of the
world indicates its functional importance in community dynamics (Daubenmire
1968, Vogl 1974, Kucera 1981, Risser et al. 1981, and Wright and Bailey 1982).

Fires facilitate plant regeneration, nutrient cycling, reproductive responses,
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successional trajectory, and vertebrate habitat alterations (Daubenmire 1968,

Kucera 1981, Hulbert 1988).

Fuel and fire characteristics of grassland fires

Grassland fuels typically have a rapid rate of ignition, rapid spread, high
fireline intensity, and a relatively short residence time (Vogl 1974). Most
grassland fuels burn readily; they are usually very dry, loosely and contiguously
arranged, and finely divided and thus provide a base for sustained ignition
(Daubenmire 1968, Vogl 1974, Kucera 1981). Due to these fuel characteristics,
the occurrence of extremely high temperature for long time periods at the plant
and soil surface, which result in damage to the basal portions of plants and
rootstalks, is uncommon during grassland fires (Volland and Dell 1981, Vogl
1974).

Due to differences in weather, fuel quality and quantity, and fuel moisture
content at the time of burning, no two fires are identical in terms of fire behavior
and resulting plant responses (Martin 1982). Fuel quality and quantity generally
depend on soil nutrient status, plant species composition and climatic and other

biotic factors (e.g. wildlife grazing) (Rundel 1981).
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Fire regimes

To understand the natural history of a site and its plant composition, it is
particularly helpful to know the site’s fire regime, that is, the historical frequency
and intensity of fire. A grassland fire regime may be classified as a regime of
frequent/low intensity fire if one equates intensity with plant mortality and not
with rate of energy release (Kilgore 1981). Most aboveground biomass is
generally consumed in a grassland fire while individual plants usually survive
(Volland and Dell 1981, Kucera 1981). This regime is also characterized by a
short number of years between successive burns.

Fire interval is the number of years between two successive fires, and the
mean fire return interval is the average of all fire intervals and is determined in a
specific area during a designated time period (Kilgore 1981). The natural fire
return interval in any ecosystem relates to climate, ignition source and probability
of fire, fuel accumulation, and fuel quality available to sustain and carry a fire.
Wetter climate grasslands with rapid fuel accumulations may have a shorter fire
return interval and fires of a higher caloric output than drier climate grasslands
(Kucera 1981).

The natural fire frequency for many prairies/grasslands of North America
is estimated as 5-10 years (Wright and Bailey 1982). Prescriptions for burning
tallgrass prairies, typically specify a 2-3 year interval to maximize grass production
and species diversity (Kucera 1981). Annual burning of tallgrass prairie resulted

in a uniform sward of prairie grasses with a reduced presence of broad-leaved



34

species and reduced diversity; biennial burning maintained both grass and broad-
leaved species (Kucera and Koelling 1964). In contrast, a 4-7 year burn interval is
deemed appropriate for drier grasslands in Texas and much longer burn intervals
may be characteristic of the arid, shortgrass mixed prairies of western Kansas
(Kucera 1981, Wright and Bailey 1982). Because fire effects differ by species, an
optimal overall fire frequency may be difficult to determine (Curtis and Partch
1948). Plant compositional effects of a specific fire treatment should be evaluated
against objectives for the site to be burned. For example, an objective for a
particular burn treatment might be to increase the density of a rare plant species
of concern. The density of rare plant individuals should be measured prior to and
following burning and in comparison with control/unburned densities (Connelly
and Kauffman 1991). Characteristics of the burn treatment should also be
measured including such variables as weather, fuel moistures, maximum
temperatures reached at the soil surface, flame characteristics, and fuel
consumption.

By evaluating changes in plant density and the parameters of different
burns and different fire frequencies, managers and researchers will be able to
establish cause and effect of burning and to eventually determine an optimal fire

frequency that meets the parameters of a specific objective.
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Plant survival/responses to fire and plant regeneration

The meristematic regions of perennial grassland species are generally
located at or below the soil surface, increasing the probability of survival from
intense fire temperatures (Volland and Dell 1981). Invading woody species have
meristems that are held aloft and are vulnerable to mortal damage during fires.
Most of the current literature supports the tenant that fire reduces or discourages
the growth of shrubs and trees (Bragg and Hulbert 1976, Daubenmire 1968,
Kucera 1981, Wright and Bailey 1982). Many shrub and tree species have,
however, evolved adaptations to rapidly sprout following fire, particularly in
shrubland and forest ecosystems (Ahlgren and Ahlgren 1960, Wright and Bailey
1982, Keeley 1984, Keeley 1987, Kauffman and Martin 1990).

Plant tolerance to heat from fires depends upon the type of tissue being
affected; seeds are the most tolerant and roots are the most susceptible of plant
tissues (Volland and Dell 1981). Seeds of some grass species will tolerate
temperatures ranging from 82°C to 127°C for up to a five minute duration (Wright
1931, Sampson 1944). Similarly, temperatures in excess of 120°C are required to
destroy shrub and tree seeds of chaparral and Sierra forests (Wright 1931,
Christensen and Muller 1975, Kauffman and Martin 1990). Leaf tissue is killed by
temperatures of ~60°C for durations ranging from 2 to 60 minutes (Wright and
Bailey 1982). Although the root system is the most heat sensitive plant structure,
the soil layer can act as an effective insulator (especially when moist) to protect

root tissues from extreme temperatures (Volland and Dell 1981). Some plants
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possess morphological adaptations that increase their heat tolerance or fire
resistance, e.g., thick bark on tree species (Kauffman 1990).

In general, species of grassland communities reproduce after fire by using
two life history strategies: 1) sexual reproduction via seed and 2) vegetative
reproduction via stem and root budding, underground rhizomes, buibs and corms
(Wells 1969, Voland and Dell 1981, Keeley 1984, Barbour et. al 1987, Keeley and
Keeley 1987, and Keeley 1988).

Seedlings may originate on-site from the soil seed bank or from seeds held
aloft on the plant and not consumed by fire (i.e. plant-held seed bank). Seedlings
may also originate from off-site seed sources via wind and animal dispersal
following fire. The effect of fire on the soil, plant-held seed banks, and postfire
seedbed conditions depends upon the particular plant species, season of burn,
position of seed in the soil or aboveground, and, most importantly, the severity
(consumption) of the fire (Kauffman 1990). As maximum temperatures below the
soil surface during grassland fires seldom reach levels that destroy seeds, seed
production, germination and seedling establishment may be promoted by fire
(Vogl 1974). Previous research has shown that fire affects germination of seeds
and seedling establishment (Martin and Cushwa 1966, Mallik and Gimingham
1985, Rasmussen and Wright 1988). Germination may be stimulated directly by
fire heat effects or indirectly due to changes in the postfire environment.
Enhanced germination in the postfire environment may be due to increased light,

temperature, or nutrients, decreased allelopathic compounds in litter or soil, or
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due to a leachate/charate stimulus (Christensen and Muller 1975, Sharrow and

Wright 1977, Keeley 1984, Keeley and Keeley 1987, Hulbert 1988, Keeley 1988).

Plant composition in response to fire

Surface fires generally remove accumulated aboveground biomass while
little affecting the below ground perrenating buds (Volland and Dell 1981). Thus,
plant species composition may be little changed from the pre-fire composition.
Conversely, ground or high intensity fires oxidize part or all of the root mat and
accumulated organic deposits and may result in drastic changes in species
composition from the pre-fire plant composition. Typically, a fire burns as a
combination of fire types, skipping over some areas, moving quickly as a surface
fire in some areas, while in other areas persisting as glowing combustion removing
peat and organic fuels down to mineral soils. This variable fire behavior creates a
mosaic of fire intensity over a landscape. This mosaic of fire intensity generally
creates much heterogeneity in vegetation response and greater community
diversity in the postfire environment (Sousa 1984). The size, shape, and timing of
fire all influence the pattern of recolonization and ultimately, patch diversity of a
landscape (Sheldon 1986).

Fire removes accumulated litter and causes mortality of some plant
individuals thus reducing immediate competition for the surviving species and
opening spaces for seedling establishment. Periodic burning in the tallgrass

prairie consumes excessive accumulations of litter leading to increases in species
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diversity above that found on unburned prairie (Hopkins 1954, Hulbert 1969 and

1988, Risser 1988).

The three most important fire factors determining vegetation composition
following fire are burn interval, season of burn, and consumption level of the burn
(Volland and Dell 1981). Depending upon a species morphological characteristics
and seed ecology, various plant species have been observed to increase or
decrease following fire (Daubenmire 1968, Vogl 1974, Kucera 1981, Wright and
Bailey 1982). For example, mortality of rhizomatous grass species may be lower
than that of bunchgrasses due to the below ground location of rhizome tissues
(Conrad and Poulton 1966). Nitrogen-fixing legumes may increase in the post-fire
plant community (Daubenmire 1968, Mallik and Gimingham 1985). In some
cases, fire has favored graminoid plants, while in other cases fire has favored
broad-leaved herbs (Curtis and Partch 1948, Hervey 1949, Daubenmire 1968,
Young and Miller 1985, Kucera 1981). Fire is very instrumental in eliminating or
controlling invading woody species in grassland environments (Bragg and Hulbert
1976, Vogl 1974, Kucera 1981).

Some natural communities become more vulnerable to exotic plant
invasion when natural disturbances, such as fire, are eliminated (Mooney and
Drake 1987). Fires characteristic of tallgrass prairies helped to exclude invading
species not adapted to periodic fires. Therefore, judicious timing and prescription
of fire may help reduce exotic plant compositions in native prairies. Spring burns

in tallgrass prairies reduced cover of an introduced bluegrass species and
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improved conditions for native plants (Curtis and Partch 1948, Hill and Platt
1975). Prescribed burning in the sagebrush/steppé region reduced cheatgrass
(Bromus tectorum, an introduced annual) density in favor native plant species
(Young and Miller 1985, Sapsis 1990). Litter accumulations may perpetuate the
dominance of annual weed species on unburned western rangelands (Glendening
1942, Evans and Young 1970). However, composition of exotic species may
increase following burning particularly when the fire frequency is increased

(Zedler et al. 1983).

Biomass, flowering and fruiting in response to fire

Increased vegetative, flowering, and seed production have commonly been
observed following fire, indicating alterations in species allocation patterns in
response to fire (summaries in Daubenmire 1968, Vogl 1974, Kucera 1981, Wright
and Bailey 1982).

The darkened soil surface after fire and removal of litter layers may
effectively extend the growing season of a site by earlier solar warming of soils
which facilitates earlier growth initiation (Hulbert 1969 and 1988, Vogl 1973,
Sharrow and Wright 1977). Aboveground productivity often increased for two to
three years following fire in mesic grasslands with adequate soil moisture, but
aboveground productivity declined in arid grasslands and in grasslands burned
annually (Risser et al. 1981). In tallgrass prairies, excessive accumulation of litter

after fire exclusion leads to lowered primary plant productivity (Weaver and
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Rowland 1952, Hopkins 1954, Kucera et al. 1967, Hill and Platt 1975, Hulbert

1969). In more arid regions, litter buildup following fire may favor increased
biomass production through conservation of moisture (Hervey 1949, Willms et al.
1986, Kucera 1981).

Plant phenology may also be affected by burning. Plants in burned areas
may flower and/or fruit earlier during postfire growing seasons and may stay
green longer when compared to plants on adjacent unburned areas (Blaisdel 1953,
Daubenmire 1968). Flower and seed production of various species may increase,
decrease, or be unaffected following fire (Stone 1951, Blaisdel 1953, Dix and
Butler 1954, Young and Miller 1985, Hulbert 1988). Increased flower and seed
production may be delayed until the second growing season following fire
(summaries in Daubenmire 1968, Vogl 1974, Kucera 1981 and Risser et al. 1981).
In this study, enhanced flowering and fruiting of common and rare plants was

observed following burning (Connelly and Kauffman 1991).

The plant environment in response to fire

Fires can decrease plant competition, increase light exposure of the soil
surface, soil pH, and temperature fluctuations; decrease the litter layer and
allelopathic chemicals, and alter nutrient composition (Daubenmire 1968, Vogl
1974, Boerner 1982, and, Kutiel and Naveh 1987). Nutrient turnover may be
slowed by accumulation of nutrients in standing biomass and in litter which are

unavailable to direct microbial action (Walker 1982). The chemical composition
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of many grassland and wetland plant species include large amounts of compounds,
e.g., silica, which are highly resistant to microbial breakdown (Vogl 1974,
Meentemeyer 1978, Bazilevich and Titlyanova 1980). Decomposition rates are
slowed due to periodic or continuous anaerobic conditions in wetland
environments (Mitsch and Gosselink 1986). As a result, fire may act as a primary
decompositional agent in many North American grasslands‘and wetlands (Vogl
1973, Vogl 1974).

Most of the organic biomass and nutrient stocks of grasslands exist below
ground; thus direct fire effects on nutrient cycling may be relatively small
compared to the total nutrient pool (Boerner 1982, Walker 1982). In eutrophic
grasslands, plant-fire response may be more affected by alterations in |
microclimate (light and temperature) than by direct nutrient changes (Boerner
1982). Increased biomass and flowering following burning in grasslands are likely
due to postfire increases in solar insolation, soil surface temperature, and

available nitrogen (Stone 1951, Rice and Parenti 1978, Hulbert 1988).

Animals, insects and pathogens in response to fire

Fire may affect plant composition indirectly by impacting other organisms
that subsequently affect plants. Although prescribed burns or wildfires rarely kill
animals, some wildlife Species have been observed to increase or decrease on
burned sites compared to adjacent unburned sites (Bendell 1974). Animals may

migrate to burned sites because dense vegetation is removed, succulent vegetation
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is available, or productivity and nutrition of vegetation and fruits is increased
(Daubenmire 1968, Wright and Hinselman 1973, Bendell 1974, Smith and Kadlec
1984, Smith and Kadlec 1985). Conversely, the decline of some animals on burn
sites may result from immediate reductions in food, protective shelter, and habitat
availability.

Insect and pathogen populations have evolved under various fire regimes,
and recent outbreak problems in some forested ecosystems are often attributed to
removal of an important ecological process through fire suppression (Ahlgren and
Ahlgren 1960, Wright and Hinselman 1973). Fire reduces damping-off fungi, a
major case of seedling mortality (Parmeter 1977). In Oregon, fire is used to
sanitize fields for commercial production of grass seed (Hardison 1957). Burning
in tallgrass prairie resulted in biomass and density increases of grasshoppers
(Risser et al. 1981). Conversely, fires may temporarily reduce other insect
populations (Daubenmire 1968); burns have been used to reduce mosquitos in
wetland areas (Duever et al. 1986). Fires may also have large effects upon
microbial populations (Ahlgren 1974) thus affecting the pools and fluxes of

various nutrients.

Summary of fire and management implications

Fire has been a vital process and evolutionary force in the development
and perpetuation of North American prairie/grasslands. The prairies of the

Willamette Valley have also been shaped by the forces of frequent fire. It is



43

likely that after thousands of years of annual, fall-season fires, Willamette Valley
vegetation has developed adaptations to survive this particular regime of
disturbance. Removal of this important process has itself been a perturbation to
the prairie ecosystem. Currently, succession continues to threaten the remaining
remnant prairies of the Willamette Valley. Researchers and land managers will
need to determine the best methods for perpetuating prairie plant communities.
These methods should include the development of burn prescriptions based upon
the optimal frequency and intensity of burns that control woody and exotic plants
and maximize native herbaceous species, particularly rare and endangered plants.

Burn prescriptions may be tailored to fit specific fuel quantities, fire
weather, and fuel moisture conditions to attain a subsequent desired plant
response (Alexander 1982). Intensity of a burn can be adjusted by varying the
ignition pattern and frequency of application. Measurement of weather, fuel
conditions, fire behavior, and resulting plant composition will help researchers and
managers develop optimum burn prescriptions tailored to fit specific objectives
(Volland and Dell 1981). Objectives for prairie burning may include: (1)
reduction in height and density of shrubs and trees, (2) control and reduction of
exotic plants, (3) maintenance or increase in native prairie composition and vigor,
(4) maintenance or increase of aboriginal plant foods, and (5) maintenance or

increase in vigor and density of rare plant species of concern.
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CHAPTER 3
FIRE BEHAVIOR, FUEL BIOMASS, AND CLIMATIC CONDITIONS
ASSOCIATED WITH PRESCRIBED FIRES
AT TWO WILLAMETTE VALLEY WETLAND PRAIRIES

Abstract

I collected above ground biomass, climate, fuel moisture, residual fuels and
fire behavior data in five Willamette Valley wetland prairie plant communities
prior to and following prescribed burns at two study sites during 1988 and 1989.

Total above ground biomass (TAGB) of Willamette Valley wetland prairie
surpassed that of many North American grasslands. TAGB ranged from 6,958 kg
ha in a Vaccinium community to 12,038 kg ha™ in a Rosa/Anthoxanthum
community. Relative abundance of herbaceous/litter biomass was highest in the
RP Deschampsia community (99.7%) and lowest in the Vaccinium community
(77.7%) during 1988. Between 1988 and 1989, TAGB decreased significantly (-
25.4% - p = 0.05) in the RP Deschampsia community and increased significantly
(+68.1%) in the Vaccinium community. TAGB values were not statistically
different between 1988 and 1989 for the Rose Prairie Rosa/Anthoxanthum
community or for Fisher Butte Deschampsia and Rosa/Juncus communities.

Although fires generally reduce woody biomass in prairie ecosystems,
woody biomass increased in all plant communities during the first postfire growing
season. This suggests that Willamette Valley wetland prairie woody plants are

highly resilient to burning quickly recover and increase following fire.
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Weather and fuel conditions resulted in greater fireline and reaction
intensities during 1989 (757 kW m™ and 788 kW m™, respectively) relative to 1988
(413 kW m and 261 kW m?, respectively) at Rose Prairie. In contrast, fireline
intensity was significantly greater at Fisher Butte during 1988 (1683 kW m™) than
in 1989 (653 kW m™). Fi're residence times in 1988 were longer (~24 seconds)
than 1989 (7-10 seconds) at both study sites.

Maximum soil surface temperatures ranged from 38° to 260°C at Rose
Prairie and from 38° to 371°C at Fisher Butte. Although temperatures reached
potential lethal limits for some plant tissues, fire residence time was relatively
brief.

During 1988, consumption of TAGB was greatest in the RP Deschampsia
plant community (91%) and lowest in the Vaccinium community (34%).
Consumption of TAGB was much greater in the RP Deschampsia and both
communities at Fisher Butte during 1988 than the 1989 burn. Consumption of
woody biomass in all plant communities was higher during the 1988 than 1989

burns.

Introduction

Natural and aboriginally set fires were extremely important in shaping and
maintaining prairie in Oregon’s Willamette Valley (Sprague and Hansen 1946,
Habeck 1961 and 1962, Thilenius 1968, Johannessen et al. 1971, Towle 1982, Boyd

1986). Most Willamette Valley prairies have been lost to forest succession,
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urbanization, and intense agricultural and pastoral practices (Christy and Alverson
1994). With fire exclusion, composition of remnant prairies in the Willamette
Valiey has shifted toward shrub and tree dominance (Habeck 1961, Franklin and
Dyrness 1973, Towle 1982, Frenkel and Heinitz 1987).

Remnant Willamette Valley prairies provide habitat for several endangered
or threatened plant species that are mandated for protection on publicly owned
lands (Oregon Administrative Rules 603-73-005 through 603-73-100, Rohif 1989).
Reintroduction of fire as an ecosystem process is likely necessary for the recovery
of remnant prairies and their rare plant populations.

Many exotic plants have invaded Willamette Valley prairies (Frenkel and
Streatfeild 1994) and are often opportunistic and sometimes increase in response
to disturbances such as fire (Harper 1977). Increases in exotic species may
further reduce native species. There is a regional need in the Willamette Valley
for burn prescriptions best suited to maintain and restore native species
composition and reduce exotic species.

Fire intensity (rate of energy release from fire) and severity (ecological
effect) are influenced by weather, fuel composition, quantity, and moisture content
at the time of burning (Alexander 1982). Fires of different intensities can result
in different plant communities and successional trajectories. Quantifying fire
behavior, fuel dynamics, and vegetation response are important in developing fire

prescriptions that will ensure native prairie.
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No comprehensive scientific study of burning in Willamette Valley prairies
has been conducted and little is known concerning fuel biomass, fuel properties,
fire behavior or fire frequency in these prairie communities. Restoration and
maintenance of native prairie communities will likely require frequent use of
prescribed fire.

I had one objective in this study: to quantify fuels and fire behavior in
Willamette Valley wetland prairie plant communities prior to and during
prescribed burning. I conducted two burn treatments: a single, fall-season

prescribed burn and; two consecutive fall-season prescribed burns.

Study Sites

Locations

Two study sites, Rose Prairie and Fisher Butte, were selected for study.
These sites are situated at the southern end of the Willamette Valley,
approximately 13 km west of Eugene, Oregon at longitude 123°, latitude 44°
(Figure 3.1). Both study sites are within the Fern Ridge Research Natural Area
(RNA) established in 1988 to represent intact Willamette Valley wetland prairies.
These prairie parcels are administered by the U.S. Army Corps of Engineers.
Rose Prairie (also called the North Amazon parcel of the RNA) is located in
T17S RSW S13 and is comprised of ~16 ha in area. Fisher Butte parcel of the

RNA is located in T17S RSW $26,35&36, and is comprised of ~30 ha. In the
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current study, intensive sampling was conducted on ~6 ha of Rose Prairie and

~20 ha of Fisher Butte.

Climate

The southern Willamette Valley has moist, mild winters with an average
annual precipitation of 114 cm and an average temperature of 12°C (USDA - Soil
Conservation Service 1987). The frost-free period typically ranges between
165-210 days. Most precipitation occurs between September-May and summers

are moderately warm with a long rainless period.

General vegetation and sampled plant communities

Rose Prairie had a diverse assemblage of distinct plant communities
including: (1) Oregon white oak (Quercus garryanna) woodland; (2) wetland
prairie dominated by tufted hairgrass (Deschampsia cespitosa) and California
oatgrass (Danthonia californica); (3) concentrations of Nootka rose (Rosa
nutkana) on elevated circular mounds with a high component of exotic plant
species; and (4) dwarf huckleberry (Vaccinium cespitosa) plant community (Table
3.1, Figure 3.2). Oak woodland delimits a portion of the eastern boundary of the
Rose Prairie RNA parcels and contains California black oak (Quercus kelloggii)
at the northern lirﬁit of its range, as well as the more common Oregon white oak

woodland was not sampled in this study.
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Table 3.1. Plant communities identified and sampled, their locations, and their codes in
text, tables, and figures.

Name of Community Location Code in Text, Figures and
Tables
Deschampsia cespitosa- Rose Prairie RP Deschampsia

Danthonia californica

Rosa nutkana/Anthoxanthum Rose Prairie Rosa/Anthoxanthum
odoratum mounds

Vaccinium caespitosum Rose Prairie Vaccinium
Deschampsia cespitosa- Fisher Butte FB Deschampsia

Danthonia californica

Rosa nutkana/Juncus Fisher Butte Rosa/Juncus
nevadensis
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The Rose Prairie Deschampsia cespitosa-Danthonia californica (RP
Deschampsia) community occurred primarily in the northern portion of the study
area which tended to be ‘hummocky’ or pedestalled with individual plants or
groups of plants occupying pedestals.

Nootka rose and the exotic, sweet vernal grass (Anthoxanthum ordoratum),
were dominants on circular mounds that were approximately 15-20 m diameter
and elevated 50 cm above the otherwise level terrain (Rosa/Anthoxanthum
community). The origin of these mounds is unknown although their origins may
be similar to the mima mounds found in the Puget trough region of western
Washington (Franklin and Dyrness 1973). This community had a thick organic
horizon of moss (up to 8 cm) and a high species diversity and percent cover of
exotic herbaceous plant species.

The Vaccinium caespitosum (Vaccinium) community was dominated by
Vaccinium caespitosum and occupied the same generally level terrain as the RP
Deschampsia community. Vaccinium caespitosum is a small sub-shrub commonly
associated with montane meadows of the Cascade Mountains and is uncommonly
in the Willamette Valley (Hitchcock et al. 1969, Frenkel pers. comm.). The
Vaccinium community contained native herbaceous species not observed in the
RP Deschampsia community including high densities of Aster curtis, a rare
Willamette Valley and Puget trough prairie endemic (Clampitt 1984 and 1987,

Alverson 1987 and 1991). Numerous terrestrial lichens (particularly Cladonia
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species) occurred primarily in the Vaccinium community but also, to a lesser
extent, in the Rosa/Anthoxanthum community.

Abrupt ecotones between plant communities were not present at Fisher
Butte. There was instead a gradual change in vegetation along a
moisture/elevation gradient at the site (Finley 1994). The mesic Rosa
nutkana/Juncus nevadensis (Rosa/Juncus) community gradéd into a drier
Deschampsia cespitosa-Danthonia californica (FB Deschampsia) community (Table
3.1, Figure 3.3). Agrostis tenuis was dominant at the driest end of the soil
moisture gradient.

Shrub and tree encroachment was further advanced at Fisher Butte than at
the Rose Prairie site. Oregon ash (Fraxinus latifolia) was invading along the
western portion of the study site roughly corresponding with the western boundary
of the Rosa/Juncus community. Rosa nutkana was prevalent throughout the site.

Plant taxonomy followed that of Hitchcock et al. 1969.

Soils and topography

Soils at the Rose Prairie and Fisher Butte sites had been mapped and
classified by the USDA - Soil Conservation Service (1987) as Natroy silty clays.
This soil type is alluvial, deep, poorly drained, and subject to frequent long
periods of flooding from November to May. Finley (1994) measured soil textures

at Rose Prairie as sandy loams and Fisher Butte as silty clays.
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Soil moisture at both sites is highly variable, which is characteristic of
Willamette Valley wetland prairies (Finley 1994). Study sites are flooded and/or
soils are reduced (anaerobic) for approximately six months. Among the plant
communities in this study, RP Deschampsia, FB Deschampsia, and Rosa/Juncus
communities were more intensely reduced than the Vaccinium community (Finley
1994). Duration and intensity of flooding were greatest in the RP Deschampsia
community at Rose Prairie and in the Rosa/Juncus community at Fisher Butte
(Finley 1994).

The period from July through September is generally warm and dry, and
soils often become deeply cracked and extremely hard (USDA - Soil Conservation
Service 1987). Thus, plants in these wetland prairies have adapted to survive an
annual cycle of extremes in temperature and moisture availability. A majority of
resident plant species are dormant by early fall, the period when natural and
aboriginal fall-season burning occurred.

Topography at both sites is relatively flat, ranging between 113 to 115

meters above sea level (Finley 1994).

Methods

Plant communities

Prior to 1988 burns, three plant communities were delineated and sampled

at Rose Prairie: Deschampsia cespitosa-Danthonia califomica (RP Deschampsia);
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Rosa nutkana/Anthoxanthum ordoratum (Rosa/Anthoxanthum); and Vaccinium
caespitosum (Vaccinium) (Table 3.1, Figure 3.2). Two plant communities were
sampled at Fisher Butte, Deschampsia cespitosa-Danthonia californica (FB
Deschampsia) and Rosa nutkana/Juncus nevadensis (Rosa/Juncus) (Table 3.1,

Figure 3.3).

Biomass

Above ground biomass was sampled prior to burning in 1988 in 60, 30x60
cm plots in each Rose Prairie community and in 120 plots in each Fisher Butte
community. Biomass plots were collected adjacent to established plant
community transects (Figures 3.2 and 3.3).

Collected biomass was separated in the field into herbaceous/litter
(inclusive of live material, standing dead, and litter) and woody (live and dead
shrubs and trees) components, oven-dried for ~72 hours at 70°C, and weighed.
In 1989, 30, 30x30 cm biomass plots were sampled in each Rose Prairie
community, and 60, plots were collected in each Fisher Butte community.

Plots sampled in 1989 had been burned in 1988. Biomass data represent
accumulated standing crop prior to fire reintroduction (1988 data) and standing

crop one year following burning (1989 data).
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Moisture content

Moisture content was measured in each sampled community by randomly
collecting 10 standing biomass, 10 litter, and 10 soil samples immediately prior to
prescribed burns. Standing biomass included all herbaceous and woody, live and
dead, materials above the litter layer. Litter samples included all dead material
on the mineral soil surface. Soil samples, collected from the top 3 cm of soil,
were placed in metal soil cans; seams were taped to prevent moisture loss, and
transported to the laboratory where they were weighed, oven-dried for 48 hours at
70°C and reweighed. The pre- and post- oven-drying weights were used to
determine biomass and soil moisture content on a dry weight basis.

Moisture content of 10-hour woody fuels were estimates with a 10-hour

fuel stick at each study site. Fuel sticks were weighed just prior to fire ignition.

Weather conditions during burning

Hand-held "belt weather kits" were used to measure air temperature,
relative humidity, wind speed, and wind direction prior to ignition and at regular

intervals during burning.
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Fire prescription and fire behavior

Prescribed burns were conducted at study sites on 11 October, 1988 and 19
September, 1989. Personnel of the Eugene District of the Bureau of Land
Management conducted all burns utilizing strip-head burning techniques and
wetlines for fire control. Fires were ignited by drip torches. Wetlines were
applied and maintained utilizing pumper trucks along the burn boundaries.

Fire parameters measured included flame length, flame height, flame
depth, flame angle (degrees off the horizontal), rate of spread and fire residence
time for the prescribed burns (Rothermel and Deeming 1981, Alexander 1982).
All fire behavior data were collected randomly, selecting 15 to 30 areas per site
for observation during each burn. Flame length (FL), flame depth (D), and rate
of fire spread (ROS) were used to calculate fireline intensity (I;), reaction

intensity (I,) and heat released per unit area in the active flame-front (H,):

I, = 258FL2.17 (kW m™)
I = I;/D (kW m™)
H, = I,/ROS (kJ m™?)

(Byram 1959, Alexander 1982, Rothermel and Deeming 1981).
Fireline intensity (I,,) is the rate of heat released per unit time per unit
length of fire front (Alexander 1982). Reaction intensity is the heat release per

unit area within the active combustion zone.
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Maximum fire temperatures/pyronometers

Approximate maximum temperatures attained at and below the soil surface
were recorded with pyronometers assembled by painting strips of heat sensitive
paints on 5x8 cm pieces of mica and stapling them to an asbestos-like backing
(permafab) (Fenner and Bentley 1960). Heat sensitive paints used to assemble
the 1988 pyronometers included 38°, 59°, 73°, 121°, 149°, 177°, 260°, and 371°C. In
1989, 204° and 232° paints were substituted for the 177° paint. Three or four
pyronometers were positioned in each community prior to burning with ~3 c¢m

below the soil surface and ~ 5 ¢cm above the soil surface.

Biomass consumption

Immediately following the prescribed fires, paired plots were clipped,
separated and weighed in the same manner as described above for prefire
biomass sampling. In order to shorten field time, fewer samples were collected
following the prescribed burns in 1988 relative to preburn biomass samples.
Thirty 30x60 cm plots were collected in each of the RP Deschampsia,
Rosa/Anthoxanthum, and Vaccinium communities at Rose Prairie, and 60, 30x60
cm plots were collected in each of the FB Deschampsia and Rosa/Juncus
communities at Fisher Butte during postfire sampling.

During 1989 the same size and number of plots were collected to

determine residual biomass following burning relative to preburn biomass (30x30



60

cm plots). Pre and postfire biomass data were used to derive levels of fuel

consumption for the 1988 and 1989 fires.

Comparing biomass, moisture content and consumption at sites

Because weather and fire behavior conditions were measured for sites and
not plant communities, plant communities were combined to help determine the

influence of biomass and fuel moistures at sites upon fire behavior.

Statistical analysis

Analysis of variance (ANOVA) and Least Significant Differences multiple
range tests were utilized to determine significance in biomass and moisture
contents within years among plant communities. Student’s t-tests were used to
determine differences in biomass and moisture contents between years within
plant communities, between sites within years, and within sites between years.
Student’s t-tests were also used to determine differences in fire parameters
between sites within years and within sites between years. Significance of all

testing was determined at the p < 0.05 level.
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Results

Above ground biomass by plant communities

Total above ground biomass (TAGB) in 1988 was not significantly different
for RP Deschampsia, Vaccinium, and Rosa/Juncus (6,958 - 7,746 kg ha'l) plant
communities (Table 3.2). In 1988, TAGB was significantly greater in FB
Deschampsia (8,906 kg ha™') and Rosa/Anthoxanthum (12,038 kg ha™')
communities relative to all other communities. Mean values of the
herbaceous/litter biomass component was significantly different between each
plant community during 1988 and ranged from 11,209 ha™ in the
Rosa/Anthoxanthum to 6,958 kg ha-1 in the Vaccinium community.

The relative abundance of herbaceous/litter biomass as a percent of
TAGB was high in the RP Deschampsia (99.7%), Rosa/Anthoxanthum (93.1%)
and FB Deschampsia (98.2%) communities, and it comprised only 77.7% and
83.2% of TAGB respectively in the Vaccinium and Rosa/Juncus communities.

During 1988, woody biomass was similar and relatively high in the
Vaccinium (1551 kg ha™) and Rosa/Juncus (1320 kg ha™') communities, moderate
in the Rosa /Anthoxanthum (829 kg ha') community, and low in the RP
Deschampsia (23 kg ha') and FB Deschampsia (165 kg ha) communities.

Between 1988 and 1989, TAGB decreased significantly (-25.4%) in the RP
Deschampsia community and it increased significantly (+68.1%) in the Vaccinium

community (Table 3.2). Concurrently, there were significant declines in the



Table 3.2. Above ground biomass (kg ha') and fuel consumption (%) of plant communities at Rose Prairie and Fisher Butte for
1988 and 1989. Biomass and consumption values are partitioned into total, herbaceous, and woody components. Values in
parentheses are the standard error of the mean.

ROSE PRAIRIE FISHER BUTTE
RP Deschampsia | Rosa/Anthoxanthum Vaccinium FB Deschampsia Rosa/Juncus
Total 1988  Biomass 7705" (373) 12038 (507) 6958 (446) 8906° (268) 7746 (251)
Consumption 91 48 34 79 68
1989  Biomass 5752* (315) 12839° (1124) 11699% (965) 8820° (423) 8214° (620)
Consumption 37 51 29 35 35
Herb 1988  Biomass 7682'* (375) 11209 (487) 5408' (370) 8741¢ (262) 6448' (193)
Consumption 91 51 29 79 76
1989  Biomass 5693* (328) 10920° (649) 7957% (689) 8512° (421) 5691* (284)
Consumption 37 62 22 34 48
Woody 1988  Biomass 237 (20) 829° (155) 1551" (208) 165° (39) 1320 (173)
Consumption 99 11 49 63 32
1989  Biomass 59° (59) 1919" (854) 4008 (537) 308" (92) 2566™ (456)
Consumption 63 0 43 54 6

Means with different superscripted numbers denote a significant difference (p < 0.05) between years within fuel categories; means with

different superscripted letters denote a significant difference between plant communities. Data represent accumulated standing crop prior to 1988 burns and

standing crop one year following fire in 1989.

[=
o
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herbaceous/litter component of biomass in RP Deschampsia (-25.9%) and
Rosa/Juncus (-11.7%) communities, while there was a significant increase in the
herbaceous/litter component in the Vaccinium (+47.1%) community. Woody
plant biomass increased significantly in both the Vaccinium (+158.4%) and
Rosa/Juncus (+94.4%) communities between 1988 and 1989.

The abundance of herbaceous/litter biomass relative to TAGB remained
high in the RP Deschampsia (99.0%) and FB Deschampsia (96.5%) communities
during 1989, while it dropped somewhat from preburn 1988 values and comprised
85.1%, 68.0% and 69.3% of TAGB in the Rosa/Anthoxanthum, Vaccinium and

Rosa/Juncus communities, respectively (Table 3.2).

Moisture content by plant communities

Moisture content of standing material, litter and soil was generally similar
for the different plant communities within a site within a given year (Table 3.3).
Comparing all communities at both sites, moisture content of standing material
was highest in the FB Deschampsia community (49.0%) and lowest in the
Rosa/Anthoxanthum community (31.2%) during 1988. During 1988, moisture
content of litter was highest in the Rosa/Anthoxanthum community (19.8%) and
lowest in the Rosa/Juncus community (10.9%). Moisture content of soil was
highest in the FB Deschampsia (17.6%) and Rosa/Juncus (17.8%) communities

and lowest in the RP Deschampsia (4.5%) and Vaccinium (3.7%) communities.



Table 3.3. Moisture content (%) of standing biomass, litter, and soil for 1988 and 1989 within plant communities at Rose Prairie
and Fisher Butte. Values in parenthesis are the standard error of the mean.

ROSE PRAIRIE FISHER BUTTE
RP Deschampsia Rosa/Anthoxanthum Vaccinium FB Deschampsia Rosa/Juncus
Standing 1988 33.3 (3.1) 312 (5.1) 46.4' (7.8) 49.0° (7.2) 46.8' (6.7)
1989 42.6* (3.7) 36.3" (3.0) 69.2% (5.9) 72.1° (11.0) 71.3% (8.7)
Litter 1988 12.5" (3.7) 19.8"* (1.8) 14.9"™ (0.7) 12.4" (0.5) 10.9 (0.8)
1989 4.3 (0.5) 5.4% (0.8) 5.2% (0.7) 2.2%(0.2) 2.9%¢ (0.4)
Soil 1988 4.5" (0.5) 10.7'* (0.6) 3.7 (0.4) 17.6" (0.6) 17.8 (0.6)
1989 1.0% (0.1) 2.6% (0.2) 1.4% (0.1) 2.6% (0.3) 4.6% (0.6)

Means with different superscripted numbers denote a significant difference (p < 0.05) between years within fuel categories; means with different

superscripted letters denote a significant difference between plant communities within biomass categories.

¥9
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During 1989, moisture content of standing material was high and similar
for the two plant communities at Fisher Butte (DeSchampsia 71.3% and
Rosa/Juncus 72.1%) and the Vaccinium community (69.2%). Standing moisture
content was lower and similar for RP Deschampsia (42.3%) and
Rosa/Anthoxanthum (36.3%) (Table 3.3). Litter moisture contents were greatest
in plant communities at Rose Prairie relative to Fisher Butte and ranged from
5.4% (Rosa/Anthoxanthum) to 2.2% (FB Deschampsia) during 1989. Moisture
content of soil samples was highest in the Rosa/Juncus community (4.6%) and
lowest in the RP Deschampsia (1.0%) and Vaccinium (1.4%) communities.

Overall, moisture content of standing biomass was somewhat greater in
plant communities for 1989 relative to 1988 with significant differences in the
Vaccinium and Rosa/Juncus communities (Table 3.3). In contrast, litter and soil
moisture content was significantly lower in 1989 relative to 1988 for all plant

communities.

Weather conditions during burning

Prescribed burns at Rose Prairie and Fisher Butte were conducted during
the same day in 1988 and 1989. In both years, Rose Prairie was burned first
(Table 3.4). In both years, temperatures were slightly lower at Rose Prairie and
humidities were slightly higher than at Fisher Butte. Ambient temperatures were
higher and relative humidities were lower at each site in 1989 burns compared to

1988 burns. Wind speeds were slightly higher in 1989.



Table 3.4. Environmental conditions at Rose Prairie and Fisher Butte associated with prescribed burns conducted on 11 October,

1988 and 19 September, 1989. Values in parentheses are the standard error of the mean.

DATE OF BURN:

October 11, 1988

September 19, 1989

SITE: Rose Prairie Fisher Butte Rose Prairie Fisher Butte
BURN TIME: 13:00-15:00 h. 16:15-17:45 h. 11:25-12:05 h. 1320-15:15 h.
WEATHER
Temperature (0oC) 16 18 18 21-24
Relative Humidity (%) 55-68 62-66 53 28-41
Windspeed (kph) ~6 ~6 6-11 8-12
Wind Direction W by NW w N by NE N by NW
ABOVEGROUND BIOMASS
Total Biomass 8890' (311) 8340 (262) 10097% (598) 8517° (375)
Consumption (%) 57 74 40 35
Herbaceous 8084 (301) 7568 (177) 8193 (401) 7101° (284)
Consumption (%) 59 78 44 40
Woody 801° (100) 779' (99) 1995% (374) 14287 (253)
Consumption (%) 37 35 26 11
MOISTURE CONTENT (%)
Standing 36.7' (5.8) 47.9' (6.8) 40.5* (7.0) 71.7% (9.6)
Litter 15.7' (1.6) 11.7" (0.7) 4.8 (0.7) 2.6% (0.3)
Soil 6.4" (1.1) 17.7" (0.6) 1.6* (0.3) 3.6% (0.5)
10-Hour Fuel Stick 12.0 11.0 10.0 9.0

Means with different superscripted numbers denote a significant difference (p = 0.03) between years within fuel categories; at a site; means with

different superscripted letters denote a significant difference between study sites within a year and within a biomass category.

99



67

Fire behavior

Flame length, flame height, flame depth, and flame angle were all greater
at Fisher Butte than Rose Prairie in 1988 (Table 3.5). Fireline intensity (I;) and
heat released per unit area (H,) were about four times lower at Rose Prairie than
Fisher Butte and reaction intensity was two times lower. During 1989, there
were no significant differences in fire behavior between the two sites (Table 3.5).
Almost all fire behavior parameters were significantly different between 1988 and
1989. Flame length and height were greater while flame depth and angle were
less in 1989 than 1988 at Rose Prairie. However, at Fisher Butte, flame length,
height, depth and angle were significantly less in 1989 than 1988.

Because of weather and fuel differences in the two years, greater fireline
and reaction intensities occurred during 1989 than 1988 at Rose Prairie (Table
3.5). However, fireline intensity was significantly greater at Fisher Butte in 1988
than 1989. Fire residence times were considerably longer in 1988 (~24 seconds)
than 1989 burns (7-10 seconds) at both sites. Generally, the 1989 burns were

spotty at both study sites in contrast to fairly complete burns in 1988.

Maximum temperatures/pyronometers

Maximum soil surface temperatures in 1988 at Rose Prairie ranged from
59° to 121°C in the RP Deschampsia community, 59° to 73°C in the

Rosa/Anthoxanthum community, and 73° to 177°C in the Vaccinium community



Table 3.5. Fire behavior for prescribed burns conducted on 11 October, 1988 and 19 September, 1988 at Rose Prairie and
Fisher Butte. Values in parentheses are the standard error of the mean.

11 October, 1988 19 September, 1989

Rose Prairie Fisher Butte Rose Prairie Fisher Butte
Flame Length (m) 1.1'"* (0.1) 2.2"™ (0.1) 1.5% (0.2) 1.32 (0.2)
Flame Height (m) 0.8 (0.1) 1.9" (0.2) 1.42 (0.2) 1.0? (0.2)
Flame Depth (m) 1.9" (0.2) 3.0 (0.4) 0.92 (0.2) 0.92(0.2)
Flame Angle (°) 55" (2) 63" (@) 462 (1) 47% (2)
Residence Time (s) 24' (1.0) 24' (3) 107 (2) 72 (1)
Fireline Intensity (Kw/m) 413" (56) 1683"™ (248) 757% (168) 6537 (199)
Rate of Spread (m/min) 7.3' (1.0) 7.5 (0.9) 13.9% (1.6) 9.4 (1.8)
Reaction Intensity (kW/m2) 261" (48) 578° (107) 7882 (136) 656 (184)
Heat per unit area (kJ/m2) 56* (6) 202 (48) 64 (16) 552 (16)

Means with different superscripted numers denote a significant difference between years within fuel categories; means with different superscriped
letters denote a significant difference between plant communities.

89
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(Table 3.6). Heat pulses of 59°C were attained 1 cm below the soil surface in
both the RP Deschampsia and Vaccinium communities.

Maximum soil surface temperatures at Fisher Butte ranged from 59° to or
greater than 371°C in Desch.ampsia and 38° to 149°C in tﬁe Rosa/Juncus
community during the 1988 prescribed fire (Table 3.6). Temperatures up to 38°C
penetrated to 2 cm below the soil surface in the FB Deschampsia community.

During 1989, most pyronometers were missed by fire at Rose Prairie.
Maximum temperatures at the soil surface were 38 to 260°C in the
Rosa/Anthoxanthum community, 260°C in the Vaccinium community while all
three pyronometers placed in RP Deschampsia were located areas that did not
burn (Table 3.7). A 93°C temperature was recorded 0.5 cm below the soil surface
in the Rosa/Anthoxanthum community.

At Fisher Butte, maximum soil surface temperatures during 1989 ranged
between 59 and 149°C in the Deschampsia community and 38 to 149°C in the
Rosa/Juncus community (Table 3.7). Heat pulses of 38°C were detected 2 ¢cm

below the soil surface in the Rosa/Juncus community.

Biomass consumption

During 1988, consumption of TAGB was greatest in the RP Deschampsia
plant community (91%) and lowest in the Vaccinium community (34%) (Table
3.2). Consumption of TAGB was much greater in the RP Deschampsia and both

Fisher Butte communities in 1988 than 1989. In contrast, consumption was fairly



Table 3.6. Maximum temperatures ( °C), attained at depths (cm)above the soil surface in plant communities at Rose

Prairie and Fisher Butte during 1988 prescribed burns. Data displayed are from pyronometers placed in communities.

ROSE PRAIRIE

FISHER BUTTE

RP Deschampsia

Rosa/Anthoxanthum

Vaccinium

FB Deschampsia

Rosa/Juncus

1 2 3 1 2 3 4 5 1 2 3 1 2 3 4 1 2 3
Height above
soil surface
(cm)
40
35 260 371 37
3.0 37 260 371
2.5 371 3711 371 260 260 371 371 260 260
2.0 260 177 {371 260 149 260 1260 177 260
1.5 260 177 121 177 177 177 260 |371 177 260 |260 177 177
1.0 177 59 121 149 121 121 149 3N 149 37N 177 |260 121 149
0.5 149 73 73 121 260 260 3N 149 121 (177 73 121
Soil Surface 0.0 121 59 59 73 73 73 177 177 73 371 177 59 73 149 38 73
-0.5 73 59 59 121 73 59 149 59 38 59 59
-1.0 59 35 38 59 59 73 38 38
15 38 ‘ 73
2.0 38

0L



Table 3.7. Maximum temperatures (°C) attained at depths (cm) above the soil surface in plant communities at Rose Prairie
and Fisher Butte during 1989 prescribed burns. Data displayed are from pyronometers placed in communities.

Height above soil
surface (cm)

Soil surface

4.0
3.5
3.0
2.5
20
1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5
-2.0

ROSE PRAIRIE

FISHER BUTTE

Rosa/Anthoxanthum

Vaccinium

FB Deschampsia

Rosa/Juncus

1 2 1 1 2 3 1 2 3
260
371 204 371
371 121 371 121 93
371 93 371 121 260 73 371
371 371 121 260 59 37 371 37
37 73 37 121 204 59 371 204 260 371
371 59 371 121 149 371 59 232 121 260 371
371 371 93 121 260 59 149 93 232 260
260 38 260 73 93 149 59 38 73 149 93
93 59 38 38 38 59 7 38
38 38 38 38
38 38
38 38

IL
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low and approximately the same between years for the Rosa/Anthoxanthum and
Vaccinium communities. Percent consumption of TAGB was lowest in the
Vaccinium community for both years (34% - 1988; 29% - 1989).

Percent consumption of herbaceous/litter biomass was very similar to
TAGB for all communities within a given year (Table 3.2). Consumption of
herbaceous/litter biomass was generally lower in 1989 than 1988 burns except for
in the Rosa/Anthoxanthum community where consumption was 51% in 1988
compared with 62% in 1989.

Like consumption of herbaceous/litter biomass and overall TAGB,
consumption of woody biomass was generally lower during the 1989 burns relative

to the 1988 burns.

Comparison of sites across plant communities

No significant differences in TAGB exist when herbaceous/litter or woody
biomass components were combined for study site plant communities in 1988
(Table 3.4). During 1989, TAGB and herbaceous/litter biomass were significantly
greater at Rose Prairie (10,097 and 8,193 kg ha™, respectively) than Fisher Butte
(8,517 and 7,101 kg ha'). Woody biomass almost doubled between 1988 and 1989
at both study sites.

When moisture content data from all communities were combined in 1988,
litter moisture was significantly greater and soil moisture significantly less at Rose

Prairie than at Fisher Butte (Table 3.4). In 1989, there were significant
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differences in moisture contents of all components (standing biomass, litter and
soil) between the two study sites. Moisture in standing biomass and soil were
greater at Fisher Butte than at Rose Prairie; litter moisture was greater at Rose
Prairie than at Fisher Butte.

Standing biomass moisture was significantly greater at the time of burning
in 1988 than 1989. However, litter and soil moisture content were significantly
drier at both study sites in 1989 than in 1988 (Table 3.4). Moisture content of 10-
hour fuel sticks was less at both sites during 1989 relative to 1988 and also less at
Fisher Butte than Rose Prairie in both years (Tabie 3.4).

Total fuel consumption was greater at Fisher Butte (74%) than at Rose
Prairie (57%) during 1988 (Tables 3.4). Consumption of TAGB was lower at
Rose Prairie (40%) and Fisher Butte (35%) during the 1989 burns relative to
1989. Overall, the 1988 burns had more herbaceous/litter, woody, and TAGB

consumption than 1989,

Discussion

Biomass

Wetland prairie biomass has been estimated at the Willamette Floodplain
RNA at W.L. Finley National Wildlife Refuge. Peak standing herbage in
Deschampsia cespitosa-Danthonia californica and Poa-Agrostis communities in 1971

averaged 5,300 and 3,230 kg ha™', respectively (Moir and Mika 1972). In 1983,
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Frenkel and McEvoy (1983) reported total above ground biomass ranging from
9,293 to 14,004 kg ha™ (at a different location at the same site?). I found similar
TAGB levels to Frenkel and McEvoy (1983); TAGB ranged from 6958 to 12,038
kg hal. These reported biomass values and my estimates show that there is wide
variation in biomass accumulation over very short distances in wetland prairie
systems and this variability may relate to community composition.

The low biomass of the Vaccinium community may be related to low
nutrient status (Finley 1994) and the high woody biomass to TAGB ratio.

There is much variation in composition and biomass of herbaceous plants
and litter accumulation between all of the plant communities. High
herbaceous/litter biomass in Rosa/Anthoxanthum at Rose Prairie in 1988 and
1989 was related primarily to the thick moss layer (up to 8 cm in depth), that
resisted fire consumption, possibly due to high moisture content.

Lower herbaceous/litter and TAGB in Deschampsia at Rose Prairie during
1989 relative to 1988, may be a function of the loss of accumulated standing dead
biomass and litter from the 1988 burn. Standing dead biomass and litter were
observed to comprise much of the above ground biomass in the RP Deschampsia
community prior to burning in 1988.

Greater Vaccinium community biomass during 1989 relative to 1988 may
be due to rapid growth (particularly of V. caespitosum) in response to increased
nutrients following the 1988 fire. Reports differ on plant growth following fire.

Some reports suggest declines, others increases. Burning generally stimulates
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biotic nitrogen fixing activities in the soil (Ahlgren and Ahlgren 1960). Biomass
productivity of various grasslands shows a wide range of values across North
American grasslands (Table 3.8 after Kucera 1981). Biomass of Willamette
Valley wetland prairie sites surpasses that of many other North American |
grasslands. Differences in wet and dry years can affect biomass production in
grassland systems (Kucera 1981, Table 3.8).

Burning has generally been found to increase the production of most
grassland vegetation (Vogl 1974). It takes approximately 3-6 years for standing
crop and litter to return to preburn conditions in tallgrass prairie. Given the
rapid recovery in biomass demonstrated by my data, Willamette Valley wetland
prairie sites appear to be extremely resilient to fire.

Fires generally reduce woody biomass in prairie ecosystems, however,
woody biomass increased following fires in this study. Woody biomass increased
in 1989 relative to 1988 in all plant communities and particularly in the Vaccinium
community. This increase suggests that Willamette Valley wetland prairie woody
plants are resistant to burning and have a capacity to quickly recover and increase
following fires (refer to Chapter 4). Vaccinium species and other woody species
have been reported to increased following fire in other systems (Wright and

Bailey 1982).
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Table 3.8. Effects of burning on grassland biomass from North American stations,
after Kucera 1981.

Region Control Fire References
----- Plots-----
Ilinois 3,020 13,210  Hadley and Keikhefer 1963
3,610 5,910¢
Missouri 5,090 9,330Y  Kucera and others 1967
4,820 5,220¥
Iowa 3,490 7,500 Ehrenreich and Aikman 1957
Eastern Kansas 1,860 3,400 Hulbet 1969
Western Kansas 3,800 1,710 Launbaugh 1964
Wisconsin
Lowland - Y Zedler and Loucks 1969
Upland + -
Western South + - Larsen and Whitman 1942
Dakota
Eastern North
Dakota
Lowland + - Hadley 1970
Upland - +
Eastern North Dix and Smeins 1968
Dakota
Eastern North + - Dix 1960
Dakota
Saskatchewan + - Redmann 1978
Oregon 3,250 Moir and Mika 1972
5,300
9,293 Frenkel and McEvoy 1983
14,004
Rose Prairie 8,890 10,097 This study
Fisher Butte 8,340 8,517
1.2 Represent wet years and dry years respectively; ¥ +, - = greater of less

productivity on an annual basis; all values expressed in kg ha™ yr.
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Moisture content

Standing live biomass moisture content depends on plant species
phenology. In contrast, litter and soil moisture content will be most influenced by
antecedent rainfall and weather events. Therefore, standing biomass, litter and
soil moisture content in 1988 and 1989 are likely related to timing of burns in
relation to growing season and weather events. The relatively low moisture
content of standing materials prior to the 1988 prescribed burns reflected the end
of the summer drought. The higher moisture content of litter and soils in 1988
reflected recent rainfall prior to burning. Likewise, the 1989 high moisture
content of standing biomass and low moisture content of litter and soil reflected
the end of a still-active growing season and the lack of antecedent rainfall prior to
sampling. High standing moisture in the FB Deschampsia for both years indicates
that this community photosynthetically active species that persist late in the season
together with available soil moisture. In contrast, the Rosa/Anthoxanthum
community had low moisture content in standing material in both years reflecting
an earlier species phenology and/or drier microenvironment (i.e, the elevated
mounds probably result in an earlier summer dormancy of species).

Some differences in moisture content between plant communities might be
explained by the shading which reduces evaporation and wind desiccation,
promoted by plant community stratification. For example, the high percent cover
of R. nutkana in Rosa/Anthoxanthum and Rosa/Juncus communities might explain

why there was higher litter and soil moisture content in these communities.
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Additionally, the Rosa/Anthoxanthum community had a thick moss layer that
likely decreased evaporative losses from surface soils. The Deschampsia
community had low overall plant cover with more bare ground and may be
susceptible to greater wind desiccation and evaporation, explaining its moisture
content in litter and soil.

Some of the increase in moisture content of standing biomass in 1989
relative to 1988 may be explained by the consumption/removal of accumulated
standing dead material during the 1988 burns. Loss in dead biomass may have
resulted in a greater ratio of live to dead biomass in 1989 relative to 1988,
Changes in plant composition could also account for some of the difference
between years in moisture contents between plant communities. Curtis and
Partch (1948) found a large increase in forb cover and bare ground with a
concomitant decline in grasses following fire in tallgrass prairie. As forbs tend to
have higher moisture content relative to graminoids (Sapsis 1990, deCastro in
prep.), an increase in forbs from one year to the next could result in greater

moisture content of standing vegetation.

Pyronometers

Maximum temperatures attained at the soil surface and heat flux into the
soil are known to be important in determining post fire vegetative survival, growth
and seed germination (Ahlgren and Ahlgren 1960). Fire (heat) tolerance of plant

tissues varies depending upon the tissue type and species under study as well as
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level of temperature and duration of heat. Seeds generally are most tolerant to
heat damage, while roots are the least tolerant of plant tissues (Volland and Dell
1981). While 60°C (at 2-60 minutes) is the approximate lethal temperature for
leaf tissue, grass seed can tolerate temperatures of 82-116°C for up to five minutes
(Sampson 1944, Wright and Bailey 1982). In this study, soil surface temperatures
often exceeded the lethal maximum temperatures for seeds (e.g. in excess of
371°C at Fisher Butte); however, fire residence time was relatively brief (7-24
seconds). Similar to results for other grassland systems (Scotter 1970), soil surface
temperatures in this study varied widely in 1988 and 1989 and there was little heat

flux deeper than 2 cm in the soil.

Fire behavior

Fire behavior (and ultimately plant response) is greatly influenced by fuel
and soil moisture. Thus, variation in fire behavior can be attributed, in part, to
differences in fuel and soil moisture content at the time of burning. Fire behavior
also influences plant mortality and postfire response. Flame length and fire-line
intensity have been found to correlate to above-ground mortality of trees (Van
Wagner 1973). The greatest flame lengths and fire-line intensity of the 1988 burn
at Fisher Butte should have resulted in the greatest crown mortality compared to

all burn treatments. Greater crown mortality occurred in 1988 relative to 1989,
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and particularly for Fraxinus latifolia seedlings, saplings and younger-aged trees
(refer to Chapter 4).

If possible, it would be useful to measure fire parameters in each plant
community in future studies in order to correlate mortality directly to fuel

moisture and biomass.

Biomass consumption

Biomass moisture content differences likely explain much of the variation
in fuel consumption within and between plant communities at both study sites.
The greater standing biomass moisture in 1989 relative to 1988 may have
contributed to lower levels of fuel consumption at both study sites during 1989.
Although TAGB consumption was generally lower in 1989, consumption of
herbaceous/litter in the Rosa/Anthoxanthum community was greater during 1989
(62%) relative to 1988 (51%). Of all plant communities, this community had the
lowest standing moisture content (36.3%) during 1989, which likely facilitated
consumption of herbaceous/litter biomass.

The low fuel consumption in the Vaccinium community in both years is
likely a function of the high moisture content of standing and litter components
contents as well as plant species chemical composition (Rundel 1981).

There was a general trend of poor woody biomass consumption as a
function of R. nutkana cover for both 1988 and 1989, thus R. nutkana appears to

be resistant to fire consumption.
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In future studies, biomass samples and fuel moisture content samples
should be collected within the same categories (i‘.e. collect samples for biomass
and moisture content by standing herbaceous, standing woody, litter, and 10-hour
fuel categories) so their values and inferences about consumption levels would

directly correspond.

Conclusion

To perpetuate native Willamette Valley prairies, land managers need to
know optimal fire frequency, fire intensity and fuel conditions to control woody
and exotic plants. To achieve this objective, there is a need for an integrative
process of evaluating effects of specific fire treatments on plant composition.
Different prescriptions will have different effects in controlling woody and/or
exotic plant species. The characteristics of prescribed burns should be thoroughly
documented and the subsequent plant responses should be periodically evaluated
to determine the effectiveness of prescribed burns in maintaining native
composition and controlling woody plants. With public resistance to burning in
the Willamette Valley, land managers need to demonstrate that carefully designed
prescribed burns are essential for restoring and maintaining these rare native

prairie ecosystems.
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CHAPTER 4
SYNECOLOGY AND RESPONSE TO FIRE OF
NATIVE WILLAMETTE VALLEY WETLAND PRAIRIES

Abstract

Species richness is high in native wetland prairies; a total of 205 species
was observed in five plant communities at two study sites. Species richness in all
communities was dominated by native forbs. Vegetative cover was dominated by
native perennial graminoids in all communities except Rosa/Anthoxanthum where
exotic perennial graminoids dominated.

Response to burning varied greatly by species and community. Native
species that established or significantly increased in frequency in burned areas
included the perennials Panicum occidentale, Aster chilensis var. hallii, Brodiaea
spp., Camassia quamash, Microseris laciniata, Prunella vulgaris, Sisyrinchium
angustifolium, Veronica scutellata, and the annuals Epilobium paniculatum,
Gnaphalium palustre, and Madia glomerata. Exotic species that established and
increased significantly in frequency following fire included the perennials Agrostis
spp., Hypericum perforatum, Hypochaeris radicata, and Leontodon nudicaulis and
the annual Briza minor. Cover of Agrostis spp. increased significantly in one or
both burn treatments in all communities as well as in some unburned treatments.
Cover of two dominant species, Danthonia californica and Deschampsia cespitosa,
declined significantly in the first postfire year following a single burn and then

returned to preburn cover in both burn treatments.
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Relative frequency of all natives increased significantly and relative
frequency of all exotics declined significantly in once burned treatments in RP
Deschampsia and Rosa/Anthoxanthum communities. After two burns, relative
frequency of native perennial forbs increased significantly in three communities,
RP Deschampsia, Rosa/Anthoxanthum, and Rosa/Juncus. Relative frequency of
native perennial forbs also increased significantly in FB Deschampsia control
treatments. Relative frequency of perennial exotic graminoids declined
significantly in burn treatments in all but the Vaccinium community where they
increased in the control treatment. Native annual forbs increased in burns in all
except the Vaccinium community. Native annual forbs increased significantly only
in controls within the Vaccinium community.

Significant increases in vegetative cover of perennial graminoids occurred
in burned areas in the RP Deschampsia, Vaccinium, and FB Deschampsia
communities. Total cover of exotic species significantly increased following one or
two burns in all communities except the Rosa/Anthoxanthum community,
measured increases were primarily due to increases in exotic perennial graminoid
cover. Significant increases in exotic forb cover occurred in Rosa/Anthoxanthum
and FB Deschampsia. In both communities at Fisher Butte native annual forb
cover declined significantly the first postfire season following one burn.

Shrub cover increased the first or second post fire season after burning in
some plant communities. The cover of Rosa nutkana increased significantly

following burning in both communities at Fisher Butte while Vaccinium
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caespitosum cover increased the second postfire year following burning in the
Vaccinium community.

A number of plant species that increased following burning in this study
were important foods plants to the Native American people of the Pacific
Northwest (e.g., Vaccinium spp., Brodiaea spp., Camassia spp., Perideridia spp.).
Former inhabitants of the Willamette Valley may have burned on a cycle to
enhance favored plant foods. Information on the response of woody and exotic
plants and aboriginal foods will assist land managers in determining optimal fire

frequency for burning Willamette Valley wetland prairies.

Introduction

Prior to euroamerican settlement, the Kalapuya people maintained an
expansive prairie landscape in the Willamette Valley by frequent burning during
late summer and early fall to facilitate hunting and food gathering (Clarke 1905,
Sprague and Hansen 1946, Boyd 1986, Johannessen et. al 1971, Habeck 1961).
Fire exclusion in native prairie ecosystems generally began with euroamerican
settlement during the 1840’s (Bowen 1978, Towle 1982). Prairies were maintained
in some places by continued use of fire by settlers and by grazing (Boag 1982,
Frenkel and Heinitz 1987, Streitfeild 1995). Fire exclusion has generally resulted
in a succession to woodlands and forests of former prairies (Sprague and Hansen

1946, Thilenius 1968).
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Remnant prairies provide habitat for several rare, endemic plant species.
State and federal laws mandate public land management to perpetuate the
existence of these species. Recovery and improvement of remnant prairies and
their rare species may be facilitated by the reintroduction of fire as an ecosystem
process.

Remnant prairies currently contain many introduced exotic plant species
(Towle 1982, Streatfeild 1995). Management practices that enhance exotics might
further reduce native and rare plant species in prairie landscapes. The response
of exotic species to burning is uncertain. Initial and sometimes unanalyzed,
tentative results from other studies in Willamette Valley prairies suggest that
exotic species may increase in response to burning (TNC Stipa, Magee 1986,
Frenkel and McEvoy 1983, Acker 1990, Frenkel and Steinfeild 1994, Streatfeild
1995). However, these same studies indicate that some native species have also
increased in percent cover or frequency following burning.  Optimal fire
frequency of prairies should be based upon responses of exotics, woody, and rare
species as well as species which were important staple food sources of Native
Americans (e.g. Camassia spp., Madia spp., etc.). Optimal burns should (1)
control woody species, (2) control exotic plants, (3) maximize cover and frequency
of native plants, (4) increase density of aboriginal food plants, and/or (5) increase
density or vigor of rare plants.

Primary obje'ctives of this study were to describe plant species composition

of five Willamette Valley wetland prairie plant communities and the responses of
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species and life forms to two different burn treatments. Treatments included
unburned controls, and once and twice burned treatments.
This research initiates a long-term assessment of fire effects on Willamette

Valley vegetation to determine optimal burn prescriptions for wetland prairies.

Study Sites

A complete description of study sites including location, climate, general

vegetation, soils, and topography is included in Chapter 3.
Methods

Treatments

Plant composition changes were measured following three treatments: 1)
no burn/control, 2) a single, fall-season, prescribed fire in 1988 (once-burned),
and 3) two, consecutive fall-season, prescribed fires in 1988 and 1989 (twice-
burned). Treatments were parallel to each other at Rose Prairie (Figure 4.1).
Due to a small fire escape during the 1988 burn, treatment boundaries were
modified to maintain an even sample size within treatment areas and plant
communities. At Fisher Butte, treatment areas were large rectangular blocks,
oriented perpendicular to a road that delimits the western boundary of the study

site (Figure 4.2). Treatment areas were ~2 ha at Rose Prairie and ~4 ha at
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Fisher Butte. Each treatment was replicated once at Rose Prairie; two replicates
of each burn treatment and one control treatment were established at Fisher
Butte. After treatments areas were delineated, they were randomly assigned to

specific treatments.

Sample layout

At Rose Prairie, a total of 27 permanent transects were established in
1988, prior to fire treatments. Nine transects were in each of the control, once-
burned, and twice-burned treatments (Figure 4.1). Three plant communities were
delineated within each treatment, Deschampsia cespitosa-Danthonia californica
(RP Deschampsia), Rosa nutkana/Anthoxanthum odoratum (Rosa/Anthoxanthum)
and Vaccinium caespitosum (Vaccinium)(Table 4.1). Nine transects each 30 m
long were laid out in the RP Deschampsia and nine in the Vaccinium
communities. The Rosa/Anthoxanthum community was restricted to small
mounds; therefore, the 30 m transects were laid out as nine parallel pairs of 1 x
15 m transects, two meters apart (Figure 4.3).

At Fisher Butte, a total of 30 permanent transects each 30 m long were
established in 1988. In the control treatment (Figure 4.2), three transects were
laid out in each of the two plant communities, Deschampsia cespitosa-Danthonia
californica (FB Deschampsia) and Rosa nutkana/Juncus nevadensis
(Rosa/Juncus)(Figure 4.4). In each of the two burn treatments (Figure 4.2), 6

transects were established in each of the two communities (Figure 4.4).









Table 4.1. Plant communities identified and sampled, their locations, their codes in text, tables, and figures, and the
number of transects installed in each.

Name of Community

Location

Code in Text, Figures
and Tables

Number of transects

Deschampsia cespitosa-
Danthonia californica

Rosa nutkana/Anthoxanthum
odoratum mounds

Vaccinium caespitosum

Deschampsia cespitosa-
Danthonia californica

Rosa nutkana/Juncus
nevadensis

Rose Prairie

Rose Prairie

Rose Prairie

Fisher Butte

Fisher Butte

RP Deschampsia

Rosa/Anthoxanthum

Vaccinium

FB Deschampsia

Rosa/Juncus

9 (3 Control/unburned, 3 once burned, 3 twice burned)
9 (3 Control/unburned, 3 once burned, 3 twice burned)
9 (3 Control/unburned, 3 once burned, 3 twice burned)
15 (3 Control/unburned, 6 once burned, 6 twice burned)

15 (3 Control/unburned, 6 once burned, 6 twice burned)

(4
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Species were listed and percent cover and frequency were measured along
each transect (Goldsmith et al. 1986, Barbour et. al 1987). Nested plots of 50x50
cm, 25x25 c¢m, and 12.5x12.5 ¢m were used to measure frequency in 30 plots along
each transect (Figure 4.5). Cover was only measured in the first 15 of the 50x50
cm plots. Cover was determined to the nearest 1% for all species and for bare
ground during 1988 and 1989. In 1990, cover was only determined for selected

dominate species.

Measurement periods and prescribed burning

All measurements were made during peak vegetative expression, June-July
of 1988, 1989, and 1990. BLM personnel conducted prescribed fires at both study
sites on 11 October, 1988 and 19 September, 1989. Wetline and strip-head

burning techniques were used to implement the prescribed fires (Chapter 2).

Site and community descriptions

Descriptions of species composition at Rose Prairie and Fisher Butte were
based on a complete list of species encountered during the three years of this
study, including species observed outside sampled plots. Data were analyzed
according to life forms (1) trees, (2) shrubs, (3) graminoids, and (4) forbs;

lifespans (a) perennials or (b) annuals/biennials; and origin (i) native or (i1)
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exotic. Floral composition of each site was also described utilizing life form,
lifespan, and origin categories.

Preburn conditions of the three Rose Prairie and two Fisher Butte
communities were described using 1988 data for mean percent cover and
frequency of species from all transects. Only data from the 50x50 c¢m nested plot
were used. Dominant species in a community were those with cover values of >
2%), common species had < 2% cover but frequency > 10%, and uncommon
species were those with < 2% cover and < 10% frequency. Percent cover values
for 1988 were summed by life form and origin to examine differences in these
categories among plant communities. Preburn species richness was combined by
life form and lifespan categories to describe floral composition. Species of Aira,
Brodiaea, Epilobium, Rubus, Carex, and annual Festuca that were difficult to
identify or differentiate in early developmental or non-flowering stage were
combined to genus level during analysis. Plant taxonomy followed that of
Hitchcock et al. (1969).

The 1989 data represent a second year of data from control treatments and
the response of both the once burned and twice burned treatments to one burn.
The 1990 data is the third year of data from the control treatments, the second
year of data from the once burned treatment, and the first year of data from the
twice burned treatment. Only those species with measured cover values of > 1%

in 1990 were included in the analysis of cover in relation to treatment effects.
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Frequency was determined for all species along sampled transects. For
most species, data from the 50x50 cm plot were used to report changes in
frequency between years within treatments and plant communities. However, for
common species with frequencies >80% in the 50x50 cm plots, data from the
25x25 cm or 12.5x12.5 cm plots were used to describe changes in relation to
treatments.

Relative frequency was determined for each species in relation to total
frequency along each transect, within plant communities, and treatments.

Relative frequencies were then tallied within transects according to life form and
origin to determine changes in these categories in relation to burn treatments and
to capture trends in less dominant species.

The PC-Ord program (McCune 1991) was utilized to calculate species richness
(S), species diversity (H’), and species evenness/equitability (E) from frequency
data for the largest plot size (50x50 cm) along transects within communities.
Species richness was the number of species present along transects in
communities. Species diversity was calculated by summing the frequency of all
species along transects, and dividing individual plant frequencies by the sum of the
transect frequency to arrive at a proportional abundance, pi, for the ith species
(ni/N):

H = -zplnp;-



97

Species richness and diversity were used to calculate species equitability:

E = H/In (S)
(in McCune 1991, S and H’ based on Shannon and Weaver 1949, E based on
Piclou 1966).

Means of S, H’, and E were calculated from each of the transects within

treatments and within communities at Rose Prairie and Fisher Butte.

Statistical analysis

Differences in plant species frequency and cover were analyzed using non-
parametric, Kruskal-Wallis tests to determine differences between all sampled
years within treatments. If a significant change was detected for a species, Mann-
Whitney tests were then used to determine which years had significant differences
within treatments. Similar procedures were used to determine differences
between years within treatments for percent cover and relative percent frequency
for plant forms, life spans, and origins. These tests were also used to determine
differences between years within treatments for S, H’, and E. Significance levels
of P <0.1 or better are presented. Nonparametric statistical tests were use due to

the small sample sizes and non-normality of the data set (Zar 1984).
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Results

Site descriptions and comparisons

During this study, a total of 205 species were encountered at Fisher Butte
and Rose Prairie (Table 4.2). One hundred seventeen species were present at
both sites; 81 of the co-occurring species were native and 36 were exotics (Table
4.3). Twenty-three native species were only found at Rose Prairie, while 28 native
species occurred exclusively at Fisher Butte. Centaurea pratensis was the only
exotic species restricted to Rose Prairie. In contrast, 30 exotic species occurred
only at Fisher Butte.

At Rose Prairie, exotic species were most dominant on the elevated
mounds occupied by the Rosa/Anthoxanthum community. However, many exotic
species, most notably Agrostis tenuis, Anthoxanthum odoratum, Hypochaeris
radicata, Leontodon nudicale, and Holcus lanatus, were common and ubiquitous at
Rose Prairie. At Fisher Butte, exotic graminoids and forbs including Aira
caryophyllea, Bromus mollis, Cynosurus echinatus, Festuca myuros, Poa annua, Vicia
cracca, V. sativa, Dianthus armeria, Dipsacus sylvestris, Lathyrus sphaericus, Myosotis
discolor, and Sonchus asper occurred predominantly along the western and
southern boundaries of the RNA adjacent to a gravel road and highway. Exotic
herbaceous species, Bromus mollis, Festuca myuros, F. bromoides, Myosotis discolor,
also occurred in high densities on ant mounds. Pyrus communis, Agrostis tenuis,

Anthoxanthum odoratum, Aira spp., and Briza minor occurred more commonly in



Table 4.2. Plant species occurring at Rose Prairie (RP) and Fisher Butte (FB)
parcels of the Fern Ridge Research Natural Area. Scientific names, common
names, plant locations, and plant families are provided. "I" indicates plant species
was located in sampled plots; "O" indicates plant was observed outside of sampled
plots. Species are presented by life form (trees, shrubs, graminoids, and forbs)
and lifespan (perennial versus annual/biennial) categories. * Denotes exotic

species, ! denotes that plant has State or Federal rare plant status.

99

Scientific Name Common Name RP FB Family
TREES
Arbutus menziesii Pacific Madrone 0] Ericaceae
Crataegus douglasii Black Hawthorn I I Rosaceae
Crataegus monogyna* One-seeded Hawthorn 0] Rosaceae
Fraxinus latifolia Oregon Ash 0] I Oleaceae
Populus trichocarpa Black Cottonwood 0] 0] Salicaceae
Prunus avium* Sweet Cherry 0] Rosaceae
Pyrus communis* Cultivated Pear 1 Rosaceae
Pyrus fuscus Western Crabapple I I Rosaceae
Pyrus malus* Cultivated Apple 0] Rosaceae
Quercus garryana Oregon White Oak 1 0] Fagaceae
Quercus kellogii California Black Oak 0] Fagaceae
Rhamnus purshiana Cascara or Chittam I 1 Rhamnaceae
Salix piperi Piper’s Willow O Salicaceae
SHRUBS
Amelanchier alnifolia Western Serviceberry I I Rosaceae
Corylus comuta Filbert 0] Betulaceae
Rhus diversiloba Poison Oak O I Anacardiaceae
Rosa "Multiflora"* Multiflora Rose 0] Rosaceae
Rosa eglanteria* Sweetbriar 0] 1 Rosaceae
Rosa nutkana Nootka Rose I I Rosaceae
Rubus discolor* Himalayan Blackberry 1 I Rosaceae
Rubus laciniatus* Evergreen Blackberry 1 1 Rosaceae
Rubus ursinus Pacific Blackberry O O  Rosaceae
Spiraea douglasii Douglas’ Spirea 0] I Rosaceae
Vaccinium caespitosum Dwarf Huckelberry I Ericaceae
GRAMINOIDS
Perennials
Agrostis exarata Spike Bentgrass I Poaceae
Agrostis tenuis* Colonial Bentgrass I I Poaceae
Alopecurus geniculatus Water Foxtail 1 Poaceae
Alopecurus pratensis* Meadow Foxtail 0] Poaceae
Anthoxanthum odoratum* Sweet Vernal Grass 1 1 Poaceae
Carex densa Dense Sedge I Cyperaceae
Carex leporina Hare Sedge 1 Cyperaceae
Carex rossii Ross Sedge I I Cyperaceae
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Scientific Name Common Name RP FB Family
Carex tumulicola Foothill Sedge 0] Cyperaceae
Carex unilateralis One-sided Sedge I Cyperaceae
Dactylis glomerata* Orchard-grass o Poaceae
Danthonia califomica California Oatgrass I O Poaceae
Deschampsia cespitosa Tufted Hairgrass I I Poaceae
Deschampsia elongata Slender Hairgrass O  Poaceae
Eleocharis acicularis Needle Spikerush I I Cyperaceae
Eleocharis palustris Common Spikerush O  Cyperaceae
Festuca arundinacea* Tall Fescue I I Poaceae
Festuca nibra Red Fescue I I Poaceae
Glyceria occidentalis Western Mannagrass 0] 0] Poaceae
Holcus lanatus* Common Velvet Grass 1 I Poaceae
Hordeum brachyantherum Meadow Barley I Poaceae
Juncus effusus Soft or Common Rush O 0] Juncaceae
Juncus ensifolius Dagger-leaf Rush 0] Juncaceae
Juncus nevadensis Sierra Rush I I Juncaceae
Juncus patens Spreading Rush O  Juncaceae
Juncus tenuis Slender Rush I I Juncaceae
Koeleria cristata Prairie Junegrass I Poaceae
Luzula campestnis Field Woodrush 1 I Juncaceae
Panicum occidentale Western Witchgrass I I Poaceae
Phalaris arundinacea* Reed Canarygrass o o Poaceae
Poa compressa* Canada Bluegrass I Poacecae
Poa pratensis* Kentucky Bluegrass I I Poaceae
Annuals
Aira caryophyllea* Silver Hairgrass I I Poaceae
Aira elegans* Diffuse Hairgrass I Poaceae
Arnista oligantha! Prairie Threeawn 0] Poaceae
Beckmannia syzigachne American Sloughgrass I Poaceae
Briza minor* Little Quaking-grass I I Poaceae
Bromus mollis* Soft Brome or Chess I Poaceae
Bromus rigidus* Ripgut Brome O  Poaceae
Cynosurus echinatus* Hedgehog Dogtail I Poaceae
Echinochloa crusgalli* Large Barnyard Grass o Poaceae
Festuca bromoides* Barren Fescue o Poaceae
Festuca myuros* Rat-tail Fescue 0] I Poaceae
Juncus emarginata* I o Juncaceae
Juncus bufonius* Toad Rush I I Juncaceae
Poa annua* Annual Bluegrass 0] Poaceae
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Scientific Name Common Name RP FB Family
FORBS
Perennials
Achillea millefolium Common Yarrow I Asteraceae
Alisma plantago-aquatica American Waterplaintain O I Alismataceae
Allium amplectens Slim-leaf onion I I Liliaceae
Apocynum androsaemifolium  Spreading Dogbane I Apocynaceae
Aster chilensis v. hallii Hall’s Aster I I Asteraceae
Aster curtus! White-top Aster I I Asteraceae
Brodiaea congesta Northern Saitas o Liliaceae
Brodiaea coronaria Harvest Brodiaea I I Liliaceae
Brodiaea hvacinthina Hyacinth Brodiaea I I Liliaceae
Calochortus tolmiei Tolmie’s Mariposa I Liliaceae
Calochortus uniflorus! Large-flowered Star o I Liliaceae
Tulip ,
Camassia quamash Common Camas I I Liliaceae
Cardamine pendulifiora Willamette Valley I I Brassicaceae
Bittercress
Centaurea pratensis™ Meadow Knapweed O Asteraceae
Chrysamthenmum Oxeye Daisy o o Asteraceae
levcanthemum™
Cirsium arvense* Canada Thistle I I Asteraceae
Comandra umbellata Bastard Toad Flax I Santalaceae
Delphinium menziesii Menzies’ Larkspur I Ranunculaceae
Dodecatheon hendersonii Henderson’s Shooting 1 Primulaceae
Star
Epilobium glandulosum Common Willow-weed 1 I Onagraceac
Epilobium watsonii Watson’s Willow-weed 1 I Onagraceac
Erigeron decumbens v. Willamette Valley Daisy I Asteraceae
decumbens!
Eriophylium lanatum Oregon Sunshine I I Asteraceae
Eryngium petiolatum Coyote Thistle I I Apiaceae
Enrythronium oregonum Dogtooth Violet o Liliaceae
Fragaria virginiana Broad-petal Strawberry I I Rosaceae
Galium trifidum Small bedstraw I I Rubiaceae
Grindelia integrifolia Willamette Valley I I Asteraceae
Gumweed
Haplopappus racemosus Racemed Goldenweed 1 Asteraceae
Horkelia congesta! Shaggy Horkelia I I Rosaceae
Hypericum anagalloides Bog St. John’s-wort I Hyperaceae
Hypericum perforatum* Klamath Weed I I Hyperaceae
Hypochaeris radicata™ Hairy Cat’s-ear I I Asteraceae
Ins tenax Oregon Iris I Iridaceae
Isoetes nuttallii Nuttall’s Quillwort I I Isoetaceae
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Family

Leontodon nudicaulis*
Lomatium bradshawii!
Lotus comiculatus*
Lotus formosissimus
Ludwigia palustris
Lycopus americana
Mentha pulegium*
Microseris laciniata
Mimulus guttatus
Orobanche californica
Perideridia oregana
Plantago lanceolata*
Polystichum munitum
Potentilla gracilis
Prunella vulgaris

Ranunculus alismaefolius

Ranunculus aquatilis
Ranunculus flammula

Ranunculus occidentalis
Ranunculus orthorhynchus

Ranunculus uncinatus
Rumex acetosella™
Rumex crispus*
Sanicula bipinnatifida
Satureja douglasii
Saxifraga oregana
Sidalcea virgata

Sisyrinchium angustifolium
Spiranthes romanzoffiana

Taraxacum officinale*
Trifolium repens*
Typha latifolia
Veronica scutellata
Vicia cracca*

Vicia sativa*

Viola adunca

Viola hallii

Wyethia angustifolia

Zigadenus venosus v. venosus
Annuals/Biennials

Anthemis cotula*
Anthriscus scandicina

Hairy Hawkbit
Bradshaw’s Lomatium
Birdsfoot Trefoil
Seaside Lotus

Water Purslane
Northern Bugleweed
Pennyroyal
Cut-leaved Microseris
Yellow Monkeyflower
California Broomrape
Oregon Yampah
Buckhorn Plaintain
Sword Fern

Slender Cinquefoil
Self Heal or Heal All

Water-plantain Buttercup

White Water-buttercup
Creeping Buttercup
Western Buttercup
Straightbeak Buttercup
Little Buttercup

Sheep Sorrel

Curly Dock

Purple Sanicle

Yerba Buena

Bog or Oregon Saxifrage

Rose Checker Mallow
Blue-eyed grass
Ladies Tresses
Dandelion

White or Dutch Clover
Common Cat-tail
Marsh Speedwell
Tinegrass, Cat Peas
Common Vetch

Early Blue Violet
Hall’s Violet
Mule’s-ears

Meadow Death-camas

Mayweed, Chamomile
Chervil
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Asteraceae
Apiaceae
Fabiaceae
Fabiaceae
Onagraceae
Lycopodiaceae
Laminaceae
Asteraceae
Scrophulariaceae
Orobanchaceae
Apiaceae
Plantaginaceae
Polypodiaceae
Rosaceae
Lamiaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaccae
Ranunculaceae
Polygonaceae
Polygonaceae
Apiaceae
Laminaceae
Saxifragaceae
Malvaceae
Iridaceae
Orchidaceae
Asteraceae
Fabiaceae
Typhaceae
Scrophulariaceae
Fabiaceae
Fabiaceae
Violaceae
Violaceae
Asteraceae
Liliaceae

Asteraceae
Apiaceae
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Scientific Name Common Name RP FB Family
Barbarea orthoceras American Wintercress | O  Brassicaceae
Bidens frondosa Leafy Beggar’s Tick I Asteraceae
Boisduvalia densiflora Dense Spike-primrose O I Onagraceae
Callitriche heterophylla Different-leaved O Callitrichaceae
Water-starwort
Cardamine oligosperma Little Western Bittercress O O Brassicaceae
Centaurium muhlenbergii Muhlenberg’s Centaury I I Gentianaceae
Centaurium umbellatum* Common Centaury I I Gentianaceae
Centunculus minimus Chaffweed I I Primulaceae
Cerastium viscosum* Mouse-ear Chickweed 1 I Caryophyllaceae
Cirsium vulgare* Bull or Common Thistle 1 I Asteraceae
Crepis capillaris* Smooth Hawksbeard O  Asteraceae
Daucus carota* Queen Ann’s Lace I I Apiaceae
Dianthus armeria* Grass Pink O Caryophyllaceae
Dipsacus sylvestris* Teasel 0] Dipsacaceae
Downingia elegans Showy Downingia O Campanulaceae
Downingia yina Common Downingia I I Campanulaceae
Epilobium paniculatun Autumn Willow-weed I I Onagraceae
Galium aparine Cleavers or Goose grass [ 0] Rubiaceae
Galium parisiense* Wall Bedstraw I I Rubiaceae
Geranium dissectum* Cut-leaf Geranium I O Geraniaceae
Gnaphalium palustre Lowland cudweed I I Asteraceae
Gnaphalium purpureum Purple cudweed I I Asteraceae
Gratiola ebracteata Bractless Hedge-hyssop 1 I Scrophulariaceae
Heterocodon rariflorum Heterocodon I Campanulaceae
Hypochaeris glabra* Smooth Cat’s-ear I I Asteraceae
Lactuca serriola* Prickly Lettuce O  Asteraceae
Lasthenia glaberrima Smooth Lasthenia O  Asteraceae
Lathyrus sphaericus* Grass Pea 0] I Fabiaceae
Linum angustifolivm* Flax I Linaceae
Lotus micranthus Small-flowered I O  Fabiaceae
Deervetch
Lotus purshiana Spanish Clover I I Fabiaceae
Lupinus micranthus Small-flowered Lupine O  Fabiaceae
Madia elegans Showy Tarweed O  Asteraceae
Madia glomerata Cluster Tarweed I I Asteraceae
Madia sativa Chile or Coast Tarweed 1 I Asteraceae
Matricaria matricarioides Pineapple Weed O  Asteraceae
Microcala (juadrangularis/ Timwort I I Gentianaceae
Microsteris gracilis Pink Microsteris 0] I Polemoniaceae
Montia fontana Water Chickweed 0] Portulaceae
Montia linearis Narrow-leaved Montia O 1 Portulaceae
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Scientific Name Common Name RP FB  Family

Mpyosotis discolor*® Yellow and Blue I I Boraginaceae
Forget-me-not

Myosotis laxa Small-flowered I I Boraginaceae
Forget-me-not

Navarretia intertexta Needleleaf Navarretia I Polimoniaceae

Orthocarpus bracteosus Rosy Owl-clover I I Scrophulariaceae

Orthocarpus hispidus Hairy Owl-clover I I Scrophulariaceae

Orthocarpus pusillus Dwarf Owl-clover 0] I Scrophulariaceae

Parentucellia viscosa* Yellow Parentucellia I I Scrophulariaceae

Plagiobothrys figuratus Fragrant Popcorn-flower 1 1 Boraginaceae

Polygonum douglasii Douglas Knotweed I Polygonaceae

Rorippa curvisiliqua Western Yellowcress I Brassicaceae

Senecio jacobaea™ Tansy Ragwort I I Asteraceae

Senecio vulgaris* Groundsel 1 I Asteraceae

Sherardia arvensis* Blue Field-madder I I Rubiaceae

Sonchus asper* Prickly Sow Thistle I I Asteraceae

Trichostema lanceolatum Vinegar Weed 0 Lamiaceae

Trifolium dubium* Least Hopclover I O  Fabiaceae

Vicia hirsuta™ Hairy or Tiny Vetch 1 Fabiaceae

Vicia tetrasperma* Slender Vetch I Fabiaceae

LICHENS
Cladonia spp. Lichen (terrestrial) I




Table 4.3. Flora observed at sites during the course of this study. Plants are catergorized by life form (trees, shrubs,
graminoids, forbs), life span (perennials versus annual/biennial) and origin (native versus exotic) information from

Table 4.2.

Number of Number of Number of Number of Number of Number of

Plant Species Plant Species Plant Species Plant Species Plant Species Ptant Species

Present in Common Present Present Unigque Unique to

at Both Sites to Both Sides at Rose Prairie at Fisher Bitte to Rose Prairie Fisher Butte

All Species: 204 117 142 179 25 62
Native 137 81 105 113 24 32

Exotic 67 36 37 66 1 30

By Life Forms:

Trees 13 6 8 11 2 5
Native 9 6 8 7 2 1

Exotic 4 0 0 4 0 4

Shrubs 11 8 9 10 1 2
Native 7 5 6 6 1 1

Exotic 4 3 3 4 0 1

Graminoids 46 22 24 44 2 22
Total Native 25 11 13 23 2 12

Total Exotic 21 11 11 21 0 10
Perennials 32 17 18 31 1 14

Native 23 11 12. 22 1 11

Exotic 9 6 6 9 0 3

Annuals 14 5 6 13 1 8

Native 2 0 1 1 1 1

Exotic 12 5 5 12 0 7

Forbs 134 81 101 114 20 33
Totat Native 96 59 78 77 19 18

Totat Exotic 38 22 23 37 1 15
Perennials 74 45 62 57 17 12

Native 59 37 53 43 16 6

Exotic 15 8 9 14 1 6

Annuals 60 36 39 57 3 21

Native 37 22 25 34 3 12

Exotic 23 14 14 23 0 9

So1
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the drier eastern and more upslope regions of the site, i.e. the FB Deschampsia
community. Phalaris arundinacea, Echinochloa crusgalli, and Mentha pulegium
were exotics located in wetter locations (i.e. Rosa/Juncus community) at Fisher
Butte while Holcus lanatus, Hypochaeris radicata, and Leontodon nudicale were
widespread.

Rose Prairie had lower total species richness, including both native and
exotic species than did Fisher Butte (Table 4.3). Rose Prairie had fewer species
in every life form and lifespan category except native trees and forbs. Forbs
were the predominant life form in floras at both study sites, 71% of the species at
Rose Prairie and 64% of those at Fisher Butte were forbs. The life form/lifespan
combination with the greatest proportion of native species at both sites was
perennial forbs. The life form/lifespan combination with the greatest proportion

of exotic species was annual/biennial forbs.

Preburn plant community descriptions and comparisons

At the onset of the study, species richness, cover and frequency varied
among plant communities (Table 4.4). Twenty-nine plant species, 19 natives and
10 exotics, occurred in all communities at both sites during 1988. The three plant
communities at Rose Prairie mutually shared 20 native and 10 exotic plant species

in 1988 prior to burning.



Table 4.4. Cover (%) and frequency (%) of plant species in 50x50 cm plots at Rose Prairie and Fisher Butte

during 1988. n =

135 for cover and 270 for frequency in communities at Rose Prairie and n = 225 for cover
and 450 for frequency in communities at Fisher Butte. * denotes exotic species.

Rose Praire: Fisher Butte:
Deschampsia Rosa/Anthoxanthum Vacciniunt Deschampsia Rosa/}uncus
Cover Frequency Cover Frequency Cover Erequency Cover Erequency Cover Frequency
Mean SE Mean SE | Mean SE  Mean SE | Mean SE  Mean SE | Mean SE  Mean SE | Mean SE  Mesn  SE
BARE GROUND 46 05 0.6 0.2 6.6 12 55 1.0 6.6 13
TREES
Amelanchier alnifolia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.5 0.0 0.0 L1 04 0.0 0.0 0.0 0.0
Craraegus douglasii 0.0 0.0 04 04 0.0 0.0 0.0 0.0 00 0.0 0.7 05 0.0 0.0 1.1 05 0.1 0.1 04 03
Fraxinus latifolia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 02 0.2 0.1 0.0 1.1 37
Pyrus communis* 0.0 0.0 0.0 0.0 00 0.0 04 04 0.0 0.0 0.0 0.0 0.0 0.0 04 03 0.0 0.0 02 02
Pyrus fusca 0.0 00 04 04 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 05 05 0.0 0.0
Quercus garryana 00 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 11 08 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Rhamnus purshiana 0.0 0.0 0.0 0.0 0.0 0.0 04 04 0.0 0.0 0.4 04 0.0 0.0 04 03 0.0 0.0 0.0 0.0
SHRUBS
Rhus diversiloba 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 0.2
Rosa eglanteria® 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.1 0.1 02 0.2 0.0 00 0.0 0.0
Rosa nutkana 0.1 0.1 44 1.8 10.9 20 633 48 07 0.2 233 35 12 03 282 6.2 42 0.7 7098 73
Rubus spp.* 0.0 0.0 04 04 0.0 00 0.7 05 00 00 1.1 0.8 00 0.0 04 03 0.0 00 0.2 02
Spiraea douglasii 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04 04
Vaccinium caespitosum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 136 22 67.0 35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GRAMINOIDS
Perennials
Agrostis exarata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 20 08 03 23 38
Agrostis tenuis* 20 04 833 56 0.1 0.1 48 26 16 03 67.0 39 0.6 0.1 50.0 74 0.2 0.1 16.0 45
Anthoxanshim odoratum* 25 03 94.8 34 409 6.0 93 05 22 04 96.3 18 03 0.1 2 63 0.0 00 0.0 0.0
Carex leporina 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 58 15
Carex rossii 0.0 0.0 15 1.0 00 00 37 17 0.2 0.1 218 63 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Carex spp. 0.0 00 0.0 00 0.1 0.1 22 22 0.0 0.0 4.8 4.8 0.0 00 00 0.0 0.2 0.1 84 24
Carex unilateralis 00 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.1 0.1 11 07
Danihonia californica 34 03 963 09 04 03 233 74 1.2 04 4.4 6.1 117 12 100 0.0 76 1.2 911 31
Deschampsia cespitosa 10.0 15 952 13 0.0 0.0 11 0.8 36 07 714 55 9.1 09 96.4 1.2 64 15 721 33
Eleocharis acicularis 00 00 0.7 0s 0.0 0.0 04 04 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 13 0.6 25.1 79
Festnca arundinacea® 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 00 0.0 0.0 0.0 0.2 0.2 0.0 00 11 09
Festuca rubra 00 00 0.0 0.0 0.0 0.0 0.7 07 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 02 0.2
Glyceria occidentalis 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 02 02
Holcus lanatus® 0.1 0.0 4.1 55 0.1 0.1 10.0 45 0.0 0.0 0.7 0.7 15 02 4.7 46 35 07 70.7 6.2
Juncus effusus 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Juncus nevadensis 0.0 0.0 189 6.6 0.0 0.0 04 04 0.1 0.0 18.1 6.1 0.1 0.0 15.8 44 74 14 17 63

LO1
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Rose Praire: Fisher Butte:
Deschampsia Rosa/Anthoxanthum Vaccinium Deschampsia Rosa/Juncus
Cover Frequency Cover Frequency Cover Frequency Cover Frequency Cover F
Mesn SE  Mean SE | Mean SE  Mean SE | Mean SE  Men SE | Mean SE  Mem SE | Mean SE  Mean SE
BARE GROUND 46 0.5 06 0.2 66 1.2 55 1.0 66 13
Juncus spﬁ. 0.0 0.0 26 19 00 0.0 0.0 0.0 0.0 00 19 15 0.0 0.0 00 0.0 01 0.1 38 38
Juncus tenuis 0.0 0.0 348 44 00 0.0 15 11 0.0 0.0 44 1.2 00 0.0 240 30 0.1 0.0 211 4.7
Luzula campestris 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 09 0.7 0.0 0.0 0.0 0.0
Panicum occidentale 04 0.1 274 5.1 02 0.1 59 25 59 05 748 27 0.8 05 109 54 0.0 00 09 07
Poa spp.* 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16 13 0.0 0.0 1.1 11
Annuals
Atra spp.* 0.0 0.0 0.0 0.0 0.0 0.0 26 26 0.0 0.0 04 04 0.0 0.0 6.0 24 0.0 0.0 0.7 05
Beckmannia syzigachne 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 29 18
Briza minor* 0.0 0.0 0.7 0.7 0.0 0.0 85 28 0.0 0.0 93 30 0.1 0.0 196 66 0.0 0.0 4.0 14
Bromus mollis* 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 05 0.0 0.0 16 16
Cynosurus echinatus* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 04 03 0.0 0.0 0.0 0.0
Festuca mytros* 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2
Juncus emarginata* 0.0 0.0 04 04 0.0 0.0 0.0 0.0 0.0 0.0 48 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Juncus bufonius* 00 0.0 130 33 0.0 0.0 48 490 0.0 0.0 219 6.8 0.0 0.0 14.0 49 0.0 0.0 64 30
Perennials

Achillea millefolium 0.0 0.0 0.0 0.0 0.1 0.1 8.1 59 0.0 0.0 59 59 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Alisma plantago-aquatica 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 02 02
Allium amplectens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.7 04 00 0.0 11 0.9
Apocynum 0.0 0.0 0.0 0.0 04 04 52 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
androsaemifolium
Aster chilensis v. hallfi 0.1 0.0 74 29 0.0 0.0 15 1.0 0.1 0.1 204 6.0 0.7 0.1 549 48 04 0.1 18.7 31
Aster curtus 00 00 1.1 0.8 0.0 0.0 04 04 16 05 *.6 49 0.0 0.0 02 02 0.0 0.0 0.0 0.0
Brodiaea spp. 0.0 0.0 96 59 0.0 0.0 9.6 53 0.0 0.0 104 39 0.0 0.0 49 23 0.0 0.0 6.7 20
Calochortus tolmiei 00 0.0 0.0 0.0 0.0 0.0 141 08 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carmnassia quamash 00 00 722 47 0.0 0.0 33 24 0.0 0.0 57.8 4.1 0.1 0.1 262 86 00 00 113 37
Cardamine pendulifiora 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.2 0.2
Cirsium arvense* 0.0 0.0 0.0 0.0 0.2 0.1 89 53 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
Cormnandra umbellata 0.0 0.0 0.0 0.0 0.0 0.0 26 17 0.2 0.1 15.6 A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dodecatheon hendersonii 0.0 0.0 0.0 0.0 0.0 0.0 04 04 0.0 0.0 11 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epilobium spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 49 17 0.0 0.0 2.7 17
Erigeron decumbens 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 4.7 21 0.0 0.0 0.0 0.0
Eriophyllum lanatum 05 0.1 519 4.1 0.0 0.0 19 1.1 0.2 0.1 252 55 05 01 50.7 45 10 04 304 6.6
Eryngium petiolatum 00 0.0 22 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 0.1 69 1.8
Fragaria virginiana 0.0 0.0 0.0 0.0 04 03 48 29 09 04 20.0 6.6 0.0 0.0 04 04 0.0 0.0 0.0 0.0
Galium trifidum 0.0 0.0 00 0.0 00 0.0 04 04 0.0 0.0 0.0 0.0 0.1 0.0 156 6.6 03 0.1 68.7 5.0
Grindelia integrifolia 08 03 44.8 66 00 0.0 0.0 00 06 0.2 404 6.2 1.6 05 420 59 3.2 15 340 94
Haplopappus racemosus 0.1 0.1 22 15 00 0.0 0.0 00 0.0 00 44 20 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
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Rose Praire: Fisher Butte:
Deschampsia Rosa/Anthoxanthum Vaccinium Deschampsia Rosa/Juncus
Cover Frequency Cover Frequeney Cover Frequen: Cover Frequeney Cover Frequen
Mean  SE  Mean SE | Mean SE  Mean  SE Mean  SE  Mean  SE Mean ~ SE  Mean SE | Mean SE  Mean SE
BARE GROUND 4.6 0.5 0.6 0.2 6.6 12 55 1.0 6.6 13
Horkelia congesta 0.0 0.0 2.6 12 0.0 0.0 0.0 0.0 0.1 0.0 226 6.1 0.0 0.0 0.2 0.2 0.0 0.0 04 04
Hypericum perforatum* 0.0 0.0 70 29 33 0.6 963 15 0.2 0.1 533 53 0.1 0.0 369 4.1 0.0 0.0 107 26
Hypocharis radicata® 16 04 819 55 0.2 0.1 333 5.6 1.0 03 744 44 0.2 0.1 213 32 0.1 0.0 6.0 18
Leontodon nudicaulis® 038 03 619 59 0.1 0.1 185 6.8 37 16 526 140 09 0.1 638 36 0.1 0.1 6.2 23
Lomatium bradshawii 0.0 0.0 3.0 15 0.0 0.0 0.0 0.0 0.0 0.0 63 16 0.0 0.0 02 0.2 0.0 0.0 0.0 0.0
Lotus formosissimus 0.0 00 6.7 18 0.1 0.1 115 72 0.2 0.1 514 85 03 0.1 216 55 02 0.1 76 42
Mentha pulegium* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 02 11 03 427 8.0
Microseris laciniata 0.1 0.0 30.0 6.2 0.0 0.0 15 11 0.0 0.0 104 2.6 0.1 0.0 182 33 0.2 0.1 89 4.1
Orobanche californica 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04 03
Perideridia oregana 0.0 0.0 0.0 0.0 0.0 0.0 6.7 36 0.0 0.0 04 04 0.0 0.0 31 1.0 0.0 0.0 18 18
Plantago lanceolata® 00 0.0 00 00 17 05 515 8.6 0.1 00 163 45 02 0.1 267 53 00 00 02 02
Polygonum douglasti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13 08 0.0 0.0 122 31
Porentilla gracilis 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 44 17 02 0.1 27 1.0
Prunella vuigaris 0.0 0.0 107 39 0.0 0.0 41 22 0.7 0.2 674 33 09 0.2 63.8 49 05 02 17.8 50
Ranunculus occidenialis 0.0 0.0 0.0 0.0 0.0 0.0 04 04 0.0 0.0 0.0 0.0 0.0 0.0 09 05 0.0 0.0 0.0 0.0
Ranunculus orthorhynchus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 12 0.0 0.0 0.0 0.0
Ranunculus spp. 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 09 0.0 0.0 0.0 0.0 00
Rumex acetosella® 0.0 0.0 04 04 08 04 2.6 9.1 0.0 0.0 00 0.0 0.0 0.0 02 0.2 0.0 0.0 0.0 0.0
Rumex crispus* 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 0.5
Sanicula bipinnatifida 0.0 0.0 0.0 00 0.0 0.0 0.7 0.7 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sisyrinchium angustifolium 0.0 0.0 2.6 14 0.0 0.0 04 04 0.1 0.0 363 48 03 0.1 422 58 0.0 0.0 29 14
Spiranthes romanzoffiana 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 08 0.0 0.0 04 03 0.0 0.0 04 04
Veronica scutellata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.5 11 04 282 64
Vicia sativa* 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
Viola adunca 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 0.6 0.2 370 51 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Whethia angustifolia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Zigadenus venosus 0.0 0.0 1l 06 0.0 0.0 04 04 0.0 0.0 07 0.5 0.0 0.0 0.2 0.2 0.0 0.0 0.7 04
Annuals and Biennials

Anthemis cotula® 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 02
Barbarea orthoceras 0.0 0.0 0.0 0.0 0.0 0.0 04 04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Bidens frondosa 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.2 02 0.0 0.0 6.7 30
Boisduvalia densiflora 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 129 37
Cenraurium muhlenbergic 0.0 0.0 42.2 4.1 0.0 0.0 85 69 0.0 0.0 45.6 119 0.0 0.0 69 24 0.0 0.0 36 12
Centaurium umbellatun® 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 03 0.1 60.7 4.7 0.1 0.1 127 64
Centunculus minimus 0.0 0.0 16.7 72 0.0 0.0 15 11 0.1 0.1 393 114 0.0 0.0 0.2 0.2 0.0 0.0 09 0.5
Cirsium vuigare* 0.0 0.0 0.0 0.0 0.2 0.2 130 53 0.0 0.0 0.0 0.0 0.0 0.0 13 0.5 0.0 0.0 0.2 0.2
Daucus carota* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31 15 0.0 0.0 09 09
Downingia yina 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 09
Epilobium paniculatun 0.0 0.0 0.0 0.0 0.0 0.0 04 04 0.0 0.0 0.0 0.0 0.0 0.0 31 14 0.0 00 8.1 31
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Table 4.4., Continued.

Rose Praire: Fisher Butte:
Deschampsia Rosa/Anthoxanthum Vaccinium Deschampsia Rosa/Juncus
Cover Frequency Cover Frequency Cover Frequency Cover Frequency Cover Frequen
Mean SE  Mean SE | Mean SE Mean SE | Mean SE  Mean SE | Mean SE  Mean SE | Men SE  Mean SE
BARE GROUND 4.6 05 06 02 6.6 12 55 1.0 66 13
Galium aparine 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0
Galium parisiense* 0.0 00 00 00 0.1 0.0 44 24 0.0 00 0.0 0.0 0.0 0.0 00 0.0 00 00 09 0S
Geranium dissectum* 00 0.0 0.0 0.0 0.0 0.0 26 22 00 00 00 00 0.0 00 00 00 00 0.0 00 00
Gnaphalium palustre 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04 03 0.0 0.0 1.1 05
Gnaphalium purpureunm 0.0 00 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04 04 0.0 0.0 0.0 0.0
Gratiola ebracteata 0.0 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 33 26
Heterocodon rarifforum 0.0 0.0 00 00 0.1 0.0 259 9.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hypocharis glabra* 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.2 02 0.0 0.0 00 0.0
Lathyrus sphaericus* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.7 05 0.0 0.0 0.0 0.0
Lotus purshiana 0.0 0.0 0.0 0.0 0.1 0.1 226 86 0.0 0.0 0.0 0.0 0.0 0.0 1.1 05 0.0 0.0 0.2 0.2
Madia glomerata 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.2 584 6.2 17 05 66.0 53
Madia sativa 0.0 0.0 0.0 00 0.1 0.1 30 30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 0.2
Microcala quadrangularis 0.0 0.0 00 00 0.0 0.0 00 0.0 00 0.0 0.0 00 00 00 73 28 00 00 16 06
Microsteris gracilis 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 162 4.1
Montia linearis 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2
Myosotis discolor* 0.0 0.0 0.0 00 0.2 0.1 359 80 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.8 0.0 0.0 04 03
Myosotis laxa 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33 23 0.0 0.0 44 19
Navarretia intertexta 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.2 0.2
Orthocarpus bracteosus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 07 0S 0.0 0.0 31 15 0.0 0.0 0.0 0.0
Ornthocarpus hispidus 0.0 0.0 0.7 0.7 0.0 0.0 22 1.8 0.0 0.0 0.0 0.0 0.0 0.0 64 23 0.0 00 13 09
Parentucellia viscosa* 0.0 0.0 0.0 0.0 0.0 0.0 104 57 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.7 0.0 0.0 0.0 0.0
Plagiobothrys figuratus 0.0 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.2 02 0.0 0.0 38 14
Senecio jacobaea* 0.0 0.0 04 04 05 03 19.6 124 0.0 0.0 04 04 0.1 0.0 127 46 0.0 0.0 27 1.2
Senecio vidgaris* 0.0 0.0 0.0 0.0 0.0 0.0 0.7 05 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0
Sherardia arvensis* 0.0 0.0 0.0 0.0 0.0 0.0 15 1.1 0.0 0.0 0.0 00 00 0.0 0.2 0.2 0.0 0.0 0.0 0.0
Sonchus asper* 0.0 0.0 0.0 0.0 0.0 0.0 04 04 0.0 0.0 0.0 0.0 0.0 0.0 11 05 0.0 0.0 27 13
Trifolium dubium* 0.0 0.0 0.0 00 0.0 0.0 04 04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Veronica spp.* 0.0 0.0 15 038 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vicia tetrasperma* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 24 1.7 0.0 0.0 0.0 0.0
LICHEN

Ground lichens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 16 59 32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Rose Prairie

Deschampsia Community

In 1988 species richness in the Deschampsia community was 43 (30 native,
13 exotic), the lowest species richness measured (Table 4.5). No plant species
were unique to this community (Table 4.4). The Deschampsia community had the
lowest total live plant cover (22%), but over half of the cover present was
provided by native species (Table 4.6). Shrub and tree cover was <1%.
Graminoids, predominantly natives, comprised ~82% of the total live plant cover.
Deschampsia cespitosa and Danthonia californica were dominant native
graminoids. Common native graminoids included Juncus nevadensis, Juncus tenuis,
and Panicum occidentale. Anthoxanthum odoratum and Agrostis tenuis were
dominant exotic graminoids while Holcus lanatus and Juncus bufonius were
common exotic graminoids.

Forbs comprised ~18% of the total live plant cover in the Deschampsia
plant community. Common native forbs included Camassia quamash, Centunculus
minimus, Centaurium muhlenbergii, Eriophyllum lanatum, Grindelia integrifolia,
Microseris laciniata and Prunella vulgaris. Common exotic forbs included

Hypochaeris radicata and Leontodon nudicaulis (Table 4.4).



Table 4.5. Summary of species richness observed during 1988 sampling. Species are categorized by life form, lifespan, and
origin categories and summarized within plant communities. n = 270 for communities at Rose Prairie and 450 for communities
at Fisher Butte.

Rose Prairie Fisher Butte
RP Deschampsia Rosa/Anthoxanthum Vaccinium FB Deschampsia Rosa/Juncus
" All Species 43 66 51 84 85
Total Natives 30 42 38 53 59
Total Exotics 13 24 13 31 26
Life Forms

2 2 4 5 3

Trees
Native 2 1 4 4 2
Exotic 0 1 0 1 1
Shrubs 2 2 3 3 4
Native 1 1 2 1 3
Exotic 1 1 1 2 1
Graminoids 13 14 13 17 22
Total Native 7 8 6 7 12
Total Exotic 6 6 7 10 10
Perennials 10 11 9 12 15
Native 7 8 6 7 11
Exotic 3 3 3 5 4
Annuals 3 3 4 5 7
Native 0 0 0 0 1
Exotic 3 3 4 5 6
Forbs 26 48 30 59 56
Total Native 20 32 25 41 42
Total Exotic 6 16 5 18 14
Perennials 21 29 26 32 29
Native 16 23 22 25 23
Exotic 5 6 4 7 6
Annuals 5 19 4 27 27
Native 4 9 3 16 19
Exotic 1 10 1 1 8

41!



Table 4.6. Summary of species percent cover by life form, life span, and origin data from 1988 data. Species are
categorized by life form, life span, and origin categories and summarized within plant communities.

Rose Prairie Fisher Butte
RP Deschampsia Rosa/Anthoxanthum Vaccinium FB Deschampsia Rosa/Juncus
Total Plant Cover 225 61.6 416 330 434
Total Native 15.6 131 328 28.7 38.1
Total Exotic 7.0 485 8.8 44 54
By Life Forms
Trees 0.0 0.0 0.0 0.1 0.7
Native 0.0 0.0 0.0 0.1 0.7
Exotic 0.0 0.0 0.0 0.0 0.0
Shrubs 0.1 109 144 1.6 6.2
Native 0.1 109 143 12 42
Exotic 0.0 0.0 0.0 0.1 0.0
Gramminoids 18.4 418 14.8 24.3 278
Total Native 13.8 0.7 11.0 21.7 240
Total Exotic 4.6 41.1 39 25 38
Perennials 128.4 41.8 14.8 24.2 278
Native 138 0.7 11.0 21.7 24.0
Exotic 4.6 41.0 38 24 38
Annuals 0.0 0.0 0.0 0.1 0.0
Native 0.0 0.0 0.0 0.0 0.0
Exotic 0.0 0.0 00 0.1 0.0
Forbs 4.0 8.9 10.6 74 10.7
Total Native 1.6 15 5.6 5.6 9.2
Total Exotic 2.4 74 5.0 18 ' 15
Perennials 4.0 75 105 5.9 85
Native 1.6 1.2 55 4.6 7.3
Exotic 2.4 6.3 5.0 14 13
Annuals/Biennials 0.0 14 0.1 14 21
Native 0.0 03 0.1 1.0 19
Exotic 0.0 1.1 0.0 0.4 0.2

€1t
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Rosa/Anthoxanthum community

Species richness of the Rosa/Anthoxanthum plant community was 68 (44
native, 24 exotic)(Table 4.4). Plant cover was greatest in the Rosa/Anthoxanthum
community (61.6%) but, native plants were only 31% of the total plant cover. Six
native species occurred exclusively in Rosa/Anthoxanthum community plots during
1988, Apocynum androsaemifolium, Calochortus tolmiei, Sanicula bipinnatifida,
Barbarea orthoceras, Galium aparine, and Heterocodon rariflorum, while three
exotics were unique, Circium arvense, Geranium dissectum and Trifolium dubium.

Shrubs comprised ~18% of the total plant cover in the
Rosa/Anthoxanthum community; R. nutkana was the predominant woody plant
species (Table 4.4). Graminoids comprised 68% of the total live plant cover, but
only ~2% of graminoid cover was native species. Danthonia californica was the
only common native graminoids present while Anthoxanthum odoratum (41%
cover) was the dominant exotic graminoid and Holcus lanatus a common exotic
graminoid. Forbs comprised ~14% of the total live plant cover in 1988; only 17%

of forb cover was from native species.

Vaccinium community

Species richness of the Vaccinium community was 52 (39 native, 13 exotic)
during 1988 sampling (Table 4.4). Plant cover was 41% composed predominantly

of native species. The Vaccinium community and RP Deschampsia communities
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shared 40 species, but the Vaccinium community contained 11 plant species not
observed in the adjacent RP Deschampsia community. Numerous terrestrial
lichens (Cladonia spp.) occurred within the Vaccinium community, but they also
occurred to a lesser extent and outside of study plots in the Rosa/Anthoxanthum
community. Native species unique to the Vaccinium community included Quercus
garryana, Vaccinium caespitosum and Wyethia angustifolia; no exotics were uniquely
found in this community. |

Vaccinium had the highest total and proportional shrub cover (14.4 and
36%, respectively) and forb cover (10.6 and 27%), and the lowest total and
proportional graminoid cover (14.8 and 37%) relative to other plant communities
(Table 4.4). Vaccinium caespitosum was the dominant shrub present, and R.
nutkana was a common shrub species in this community. Dominant native
graminoids included Deschampsia cespitosa and Panicum occidentale while
common native graminoids included Carex rossii, Danthonia californica, and Juncus
nevadensis. The dominant exotic graminoid was Anthoxanthum odoratum, while
common exotic graminoids were Agrostis tenuis, Holcus lanatus, and Juncus
bufonius. There were 16 common native forbs included Comandra umbellata, a
root parasite that appeared to be parasitizing V. caespitosum. Total cover of
exotic perennial forbs was relatively high in this community (5%), approaching
that of the Rosa/Anfhoxanthum community. Common exotic forbs were
Hypericum perforatuin, Hypochaeris radicata, Leontodon nudicaulis, and Plantago

lanceolata.
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Fisher Butte

Forty-three native and 22 exotic plant species were present in both plant
communities at Fisher Butte (Table 4.4). Total live plant cover was lower in the
Deschampsia cespitosa-Danthonia californica community (33.1) than the
Rosa/Juncus community (43.4). The proportioﬁal cover of natives was high in
both communities (87% and 88%, respectively), native and exotic graminoid and
forb cover were similar, but Rosa/Juncus had a much greater cover of native trees

and shrubs.

FB Deschampsia community

Species richness of the Deschampsia community was 84 (53 native and 31
exotics) in 1988 plots (Table 4.4). No native species were exclusive to the
Deschampsia community, but three exotic species, Rosa eglanteria, Hypochaeris
glabra, and Lathyrus sphaericus, were found only in that community.

Percent cover of shrubs and trees was low during 1988 (1.7% cover); R.
nutkana was the most common shrub. Graminoids constituted 73% and forbs
22% of the total plant cover. Dominant native grasses included Deschampsia
cespitosa and Danthonia californica. Common native graminoids were Juncus
nevadensis, Juncus tenuis, and Panicum occidentalis. Common exotic graminoids

included Agrostis tenuis, Anthoxanthum odoratum, Holcus lanatus, Briza minor and
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Juncus bufonius. Ten native and six exotic forbs were common in the

Deschampsia community.

Rosa/Juncus community

Species richness of the Rosa/Juncus community was 86 (61 native and 25
exotic)( Table 4.5). This community had the greatest number of species of all
communities sampled and the highest live plant cover (43.4) at Fisher Butte.
Nine native species, Rhus diversiloba, Alisma plantao-aquatica, Cardamine
penduliflora, Downingia yina, Montia linearis, Beckmania syzigachne, Carex leporina,
C. unilateralis, and Glyceria occidentalis, and two exotic species, Rumex crispus and
Anthemis cotula, were only found in the Rosa/Juncus community.

Shrubs, predominantly R. nutkana, and trees were ~11%, graminoids 64%,
and forbs 25% of the total plant cover in the Rosa/Juncus community. Dominant
native graminoids included Danthonia californica, Deschampsia cespitosa, and
Juncus nevadensis; common native graminoids were Agrostis exerata, Eleocharis
acicularis, and Juncus tenuis (Table 4.4). Common exotic graminoids included
Agrostis tenuis and Holcus lanatus. Twelve common native forbs and three exotic
common forbs, Hypericum perforatum, Mentha pulegium, and Centaurium

umbellatum, were encountered.
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Rare plant distributions

Although plant community sampling was not designed to document the
distributions of rare plant species, individuals of six rare species were occasionally
encountered (Table 4.2 and 4.4). Aster curtus was most abundant in the
Vaccinium community at Rose Prairie and was located in three other
communities. Calochortus uniflorus was sampled only in the FB Deschampsia
community at Fisher Butte (at less than 10% frequency); it was also found outside
of plots at Rose Prairie. Erigeron decumbens var. decumbens occurred only at the
Fisher Butte site and almost exclusively within the Deschampsia community.
Horkelia congesta occurred in all communities at both sites, but it occurred with
most abundance at Rose Prairie within the Vaccinium community. Lomatium
br‘adshawii occurred with most abundance at an intermediate moisture regime
between the moisture extremes of the Deschampsia and Rosa/Juncus
communities at Fisher Butte and was most abundant in the Vaccinium community
at Rose Prairie. Microcala quadrangularis was sampled at both sites but was most
abundant at Fisher Butte within the Deschampsia community.

The Deschampsia community at Fisher Butte contained more rare plant
species (6) than any of the other communities at either site (Table 4.2 and 4.4).
The Vaccinium community at Rose Prairie contained only three rare species, but
their cover and frequencies were relatively high. The Rosa/Deschampsia
community at Fisher Butte also contained three rare plant species, but their cover

and frequency were the lowest measured.
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Fire effects plant species frequency

Rose Prairie

RP Deschampsia plant community

In the unburned control treatments, the frequency of only one native,
Luzula campestris, increased significantly between 1988 and 1990, while the
frequency of two exotics, Hypochaeris radicata and Leontodon nudicaulis, increased
in the Deschampsia community (Table 4.7). Response to fire varied widely by
species. The increase in V. caespitosum was probably due to seedlings that
established in burned areas during 1989 and then disappeared by 1990. Agrostis
spp. frequency increased significantly in both burn treatments but not in control
treatments. Danthonia californica frequency increased in 50x50 ¢cm plots but
significantly decreased in the 12.5x12.5 cm plots in once burn treatments between
1988 and 1989. Frequency of Anthoxanthum ordoratum, Holcus lanatus, and
Leontodon nudicaulis decreased the first post fire year, 1989, and increased in
1990, regardless of whether a second burn was applied. Native graminoids, Juncus
tenuis and Panicum occidentale, increased significantly between 1988 and 1990 in
twice burned treatments. Between 1988 ahd 1989, Aira spp. and Juncus bufonius
increased in burn treatments, while between 1989 and 1990, J. bufonius declined

to preburn levels. A number of native forbs established and/or increased in one



Table 4.7. Species frequency by treatments in the RP Deschampsia community. Only species with at least 10% frequency
are presented. Data is presented for the 50*50 cm plot except where presented for nested plots. The 50*50 cm plot is
indicated with a 3, the 25*25 cm plot is indicated with a 2, and the 12.5%12.5 cm plot is indicated with a 1. Superscripted

letters indicate a significant (p = 0.1) difference between years within treatments. * Denotes exotic species.

CONTROL/UNBURNED ONCE BURNED TWICE BURNED
1988 1989 19% 1988 1989 1990 1988 1989 19%
MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE
SHRUBS
Rosa nutkana 6 4 9 5 10 5 1 1 3 3 3 2 7 4 7 S5 8 4
Vacciniumn caespitosum 0o 0 0 0 0 0 0 10 6 0 0 0 o 9% 1 0 0
GRAMINOIDS
Perennials
Agrostis tenuis*3 9 4 99 1 98 1 66° 11 93 7 91° 4 94 2 100° 0 100° 0
Agrostis tenuis*1 54 6 68 5 7 4 24 11 49 11 56 13 47 2 mos 79° 5
Anthoxanthum odoratum*3 86 9 94 1 100 © 99 1 92 4 99 1 100° o0 8* 3 9% 4
Anthoxanthum odoratum*1 47 8 48 6 53 5 60 8 38 7 61° 3 742 3 32> 4 56 2
Carex rossii o 0 0 0 o0 0 4 2 (U] (U] 0 0 0 o 0 0
Danthonia californica3 98 1 100 © 100 © 962 1 100° © 99 1 9% 2 9% 3 29 1
Danthonia californical 42 4 47 4 383 3 54 9 39 7 41 2 51 3b 33 4 38 7
Deschampsia cespitosa3 99 1 9 1 100 0 93 2 98 1 9% 1 93 2 98 1 97 0
Deschampsia cespitosal 57 8 49 8 50 8 62 8 57 8 63 3 53 3 48 4 48 2
Eleocharis acicularis 1 1 0 0 0 0 1 1 4 3 6 4 0 0 0 0 0 0
Holcus lanatus* 16 12 17 13 12 9 392 2 %° 3 412 2 18 6 12 2 19 2
Juncus nevadensis 6 4 13 10 16 9 24 12 32 1 29 11 27 15 48 13 48 11
Juncus tenuis 24 S 37 3 36 7 43 11 63 10 77 12 372 2 50 6 s 8
Luzula campestris 0 0 3’ 6 53 8 0 o0 19° 10 7?3 ® o 49° 7 61° 6
Panicum occidentale 23 8 31 15 30 13 16 3 17 2 22 4 43 5 66° 6 80° 3
Annuals
Aira spp.* 0 0 2 1 0 0 0 0 16° 4 29° 10 0 0 ® 0 10° 4
Briza minor* o 0 (U] 0 0 2 2 9 4 10 2 0 0 1 1 4 3
Juncus bufonius* 8 1 ® 0 ¢ 0 19 8 s0° 8 1?6 122 6 s 7 19 S
FORBS
Perennials
Aster chilensis v. hallii 14 7 21 14 23 10 1 1 (U] 7 1 7 2 9 3 10 4
Aster curtus 1 1 1 1 (U] 0 (U] 2 1 2 2 3 2 12 4

0zl



Table 4.7., Continued.

CONTROL/UNBURNED ONCE BURNED TWICE BURNED
1988 1989 19% 1988 1989 19% 1988 1989 19%

MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE
Brodiaea spp. 21 6 20 10 50 15 2 2 17 10 13 7 £ 3 26° 4 51° 9
Camassia quamash3 82 6 97 3 98 1 662 1 8% 6 83 3 69 12 % L) 97 2
Camassia quamash?2 54 6 69 8 64 38 2 a8° 3 51° 2 41* 14 54 7 81° 3
Eriophyllum lanatum 51 13 64 9 64 1 50 4 58 8 3 5 54 4 59 5 63 5
Eryngiumpetiolatum 0 0 1 1 1 1 6 4 1 6 21 9 1 1 3 2 32
Grindelia integrifolia 56 12 62 12 66 16 34 16 28 13 27 8 4* 3 45 2 53 2
Haplopappus racemosus 6 4 7 4 7 4 0 0 0 0 0 0 1 1 T 1 1 1
Horkelia congesta 7 2 7 4 6 4 0 0 0 0 0 0 1 1 1 1 1 1
Hypericum perforatum™* . 14 6 16 9 20 10 1 1 1 4 8 4 6 4 10 3 8 3
Hypocharis radicata*3 93 5 100 o0 100 O 61 1 53 9 96° 3 912 3 90* 0 100° 0
Hypocharis radicata*l 4* 1 7S 89° 6 162 10 13 7 69° 7 40° S 23 2 82° 1
Leontodon nudicaulis*3 74 4 84 10 9% 1 0 4 22 7 50° 6 712 5 40° 10 72 8
Leontodon nudicaulis*? 54 8 66 13 91° 4 31 S 19 7 39 2 49 6 17?6 47 3
Lomatium bradshawii 6 4 7 5 1 1 0 0 1 1 0 0 32 6 1 9 3
Lotus formosissinus 3 3 4 3 16 8 9 2 1 3 20 7 8 4 10 6 16 6
Microseris laciniata 49 12 74 11 61 9 16° 1 87° 2 8 26* 6 7 4 82" 3
Prunella vulgaris 8 5§ 14 9 21 15 12 12 1 13 12 12 2 14 5 13 5
Sisyrinchium angustifolivum 2 1 1 1 3 0 1 1 3 3 3 3 4 4 13 2 13 2
Veronica scutellata 0 0 0 0 2 1 0 0 0 0 22 0 0 0o 0 6 3
Zigadenus venosus 3 0 9 5 9 4 0 0 1 1 1 1 0o o 4 2 3 2

Annuals

Centaurium muhlenbergii 50 7 58 16 42 14 36 2 69° 4 50° 6 41 10 58 12 68 6
Centunculus minimus 29 21 30 25 33 22 18° 3 42® 4 49° 8 3 3 6 4 12 1
Epilobium paniculatun 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0
Gnaphalium palustre 0 0 1 1 1 1 0 0 4 2 8 2 0 0 6 3 1 1
Gratiola ebracteata 0 0 0 0 0 0 0 0 4 3 1 6 0 0 0o 0 1 1
Orthocarpus hispidus 0o 0 0o 0 0o 0 0o 0 1 1 7 7 2 2 2 2 9 7
Plagiobothrys figuratus 0 0 0 0 0o 0 22 9 9 11 1 0 0 0 0 0 0

4!
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or both burn treatments between years including the perennials Camassia
quamash, Brodiaea spp., Microseris laciniata, Veronica scutellata and Zigadenus
venosus, and the annuals Centaurium muhlenbergii, Centunculus minimus,

Gnaphalium palustre, and Gratiola ebrateata.

Rosa/Anthoxanthum plant community

No statistically significant changes in species frequency occurred between
years within the control treatment in the Rosa/ Anthoxanthum community (Table
4.8). Vaccinium caespitosum seedlings established in all treatments during 1989.
Frequency of an exotic annual, Aira caryophyllea, increased in all treatments;
changes were only significant in burn treatments. Percent frequency of another
exotic annual, Briza minor, increased with increasing frequency of burning. Juncus
bufonius declined in the control treatment; it increased following one burn in 1989
and decreased in both burn treatments in 1990. A similar pattern was also noted
in the RP Deschampsia community.

As noted for the RP Deschampsia community, Hypochaeris radicata
frequency also increased with burning in the Rosa/Anthoxanthum community
(Table 4.8). Perideridia oregana was the only native perennial with a significant
increase of frequency in fire treatments within the Rosa/Anthoxanthum
community; its frequency increased over nine-fold between 1988 and 1990. A
number of native perennials, annuals and biennials established (Aster halli,

Calochortus tolmiei, Camassia quamash, Comandra umbellata, Microseris laciniata,



Table 4.8. Species frequency by treatment in the Rosa/Anthoxanthum community. Only species with at least 10%
frequency are presented. Data are presented for the 50*50 cm plot except where presented for nested plots. The 50*50 cm
plot is indicated with a 3, the 25*25 cm is indicated with a 2, the 12.5*12.5 cm plot is indicated with a 1. Superscripted
letters indicate a significant (p = 0.1) difference between years within treatments. * Denotes exotic species. '

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1088 1989 1990 1088 1989 1990 1988 1989 1990
MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE

SHRUBS
Rosa nutkana 60 5 64 7 6 70 11 76 7 ” 7 10 73 10 76 10
Rubus spp.* 1 1 1 1 1 o 2 2 0 0 1 1 12 8 1 3
Vaccinium caespitosum 0 0 1 1 0 0 0 0 9 6 2 2 0? 0 11° 4 1 1

GRAIMOIDS

Perennials
Agrostis tenuis* 4 4 9 9 7 7 10 6 21 7 27 10 o* 0 & 1 * 2
Anthoxanthum odoratum*3 9 1 100 0 100 0 100 0 100 0 100 0 9 1 100 0 100 0
Anthoxanthum odoratum?* 1 98 1 100 0 100 0 99 1 100 0 ® 1 98 1 100 0 100 0
Carex rossii 1 1 0 0 0 0 7 7 9 6 8 5 9 3 19 5 20 7
Danthonia californica 23 19 30 28 42 23 21 15 22 12 2 13 26 10 2 1 32 5
Deschampsia cespitosa 1 1 12 9 2 2 2 2 3 3 4 3 0 0 19 19 1 1
Festuca arundinacea* 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Festuca rubra 0 0 0 0 0 0 2 2 4 4 3 3 0 0 0 0 2 2
Holcus lanatus*® 4 4 8 4 10 10 12 12 2 13 37 15 13 7 31 10 33 9
Juncus tenuis 1 1 1 1 0 0 3 3 2 2 1 1 0 0 0 0 0 0
Luzula campesiris 0 0 0 0 [ 0 0 0 8 4 2 2 0 0 3 3 1 1
Panicum occidentale 4 4 4 4 11 11 1 6 8 4 18 8 2 2 3 3 4 3
Poa spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 6 4 1
Annuals

Aira spp.* 0 0 4 4 6 6 8 8 2 9 34 23 0? 0 & 3 16 4
Briza minor* 10 7 4 4 9 9 10? 6 38 7 26 10 6 2 Kl 11 62 16
Juncus bufonius*® 13 12 0 0 0 0 1? 1 110 3 0? 0 0? 0 10° 7 2 1

FORBS

Perennials

Achillea millefolium 0 0 0 0 0 0 22 16 b2 18 36 21 2 2 2 2 6 4
Apocynum 0 0 0 0 0 0 16 16 23 23 27 27 0 0 0 0 0 0
androsaemifolium
Aster chilensis v. hallii 2 2 7 7 6 6 2 2 8 5 13 7 0 0 2 1 2 1
Brodiaea spp. 17 17 19 17 23 22 9 3 38 13 36 11 3 3 17 13 50 14
Calochortus tolmiei 3 2 0 0 0 0 0 0 0 0 1 1 0 0 1 1 10 6
Camassia quamash 7 7 9 9 7 7 3 3 3 3 9 9 0 0 0 0 2 2
Cirsium arvense® 20 14 17 17 7 7 0 0 1 1 0 0 7 7 4 3 1 1
Comandra umbellata 0 0 2 1 2 1 8 4 8 4 3 2 0 0 1 1 1 1
Eriophyllum lanatum 3 3 6 6 3 3 1 1 1 1 2 2 1 1 1 1 0 0

4!



Table 4.8., Continued.

Fragaria virginiana
Hypericum perforatum*3
Hypericum perforatum*1
Hypocharis radicata®
Leontodon nudicaulis*
Lotus formosissimus
Microseris laciniata
Perideridia oregana
Plantago lanceolata*3
Plantago lanceolara*2
Porentilla gracilis
Prunella vuligaris
Rumex acetosclia®
Sisyrinchium angustifolium
Veronica spp.*
Viola adunca
Annuals/Biennials
Centaurium muhlenbergii
Centaurium umbellatum®
Centunculus minimus
Cirsium vulgare®
Daucus carota®
Epilobium paniculatum
Galium parisiense *
Geranium dissectum*
Gnaphalium purpureum
Heterocodon rariflorum
Hypocharis glabra*
Lotus micranthus
Lotus purshiana
Madia sativa
Myosotis discolor
Orthocarpus hispidus
Parentucellia viscosa*
Senecio jacobaea*
Sherardia arvensis*
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0 0 0 0
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0 0 0 0
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Gnaphalium purpureum) and/or increased significantly between years in one or
both burn treatments (Centaurium muhlenbergii, Epilobium paniculatum, Lotus
micranthus, and L. purshiana), while exotic perennials and annuals also
established (Cirsium arvense, Daucus carota) and/or increased (Myosotis discolor

and Parentucellia viscosa) in burned areas.

Vaccinium plant community

The frequency of Eriophyllum lanatum, Hypericum perforatum, Leontondon
nudicaulis, Centaurium muhlenbergii and Centunculus minimus significantly
increased in control treatments in the Vaccinium community while their
frequencies remained statistically unchanged in burn treatments (Table 4.9).
Frequency of seedling Rubus spp. significantly increased in the twice burned
treatment between 1988 and 1990 with a similar trend in control and once burned
treatments. The frequency of Agrostis tenuis increased in 1989 following burning
and then declined in 1990 in both burn treatments. Between 1989 and 1990, there
was a significant decline in Juncus nevadensis frequency in once burned
treatments, while J. tenuis declined in twice burned treatments. Panicum
occidentale frequency significantly increased in all treatments. Juncus bufonius
significantly declined following burning. The frequency of Brodiaea spp.
significantly increased in all treatments, although changes were greatest within
burn treatments. Hypochaeris radicata increased in 25x25 c¢cm plots in once burned

treatments. Frequency of Sisyrinchium angustifolium tended to increase 1n all



Table 4.9. Species frequency separated by treatment in the Vaccinium community. Only species with at least 10%
frequency are presented. Data are presented for the 50*50 plot except where presented for nested plots. The 50*50 cm plot
is indicated with a 3, the 25*25 cm is indicated with a 2, and the 12.5*12.5 ¢cm plot is indicated with a 1. Superscrlpted
letters indicate a significant (p = 0.1) difference between years within treatments. * Denotes exotic species.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 19% 1088 1989 199 1988 198 1990
MEAN SE  MEAN  SE MEAN SE MEAN SE MEAN SE MEAN SE | MBEAN SE MEAN SE  MEAN SE
TREES
Crataegus douglasii 1 1 1 1 ! i 1 0 0 0 0 1 1 1 1 4 3 2 2
SHRUBS
Rosa nutkana 11 3 12 2 10 4 33 2 36 1 36 4 26 3 27 2 30 4
Rubusspp.* 0 0 1 1 2 1 3 2 2 1 7 4 i 0 3 2 6’ 2
Vaccinium caespiosum 3 5 8 5 78 6 64 7 64 6 67 7 63 7 63 8 63 7
GRAMINOIDS
Perennials
Agrostis tenuis*3 7 3 0 4 m 3 587 6 i 5 74 8 72 9 88 4 9% 5
Agrostis tenuis*2 43 3 54 12 59 3 37 7 50 2 50 2 sA 4 8ob 8 i 9
Anthoxanthum odoratum*3 91 4 98 2 Y 11 9 1 98 1 94 4 9 1 96 3 98 1
Anthoxanthum odoratum?*2 47 4 n 4 58 14 58 6 58 5 67 2 63 5 48 4 62 8
Carex rossti 29 8 46 13 44 11 32 14 47 5 30 12 38 9 43 5 50 12
Danthoniacalifornica3 76 10 83 7 91 6 62 3 60 4 59 10 86 14 T 14 67 19
Danthonia californica2 48 15 54 10 62 9 37 4 39 9 31 8 56 16 43 11 42 16
Deschampsia cespitosal 71 8 77 8 82 9 70 12 n 13 67 10 91 5 89 3 88 9
Deschampsia cespitosa? 41 s 40 6 41 8 52 15 43 7 43 10 67 6 68 6 ® 9
Holcus lanauus* 0 0 1 1 0 0 0 0 6 3 3 3 2 2 6 3 6 3
Juncus nevadensis 3 3 0 0 2 t 41 3 47 2 330 4 10 5 18 7 14 6
Juncus wenuis 0 0 0 0 7 7 7 0 9 3 6 2 7 2 13¢ 3 3 2
Luzula campestris o? 0 2 2 340 16 o? 0 38 6 16 10 o? 0 49° 6 50° 13
Panicum accidentale3 747 4 86? 2 88? 2 817 3 o8? 1 100° 0 6 5 93° 5 9%? 2
Panicum occidentale! 38 8 47 2 56 5 40? 8 82 2 728 6 ¢ 3 700 7 ne s
Annuals
Aira spp.* 0 0 1 1 0 0 1 1 9 4 7 7 ] ] 6 3 4 1
Briza minor* 7 2 10 2 7 3 14 8 19 10 22 6 7 5 16 4 % 9
Juncus (annual)* 0 0 4 3 1 1 10 2 23 10 7 4 4 4 8 8 2 2
Juncus bufonius* 3 0 3 0 1 1 a3 1 47 10 100 5 19 6 487 19 & 5

9c1



Table 4.9., Continued.

FORBS

Perennials
Achillea millefolium
Aster chilensis v. hallii
Aster curtus
Brodiaea spp.
Carnassia quamash
Comandra umbellata
Eriophyllum lanatum
Fragaria virginiana
Grindelia integrifolia
Haplopappus racemosus
Horkelia congesta
Hypericum perforatum*
Hypocharis radicata*3
Hypocharis radicata*2
Leontodon nudicaulis*
Lomatium bradshawii
Lotus formosissimus
Microseris laciniata
Plantago lanceolata*
Prunelia vulgaris
Sisyrinchium angustifolium
Viola adunca
Wyethia angustifolia

Annuals/Biennials
Centauriurm muhlenbergii
Centunculus minimus
Cirsium vulgare*
Gnaphalium palustre
Gnaphaliym purpureumn
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treatments from 1988 to 1989 and to decline from 1989 to 1990, although only the
increases between 1988 and 1989 for control and once burned treatments were

significant.
Fisher Butte

FB Deschampsia plant community

The frequency of only three exotic species, Leontodon nudicaulus,
Centaurium umbellatum, and Daucus carota, significantly increased between 1988
and 1990 in the control treatment in this community; (Table 4.10). Agrostis spp.
frequency remained unchanged through time in control plots and increased in
burn treatments, although changes were only significant between 1988 and 1989 in
once burned treatments. The frequency of D. cespitosa remained unchanged
following one burn but significantly increased in 1990 with both burn treatments.
Similar to results in the RP Deschampsia community, frequency of D. californica
decreased the first postfire year following one burn. Frequency of D. californica
remained lower into 1990 in both burn treatments in the FB Deschampsia
community. The frequency of Holcus lanatus increased significantly between 1988
and 1990 in burn treatments. In burn treatments, there was a general trend of
decrease between 1988  and 1989 followed by a significant increase between 1989
and 1990 for two exotics, Hypochaeris radicata and Leontodon nudicaulis, and one

native, Madia glomerata.



Table 4.10. Treatment effects on species frequency in the FB Deschampsia community. Only species with at least 10%
frequency are presented. Data are presented for the 50*50 plot except where presented for nested plots. The 50*50 c¢m plot
is indicated with a 3, the 25*25 c¢m is indicated with a 2, and the 12.5*12.5 cm plot is indicated with a 1. Superscripted
letters indicate a significant (p = 0.1) difference between years within treatments. * Denotes exotic species.

CONTROL/NO BURN ONCE BURNED » TWICE BURNED
1988 1989 1990 1988 1989 19% 1988 1989 199
MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE
TREES
Crataegus douglasii 1 1 3 0 2 1 1 1 1 1 0o 0 2 2 2 2 4 2
Fraxinus latifolia 0 0 0 0 0o 0 1 1 0 0 0 0 0 0 0 0 0 0
SHRUBS
Rosa nutkana 6 1 10 2 8 1 7 2 11 1 12 2 2 1 29 1 30 1
Rubus discolor* 1 1 2 1 3 3 0 0 0 0 1 1 1 1 0 0 0 0
GRAMINOIDS
Perennials
Agrostis exarata 0 0 0 0 0 0 0 0 0o 0 0 0 0 0 0 0 0o 0
Agrostis spp. 62 15 58 9 63 10 52 5 78 6 90° M 9 63 8 49
Anthoxanthum odoratum* 16 3 18 4 30 8 41 15 37 13 46 15 26 16 20 12 3 17
Danthonia californica3 100 0 100 0 100 0 100 O 99 1 97 1 100 O 99 1 99 1
Darthonia californical 91 1 91 4 9 2 88* 2 52° s 5® 7 7”6 42° 6 47° 8
Deschampsia cespitosa3 9 4 9 1 100 0 94 2 97 1 9%/ 2 98 2 100 0 97 0
Deschampsia cespitosal 51 17 53 12 54 8 40° 3 40* 3 5° 6 62° 4 547 2 74 3
Holcus lanatus* 64 17 64 18 8 9 67 11 70* 6 9%° 4 78 4 58 1 92 3
Juncus nevadensis 2 1 1 1 0o 0 0 0 0 0 0 o0 9 1 18 2 19 3
Juncus tenuis 12 5 9 6 8 74 13 4 4> s 131 2771 46° 3 38 4
Luzula campestris 0 0 11 0 0 0 0 27 6 200 5 4 2 11 11
Panicum occidentale 0 0 0 0 0 0 0 0 0 0 1 1 0 o0 0 0 1 1
Poa compressa* 0 0 0 0 2 1 0 0 0 0 1 1 0 0 9 4 1 5
Poa spp.* 0 0 1 1 0 0 0o 0 0o 0 0 0 8 4 0 0 0o 0
Annuals
Aira carvophyllea* 0 0o 0 0 0 0o o 0 0 0 0 0 0 0 0 0o 0
Briza minor* 1 1 0 0 0 0 0o 0 1 1 8 3 1 1 3 2 10 1
Bromus mollis* 1 1 3 3 1 1 22 11 0o 0 2 1 1 1 3 2 —
Juncus bufonius* 21 21 0 0 0 0 1 1 3 0 2 2 0 0 1 1 22 @



Table 4.10., Continued.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 1990 1988 1989 199 1988 1989 199
MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN
FORBS
Perennials

Allium amplectens 0 o 0 o 0 o 0 0 1 1 1 1 0 o 0 o0 2
Aster chilensis v. hallii 383 9 37 10 47 10 41 9 40 10 67 10 63 5 67 .5 83°
Brodiaea spp. 0o o 0 0 0 0 6 3 9 4 14 7 6 3 4 2 18
Camassia quamash 0 o 0 o 0 o 6 3 4 2 4 2 1 1 0 o 4
Epilobium glandulosum 0 o 0 o 0 o (] 0 0 2 1 0 0 0 o0 1
Epilobium watsonii 32 0 o 0 o 3?2 KU | ® o 0 0 3 1 0
Erigeron decumbens 0 0 202 1 1 4 1 3 0 7 2 9 4 14 4 20
Eriophyllum lanatum 31 9 34 8 42 8 48 8 4 6 53 8 61 2 53 2 68
Galium wifidum 54 22 51 23 48 25 1 4 12 2 18 2 10 2 3 1 7
Grindelia integrifolia 63 16 68 10 77 10 39 14 32 12 37 13 3% 9 30 2 41
Hypericum perforatum* 43 6 440 2 47 2 47 8 72 6 64 8 312 4 b3 84®
Hypocharis radicata* 11 4 23 10 47 15 23 S 1 2 80 4 212 3 112 3 61°
Leontodon nudicaulis* 775 83 8 98> 2 63" 3 24° 7 63* 6 68 4 36 4 60°
Lotus formsissimus 16 14 17 12 17 1 43 6 46 6 43 7 27 1 33 8 44
Mentha pulegium* 0 o 0 0 0 0 0o o0 202 4 2 0 0 1 1 1
Microseris laciniata 8 1 12 5 6 2 20 3 9 38 8 30 6 60° 6 73
Penderidia oregana 0 0 0 o0 0 0 0 0 2 2 0 0 2 2 2 2 4
Plantago lanceolata* 41 8 4 3 51 5 24 7 13 6 18 5 9 3 2 1 6
Potentilla gracilis 0 0 (V] (V] o 0 0 0 o 0 (V] 0 0 1
Prunella vulgaris 716 16 64 9 49 8 51 9 80 7 46" 6 46 4 76°
Ranunculus occidentalis 0 o 9 5 1 1 1 1 3 1 1 1 3 1 1 1 1
Ranunculus orthorhvnchus 6 6 1 1 0 0 0o o 3 0 0o 0 0 0 0 o 0
Ranunculus spp. 4 4 0 o 0 o 0 0 0 o 0o 0 0 o 0 o0 0
Rumex acetosella* 0 o 0 o 0 o 1 1 0 o (V] 0 o 7 4 9
Sisyrinchium angustifolium 68 12 68 6 7 38 13 51 14 40 12 39 2 200 14 56°
Veronica scutellata 22 2 2 0 o 0 0 0 o 1 1 0 o 0 o0 6
Zigadenus venosus (U 0 o 0 o 0 0 0 o0 0 0 o 0 o0 0
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Table 4.10., Continued.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 1990 1988 1989 199 1988 1989
MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE
Annuals/Biennials
Bidens frondosa 0 0 0 0 0 0 0 0 1 1 9 2 0 0 0 0
Centaurium muhlenbergii 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1
Centaurium umbellatum* 38 9 42 7 71° 10 70* 3 775 88® 2 522 2 40* 15
Cirsium vulgare* 22 0 0 0 0 0 0 22 0 0 0 0 0 o
Daucus caroa* 1223 18 8 5% 7 3 02 4 8 S 0 o 0 0
Epilobium paniculatun 8 S 13 4 7 2 72 10 1 18 1 1 1 21
Galium parisiense* 0 0 0 0 1 1 0 0 0 0 2 1 0 0 0 o
Gnaphalium palustre 0o o 0 o 0 o 0 0 8 3 3 2 1?1 19 2
Gnaphalium purpureum 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 o
Lathyrus sphaericus 0 0 0 0 0 0 3 1 22 4 2 0 0 0 o
Lotus purshiana 22 1 1 0 0 2 1 4 2 9 3 1 1 0 0
Madia glomerata 72015 76 11 8 9 56° 7 21 1 60 8 69" 6 18 3
Microcala quadrangularis 22 0 0 0 0 3 1 1 1 10 3 1 1 1 1
Muyosotis discolor 1 1 0 0 0 0 202 6 3 1 1 1 1 3 1
Myosotis laxa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Orthocarpus bracteosus 0 0 0 0 0 -0 0 0 0 0 0 0 1 1 0 0
Orthocarpus hispidus 4 3 6 3 2 1 0 o0 1 1 1 1 22 6 3
Parentucellia viscosa I | 11 1 1 1?1 o 0 36° 7 1* 1 1?1
Plagiobothrys figuratus 0 0 0 0 0 0 1 1 3 2 22 0 0 2 1
Polygonum douglasii 0 0 1 1 0 0 6 2 4 1 4 1 1 1 0 o
Senecio jacobaea* 115 1 1 17 2 6 2 3 1 0 0 0 0 0 0
Vicia tetrasperma* 0 0 0 0 0 0 125 0 0 0 0 0 0 0 0
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A number of species established in burned areas between 1988 and 1990
including Panicum occidentale, Allium amplectans, Mentha pulegium, Perideridia
oregana, Potentilla gracilis, Rumex acetosella, Ortliocarpus hispidus, and
Plagiobothrys figuratus. The frequency of a number of native perennial (Aster
chilensis, Microseris laciniata, Prunella vulgaris, Sisyrinchium angustifolium), native
annual (Gnaphalium palustre), exotic perennial (Hypericum perforatum), and exotic
annual /biennial (Centaurium umbellatum and Parentucellia viscosa) species

increased significantly in one or both burn treatments between years (Table 4.10).

Rosa/Juncus plant community

In the control transects of the Rosa/Juncus community, frequency of Madia
glomerata and Polygonum douglasii significantly increased between 1988 and 1990.
Also in the control, Agrostis spp. and Microseris laciniata frequencies decreased
between 1988 and 1989 and then increased in 1990 (Table 4.11).

Fraxinus latifolia seedlings and saplings were eliminated from burn
treatments. Agrostis exerata increased in burn treatments, although results were
only significant in twice burned treatments. Frequency of Danthonia californica
decreased following one burn and remained depressed in both burn treatments in
1990. Species that established in burned areas between 1988 and 1990 included
exotics, Leontodon nudicaulis and Sonchus asper, and natives, Perideridia oregana
and Myosotis laxa. The frequency of a number of native perennial (Aster chilensis,

Brodiaea spp., Camassia quamash, Cardamine pendulifiora, Microseris laciniata,



Table 4.11. Species frequency separated by treatments in the Rosa/Juncus community. Only species with at least 10%
frequency are presented. Data are presented for the 50*50 cm plot excepted where presented for nested plots. The 50*50
cm plot is indicated with a 3, the 25*25 cm plot is indicated with a 2, and the 12.5*12.5 c¢m plots is indicated with a 1.
Superscripted letters ndicate a significant (p = 0.1) difference between years within treatments. * Denotes exotic species.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
198 1989 1990 1988 18 19% 1988 18 1990
MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE MEAN SE
TREES
Fravinus latifolia 4 0 0 ¢ 0 0 1 4 0 0 0 0 2 1 0 0 0 0
Pyrus communis* 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
SHRUBS
Rosa nutkana 24 10 24 9 27 7 87 4 83 S 92 2 77 1 81 10 81 12
Rubus discolor* 0 0 1 1 2 1 o® 0 30 1 3 1 0 0 0 0
GRAMINOIDS
Perennials
Agrostis exarata 2 9 39 10 12 38 3 54 6 61 9 30 3 610 10 660 1
Agrostis spp. 27 3 @ 2 307 12 19 5 27 6 43 12 10 5 9 3 23 7
Carex spp. 4 2 4 2 3 3 12 4 12 4 14 5 21 6 19 5 13 5
Danthonia californica3 96 3 % 1 % 1 87 7 40® 2 540 3 &7 6 520 1 510 4
Danthonia californical 84 5 88 3 8 4 749 4 2P 5 3n® 4 67* 7 38? 5 310 3
Deschampsia cespitosa3 82 5 91 6 92 3 67 3 64 4 72 4 8 5 ™ 3 ” 3
Deschampsia cespitosa2 56 9 63 10 0 11 44 4 38 3 41 3 4 6 47 4 49 5
Eleocharis acicularis 64 15 68 15 67 17 8 4 6 3 14 7 0 0 1 1 0 0
Festuca arundinacea 6 4 6 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0
Festuca rubra 0 0 3 2 0 0 0 0 0 0 1 1 0 0 3 2 3 2
Holcus lanatus* 96 3 92 4 97 3 72 6 & 8 80 7 38 10 3 12 42 14
Juncus nevadensis [ 11 3 15 & 16 20 2 96 3 93 5 67 14 [ 13 & 13
Juncus tenuis 4 2 2 2 6 1 13 3 7 1 6 2 21 8 13 4 18 5
Panicum occidenale 0 0 0 0 0 0 0¢ 0 6 3 13° 1 0 0 0 0 0 0
Poa compressa* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 4 3
Poa spp.* 0 0 1 1 0 0 0 0 3 1 0 0 6 4 rd 2 o® 0
Annuals
Beckmannia syzigachne* 3 2 1 1 0 0 10 6 13 5 6 4 0 0 20 7 12 5
Briza minor* 2 1 2 2 3 2 7 4 7 3 9 3 0 0 0 0 1 1
Bromus mollis* 0 0 0 0 0 0 0 0 0 0 0 0 8 5 9 6 17 12
Festuca myuros* 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0
Juncus bufonius* 0 0 1 1 0 0 i 1 1 1 0 0 0 0 0 0 0 0
FORBS
Perennials
Allium amplecrens 0 0 0 0 0 0 4 3 9 4 7 4 1 1 0 0 2 2
Aster chilensis v. hallii 10 10 10 8 13 8 187 4 13 4 40? 5 2 6 2 5 46 7

eel



Table 4.11., Continued.

Brodiaea spp.

Camassia quamash
Cardamine penduliflora
Epitobivmn glandulosutn
Epilobium watsonii
Eriophyllur lanatim
Eryngium petiolaturn
Galium trifidum
Grindelia integrifolia
Hypericum perforatum*
Hypocharis radicata*
Leontodon nudicaulis*
Lorus formosissimus
Mentha pulegium®*
Microseris laciniata
Perideridia oregana
Portentilia gracilis
Prunelia vuigaris
Rumex crispus*
Sisyrinchium angustifolitan
Spiranthes romanzoffiana
Veronica seutellata

Annuals/Biennials

Bidens frondosa
Boisduvalia densiflora
Centaurium muhlenbergii
Centauritun umbeliatim*
Centunculus minimus
Daucus carota*
Epilobitan panicularin
Galium parisiense*
Gnaphalium palustre
Gratiola ebracteata
Madia glomerata
Microsteris gracilis
Myosotis laxa
Orthocarpus hispidus
Parenwucellia viscosa*
Piagiobothrys figuratus
Polygonum douglasii
Senecio jacobaea*
Sonchus asper*
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Veronica scutellata), native annual (Epilobium paniculatum, Microsteris gracilis, and
Plagiobothrys figuratus), and exotic perennial (Hypochaeris radicata and Mentha
pulegium) forbs increased significantly between years in one or both burn
treatments. Frequency of Microseris laciniata increased in both control and once
burn treatments. Madia glomerata and Polygonum douglasii frequency increased in
the control treatment over time while its frequency declined following one burn

event (Table 4.11).

Fire effects on cover of plant species

Rose Prairie

RP Deschampsia plant community

Significant changes in the cover of bare ground and species occurred
between years within all treatments in the Deschampsia community at Rose
Prairie (Table 4.12). In both burn treatments, bare ground increased from 3-6%
to ~50% of the sampled area between 1988 and 1989. Bare ground decreased to
26% of once burned and 38% of twice burned areas between 1989 and 1990.
Bare ground also significantly increased in control treatments between 1988 and
1990, but the magnitude of the change was only from S to 11% bare ground. The

cover of Agrostis tenuis increased significantly across all treatments between 1988



Table 4.12. Treatment effects on species cover within the RP Deschampsia plant community. Only species with at least 1%

cover along any sampled transect and where cover values were determined for every year are presented. Superscripted
letters indicate a significant (p = 0.1) difference between years within treatments. *Denotes exotic species.

BARE GROUND

SHRUBS

Rosa rutkana

GRAMINOIDS
Perennials

Agrostis tenuis*
Anthoxanthum odoratum*
Danthonia californica
Deschampsia cespitosa
Juncus tenuis

Panicum occiderntale

CONTROL/NO BURN

1988 1989 1990
MEAN SE MEAN SE MEAN
522 10 46* 10 10.7°
03 03 03 03 04
20° 07 54 11 9.0°
15 06 1.5 01 22
27* 04 24 03 1.6°
70 08 44 06 59
00 00 00 0.0 0.0
06 03 10 06 13

21

04

1.7

03

0.1

0.8

0.0

0.7

ONCE BURNED
1988 1989 1990

MEAN SE MEAN

|57

MEAN

1988

MEAN SE MEAN

312 07 476° 19 26.4°

0.0 0.0 00 0.0 1.0
1.7 09 59° 07 8.5°
3.0 06 1.7 04 26
40 0.7 39 06 4.1
142* 33 6.7 00 13.8°
01* 0.0 0.8° 03 06°
01 01 02 02 0.0

1.7

1.0

0.9

08

1.0

1.6

0.2

0.0

55

0.1

2.3

29

3.6°

8.8

0.0?

0.4

0.2

0.7

02

03

1.1

0.0

TWICE BURNED

1989 1990
SE MEAN SE MEAN SE
03 506 25 38.2
0.1 01 01 0.2
0.5 54° 04 10.3°
0.2 04° 0.1 1.0°
03 21° 02 29
0.9 45° 02 10.6*
0.0 03 0.1 0.3°
02 04 03 0.6

04

o¢l
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and 1990. In twice burned treatments, Anthoxanthum odoratum cover significantly
decreased the first year following the 1988 burn then significantly increased
between 1989 and 1990 following a second burn, although by 1990 cover remained
significantly below 1988 levels. In burn treatments, Deschampsia cespitosa cover
declined significantly (~50%) the first year following the 1988 burn event, but
returned to preburn levels in 1990 for both burn treatments. Juncus tenuis cover
increased significantly in both burn treatments between 1988 and 1990, although

cover values were extremely low.

Rosa/Anthoxanthum plant community

Few significant changes in species cover were measured between years for
treatments in the Rosa/Anthoxanthum plant community (Table 4.13). In both
burn treatments, bare ground increased from less than 1% to 4-6% between 1988
and 1989, then remained unchanged between 1989 and 1990. Cover of Agrostis
tenuis and Hypericum perforatum increased significantly between 1989 and 1990 in

twice burned treatments.

Vaccinium plant community

Bare ground increased significantly from 9 to 19% and from 7 to 28% in
the Vaccinium community burn treatments between 1988 and 1989, then declined

significantly to 11% in the once burned treatment and remained unchanged in the



Table 4.13. Treatment effects on species cover within the Rosa/Anthoxanthum plant community. Only species with at least
1% cover along any sampled transect and where cover values were determined for every year are presented. Superscripted
letters indicate a significant (p = 0.1) difference between years within treatments. * denotes exotic species.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 1990 1988 1989 1990 1988 1989 1990
MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE]| MEAN SE MEAN SE MEAN SE
BARE GROUND 04 03 04 02 18 11 05* 03 39° 03 27 06 09* 03 57 11 8.3° 15
TREES
Crataegus douglasii 00 00 04 04 03 03 0.0 00 0.0 00 00 0.0 0.0 00 00 00 0.0 0.0
SHRUBS
Rosa eglanteria* 00 00 0.1 0.1 03 02 0.0 0.0 03 03 02 02 00 00 13 13 04 04
Rosa nutkana 142 438 76 3.2 106 3.5 11.0 22 89 14 92 04 75 30 58 03 57 03
GRAMINOIDS
Perennials
Agrostis tenutis* 02 02 05 05 16 16 01 01 09 06 09 04 00* 0.0 03> 02 08> 04
Anthoxanthum odoratum* 43.7 17. 393 30 333 09 330 8.1 223 12 379 46 458 52 365 38 313 6.7
1
Danthonia californica 0.7 0.7 14 14 21 20 05 0S 04 04 03 0.2 0.1 01 02 01 04 0.2
Feswuca rubra 00 0.0 0.0 00 0.0 00 00 00 02 02 06 06 0.0 00 00 0.0 00 00
Holcus lanatus* 00 0.0 00 00 0.0 00 03 03 06 05 01 01 0.0 00 04 03 02 01
Panicum occidentale 03 03 03 03 04 04 02 02 03 03 04 04 0.1 0.1 0.0 00 02 02
FORBS
Perennials
Apocynum androsaemifolium 00 00 0.0 00 00 0.0 12 12 22 22 27 27 0.0 0.0 00 00 00 00
Hypericum perforatum* 43 14 1.5 03 1.9 01 32° 11 40° 12 28 15 25 04 83° 16 152° 34
Rumex acetosella* 03 01 05 03 03 0.1 1.8 09 21 10 14 08 02 02 1.3 09 05 04
Annuals
Galium parisiense* 0.0 00 0.0 00 00 00 01 01 08 04 34 27 0.1 0.1 1.0 1.0 35 35
Madia sativa 0.0 0.0 0.0 00 00 00 04 04 12 12 03 03 0.0 0.0 00 0.0 00 00

8¢T
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twice burned treatment between 1989 and 1990 (Table 4.14). In once burned
treatments, V. caespitosum cover increased significantly from 13 to 24% from 1989
and 1990. Agrostis tenuis cover increased significantly between 1988 and 1990 in

both burn treatments.

Fisher Butte

FB Deschampsia plant community

Bare ground increased significantly from 6 to 31% and from 6 to 25%
between 1988 and 1989 in the burn treatments and then decreased significantly in
once burned treatments and remained unchanged in twice burned treatments
(Table 4.15). The cover of R. nutkana in twice burned treatments increased
significantly from <2% to >3% between 1988 and 1989 and decreased to preburn
levels between 1989 and 1990. Cover of Agrostis spp. increased significantly from
<1% in both burns to >8% in the once burned and >4% in the twice burned
between 1988 and 1990. Danthonia californica cover declined significantly in both
burn treatments between 1988 and 1990. Similar to results in the RP
Deschampsia community, D. cespitosa significantly decreased in 1989 but returned

to preburn levels in 1990 in both burn treatments.



Table 4.14. Treatment effects on species cover within the Vaccinium plant community. Only species with at 1% cover along
any sampled transect and where cover values were determined for every year are presented. Superscripted letters indicate a

significant (p = 0.1) difference between years within treatments. *denotes exotic species.

BARE GROUND

SHRUBS
Rosa nutkana
Vaccinium caespitosum

GRAMINOIDS
Perennials

Agrostis tenuis*
Anthoxanthum odoratum*
Carex rossii
Danthonia californica
Deschampsia cespitosa
Panicum occidentale

LICHENS
Cladonia spp.

4.9

CONTROL/NO BURN

0.1
18

0.6
0.4
0.0
1.0
20
1.0

4.7

1989 1990
MEAN SE

40 16 24

04 02 0.2

145 42 202

30 09 6.2

16 05 17

04 03 00

13 04 13

20 03 29

74 08 7.7

51 51 47

MEAN SE

2.1
0.7
0.0
0.5
0.5
1.1

4.7

1.0
18.0

1.22
29
0.0°
05
3.0
58

0.0

SE

21

0.3
38

0.3
1.0
0.0
0.0
1.5
0.4

0.0

1989

MEAN

19.3°

1.2
1322

3.0°
28
0.1°
04
1.1
6.2

0.0

ONCE BURNED

22

0.4
1.7

0.9
1.2
0.1
0.1
03
1.0

0.0

1990

MEAN

11.42

0.0

0.6
1.7

1.0
15
0.0
0.1
0.6
22

0.0

0.6

TWICE BURNED
1989
SE MEAN SE
1.0 282° 717
0.1 0.7 06
42 76 3.1
0.3 3P 12
0.1 15 02
0.1 022 0.1
0.5 12 06
04 24 03
1.2 35 04
0.6 00 00

1990

MEAN SE

17.0°

0.0

0.9
53

1.3
0.4
0.0
0.9
04
0.8

0.0

4!



Table 4.15. Treatment effects on species cover within the FB Deschampsia plant community. Only species with at least 1%

cover along any sampled transect and where cover values were determined for every year are presented Superscripted
letters indicate a significant (p = 0.1) difference between years within treatments. *denotes exotic species.

BARE GROUND
SHRUBS
Rosa nutkana
GRAMINOIDS
Perennials
Agrostis spp.*
Anthoxanthum odoratum*
Danthonia californica
Deschampsia cespitosa
Fesueca rubra
Holcus lanatus*
Juncus nevadensis
Panicum occidentale
Annuals
Briza minor*
FORBS
Perennials
Aster chilensis v. hallii
Grindelia integrifolia
Huypericum perforatum*
Microseris laciniata
Sisyrinchium angustifolium
Annuals
Centaurium umbellatum*
Madia glomerata

0.7

0.7
0.2
140
7.8
0.0
0.8
0.0
0.0

0.0

0.7
31
0.1?
0.0
0.6

0.1
15

CONTROL/NO BURN

SE

0.6

0.2

0.2
0.1
39
23
0.0
04
0.0
0.0

0.0

0.2
1.7
0.0
0.0
03

0.0
0.1

1989 1990
MEAN SE MEAN
1.5 05 12

10 03 0.3

10 0.1 0.8

04 02 11
134 26 11.7
70 18 8.9

0.0 00 0.0

1.0 04 12

0.0 00 0.0

00 00 0.0

00 00 0.0

1.1 03 0.8

14 05 14

012 00 0.2°

01 00 0.0

07 02 0.6

01 01 0.3

1.7 07 14

03

0.1

03
04
27
1.9
0.0
03
0.0
0.0

0.0

0.2
0.6
0.0
0.0
0.2

0.1
0.2

0.1

0.7
0.9
0.1
0.1?
0.3

0.5
0.7

ONCE BURNED

1989 1990 1988
SE MEAN SE MEAN SE| MFAN
22 313° 32 169° 27 6.2
05 17 09 14 08 1.82
0.3 46° 13 87 29 0.3
0.2 04 0.1 06 02 0.2
22 33® 04 6.1° 06 11.22
12 322 07 78 19 12.0°
0.0 01 0.1 03 02 0.0
03 15 04 36 1.0 15
0.1 04 02 0.2 0.1 0.1
1.1 08 05 22 14 0.0
0.1 09 05 1.7 08 0.0
0.2 16 04 1.0 02 0.6
0.6 02 0.1 06 02 15
0.0 01 00 01 0.1 0.12
0.1 05° 00 012 00 0.1
0.2 05 03 06 04 0.1
0.1 00° 0.0 165 03 0.2
0.3 02 01 08 04 1.0°

TWICE BURNED
1989
SE MEAN SE
07 249° 47
0.3 33 04
0.1 23 12
0.2 01 01
10 31° 0S5
08 7.0° 1.0
0.0 00 00
0.3 16 09
0.0 05 02
0.0 00 00
0.0 06 05
0.2 25 09
04 10 04
0.0 0.1* 00
0.1 15° 04
0.0 02 01
0.1 0.0° 00
0.3 0.0° 00

11

13
0.6°
0.4¢
0.2°

0.7
04?

4.1

04

23
0.2
0.7
11
0.0
0.8
0.2
0.1

14

03
04
0.2
01
0.0

03
0.2

54!
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Rosa/Juncus plant community

Bare ground increased significantly in all treatments between 1988 and
1989 in the Rosa/Juncus plant community (Table 4.16). The increase in controls
was only from 3% to 5%, but in once burned and twice burned treatments bare
ground increased from 6 to 27% and from 9 to 26%, respectively. Between 1989
and 1990, bare ground return to preburn levels in control and once burned
treatments while it remained elevated in twice burned treatments. Cover of R.
nutkana increased significantly between 1988 and 1989 and remained elevated in
1990 in both burn treatments. Agrostis exerata cover increased from <1% to >9%
between 1988 and 1990 in twice burned treatments. Cover of D. californica
declined from 11% to 1% and from 5% to <1% in once burned and twice burned
treatments between 1988 and 1989 and remained low in 1990 in both burn
treatments. Significant increases in Madia glomerata cover, from <1% to 11%,
were measured between 1988 and 1990 in controls; cover was unchanged in the

once burned and deceased significantly in the twice burned treatments.



Table 4.16. Treatment effects on species cover within the Rosa/Juncus plant community. Only species with at least 1%
cover along any sampled transect and where cover values were determined for every year are presented. Superscripted
letters indicate a significant (p = 0.1) difference between years within treatments. *denotes exotic species.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 1990 1988 1989 1990 1988 1989 1990
MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE
BARE GROUND 2.7% 01 49° 03 24 02 63 11 271° 52 95 19 89% 28 258° 25 258> 24
TREES
Crataegus douglasii 06 06 04 04 0.6 06 00 0.0 0.0 00 00 0.0 00 00 00 00 0.0 00
Pyrus fusca 00 00 0.0 0.0 0.0 00 13 13 0.0 0.0 0.0 00 00 00 00 0.0 0.0 00
SHRUBS
Rosa nutkana 17 02 16 03 14 03 34 06 100° 1.7 9.7° 16 62° 11 156° 23 113° 20
GRAMINOIDS
Perennials
Agrostis exarata 03 03 01 00 00 0.0 09 06 1.7 09 14 07 09 03 16 07 9.3 22
Agrostis spp.* 01 00 00 0.0 02 02 04 03 16 09 70 38 01 0.1 04 03 38 16
Carex spp. 02 02 00 0.0 00 0.0 01 0.1 0.0 00 00 00 05 03 05 03 04 03
Danthonia californica 71 21 64 2.1 58 1.6 10.5* 22 1.0° 0.2 24° 08 49° 08 08° 04 0.7° 02
Deschampsia cespitosa 145 48 11.0 22 111 31 24 06 11 04 34 07 63 12 40 10 56 07
Juncus nevadensis 172 03 36" 02 1.3* 02 104 10 152° 22 59° 09 72 26 118 52 56 29
Panicum occidentale 0.0 00 0.0 00 00 00 0.0° 0.0 00 00 0.6° 06 00 0.0 00 0.0 0.0 0.0
Annuals
Aira spp.* 0.0 00 00 0.0 00 0.0 0.0 00 00 00 09 09 00 0.0 00 0.0 0.0 00
FORBS
Perennials
Aster chilensis v. hallii 01 0.1 01 01 01 0.1 02 0.1 09 04 08 03 06> 02 17 07 2% 06
Grindelia integrifolia 00 0.0 0.0 0.0 00 0.0 1.0 06 04 03 12 06 71 32 30 13 44 19
Mentha pulegium* 23 08 41 13 63 2.0 09 04 03 01 25 11 0.7 05 09 05 31 26
Annuals
Gratiola ebracteata 0.0 00 00 0.0 00 00 00 00 00 0.0 00 0.0 01 0.1 04 04 00 00
Madia glomerata 08 04 3.5° 04 105° 2.1 19 12 02° 01 0.9° 03 19* 06 39° 17 0.3° 01

341
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Fire effects on frequency of plant forms, lifespans and origins

Rose Prairie

RP Deschampsia plant community

Relative frequency of total natives and exotics was unchanged in control
and once burned treatments, but the component parts that made up these totals
did change through the sampling period (Table 4.17). Exotic annual graminoids
dropped out of the control treatments by 1990. In once burned treatments,
relative frequency of exotic perennial graminoids decreased significantly from 24
to 18%. Amnnual native forbs increased significantly from 6 to 11% in the once
burned treatment.

In twice burned treatments, relative frequencies increased significantly for
all natives, from 60 to 70%, between 1988 and 1990. The relative frequency of
graminoids declined significantly, from 54 to 48%, while the relative frequency of
forbs increased significantly, from 45 to 51%, between 1989 and 1990. This
graminoid decline is attributed to a decrease in exotic perennials while the forb
increase is due to an increase in native perennials and a decline in exotic

perennials.



Table 4.17. Summary of species relative percent frequency by life form, lifespan, and origin for the Deschampsia plant
community at Rose Prairie. Superscripted letters indicate a significant difference (p = 0.1) between years within
treatments.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 1990 1988 1989 1990 1988 1989 1990

MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE

Total Native v 628 3.3 655 30 66.1 26 616 25 672 14 654 1.3 597 24 678° 08 700° 1.0

Total Exotic 372 33 345 30 339 26 384 25 28 14 6 13 40.3* 24 322° 08 30.0° 1.0
By Life Forms:

Trees 02 02 02 02 00 00 0.0 00 0.0 0.0 00 0.0 0.0 00 00 00 01 o1

Native 02 02 02 02 00 0.0 00 00 00 0.0 00 00 0.0 00 00 0.0 01 01

Exotic 0.0 00 0.0 00 0.0 00 0.0 00 00 00 00 00 0.0 00 00 0.0 00 0.0

Shrubs 0.7 03 07 04 08 04 0.1 0.1 13 06 04 01 0.7 04 12 04 08 02

Native 05 04 0.7 03 0.7 04 01 01 12 06 02 01 0.7 04 12 04 05 0.3

Exotic 0.1 0.1 01 0.1 01 01 00 00 0.1 0.1 02 02 00 00 0.0 0.0 02 01

Graminoids 443 26 440 34 428 36 581 38 529 27 490 23 5347 23 536% 18 48.0° 05

Total Native 248 10 260 09 262 15 321 22 284 16 269 25 30.% 04 33.0° 06 308 1.1

Total Exotic 195 25 180 27 167 22 259 24 245 1.1 221 03 2312 22 206 12 172° 1.0

Perennials 435 26 435 34 428 36 557 30 465 23 451 32 520° 1.7 49.1% 13 45.7° 07

Native 248 10 260 0.9 262 15 321 22 284 16 2%69 25 303 04 330° 06 308 1.1

Exotic 187 25 175 26 167 22 2352 13 182> 08 18.3° 08 217 15 16.1° 0.7 149° 04

Annuals 08 0.1 05° 0.1 0.0° 0.0 24° 11 6.3° 06 38 10 14 08 45° 06 23" 06

Native 0.0 00 0.0 00 00 0.0 0.0 00 00 0.0 00 00 0.0 00 0.0 00 0.0 00

Exotic 0.8 0.1 0.5* 0.1 0.0° 0.0 24% 1.1 63° 06 38" 10 142 08 45° 06 23" 06

Forbs 549 26 551 3.1 564 3.3 418 38 459 33 506 24 46.0° - 2.5 452* 14 512° 03

Total Native 372 33 386 34 392 38 293 37 377 32 383 28 2887 28 336° 1.0 385° 09

Total Exotic 177 0.7 165 04 172 06 12.5% 04 82° 11 123% 09 17.2* 05 11.6° 07 126° 05

Perennials 474 04 482 1.1 506 16 352 38 339 37 396 29 413 18 394 08 448 02

Native 298 1.1 319 16 336 20 229 36 263 32 274 30 241 22 278 0.7 321° 08

Exotic 177 07 163 05 171 06 1232 03 75 1.1 1222 10 17.2° 05 116° 07 126° 05

Annuals 74 23 69 27 57 23 6.6° 03 120° 12 110° 11 47 12 57 07 64 0.1

Native 74 23 67 25 56 22 64* 04 113° 12 109° 10 47 12 57 07 64 01

Exotic 0.0 00 02 02 01 0.1 0.12 0.1 0.7° 01 02* 01 0.0 0.0 00 00 00 00

94!
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Rosa/Anthoxanthum plant community

No significant changes were noted between years for relative frequencies of
life forms, life spans, or origin in control treatments (Table 4.18). In both burn
treatments, there were significant declines in exotic perennial graminoids while
there were significant increases in native forbs (primarily perennials) between
1988 and 1990. In twice burned treatments, natives increased significantly
between 1989 and 1990, from 29 to 32% with a concurrent significant decline in
exotics, from 71 to 68%. Relative frequency of native perennial forbs increased
significantly while exotic perennial forbs declined significantly in twice burned
treatments between 1988 and 1990. Perennial graminoids declined in twice
burned treatments over time while relative frequency of annual graminoids
increased, due to exotics in both cases. Native annual forbs also increased
significantly in twice burned treatments during the course of this study, from 2 to

8%.

Vaccinium plant community

Most changes in relative frequency between years in this community
occurred in the control treatment; shrubs and graminoids decreased and forbs
increased (Table 4.19). The only significant change in relative frequency between
years that occurred in once burned treatments was an increase in all annuals

between 1989 and 1990, from 9 to 10%. In the twice burned treatment,



Table 4.18. Summary of species relative percent frequency by life form, lifespan, and origin for the Rosa/Anthoxanthum
plant community at Rose Prairie. Superscripted letters indicate a significant difference (p = 0.1) between years within
treatments.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 1990 1988 1989 1990 1988 1989 1990

MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE

Total Native 324 90 331 91 326 82 376 32 386 30 391 44] 232° 05 289° 18  322° 09

Total Exotic 676 9.0 669 9.1 671 82 621 32 61.5 3.0 598 44| 768 05 71.1° 18 675 10
By Life Forms:

Trees 00 00 04 04 04 04 0.0 00 02 02 01 01 04 02 01 01 06 02

Native 00 00 04 04 04 04 00 00 02 02 01 01 02 02 01 01 06 02

Exotic 00 00 00 00 0.0 00 0.0 00 00 00 00 00 02 02 00 00 00 00

Shrubs 106 30 109 31 110 33 94 24 76 03 64 10 107 19 108 10 78 1.1

Native 103 30 105 33 104 33 94 24 73 05 63 1.1 106 18 92 10 6.7 09

Exotic 02 02 04 02 0.6 0.0 0.0 00 02 02 01 01 0.2* 02 16 07 12° 02

Graminoids 235 06 232 17 218 12 225 30 231 18 208 31 272 18 290 24 249 22

Total Native 36 18 49 23 54 23 53 25 46 18 47 18 64 09 73 11 56 0.7

Total Exotic 199 19 183 26 164 1.1 172 07 185 06 161 1.6 208 19 217 29 193 17

Perennials 211 14 25 22 207 02 205 19 173 1.1 169 19| 262° 14 233 11  180° 1.1

Native 36 18 49 23 54 23 53 25 46 18 47 18 64 09 73 11 56 0.7

Exotic 175 32 176 33 153 21 152* 06 127° 09 121° 03] 198° 15 159° 10  125° 04

Annuals 24 15 07 07 11 11 20 12 58 07 39 17 1.0° 04 57 19 68° 14

Native 00 00 00 00 0.0 0.0 0.0 0.0 00 00 00 00 00 00 00 00 00 00

Exotic 24 15 07 07 11 11 20 12 58 07 39 17 1.0° 04 57° 19 68° 14

Forbs 660 29 654 42 66.5 22 678 29 692 17 716 34| 6172 01 601 20 664° 18

Total Native 185 10.2 173 102 164 93 229 04 265> 20 280° 24 612 1.1 123° 25 194° 0.5

Total Exotic 474 74 482 70 501 72 450 33 427 27 436 54 557 12 478 38 470 21

Perennials 478 43 496 58 458 82 420 43 381 31 388 36 438 33 359 28 372 16

Native 85 56 92 64 83 63 1.1 13 124 08 134 21 43 18 83 15 118 0.1

Exotic 393 92 403 95 375 92 309 30 257 25 254 18| 395 18 276" 13 254° 17

Annuals 181 65 159 69 207 94 259 72 311 41 328 60| 17.9% 34  241° 37 292° 31

Native 100 46 80 43 81 41 118 10 141 17 146 02 18 07 40 13 76° 06

Exotic 81 23 79 26 126 65 141 63 170 50 182 62 162 29 202 5.0 21.6 37

Lyl



Table 4.19. Summary of species relative percent frequency by life form, life span, and origin for the Vaccinium plant community
at Rose Prairie. Superscripted letters indicate a significant difference (p = 0.1) between years within treatments.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1989 19% 1988 1989 19%0 1988 1989 1990
MEAN SE MEAN SE MEAN SE! MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE
Total Native 73.1 01 712 15 725 10 69.3 01 69.2 09 70.1 0S5 71.5 07 705 12 720 15
Total Exotic 269 0.1 287 15 2715 1.0 30.7 0.1 308 09 299 05 285 07 295 12 280 15
By Life Forms:
Trees 04 0.1 04 01 02 02 02 0.1 0.1 01 0.1 01 0.1* 01 05° 0.1 03* 00
Native 04 0.1 04 01 02 02 02 0.1 01 0.1 0.1 01 0.1* 0.1 05° 0.1 0.3* 00
Exotic 00 0.0 00 00 0.0 00 00 00 00 00 00 00 0.0 00 00 00 00 00
Shrubs 7.9% 04 64° 03 65° 03 65 08 6.0 06 70 07 6.0 04 56 0.6 59 06
Native 79* 04 63° 03 63° 05 63 06 58 05 6.6 0.6 60 04 54 0.6 55 06
Exotic 00 0.0 01 01 02 0.1 02 01 01 01 04 02 0.0 00 02 0.1 03 0.1
Graminoids 39.9* 13 352° 1.0 374 12 329 0.9 372 14 337 13 34.1* 08 384° 08 348 08
Total Native 2377 04 213° 01 248 08 187 1.0 213 12 198 05 204 12 27 17 211 18
Total Exotic 1622 09 140 09 125° 06 142 08 159 11 139 08 137 08 156 1.1 138 1.2
Perennials 39.0° 14 339° 08 368 14 287 16 317 20 308 1.1 321 16 340 24 324 17
Native 23.7* 04 21.3% 0.1 248 08 187 1.0 213 12 198 05 204 12 27 1.7 21.1 18
Exotic 153 10 126 0.7 119 08 100 06 104 09 110 10 11,6 06 112 08 114 04
Annuals 09 02 1.3 02 06 02 42 11 55 1.7 29 08 20 1.0 44 17 24 10
Native 00 00 00 0.0 00 00 00 00 0.0 00 00 00 0.0 00 00 0.0 00 0.0
Exotic 09 02 1.3 02 06 02 42 11 55 17 29 08 20 10 44 1.7 24 10
Forbs 503* 17 571° 14 549 22 604 15 56.7 16 592 16 59.6° 1.2 556° 14 59.0 09
Total Native 397 10 424 14 401 1.2 442 15 420 11 436 09 4.7 07 20° 10 45.1* 0.7
Total Exotic 10.7* 08 147° 16 14.8° 12 162 07 147 05 156 08 149 05 137 04 139 04
Perennials 503 17 534 26 516 29 51.1 1.8 475 24 490 1.6 522 04 477 14 509 1.1
Native 397 1.0 389 22 369 20 349 1.7 329 18 338 1.1 373 04 341 12 371 1.1
Exotic 10.7- 0.8 145 18 147 12 162 0.6 146 06 152 0.6 149 05 136 03 138 04
Annuals 0.0* 00 3P 12 32* 09 9.4% 04 92* 09 102° 0.0 74 12 79 12 8.1 04
Native 0.0* 00 35° 12 3.1° 08 93 04 91 08 98 0.2 74 12 78 13 81 05
Exotic 0.0 00 02 02 01 01 01 01 01 01 04 02 0.0 00 01 01 0.1 0.1

14!
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graminoids increased significantly between 1988 and 1989, from 34 to 38%, and
then returned to preburn levels in 1990. Native forbs decreased from 44 to 42%

and then returned to preburn levels in 1990.
Fisher Butte

FB Deschampsia plant community

Relative frequency did not change significantly between years for total
natives or exotics in any treatments in the Deschampsia community, but there
were a similar suite of changes with in categories in all three treatments (Table
4.20). Graminoids significantly declined and forbs significantly increased between
years in all treatments. Relative frequency of native annuals decreased
significantly from 11 to 6-7% in 1989 in burned plots. Between 1989 and 1990,
native annuals increased significantly but only returned to preburn levels in the

once burned treatment.

Rosa/Juncus plant community

As in the FB Deschampsia community, relative frequency of total natives
and exotics in the Rosa/Juncus community were not significantly different in any
treatments during the study, but individual life forms, lifespans or origins differed

(Table 4.21). In both burn treatments, native graminoids decreased significantly



Table 4.20. Summary of species relative percent frequency by life form, life span, and origin for the Deschampsia plant
community at Fisher Butte. Superscripted letters indicate a significant difference (p = 0.1) between years within treatments.

CONTROL/NOBURN ONCE BURNED TWICE BURNED
1988 1989 1990 1988 1989 1996 1988 1989 1990

MEAN SE MEAN SE MEAN SE |MEAN SE MEAN SE MEAN SE|MEAN SE MEAN SE MEAN SE

Total Native 682 1.0 686 1.0 64.6 1.9 648 1.1 66.7 05 658 0.7 723 13 706 18 71.5 08

Total Exotic 318 1.0 314 1.0 354 19 352 12 333 05 342 07 277 13 294 18 285 08
By Life Forms:

Trees 02 02 04 0.1 03 02 04 02 01 01 0.1 0.1 05 0.1 03 0.1 04 0.1

Native 02 02 04 0.1 03 02 03 01 01 01 00 00 05 01 03 0.1 04 0.1

Exotic 0.0 00 00 00 00 00 01 0.1 00 0.0 0.1 0.1 00 00 00 00 0.0 00

Shrubs 06 02 1.1 02 1.0 05 0.7 03 1.0 00 1.1 01 22 00 29 02 23 0.1

Native 05 0.1 09 02 06 0.1 06 02 1.0 00 1.0 0.1 21 01 29 02 23 0.1

Exotic 01 01 02 01 04 04 01 01 00 00 02 01 0.1 01 00 00 00 0.0

Graminoids 3497 26 3228 04 26.9° 08 36.6° 1.1 2.0° 06 295% 1.2 400° 12 425° 10 306° 05

Total Native 254 19 248 18 242 14 269* 24 305° 1.3 251* 03 30.3* 02 3.7 15 262° 07

Total Exotic 952 0.7 73 15 28° 07 9.7 16 115° 1.0 442 15 97 13 108 05 44 10

Perennials 346 27 31.8%° 06 26.8° 09 363 09 41.8° 0.7 289° 1.0 39.6° 13 £20° 09 296 06

Native 254 19 248 18 242 14 269° 24 305° 1.3 251* 03 303* 02 3177 15 262° 07

Exotic 927 08 69 12 27 07 942 17 11.3° 09 38° 13 93 15 104% 07  304° 10

Annuals 03 02 04 03 01 0.1 02 02 02 01 06 02 04 02 05 02 1.0 01

Native 00 00 0.0 00 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00

Exotic 03 02 04 03 01 0.1 02 02 02 01 06 902 04 02 0.5 02 10 o1

Forbs 643" 25 66.4% 0.2 71.8° 0.7 623 08 56.8° 0.5 69.3" 1.2 57.2% 1.1 544° 1.1 6667 06

Total Native 421 09 425 06 395 1.1 369 18 351 1.7 398 0.8 39.4% 1.1 358 02 426 03

Total Exotic 22 17 239* 05 323* 09 253* 1.8 2177 13 296° 15 17.8* 0.1 1852 13 240° 03

Perennials 430 12 428 05 413 03 391 03 382 1.1 399 06 383 16 416 07 460 15

Native 280" 0.7 2.7 0.7 250° 06 259 19 278 12 280 08 280 10 300 0.7 340 1.1

Exotic 149 07 151 0.1 163 05 133 16 103 03 119 0.1 103 06 115 04 121 06

Annuals 21.3* 13 23.6* 04 304° 06 23.12 08 18.7° 0.7 295 13 188% 08 128" 18 206 18

Native 141 02 148 0.1 145 0.8 11.12 05 73 05 118 0.1 11.3* 04 58° 06 865 1.3

Exotic 728 11 8.7 04 160° 05 1212 03 114° 12 17.7° 14 75% 06 700 14 12.0° 06

0ST



Table 4.21. Summary of species relative percent frequency by life form, lifespan, and origin for the Rosa/Juncus plant
community at Fisher Butte. Superscripted letters indicate a significant difference (p = 0.1) between years within treatments.

Total Native
Total Exotic
By Life Forms:

Trees
Native
Exotic
Shrubs
Native
Exotic
Graminoids
Total Native
Total Exotic
Perenniats
Native
Exotic
Annuals
Native
Exotic
Forbs

Total Native
Tota! Exotic
Perennials
Native
Exotic
Annuals
Native
Exotic

CONTROL/NOBURN
1988 1989 1990
MEAN SE MEAN SE MEAN
86.5 08 862 0.5 84.6
135 08 138 05 154
0.1 0.1 01 01 0.1
01 01 01 01 0.1
00 0.0 00 00 00
26 1.1 25 09 25
26 11 24 09 23
00 00 01 01 0.2
480 17 468 22 398
450 17 454 19 394
3.0 01 14° 03 04¢
475 18 465 20 395
447 19 453 18 394
28 01 12° 01 0.1¢
06 0.1 03 02 03
03 02 0.1 0.1 0.0
02 01 02 02 0.3
493 2.7 50.7 25 576
389 29 383 21 428
104 09 12.3* 0.7 14.9°
326 1.7 278 25 331
249 26 199 25 226
77 15 79 01 10.5°
16.6° 09 229° 04 24.6°
140° 09 184° 04 20.2°
27 06 44 06 44

1.1
1.0

0.1
0.1
0.0
0.7
0.6
0.1
37
39
0.2
38
39
0.1
0.1
0.0
01
37
31
08
1.9
22
04
1.9
11
11

0.1
0.0
0.1
0.2
0.2
0.2
0.7
0.5
03
02
0.2
0.0
0.5
03
03
08
13
0.5
0.9
14
0.5
14
1.7

ONCEBURNED

1990
SE MEAN SE MEAN SE
14 846 08 87.1
14 154 08 12.9
04 01 0.1 0.1
04 0.1° 0.1 0.0°
0.0 0.0 00 0.1
0.2 110 08 79
0.1 104 0.6 76
0.1 0.7 04 04°
0.9 470° 21 33.7°
05 26 13 33.0°
08 43 09 0.7
11 47 19 325°
10 1.2* 12 325°
0.5 35 07 0.0°
09 23 08 12
0.6 15 06 0.5
04 08 03 0.7
11 19 29 58.3°
1.6 315 26 46.6°
0.7 104 03 117
0.6 26.7 0.1 315
02 170 03 224
04 96 03 9.1
1.6 152% 30 26.8°
19 14.4% 29 24.2°
03 08 0.1 26

03

0.4?
042
0.0
8.5
8.5
0.0
4032
37.7°
27
39.5°
377
18
0.8
0.0
0.8
50.8°
48.0°
2.8°
2407
21.7°
2.3
268
26.2

0.1
01
0.0
1.2
1.2
0.0
1.8
11
14
08
0.6
04
11
0.5
1.0
13
04
11
21
20
04
25
24

TWICEBURNED

1989 1990
SE MEAN SE MEAN SE
17 910 17 89.2
17 90 1.7 10.8
0.0 0.1° 0.1 0.1°
0.0 01° 01 0.1°
0.0 00 00 00
15 85 14 72
15 85 14 7.2
0.0 00 00 0.0
23 395 13 324°
15 364° 16 30.3°
16 31 11 2.1
19 368" 12 29.7°
15 M5 1.7 29.2°
1.0 23 06 0.6
0.6 27 10 26
0.0 19 06 11
0.6 08 05 15
20 519* 1.7 60.3°
15 46.0*° 10 51.6°
0.6 59 07 8.8°
21 269% 0.1 34.6°
16 21.8* 05 274°
04 51° 05 72¢
0.0 250 18 257
02 242 15 241
0.2 08 04 16

0.5

0.7

16T
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while native forbs increased significantly between 1989 and 1990. Between 1989
and 1990, exotic perennial forbs increased significantly from 8 to 11% in

unburned controls and from 5 to 7% in twice burned treatments.

Fire effects on cover of plant forms, lifespans and origins

Rose Prairie

RP Deschampsia plant community

From 1988 to 1990, total plant cover increased in all three treatments but
was only significantly higher in the two burn treatments (Table 4.22). Significant
COver increases were more common in exotic species than native species.
Following the first burn in twice burned treatments, cover of native perennial
graminoids significantly decreased from 18 to 13% in 1989. Native perennial
graminoid cover then returned to preburn cover levels in 1990. A similar trend of
decline and then increase in successive years was also noted for once burned
treatments, although changes were not significant. Cover of exotic perennial

graminoids tripled in the control and both fire treatments, from ~5 to 11%.



Table 4.22. Summary of species percent cover by life form, life span, and origin for the Deschampsia plant community at
Rose Prairie. Superscripted letters indicate a significant difference (p = 0.1) between years within treatments.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988. 1989 1990 1988 1989 1990 1988 1989 1990
MEAN SE MEAN SE MEAN SE|{MEAN SE MEAN SE MEAN SE|MEAN SE MEAN SE MEAN SE
Total Plant Cover _ 142 21 151 0.7 204 18 2317 26 206* 16 307 20| 1822 05 133° 03 259° 08
Native 106 1.0 82 05 92 02 184 32 130 16 195 21| 130° 11 74° 03 145* 08
Exotic 36 12 69 1.1 11.2° 18 47" 14 760 04  112° 02 528 06 59° 03 14 07
By Life Forms:
Trees 00 00 00 00 00 00 00 0.0 00 00 00 00 00 00 00 0.0 00 00
Native 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Exotic 00 00 00 00 0.0 00 00 0.0 00 00 00 00 00 00 00 0.0 00 00
Shrubs 03 03 03 03 04 04 00 00 00 00 10 10 01 01 01 01 02 02
Native 03 03 03 03 04 04 00 00 00 00 10 10 01 01 01 01 02 02
Exotic 00 00 00. 00 00 00 00 090 00 00 00 00 00 00 00 00 00 00
Graminoids 139 18 148 08 200 1.7 23.0 26 205 16 297" 16] 181* 06  132° 04 256° 08
Total Native 103 08 79 07 88 03 183 33 129 16 185 171 129 11 73 04 143 07
Tota! Exotic 367 12 69 11 112> 18 47 14 76* 04  112° 02 522 06 58 03 11.3* 07
Perennials 139 18 148 08 200 1.7 230 26  205* 16 297° 1621 180> 07 131° 04 256° 08
Native 103 08 79 07 88 03 183 33 129 16 185 17| 129* 11 73% 04 143* 07
Exotic 36 12 69 1.1 112° 18 47 14 75% 04 112° 02 52 06 58" 03 11.3° 07
Annuals 00 00 00 00 0.0 00 00 00 01 01 00 00 00 00 00 00 00 00
Native 00 00 00 00 0.0 00 00 0.0 00 00 00 00 00 00 00 00 00 00
Exotic 00 0.0 00 00 0.0 00 00 0.0 01 01 00 00 00 00 00 00 00 00
Forbs 0.0 00 00 00 0.0 00 00 0.0 00 00 00 00 00 00 00 00 01 00
Total Native 00 00 00 00 0.0 00 00 0.0 00 00 00 00 00 00 00 0.0 00 00
Total Exotic 00 00 00 00 0.0 00 00 0.0 00 00 00 00 00 00 00 00 01 00
Perennials 00 00 00 00 0.0 00 00 0.0 00 00 00 00 00 00 00 00 0.1 00
Native 00 00 00 00 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00
Exotic 00 00 00 00 0.0 00 00 0.0 00 00 00 00 00 00 00 00 01 00
Annuals 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 00 00
Native 00 00 00 00 0.0 00 00 00 00 00 00 00 00 00 00 0.0 00 00
Exotic 00 00 00 00 0.0 0.0 00 0.0 00 00 00 00 00 00 00 0.0 00 00
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Rosa/Anthoxanthum plant community

Cover of native species in the Rosa/Anthoxanthum community did not
change significantly between years with any of the three treatments (Table 4.23).
However, exotic perennial forb cover increased significantly from 5 to 20% in

twice burned treatments between 1988 and 1990.

Vaccinium plant community

In the Vaccinium community, cover of native species increased significant
from 22 to 38% in once burned treatments between 1989 and 1990; cover of
exotics increased from 4 to 8% in both control and twice burned treatments
(Table 4.24). Cover of native shrubs, primarily V. caespitosum, increased
significantly from 14 to 25% the second postfire growth year following the 1988
burn. In once burned treatments, cover of graminoids increased from 14 to 23%
between 1988 and 1990. This increase was due primarily to native perennial
graminoids, although exotic perennial graminoids also increased. Cover of exotic
perennial graminoids also increased significantly between 1988 and 1990 in

control and twice burned treatments.



Table 4.23. Summary of species percent cover by life form, life span, and origin for the Rosa/Anthoxanthum plant
community at Rose Prairie. Superscripted letters indicate a significant difference (p = 0.1) between years within

treatments.

Total Plant Cover
Native
Exotic
By Life Forms:
Trees
Native
Exotic
Shrubs
Native
Exotic
Graminoids
Total Native
Total Exotic
Perennials
Native
Exotic
Annuals
Native
Exotic
Forbs
Total Native
Total Exotic
Perennials
Native
Exotic
Annuals
Native
Exotic

CONTROL/NO BURN

1988 1989
MEAN SE MEAN
64.1 196 53.1
152 39 98
489 172 433
00 00 04
00 00 04
00 00 00
142 48 7.7
142 48 76
00 00 01
49 172 416
10 09 18
439 171 399
449 172 416
10 09 18
439 171 399
00 00 00
00 00 0.0
00 00 00
50 15 33
00 00 0.0
50 15 33
50 15 33
00 00 00
50 15 33
00 00 00
00 00 00
00 00 00

ONCE BURNED

19% 1988 1989 19% 1988
SE MEAN SE | MEAN SE MEAN SE MEAN SE|MEAN
44 514 07 543 129 50.8 3.0 652 15 58.9
2.0 135 14 136 32 134 37 136 23 78
24 379 11 406 97 374 39 516 09 51.1
0.4 03 03 00 00 0.0 00 00 00 0.0?
04 03 03 00 00 0.0 0.0 00 00 0.0
0.0 00 00 0.0 00 00 00 0.0 0.0 0.0
3.1 11.0 35 11.0 22 92 1.1 94 0.7 75
32 107 36 11.0 22 89 14 92 04 75
0.1 03 02 00 00 03 03 02 02 0.0
2.2 374 3.1 343 83 248 0.6 403 43 46.1
1.7 24 24 09 06 1.0 06 14 06 0.3
2.7 350 08 334 82 238 07 389 42 458
2.2 374 31 343 83 248 0.6 403 43 46.1
1.7 24 24 09 06 1.0 0.6 14 06 0.3
2.7 350 08 334 8.2 238 0.7 389 42 45.8
0.0 0.0 00 00 00 00 00 0.0 0.0 0.0
0.0 00 00 0.0 00 00 00 0.0 0.0 0.0
0.0 00 00 00 00 00 00 00 00 0.0
1.0 27 04 89 25 168 4.2 155 58 532
0.0 0.0 00 1.7 1.7 35 35 30 30 0.0
1.0 27 04 72 22 133 42 125 36 5.32
1.0 2.7 04 84 23 148 36 119 33 5.22
0.0 00 00 1.2 1.2 22 22 27 27 0.0
1.0 27 04 7.1 22 125 40 92 27 5.22
0.0 0.0 00 05 05 20 15 36 29 0.1
0.0 00 00 04 04 12 1.2 03 03 0.0
0.0 00 00 01 01 08 04 34 27 0.1

0.1
0.0
0.1

TWICE BURNED
1989 1
MEAN SE MEAN
593 51 625

0.0* 00 0.0°
00 00 0.0
71 14 6.2
58 03 5.7
13 13 04

381 35 332
07 02 1.0

374 35 322
381 35 332
07 02 1.0
374 35 22
00 00 0.0
00 00 0.0
00 00 0.0
14.1° 32 23.1°
00 00 0.0
141° 32 23.1°
132° 22 19.6°
00 00 0.0
132> 22 19.6°
10 10 35
00 0.0 0.0
10 10 35

0.0
0.0
0.0
0.7
03
04
64
04
6.4
64
04
64
0.0
0.0
0.0
23
0.0
23
19
0.0
19
35
0.0
35

99!



Table 4.24. Summary of species percent cover by life form, life span, and origin for the Vaccinium plant community at Rose

Prairie. Superscripted letters indicate a significant difference (p = 0.1) between years within treatments.

Total Plant Cover

Native
Exotic
By Life Forms:
Trees
Native
Exotic
Shrubs
Native
Exotic
Graminoids
Total Native
Total Exotic
Perennials
Native
Exotic
Annuals
Native
Exotic
Forbs
Total Native
Totat Exotic
Perennials
Native
Exotic
Annuals
Native
Exotic

CONTROL/NO BURN

1989 1990 1988
SE MEAN SE MEAN SE! MEAN
34 357 63 453 90 329
33 311 59 374 80 287
02 46 04 78 1.7
0.0 00 00 00 00 0.0
0.0 00 00 00 00 0.0
0.0 0.0 00 00 00 0.0
1.7 149 39 204 62 19.0
1.7 149 39 204 62 19.0
0.0 0.0 0.0 00 00 0.0
23 157 15 20.1 34 14.0?
25 11.1 1.0 123 18 9.7
0.2 46 04 78 17 43
23 157 15 201 34 138
25 11.1 1.0 123 18 9.7
0.2 46 04 78 17 4.1
0.0 00 00 00 00 0.1
0.0 00 00 00 00 00
0.0 0.0 00 00 00 0.1
0.0 00 00 00 00 0.0
0.0 00 00 00 00 0.0
0.0 00 00 00 00 0.0
0.0 00 00 00 00 0.0
0.0 00 00 00 00 00
0.0 0.0 0.0 00 00 0.0
0.0 0.0 0.0 00 00 0.0
0.0 0.0 00 00 00 0.0
0.0 0.0 0.0 00 00 0.0

ONCE BURNED
1989 1990
SE MEAN SE MEAN

44 281° 04 47.6°
45 222 1.1 38.0°
0.8 59 13 9.6
0.0 0.0 00 0.0
0.0 0.0 00 0.0
0.0 0.0 00 0.0
38 144° 16 25.0°
38 144 16 25.0°
0.0 0.0 00 0.0
1.7 1377 16 2.6°
12 78 08 13.0°
08 59 13 9.6
18 13.6% 15 2.6°
12 78 08 13.0°
0.9 58 13 9.6
0.1 01 00 0.0
0.0 00 00 0.0
0.1 01 00 0.0
0.0 0.0 00 0.0
0.0 0.0 00 0.0
0.0 0.0 00 0.0
0.0 0.0 00 0.0
0.0 00 0.0 0.0
0.0 0.0 00 0.0
0.0 00 0.0 0.0
0.0 00 0.0 0.0
0.0 00 0.0 0.0

47
2.7
20

00
00
0.0
22
22
0.0
36
19
20
36
19
20
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.6
2.6
04

0.0
0.0
0.0
42
42
0.0
18
1.6
04
18
1.6
0.4
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0

TWICE BURNED
1989 1990
MEAN SE MEAN
213 24 328
161 22 248
53 12 8.1°
02 02 0.1
02 02 0.1
00 00 0.0

83 35 14.1
83 35 14.1
00 00 0.0
128 20 18.6
76 13 105
53 12 8.1
128 20 186

76 13 105
53 12 8.0°
00 00 0.0
00 0.0 0.0
00 00 0.0
0.0 00 00
0.0 00 0.0
0.0 00 0.0
0.0 00 0.0
00 00 0.0
00 00 0.0
00 00 0.0
00 00 0.0
00 0.0 0.0

42
38
0.9

0.1
0.1
0.0
5.8
58
0.0
22
21
09
22
21
0.9
0.0
0.0
0.0
00
0.0
00
00
0.0
00
0.0
0.0
0.0
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Fisher Butte

FB Deschampsia plant community

In the Deschampsia community, total plant cover was similar from 1988 to
1990 in control treatments, while total cover in burn treatments declined
significantly between 1988 and 1989 and increase significantly from 1989 and 1990
(Table 4.25). Most of these changes were due to decreases or increases in native
perennial graminoid cover. Cover of native perennial forbs significantly increased
the first post fire growth year after a single burn, but their cover declined
following a second burn.

Total exotic plant cover significantly increased from 5 to 21% in once
burned and from 3 to 10% in twice burned treatments between 1988 and 1990.
Changes in exotic cover were attributed to increases in both perennial graminoids

and forbs.

Rosa/Juncus plant community

In the Rosa/Juncus community, total and native plant cover did not change
significantly in any treatments from 1988 to 1990. However, cover of total exotic
plants increased significantly from 3 to 15% in once burned and from <1 to 8%
in twice burned treatments (Table 4.26). Cover of shrubs increased significantly

in burn treatments between 1988 and 1989. In contrast to results for other plant



Table 4.25. Summary of species percent cover by life form, life span, and origin for the Deschampsia community at Fisher
Butte. Superscripted letters indicate a significant difference (p = 0.1) between years within treatments

CONTROL/NO BURN ONCE-BURNED TWICE-BURNED
1988 1989 1990 1988 1989 1990 1988 1989 1990
MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE| MEAN SE MEAN SE MEAN SE
Total Plant Cover 306 05 292 1.8 289 15 287 19 206° 03 439° 24 324 19 288 28 6P 15
Native 285 0.2 266 12 253 15 2372 22 11.1° 11 225 04 299 17 238 25 265° 19
~Exotic 21 03 26 06 36 01 50 04 95° 11 2145 21 2.5 02 49 11 102> 26
By Life Forms:
Trees 0.0 00 00 00 00 00 04 0.1 0.0 00 00 00 0.0 0.0 0.0 00 00 00
Native 0.0 0.0 00 00 00 00 04 01 0.0 00 00 00 0.0 00 0.0 0.0 00 00
Exotic 00 00 00 00 00 00 00 00 0.0 00 00 00 0.0 00 0.0 00 00 00
Shrubs 07 02 1.0 03 04 01 03 02 0.0 00 00 00 13* 03 3P 05 26° 02
Native 0.7 0.2 10 03 03 01 0.0 00 00 00 00 00 13 03 3P 05 26° 02
Exotic 00 00 00 00 00 00 03 02 0.0 00 00 00 00 00 0.0 0.0 00 00
Graminoids 236 22 228 14 237 19 246* 24 16.9° 0.9 3865 24 270 15 175° 18 296 19
Total Native 218 20 204 10 206 18 205* 28 75° 05 184* 12 246* 13 125° 12 198° 1.6
Total Exotic 18 03 24 05 31 01 417 04 94° 11 202° 22 24 02 49 11 98° 26
Perennials 236 22 228 14 237 19 24.6% 24 16.7° 0.9 386 24 270° 15 175 18 296" 19
Native 218 20 204 1.0 206 18 205% 28 75° 05 184% 12 246* 13 1250 12 198° 16
Exotic 18 03 24 05 31 01 417 04 92 1.1 202° 22 24* 02 49 1.1 98 26
Annuals 0.0 00 00 00 00 00 0.0 00 01 0.1 00 00 00 00 00 00 00 00
Native 0.0 00 0.0 00 00 00 0.0 00 00 00 00 00 0.0 00 0.0 00 00 00
Exotic 0.0 00 0.0 00 00 00 00 00 01 01 00 00 00 00 00 00 00 00
Forbs 63 1.7 54 07 48 05 35 03 38 1.0 52 07 41 04 76 1.1 45 04
Total Native 60 1.7 51 05 43 05 28 04 36 1.0 41 10 41 04 76 12 41 04
Total Exotic 03 00 03 02 05 01 0.6 0.1 0.1° 0.1 1.1° 03 0.12 00 0.0 00 04° 01
Perennials 46 16 35 01 31 03 16 05 34 09 27 08 31* 02 76° 1.1 40° 05
Native 45 16 34 01 29 03 14 05 32 09 25 08 312 02 76" 12 39 05
Exotic 0.1* 00 01* 00 02° 00 02 00 01 0.1 02 01 0.0 00 00 00 01° 01
Annuals 1.7 01 19 08 17 03 182 02 04° 01 25° 02 1.0° 02 0.0 0.0 05 01
Native 15 0.1 17 07 14 02 14 01 04 01 16 02 102 02 0.0 00 02 0.1
Exotic 02 00 02 02 03 01 05 0.1 0.0 00 1.0° 02 0.0 00 0.0 00 0.3 0.1
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Table 4.26. Summary of species percent cover by life form, life span, and origin for the Rosa/Juncus plant community at

Fisher Butte. Superscripted letters indicate a significant difference (p = 0.1) between years within treatments.

Total Plant Cover

Native
Exotic
By Life Forms:
Trees
Native
Exotic
Shrubs
Native
Exotic
Graminoids

Total Native
Total Exotic
Perennials
Native
Exotic
Annuals
Native
Exotic
Forbs
Total Native
Total Exotic
Perennials
Native
Exotic
Annuals
Native
Exotic

CONTROL/NO BURN

1988 1989 1990
MEAN SE MEAN SE MEAN
295 23 311 09 37.7
269 18 269 06 311
26 06 43 13 6.6
0.6 06 04 04 0.6
0.6 06 04 04 0.6
0.0 00 00 00 0.0
1.7 02 16 03 14
1.7 02 16 03 14
0.0 00 00 00 0.0
241 22 214 03 18.7
238 23 212 04 184
03 0.2 02 01 02
241 22 214 03 18.7
238 23 212 04 184
03 02 02 01 0.2
0.0 00 0.0 00 0.0
0.0 00 00 00 0.0
0.0 00 0.0 00 0.0
328 1.1 78 15 17.0°
0.9° 03 36° 04 10.6°
23 08 41 13 6.3
24 07 43 12 65
01 0.1 01 0.1 0.2
23 08 41 13 6.3
0.8 04 35° 04 10.5°
082 04 35 04 10.5¢
0.0 00 0.0 00 0.0

38
21

1.7

0.6
0.6
0.0
03
03
0.0
1.7
1.9
0.2
1.7
19
0.2
0.0
0.0
0.0
39
20
20
19
0.1
20
21
21
0.0

ONCE-BURNED

1989 1990 1988
SE MEAN SE MEAN SE| MEAN
14 330 23 44 22 444
10 296 13 294 22 441
0.7 35 10 151° 38 04?
0.0 00 00 00 00 0.0
0.0 00 00 00 00 0.0
0.0 00 0.0 00 00 0.0
0.3 11.3° 16 115° 06 422
0.3 11.3* 16 11.5° 06 422
0.0 00 0.0 00 00 0.0
0.7 192 11 273 24 222
10 16.1° 09 145 18 221
0.4 312 10 128 42 0.2°
0.7 192 11 273 24 222
1.0 16.1° 09 145 18 22.1
0.4 31 1.0 128 42 02
0.0 00 00 00 00 0.0
0.0 00 00 00 00 0.0
0.0 00 00 00 00 0.0
0.8 26 08 56 12 180
0.5 22 07 34 08 178
0.3 04 02 23 04 02
09 24 08 51 10 152
0.6 20 07 29 07 15.0
0.3 04 02 23 04 0.2
0.1 02° 0.1 05 02 282
0.1 02° 01 05 02 2.8%
0.0 00 00 00 00 0.0

1.9
20
0.2

0.0
0.0
0.0
04
0.4
0.0
33
34
0.1
33
34
0.1
0.0
0.0
0.0
1.8
1.8
0.1
13
1.3
0.1
0.6
0.6
0.0

TWICE-BURNED

1989 1990
MEAN SE MEAN
404 18 479
393 18 403
1.1° 04 7.6°
00 00 0.0
00 00 0.0
00 0.0 0.0
122° 22 8.6°
1220 22 8.6°
00 00 0.0
183 34 275
17.3 38 20.1
1.0 03 740
180 34 273
170 38 20.1
1.0 03 73
03 02 0.1
03 02 0.0
00 00 0.1
99 1.7 11.9
97 16 116
02 01 0.2
81 13 11.6
79 13 11.4
02 01 0.2
18 06 03°
1.8 06 0.3°
00 00 0.0

1.1
14
04

0.0
0.0
0.0
1.0
1.0
0.0
21
18
0.6
21
18
0.5
0.1
0.0
0.1
1.5
1.5
0.2
15
15
0.2
01
01
0.0

65T
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communities, native perennial graminoid cover declined in both the first and
second post fire years after a single burn. Cover of exotic perennial graminoids
increased significantly from <1 to 7% between 1988 and 1990 in twice burned
treatments. Cover of native annuals increased significantly from <1 to 11% in

controls and decreased significantly from 3 to <1% in twice burned treatments.

Fire effects on species richness, diversity, and equitability

Species richness and diversity significantly increased over time within the
control treatment in the Vaccinium community and within one or both burn
treatments in all communities (Table 4.27). The only significant change in species
equitability occurred in once burned treatments in the Rosa/Juncus community at
Fisher Butte where equitability increased between 1989 and 1990.

In the RP Deschampsia community, species richness and diversity increased
significantly in burn treatments between 1988 and 1989 (Table 4.28). During
1990, species richness and diversity values remained comparable to 1989 values in
once burned treatments but increased significantly in twice burned treatments. In
the Rosa/Anthoxanthum community, species richness and diversity increased
significantly in the twice burned treatment between 1988 and 1989. Similarly,
species richness and diversity increased significantly between 1988 and 1989 in
both control and twice burned treatments within the Vaccinium community.

At Fisher Butte, significant increases in species richness and diversity

occurred between 1988 and 1990 in twice burned treatments in the Deschampsia
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Table 4.27. Plant species diversity information by plant communities, treatments,
and years. Superscripted letters indicate a significant difference (p = 0.1) between
years within treatments. Grand means are presented for all years and all
treatments for plant communities.

Species Species Species
Richness | Equitability Diversity
Rose Prairie Study Site
Deschampsia plant community | Mean SE| Mean SE| Mean SE
Control 1988 27.7 09} 0.860 0.016| 2.854 0.064

1989 29.0 2.6| 0.871 0.010| 2.925 0.105

19901 30.0 2.6| 0.875 0.005| 2.970 0.091

Once Burned  1988| 24.0° 0.6| 0.883 0.005| 2.804" 0.007

1989 33.0° 1.5| 0.877 0.011| 3.064° 0.008

1990 32.3° 32| 0.889 0.000| 3.080° 0.094

Twice Burned 1988 24.7* 0.7| 0.877 0.010| 2.811* 0.018

1989 32.0° 1.0| 0.884 0.009| 3.063° 0.009

1990| 38.3° 12| 0.870 0.004| 3.170° 0.019

Grand Mean 30.0 0.877 2.972
Rosa/Anthoxanthum
plant community
Control 1988 243 74| 0831 0.028| 2598 0.331

1989 25.7 84| 0.820 0.029| 2.593 0.358
1990] 25.0 5.6| 0.842 0.033| 2.685 0.282
Once Burned 1988 27.0 3.6| 0.860 0.018| 2.818 0.162
1989 39.0 4.6| 0.876 0.004| 3.198 0.121
1990| 38.7 3.8| 0.880 0.012] 3.210 0.136
Twice Burned 1988 23.0° 0.6{ 0.797 0.029| 2.499* 0.083
1989| 35.7° 2.4 0.850 0.009| 3.037° 0.088
1990{ 43.3° 32| 0.856 0.005] 3.221° 0.052
Grand Mean 313 0.847 2.879

Vaccinium plant
community

Control 1988( 29.7*° 0.3{ 0.898 0.003| 3.043* 0.011
1989| 37.3° 0.3| 0.894 0.001{ 3.235° 0.012
1990| 36.3° 09| 0.897 0.014| 3.221° 0.035




Table 4.27., Continued

Once Burned

Twice Burned

Grand Mean

Fisher Butte Study Site

1988
1989
1990
1988
1989
1990

Deschampsia plant community

Control

Once Burned

Twice Burned

Grand Mean

1988
1989
1990
1988
1989
1990
1988
1989
1990

Rosa/Juncus plant community

Control

Once Burned

Twice Burned

Grand Mean

1988
1989
1990
1988
1989
1990
1988
1989
1990

Species
Richness

38.7
41.7
40.3
35.7
41.7°
40.3°
37.9°

31.7
313
29.3
373
42.3
43.2
34.0°
37.3
42.0°
37.6

333
31.0
35.7°
37.8?
41.0°
48.8°
35.7
36.8
40.0
38.7

0.9
1.9
2.2
0.3
0.7
0.9

2.6
0.3
23
25
2.1
1.8
1.3
24
0.7

4.5
2.1
2.7
34
3.1
2.8
23
2.0
1.0

Species
Equitability

0.916
0.918
0.911
0.914
0.910
0.911
0.908

0.872
0.879
0.891
0.890
0.878
0.881
0.885
0.880
0.890
0.883

0.855
0.851
0.846
0.868
0.870
0.895
0.857
0.870
0.877
0.868

0.009
0.013
0.010
0.006
0.004
0.006

0.009
0.007
0.014
0.011
0.010
0.008
0.008
0.004
0.010

0.015
0.009
0.010
0.003
0.006
0.006
0.014
0.010
0.009

Species
Diversity

3.350
3.420
3.365
3.268
3.392°
3.368°
3.298°

3.004
3.028
3.003
3.214
3.286
3.312
3.117°
3.179
3.325°
3.193

2.981
2921
3.020
3.135°
3.222°
3.472°
3.055
3.135
3.235
3.162

0.051
0.044
0.018
0.016
0.029
0.014

0.052
0.028
0.028
0.091
0.077
0.057
0.046
0.061
0.044

0.094
0.088
0.095
0.082
0.089
0.069
0.088
0.077
0.050
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community while significant increases in species richness, diversity, and
equitability occurred between 1989 and 1990 in once burned treatments in the

Rosa/Juncus community.

Floristic changes in communities through time

Species richness in sampled plots increased from 1988 to 1990 in all plant
communities except in the Rosa/Juncus community at Fisher Butte (Table 4.28).
Native species richness increased in all plant communities between 1988 and 1990.
Exotic species richness increased in all communities at Rose Prairie, remained
unchanged in FB Deschampsia and declined in the Rosa/Juncus community. Most
of the observed change in exotic species was due to exotic forb species, both
perennial and annual/biennial. Native graminoid species increased from 7 to 12

in the FB Deschampsia community over the period of this research.

Summary of results - across plant communities

Preburn

Although plant communities were species rich, a relatively few species

dominated the cover of plant communities in these native Willamette Valley

wetland prairies. Species composition of the Rosa/Anthoxanthum community was

very different from that of all of other plant communities.



Table 4.28. Summary of species numbers in life form (trees, shrubs, graminoids, forbs), lifespan (perennials versus

annual/biennial) and origin (native versus exotic) categories summarized for all years by plant communities.

RP Deschampsia Rosa/Anthoxanthum Vaccinium FB Deschampsia Rosa/Juncus
1988 1989 1990 1988 1989 10| 1988 1989 1990 1988 1989  1990| 1988 1989 19%
All Species: 43 54 51 66 7 78 51 60 64 84 89 88 85 84 93
Total Natives 30 36 37 42 50 49 38 43 4 53 56 56 59 S5 63
Total Exotics 13 18 14 24 27 29 13 17 20 31 33 32 26 29 30

Life Forms: ‘

Trees 2 1 1 2 3 3 4 4 4 S 4 6 3 4 3
Native 2 1 1 1 3 3 4 4 4 4 3 S 2 3 2
Exotic 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1
Shrubs 2 3 2 2 5 6 3 4 4 3 3 S 4 4 4
Native 1 2 1 1 3 4 2 3 2 1 2 2 3 2 2
Exotic 1 1 1 1 2 2 1 1 2 2 1 3 1 2 2
Graminoids 13 14 14 14 15 16 13 15 16 17 23 20 22 24 22
Total Native 8 8 7 9 6 7 7 7 11 10 12 13 13
Total Exotic 6 7 6 6 8 7 7 8 9 10 12 10 10 11 9
Perennials 10 10 11 11 12 13 9 11 12 12 17 15 15 18 16
Native 7 7 8 8 7 9 6 7 7 7 11 10 1 12 12
Exotic 3 3 3 3 S 4 3 4 S S 6 S 4 6 4
Annuals 3 4 3 3 3 3 4 4 4 S S 6 6
Native 0 0 0 0 0 0 0 0 0 0 0 1
Exotic 3 4 3 3 3 3 4 4 4 5 6 5 6 5 5
Forbs 26 36 34 48 54 53 30 36 39 59 59 57 56 52 64
TotalNative 20 26 27 32 37 33 25 28 30 41 40 39 42 37 46
TotalExotic 6 10 7 16 17 20 5 8 9 18 19 18 14 15 18
Perennials 21 25 24 29 33 31 26 27 26 32 36 32 29 28 34
Native 16 19 19 23 27 24 22 22 22 25 28 25 23 21 26
Exotic 5 6 5 6 6 7 4 5 4 7 8 7 6 7 8
Annuals 5 11 10 19 21 22 4 9 13 27 23 25 27 24 30
Native 4 9 10 9 3 6 16 12 14 19 16 20
Exotic 1 4 2 10 11 13 1 3 S 11 11 11 8 8 10

P91
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The only dominant species found in all communities, other than the
atypical Rosa/Anthoxanthum community, was Deschampsia cespitosa. Danthonia
californica was dominant in all communities except the Rosa/Anthoxanthum and
Vaccinium communities. Common species found in all communities except the
Rosa/Anthoxanthum community included Agrostis spp., Camassia quamash,
Eriophyllum lanatum, Grindelia integrifolia, and Prunella vulgaris.

Total live plant cover was usually less than ~65% at the two research sites
due to the presence of litter, standing dead material, and bare ground. Native
composition was generally high in all communities except in the
Rosa/Anthoxanthum community where exotics dominated plant cover. Plant
communities differed in life form, lifespan, and origin compositions. Most species
encountered were forbs. Aerial coverage of vegetation was typically dominated by
perennial graminoids. About one third of the total vegetative cover in the
Vaccinium community consisted of shrub cover, predominantly V. caespitosum.
The Rosa/Anthoxanthum and FB Deschampsia plant communities also had
relatively high shrub cover at 11% and 6% respectively; R. nutkana was the

predominant shrub component.

Fire Effects on Species Frequency

~ After burning, a number of species established or their frequencies

increased significantly in two or more plant communities. Native species that
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established or significantly increased in burned areas included the perennials
Luzula campestris, Panicum occidentale, Aster chilensis var. hallii, Brodiaea spp.,
Camassia quamash, Microseris laciniata, Prunella vulgaris, Sisyrinchium
angustifolium, Veronica scutellata, and the annuals Epilobium paniculatum,
Gnaphalium palustre, and Madia glomerata. Exotic species that established and
increased significantly with fire included the perennials Agrostis spp., Hypericum
perforatum, Hypochaeris radicata, and Leontodon nudicaulis and the annual Briza
minor.

Frequency of Danthonia californica declined significantly in the first post
fire season after one burn in RP Deschampsia and in both communities at Fisher
Butte. Madia glomerata declined significantly in both communities at Fisher Butte
the first postfire season after one burn then returned to preburn levels during the

second postfire year.

Fire Effects on Species Cover

The most significant changes between years in species composition within a
plant community occurred in the burn treatments. Not surprisingly, bare ground
significantly increased in all communities following burning as litter was consumed
in the fires. Cover of Agrostis spp. increased significantly in one or both burn
treatments in all communities, although it also increased in the control treatment
in one community. In the Vaccinium community and both communities at Fisher

Butte, D. californica cover decreased significantly the first year following burning



167

and only returned to preburn levels in burned treatments in the FB Deschampsia
community. In Deschampsia communities at both sites, D. cespitosa cover
declined significantly in the first postfire year following one burn and then
returned to preburn cover in 1990 in both burn treatments. Cover of Hypericum
perforatum increased significantly in two communities in burned areas; however, it
also increased in controls in one community. No other significant changes

between years for species were noted in caparisons of plant communities.

Fire effects on frequency of plant forms, lifespans, and origins

Relative frequency of all natives increased significantly in once burned
treatments in RP Deschampsia and Rosa/Anthoxanthum communities. After two
burns, native perennial forbs increased significantly in three communities, RP
Deschampsia, Rosa/Anthoxanthum, and Rosa/Juncus. However, native perennial
forbs also increased significantly in FB Deschampsia control treatments. Relative
frequency of perennial exotic graminoids declined significantly in burn treatments
in all but the Vaccinium community where they increased in the control treatment.
Native annual forbs increased in burns in all except the Vaccinium community,

where it increased significantly in controls.
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Fire effects on cover of plant forms, lifespans and origins

Significant increases in vegetative cover occurred in burned areas in the RP
Deschampsia, Vaccinium, and FB Deschampsia communities. Because vegetative
cover of all of these plant communities was dominated by perennial graminoids,
changes in the perennial grass component greatly influenced changes in total
cover. In Deschampsia communities at Rose Prairie and Fisher Butte, total native
vegetative cover decreased significantly the first postfire season following one
burn (1989) and increased significantly above preburn levels by 1990. Changes in
native cover were due primarily to changes in the cover of D. cespitosa.

Total cover of exotic species increased following one or two burns in all
communities except the Rosa/Anthoxanthum community; measured increases were
primarily due to increases in exotic perennial graminoid cover. Cover of exotics
also increased significantly in controls in RP Deschampsia and Vaccinium; also
due to exotic perennial graminoid cover. Significant increases in exotic forb cover
occurred in Rosa/Anthoxanthum and FB Deschampsia. In both communities at
Fisher Butte native annual forbs declined significantly the first postfire following

one burn.
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DISCUSSION

Plant species compositions

Floristic composition of my study sites were very similar to floristic
compositions of other Willamette Valley wetland prairies (Moir and Mika 1972,
Frenkel and McEvoy 1986, Acker 1986, Frenkel and Streatfeild 1994, Streatfeild
1995). Predominant native species documented for wetland prairie sites include
Deschampsia cespitosa, Holcus lanatus, Danthonia californica, Madia glomerata,
Agrostis exerata, Briza minor, Centaurium umbellatum, and Hypericum perforatum.
However, percent cover and frequency of species differ among various wetland
prairie sites.

A total of 205 species were observed at both study sites during the course
of this research. One hundred and six species of the total occurred at Rose
Prairie while 123 species occurred at Fisher Butte. The high number of species
unique to one or the other site indicates the extreme variability of species
distribution in Willamette Valley wetland prairies. Streatfeild (199S) documented
108 species and estimated that approximately 170 species occurred at the
Willamette Valley Floodplain Research Natural Area wetland prairie (hereafter
referred to as the Finley prairie). This prairie is located on the W.L. Finley
National Wildlife Refuge, south of Corvallis, approximately 30 miles from my

research area.
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Elevated mounds at Finley prairie contained a high cover of exotic plant
species (Streatfeild 1995) as did the elevated mounds in the Rosa/Anthoxanthum
community at Rose Prairie. A number of species closely correlated to mounds at
Finley prairie were also associated with mounds of the Rosa/Anthoxanthum
community at Rose Prairie, e.g., Hypericum perforatum, Achillea millefolium, and
Madia sativa. However, the overall species composition of Finley mounds was
very different from the Rosa/Anthoxanthum mound communities in this study.

Total percent cover for species at Finley were higher than those presented
here (Streatfeild 1995). Estimation, sampling, and analysis techniques differed in
the two studies. Only percent cover of live plant biomass of the most dominant
species were included in my cover analysis.

Species composition of wetland prairies in rﬁy study were very similar to
those of a "Grassland-Composite Stage" plant community studied by Lippert and
Jameson (1964). They studied plant succession in temporary ponds of the
Willamette Valley and determined the Grassland-Composite Stage to be a late-
successional sere in pond succession. In their study, three grasses, Deschampsia
cespitosa, Agrostis alba, and Holcus lanatus, were most abundant.

Finley (1994) measured environmental factors at Rose Prairie and Fisher
Butte and used a portion of the vegetation data collected in this study to ordinate
species composition against environmental factors. Many of the observed
differences in plant species presence in communities were related to differences in

water table level, elevation, and soil texture of plant communities (Finley 1994).
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A moisture gradient related to topography was also the most important
environmental variable affecting species distributions at the Finley prairie
(Frenkel and Streatfeild 1994, Streatfeild 1995).

Past land-use history is another important factor influencing contemporary
plant composition. Most of the Willamette Valley has been cultivated in one
manner or another in the past (Towle 1982). If a parcel of land escaped the
plow, it was probably grazed and seeded to pasture grasses. Past cultivation
and/or supplemental seeding may explain the large component of exotic species in
these relict wetland prairies. The co-occurrence of many exotic species at Rose
Prairie suggests a history of seeding with pasture seed mixtures and heavy grazing.
Numerous exotic species were also documented at Fisher Butte, although their
cover was lower than at Rose Prairie. The cover of many exotics increased at the
eastern, more upslope region of Fisher Butte, which may indicate seeding of
pasture mixes or the presence of drier areas more susceptible to exotic invasion.
Historical land use patterns are reflected in differences in species composition to
the north and south of a fenceline bisecting the Fisher Butte study site and may
indicate past property boundaries. Fisher Butte also has small ditchlines across
the site, indicating some former attempt to drain the area. Analysis of old aerial
photographs of these sites and interviews with past landowners and adjacent
landowners might help in interpreting the present vegetative composition

(Streatfeild 1995).
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Fire effects on species composition

Comparisons with Finley prairie

Streatfeild (1995) found that areas experiencing more recent burning had
different species composition compared to adjacent areas that had not recently
burned. In the Finley prairie, a number of species correlated positively with
recent burning including Galium aparine, Perideridia gairdneri, Madia sativa,
Parentucellia viscosa, and Hypericum perforatum. Species that correlated
negatively with recent burning included Deschampsia cespitosa, Hordeum
branchyantherum, Carex unilateralis, Juncus tenuis, Juncus oxymeris, Veronica
scutellata, Galium trifidum, and Epilobium watsonii (Streatfeild (1995). In this
study, P. viscosa and H. perforatum significantly increased in two communities
following burning, while J. fenuis declined significantly during the second postfire
season after one fire in the FB Deschampsia community.

Cover of the exotic shrub, Rosa eglanteria, decreased following burning at
the Finley prairie (Streatfeild 1995). In contrast, cover of the native shrub, R.
nutkana, significantly increased following burning in both communities at Fisher
Butte.

In an earlier study at Finley prairie, results of burning were not statistically
analyzed but indicated an increase in only two of the ten most dominant species

present, Rosa spp. and D. cespitosa. The remaining dominants, Holcus lanatus,



173

Myosotis laxa, Epilobium spp. Agrostis alba, P. viscosa, H. perforatum, Veronica

scutellata, and Agrostis exarata, all declined (Frenkel and McEvoy 1983).

Comparisons with other prairies

Initial results (1986-1988) for burning at The Nature Conservancy Willow
Creek Preserve indicated an increase in Agrostis spp. following burning (Acker
1990). Agrostis spp. and Aira spp. increased in cover and/or frequency in an
upland Willamette Valley prairie near Wren (Magee 1986, Macdonald - undated).

In a research study conducted in a dry, upland Stipa lemmonii-
Rhacometrium canescens grassland on Rattlesnake Butte at the edge of the
Willamette Valley, the frequency of the exotic annual, Aira caryophyllea, increased
significantly following burning (MacDonald, undated).

Declines in the frequency of annual species observed in my study were
unexpected. I anticipated that spaces would open for these species to establish
and flourish in the postfire environment. In contrast to my study, annuals
increased in the postfire environment at Finley prairie (Frenkel and Streatfeild
1994, Streatfeild 1995).

The stem density of annual forbs increased dramatically in tallgrass prairie
plots that were burned during spring or fall for six years annually in Wisconsin
(Curtis and Partch 1948). They speculated that these plants came from buried
seeds in the soil, since the greatest densities were attained in the first year of the

burn, with gradual reductions in succeeding years.
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At the Konza tallgrass prairie in Kansas, where fire was prescribed every
four years, relative cover of many life forms was related to the prescribed burning
cycle (Gibson 1988). Percent cover of perennial forbs and C; perennial grasses
increased through the burning cycle with increasing time since burning, but total
C, annual forbs, total grass and perennial short grass all declined. Despite trends
in the response of life forms to burning, population dynamics of only six species
were related to the burn cycle. A number of annual species generally declined
immediately following burning, then increased, followed by another decline with
increasing time since burning. An initial decline in abundance of some annual
species following burning and a subsequent increase was noted in my study.
These results lead to intriguing questions about the seed bank dynamics of prairie
species in response to burning.

Most prairie species at the Konza prairie fluctuated more in relation to
yearly climatic variation, soil type, and differences between watershed units than
in response to burning (Gibson 1988). Yearly effects, where species abundance
changed regardless of treatment, were apparent in my study.

Although overall biomass declined, forb biomass increased following
burning in California annual grasslands (Hervey 1949). In contrast, total biomass
was observed to increase in a number of communities following burning (Chapter
2) while forb frequency and cover were also noted to increase in my study.

A number of plant species that increased following burning in this study

were important foods plants to the Native American people of the Pacific
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Northwest, e.g., Vaccinium spp., Brodiaea spp., Camassia spp., Perideridia spp.
(French 1965, Boyd 1986). Former inhabitants may have burned on a cycle to
enhance favored plant foods and we may look to changes in abundance of these
species to help determine optimal fire frequency for some Willamette Valley

wetland prairies.

Species richness, diversity and equitability

Diversity (H’) was greater in burned than in unburned areas early in the
growing season in a tallgrass prairie in Iowa (Hill and Platt 1975). Fires also
caused a shift in dominance in this tallgrass prairie, with an increase in
Andropogon gerardii and forbs and a decrease in Poa pratensis biomass (Hill and
Platt 1975). Fire resulted in an significant increases in species diversity in plant

communities and an increase in equitability in one plant community my study.

Inherent difficulties with sampling techniques

Because of their open, scattered growth form, some species were
particularly difficult to assess for cover (e.g. Agrostis spp.). When cover of only
live plant material is estimated, cover values can change dramatically if yearly
sampling occurs at different plant phenological stages. Such problems could mask
changes in cover between years or difference in cover estimates across all

treatments within one year. Cover of Agrostis spp. did change in a similar
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direction across treatments between years, although magnitudes of change were
greater in burn treatments.

Dramatic increases in cover or frequency of some species between 1988
and 1989 may have been due to poor determination of early-phenology species
presence during 1988. These species may have been largely missed if they were
only present as standing dead or litter from previous years of growth. Species
with early phenologies that were difficult to find bor identify during sampling
included Cardamine penduliflora, Luzula campestris, Erythronium oreganum, Montia
linearis, and Ranunculus spp. Sampling should be carried out earlier in the season
to adequately detect and evaluate presence, percent cover, and fire effects on such
species. However, if sampling occurred earlier, late-season species would be
inadequately sampled. Ideally, multiple sampling should be done at intervals
during the growing season to assure adequate capture of all species, although this
would be an extremely time-consuming endeavor.

Percent cover is generally sensitive to changes of dominant species
abundance while frequency is more sensitive to changes in less common species
(Barbour et al. 1987). Although cover estimates can be fairly subjective and may
vary among technicians, frequency estimates of abundance depend largely upon
quadrat size. Optimum plot size for percent frequency sampling is one where the
percent frequency falls in the range of 20 to 80% (Mueller-Dombois and
Ellenberg 1974). Determining an optimal plot size for all species is difficult and

provides the rationale behind using a series of nested plots. The largest plot size
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used in this study, 50 x 50 cm, was too small to sample a majority of the
uncommon plant species that occurred at sites because their percent frequency
often fell below 20%. In addition, the smallest plot size, 12.5 x 12.5 cm, was also
too large to adequately sample some of the most common species at the study

sites, which had frequencies >80%.

Conclusion

Prescribed burning experiments at Rose Prairie and Fisher Butte show
mixed effects on vegetation composition. Fire sometimes increased frequency and
cover of native species, but in other circumstances, fire increased exotic species
and woody plant abundance. Additional monitoring of plant response to varying
fire frequencies and intensities is necessary. Trends in vegetative changes in
response to fire may not be evident immediately following burning; many years of
prescribed burning may be required before patterns emerge. Fire is not a single
type of treatment. Fires vary in intensity and thus their impact upon plant species
and environment varies. Monitoring over extended time periods and use of
varying fire frequencies will assist in determining optimum fire frequencies and
intensities to maintain populations of native plants while controlling woody and

exotic species in native Willamette Valley wetland prairies.
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CHAPTER 5
SHRUB AND TREE COMPOSITION AND RESPONSE TO PRESCRIBED
FIRES IN WILLAMETTE VALLEY WETLAND PRAIRIES

Abstract

Natural and aboriginal fires were historically important in maintaining
prairie habitat in the Willamette Valley. One important function of fire was the
inhibition of succession to woodland of prairie communities. In this study,
prescribed fires were implemented to determine response of the structure and
composition of the shrub and tree component in five plant communities (RP
Deschampsia, Rosa/Anthoxanthum, Vaccinium, FB Deschampsia, Rosa/Juncus) at
two selected wetland prairie sites near Eugene, Oregon (Rose Prairie and Fisher
Butte). Three treatments were assessed; unburned controls, and once and twice
burned treatments.

Rosa nutkana was the most prevalent woody species within all plant
communities. Initial preburn densities ranged from 30,519 plants ha™! in the mesic
RP Deschampsia community to 50,963 plants ha™ in the relatively dry
Rosa/Anthoxanthum community at Rose Prairie . Conversely, initial R. nutkana
densities were lowest the drier FB Deschampsia community (17,156 ha™) relative
to the wet Rosa/Juncus community (53,067 ha!) at Fisher Butte.

More woody plant encroachment was occurring at Rose Prairie than at
Fisher Butte. Most sampled trees at both sites were in seedling and sapling size

classes, ranging between 3 to 70 cm in height. Total tree density initially ranged
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from 568 trees ha™ in the Vaccinium community to an absence of trees in the
Rosa/Anthoxanthum community at Rose Prairie. Tree density was nearly four
times greater in the Rosa/Juncus community (1644 ha) than in the FB
Deschampsia community (430 ha™) at Fisher Butte; due primarily to the presence
of Fraxinus latifolia (1,071 ha) invading the wet Rosa/Juncus community.

Rosa nutkana density significantly increased between years in twice burned
treatments in both the dry Rosa/Anthoxanthum community at Rose Prairie and in
the wet Rosa/Juncus community at Fisher Butte. No significant density changes
of this species were noted in response to treatments in the other plant
communities.

Mean height of R. nutkana significant declined in one or both burned
treatments in four plant communities. Taller height classes were also eliminated,
individuals shifted to shorter height classes in burn treatments relative to
controls.

In twice burned treatments of the Rosa/Juncus community, total tree
density decreased significantly (-64%) between years, due primarily to a significant
decrease (-96%) in F. latifolia. By contrast, a single fire only reduced total tree
density by 13% in this community. These data indicate that higher tree seedling
and sapling mortality, particularly of F. latifolia, will result with repeated burning
relative to a single fire in the Rosa/Juncus plant community. Fire effects on tree

density varied greatly in all other plant communities.
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Fire effects on mean tree height varied significantly between plant
communities. Tree heights increased in the Rosa/Juncus community and
decreased in Vaccinium and FB Deschampsia communities. Burning shifted trees

from taller to shorter height classes.

Introduction

Willamette Valley prairies are some of the rarest and most endangered of
all natural ecosystems in the state of Oregon (1983). Natural lightning fires and
those set by Native Americans have been extremely important in shaping and
maintaining these prairies (Sprague and Hansen 1946, Habeck 1961, Thilenius
1968, Johannessen et al. 1971, Boyd 1986). European settlers excluded fire from
these native ecosystems starting in the 1840’s and continuing to the present. Most
Willamette Valley prairies have been destroyed by urbanization, and agricultural
conversion (Towle 1982, Christy and Alverson 1994). Remnant prairies are being
invaded by shrubs and trees. The reintroduction of fire in remnant prairies may
provide native species better conditions for growth, reproduction and competitive
advantage.

Willamette prairies are generally separated into dry (upland) plant
communities and wet, low (wetland) communities (Habeck 1961). This study
focussed on wetland prairies. With fire exclusion, wetland prairies may soon be

replaced by woodland communities of willow (Salix spp.), black cottonwood
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(Populus trichocarpa), hawthorn (Crataegus spp.) or ash (Fraxinus latifolia).
(Franklin and Dyrness 1973, Johannessen et. al 1971, Sprague and Hansen 1946,
Thilenius 1968, Cole 1977, Frenkel and Heinitz 1987). Fires have been used or
observed to result in retrogression of woody plant succession in numerous
ecosystems (e.g. North American grasslands - Daubenmire 1968, Vogl 1974,
Kucera 1981; tallgrass prairie - Collins and Wallace 1990; Sagebrush steppe-
Humphrey 1984; Florida wetlands - Duever et. al. 1984, Vogl 1973; and forest
systems - Agee 1981, Kauffman 1990, Volland and Dell 1981).

Euroamericans have intentionally and unintentionally introduced a number
of exotic-shrubs and trees to Willamette Valley prairies (Towle 1982). The effects
of prescribed fires on these species are unknown. The reintroduction of fire in
remnant Willamette Valley prairies may control invasion and dominance of both
native and exotic woody species. Prescribed fire has been used to control Oregon
ash (F. latifolia‘) and cultivated pear (Pyrus communis) at the Willow Creek
wetland prairie (The Nature Conservancy) preserve in the southern Willamette
Valley (Acker 1986). Prescribed fires at Willow Creek killed most tree crowns,
although trees sprouted. However, canopy cover was opened, thereby favoring
prairie vegetation. Burning at Finley Research Natural Area (RNA) wetland
prairie reduced the frequency of Rosa eglanteria, a dominant, exotic shrub found
at that site (Streatfeild 1995).

I hypothesized that fire would reduce density and mean height of woody

plants and that multiple fires may more effectively decrease woody plant
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dominance than a single fire. This experiment was designed to quantify the
response of shrubs and trees to a single fire and to two consecutive annual fires.
The specific objectives were to (1) document the initial density,
composition and structure of shrubs and trees in five wetland prairie plant
communities at two study sites and (2) determine changes in the density,
composition and structure of shrubs and trees in response to the single and

repeated burn treatments.

Study Sites

Chapter 2 provides a complete description of study sites including location,

climate, general vegetation, soils and topography.

Methods

Treatments

Shrub and tree composition was measured during 1988 and 1990, prior to
and following three treatments: 1) control (no burn), 2) a single, fall-season,
prescribed fire in 1988 (once burned), and 3) two, consecutive fall-season,
prescribed fires in 1988 and 1989 (twice burned). Treatments were established
parallel to each other at Rose Prairie (Figure 5.1). At Fisher Butte, treatment

areas were established in large rectangular blocks, oriented perpendicular to a
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road delimiting the western boundary of the study site (Figure 5.2). Each
treatment area included all of the plant communities found on each site. At Rose
Prairie, each treatment area was ~2 ha; at Fisher Butte, each treatment area was
~4 ha. After areas were delineated, they were randomly assigned to specific

treatments.

Sampling design and techniques

Rose Prairie

Three permanent belt transects were established prior to 1988 burning, in
each of the RP Deschampsia, Rosa/Anthoxanthum and Vaccinium plant
communities within each treatment (i.e. 3 transects x 3 plant communities x 3
treatments = 27 transects) (Table 5.1, Figure 5.3).

Nested belt transects were used to sample woody plants. Densities and
heights of trees and shrubs (except for Rosa nutkana) were measured within 3 X
30 m transects within RP Deschampsia and Vaccinium plant communities. Rosa
nutkana was generally present in high densities; it was therefore measured in 1 x
15 m transects in all plant communities. These smaller R. nutkana transects were
nested within the 3 x 30 m transects within RP Deschampsia and Vaccinium plant
communities (Figure 5.4). Due to the small size of the Rosa/Anthoxanthum
community mounds, only 1 x 15 m transects were established to sample densities

and heights of woody species within that plant community (Figure 5.3).












Table 5.1. Plant communities identified and sampled, their locations, their codes in text, tables, and figures, and the number of

transects installed in each.

Name of Community

Location

Code in Text,
Figures
and Tables

Number of transects

Deschampsia cespitosa-
Danthonia californica

Rosa nutkana/A nthoxanthum
odoratum mounds

Vaccinium caespitosum

Deschampsia cespitosa-
Danthonia californica

Rosa nutkana/Juncus
nevadensis

Rose Prairie

Rose Prairie

Rose Prairie

Fisher Butte

Fisher Butte

RP Deschampsia

Rosa/A nthoxanthum

Vaccinium

FB Deschampsia

Rosa/Juncus

9 (3 Control/unburned, 3 once burned, 3 twice burned)
9 (3 Control/unburned, 3 once burned, 3 twice burned)
9 (3 Control/unburned, 3 once burned, 3 twice burned)
15 (3 Control/unburned, 6 once burned, 6 twice burned)

15 (3 Control/unburned, 6 once burned, 6 twice burned)

881
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An individual R nutkana plant was determined by pulling a single stem. If
other aerial stems in the close proximity to the target plant moved, they were
considered to be additional stems of the one individual. Mean height was
calculated from the first ten R. nutkana. Vaccinium caespitosum plants were
small-statured, non-invasive, and had high stem densities, therefore their changes
in response to fire were evaluated by percent cover and frequency methods
presented in Chapter 3. Spiraea douglasii was also evaluated by percent cover and

frequency methods only (Chapter 3).

Fisher Butte

Transects were established prior to 1988 burning in the control and burn
treatments of the FB Deschampsia and Rosa/Juncus plant communities at Fisher
Butte. Three transects were located in the control and six in each of the burn
treatments [ie. (3 control + 6 once burned + 6 twice burned transects) x 2 plant
communities = 30 belt transects] (Table 5.1, Figure 5.5).

Nested 1x15 m belt transects were used to sample R. nutkana, while the

3x30 m belt transects were used to sample all other woody species (Figure 5.4).

Measurement periods and burn treatments

At both sites, all sampled individuals of woody species were counted and

their heights measured during August and September of 1988 prior prescribed
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fires on 11 October, 1988. The second set of prescribed burns was conducted on
September 18, 1989. Eugene District - Bureau of Land Management personnel
conducted the prescribed fires at both study sites using wetline and strip-head
burning techniques (refer to Chapter 2 for more information on fire treatments).

Final sampling of woody plants occurred in August and September, 1990.

Data analysis

Descriptions of the original shrub and tree components of plant
communities were based on 1988 (data prior to the prescribed fires). Mean
densities and heights of woody species were derived from data pooled from all
treatment areas to assess differences among plant communities. Quercus garryana
and Q. kellogii seedlings and Rubus discolor and R. laciniata seedlings were
initially difficult to distinguish, therefore, these species were combined and
presented as Quercus spp. and Rubus spp., respectively. Data for all trees were
also combined because there were so few. Trees 300 cm or taller were not
included in data analysis of tree densities or heights because they were fairly
sparse (<1 tree per 3x30 belt transect). They were more prevalent at Fisher
Butte than Rose Prairie, and at Fisher Butte, were concentrated in wet areas
(predominantly F. latifolia).

Mean densities and heights were calculated for all shrubs and trees for
control, once burned and twice burned treatments, in the three plant communities

at Rose Prairie and the two at Fisher Butte. Data are presented for the preburn
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conditions (1988) and post-treatment conditions (1990). 1990 data represent A)
growth following no experimental treatments (control treatments), B) a second
year of growth after 1988 burns (once burned treatments) C) and the first year’s
growth following two consecutive burns conducted in 1988 and 1989 (twice burned
treatments). A more generalized view of fire effects on R. nutkana and trees was
obtained by grouping height data into ten height size classes with the intent of
examining fire effects on species demography and susceptibility of height classes

to fire treatments. Plant taxonomy followed that of Hitchcock et al. 1969.

Statistical analysis

Differences between means were tested using Mann-Whitney tests; a non-
parametric analysis based on ranks (Zar 1984). This test is appropriate for data
with unequal sample sizes and when assumptions associated with parametric tests
can not be met. Statistical tests were applied to individual species and to "all
trees combined" between years and among treatments. Since initial densities and
heights of shrubs and trees were so variable among treatment areas within plant
communities, the percent change between 1988 and 1990 among treatments were

also tested.
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Results

Initial woody flora

There were totals of 16 and 20 woody species at Rose Prairie and Fisher
Butte, respectively (Table 5.2). Three (19%) of the 16 woody species at Rose
Prairie were exotics; Rosa eglanteria, Rubus discolor, R. laciniata. Seven of the 20
(35%) woody species at Fisher Butte were exotics; these included the three exotics
at Rose Prairie and an additional four species: Crataegus monogyna, Prunus malus,

Prunus avium and Pyrus communis.

Initial species composition and density in plant communities

Rose Prairie

Prior to prescribed burns, RP Deschampsia and Rosa/Anthoxanthum
communities contained similar shrub and tree species within sampling areas; both
communities contained fewer woody species (S=4) than the Vaccinium community
(§=10) (Table 5.3). Density of R. eglanteria was significantly greater in the
Vaccinium community (148 ha™') compared to the RP Deschampsia community (37
ha). Density of R. nutkana varied greatly in all communities (Table 5.3). The
density of R. nutkana was significantly greater in the dry Rosa/Anthoxanthum

community (50,963 plants ha™') relative to the wettest community, RP
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Table 5.2. Shrub and trees species present in (X) and outside

(X!) of measured transects at Rose Prairie and Fisher Butte.

ROSE FISHER BUTTE
PRAIRIE
SHRUBS
Rosa eglanteria* X X
Rosa "Multiflora” X!
Rosa nutkana X X
Rhus diversiloba X X
Rubus discolor* X X
Rubus laciniata* X X
Rubus wrsinus X! X!
Spiraea douglasii X X
Vaccinium caespitosum X
Amelanchier alnifolia X X
TREES
Arbutus menziesii X!
Crataegus douglasii X X
Fraxinus latifolia X X
Pinus ponderosa » X!
Populus trichocarpa X! X!
Prunus avium* X!
Pyrus fuscus X X
Pyrus communis* X!
Pyrus malus* X!
Quercus spp. X
Rhamnus purshiana X X
Salix spp. X! X!
Total Species 16 20

* - exotic species



Table 5.3. Density (ha™) of woody plants by species, across treatments, within plant communities at
Rose Prairie during 1988. Means based on 9 transects. Numbers in parentheses are the standard

error of the mean.

RP Deschampsia Rosa/Anthoxanthum Vaccinium

SHRUBS

Rosa eglanteria 37* (26) 74 (41) 148° (52)

Rosa nutkana 30519% (14833) 50963° (6276) 47620 (7400)

Rubus spp. 0 (0.0) 62 (49) 62 (38)

Amelanchier alnifolia 12 (12) 12% (12) 333" (72)
TREES

Crataegus douglasii 37" (37) 0 () 222° (69)

Pyrus fuscus 0 0 (0) 160 (85)

Quercus spp. 0(0) 0 () 74 (26)

Rhamnus purshiana 0 (0) 0 (0) 99 (39)

All trees combined: 37% (0) 0 (0) 568" (105)

Means with different superscripted letters denote a significant difference between plant communities (p<0.10).

c61
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Deschampsia (30,519 plants ha™), while the community with intermediate
moisture, Vaccinium, had 47,620 plants ha™l. Amelanchier alnifolia was present in
significantly greater density in the Vaccinium community (333 plants ha™) than in
the Rosa/Anthoxanthum (12 ha™') community.

Trees were absent in the Rosa/Anthoxanthum community and very sparse
in the RP Deschampsia community (37 trees ha™) (Table 5.3). Trees were most
prevalent in the Vaccinium community at Rose Prairie; Crataegus douglasii was the
most abundant tree species (222 ha) and the density of "all trees combined" was
568 ha’. There were four tree species that were present only in the Vaccinium
community: P. fuscus, Q. garryana, Q. kellogii and R. purshiana. This community
had the greatest woody species richness as well as the greatest densities of

communities sampled at Rose Prairie.

Fisher Butte

While the FB Deschampsia and Rosa/Juncus communities contained the
same woody species richness (S=9), composition varied. Overall woody plant
density was greater in the Rosa/Juncus community (Table 5.4). Rosa eglanteria
and C. monogyna were only encountered in the drier FB Deschampsia community
while S. douglasii was only in the wetter Rosa/Juncus community. Rosa nutkana
and F. latifolia were present in significantly greater densities in the more mesic
Rosa/Juncus community (53,067 and 1,071 plants ha™, respectively) compared to

the drier FB Deschampsia community (17,156 and O plants ha™). Rubus spp. and
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Table 5.4. Density (ha') of shrubs and trees by species, across treatments, within plant
communities at Fisher Butte during 1988. Means based on 15 transects. Numbers in
parentheses are the standard error of the mean.

FB Deschampsia Rosa/Juncus
SHRUBS
Rosa eglanteria 67 (34) 0 (0)
Rosa nutkana 17156 (4425) 53067° (9425)
Rubus spp. 44* (18) ()
Amelanchier alnifolia 104° (32) 30° (20)
TREES
Crataegus douglasii 319 (87) 496 (294)
Crataegus monogyna 7 0 (0)
Fraxinus latifolia 0 1071 (451)
Pyrus fuscus 37 1) 22 (16)
Pyrus communis 44 (30) 74 (53)
Rhamnus purshiana 30 (13) 44 (18)
All trees combined: 430 (88) 1644° (512)

Means with different superscripted letters denote a significant difference between plant communities

(p<0.10)
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A. alnifolia were present in significantly greater densities in the drier FB
Deschampsia community (44 and 104 plémts ha’, respectively) compared to the
wetter Rosa/Juncus community (7 and 30 plants ha®). Crataegus douglasii was a
primary tree invader in both FB Deschampsia (319 trees ha) and Rosa/Juncus
(496 trees ha™) plant communities. The density of "all trees combined" was
significantly greater in the more mesic Rosa/Juncus community than in the drier

FB Deschampsia community (1,644 and 430 plants ha™, respectively).

Initial Species Heights in Plant Communities

Rose Prairie

fﬂor to prescribed fires, R. eglanteria and R. nutkana were tallest in the
dry Rosa/Anthoxanthum community (105 and 49 cm, respectively), shortest in the
Vaccinium community (37 and 29 c¢m) and intermediate in height in the wet RP
Deschampsia community (40 and 38 c¢m) (Table 5.5). Most trees occurred as
seedlings or saplings with mean heights < 1m. The tallest trees were in the
Vaccinium community; P. fuscus (61 cm), C. douglasii (57 cm), R. purshiana (19
cm), and Quercus spp. (12 cm). Only one tree was present in the RP Deschampsia
community, a C. douglasii seedling 3 c¢m tall. No trees were present in

Rosa/Anthoxanthum community transects.
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Table 5.5. Heights (cm) of shrubs and trees by species, across treatments, within plant

communities at Rose Prairie during 1988. Means based on variable numbers of

transects with plants (n). Numbers in parentheses are the standard error of the mean.

RP Deschampsia  Rosa/Anthoxanthum Vaccinium
n n

SHRUBS

Rosa eglanteria 40 (7) 2 105" (13) 3 37° (9) 6

Rosa nutkana 38 (5) 8 49* (4) 9 29° (2) 9

Rubus spp. 0(© 0 27 (3) 2 20 (5) 3

Amelanchier alnifolia 31 (0) 1 1(0) 2 69 (10) 8
TREES

Crataegus douglasii 30 1 0 0 57 (16) 7

Pyrus fuscus 0(© 0 0 0 61 (16) 5

Quercus spp. 0(0) 0 0 (0) 0 12 (2) 5

Rhamnus purshiana 0 0 0(© 0 19 (2) 5

‘All trees combined: 30 1 0 (0) 0 46 (12) 9

Means with different superscripted letters denote a significant difference between plant communities

(p<0.10).
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Fisher Butte

At Fisher Butte, R. nutkana was significantly shorter in the drier FB
Deschampsia community (34 ¢cm) than in the wetter Rosa/Juncus (40 cm)
community (Table 5.6). Similar to Rose Prairie, most tree invasion consisted of
seedlings and saplings. Crataegus douglasii was significantly taller in the FB
Deschampsia community (80 cm) compared to the Rosa/Juncus community (61
cm). Overall, trees were significantly taller in the FB Deschampsia community (70

cm) than in the Rosa/Juncus community (46 cm).

Fire effects on woody plant density

Rose Prairie

Among plant communities, there was either no change or a decline (32%)
in R. nutkana density between 1988 and 1990 in control treatments (Table 5.7).
Density varied from a slight decline (9%) to a slight increase (15%) in once
burned treatments and density varied from no changes to a significant increase
(53%) in twice burn treatments across the different plant communities at Rose
Prairie.

Within the RP Deschampsia community, there was a significant difference
in the magnitude of change between 1988 and 1990 of R. nutkana density between

control and twice burned treatments (Table 5.7). The density of R. nutkana
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Table 5.6. Heights (cm) of shrubs and trees by species, across treatments, within plant
communities at Fisher Butte during 1988. Means based on variable numbers of transects
with plants (n). Numbers in parentheses are the standard error of the mean.

FB Deschampsia | Rosa/Juncus
n n
SHRUBS
Rosa eglanteria 59 (6) 4 00 O
Rosa nutkana 34% (2) 14 40* 2) 14
Rubus spp. 50 (9) 5 62(0) 1
Amelanchier alnifolia 55 (12) 9 44 30) 2
TREES
Crataegus douglasii 79.4* (9) 12 61° (22) 12
Crataegus monogyna 86.0 (0) 1 00 O
Fraxinus latifolia 0.0 (0) 0 1933 12
Pyrus fuscus 70.8 (12) 3 9127 2
Pyrus communis 37.7 (13) 4 100 (53) 3
Rhamnus purshiana 33.0 (12) 4 39(149) 5
All trees combined: 69.5* (7) 12 46° (12) 14

Means with different superscripted letters denote a significant difference between plant
communities (p<0.10).



Table 5.7. Density (ha') of shrubs and trees by species, within plant communities, by treatments and by years at Rose Prairie.
Means based on 3 transects. Numbers in parentheses are the standard error of the mean.

CONTROL/NO BURN

1988

1990

ONCE BURNED

1988

1990

TWICE BURNED
1988 1990

RP Deschampsia cespitosa plant community

SHRUBS
Rosa nutkana
Rosa eglanteria

Amelanchier alnifolia

TREES

Crataegus douglasii
Fraxinus latifolia
Pyrus fuscus
Rhamnus purshiana

All trees combined:

Rosa/Anthoxanthum plant community
SHRUBS
Rosa nutkana
Rosa eglanteria
Rhus diversiloba
Rubus spp.

Amelanchier alnifolia

4489 (3803)

4(4)
4(4)

0(0)
0 (0)
0 (0)
0 (0)
0(0)

4556 (1025)
0(0)
0(0)

22 (22)
0 (0)

3044 (2588)
4(4)
4 (4)

0(0)
4(4)
0(0)
4(4)
74

4489 (1075)
0(0)
0 (0)
22 (22)
0

3044 (3011)
7 (7)
0 (0)

11 (11)
0(0)
0(0)
0
11 (11)

6822 (968)
111 (59)
0 (0)

0 (0)

0 (0)

3511 (3445)
7(4)
0 (0)

0 (0)
0 (0)
15 (15)
0(0)
15 (15)

6178° (1025)
67 (38)
00
0 (0)
00

1622 (905)  1622° (1016)
00 4 (4)
0(0) 0(0)
0(0) 00
0(0) 0(0)
0(0) 00
00 0(0)
0(0) 0(0)

3911' (633)  6000% (115)

22 (22) 44 (44)

0 (0) 22 (22)
89 (89) 67 (67)
22 (22) 22 (22)

[4\ré



Table 5.7, Continued.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1990 1988 1990 1988 1990
TREES
Crataegus douglasii 00 0 (0) 0(0) 22 (22) 0(0) 0
Quercus spp. 0 0(0) 0 0 0 44 (44)
All trees combined: 0 0 0 22 (22) 0 (0) 44 (44)
Vaccinium plant community
SHRUBS
Rosa nutkana 2867 (910) 2756 (823) 6667 (1411) 7622 (1520) 4756 (370) 6444 (1302)
Rosa eglanteria 22 (6) 19 (10) 4 (4) 7@ 19 (13) 44 (17)
Rhus diversiloba 0 0 (0) 0 (0) 0 0 (0) 70
Rubus spp. 44 0(0) 0 30 (30) 15 (10) 37 (21)
Amelanchier alnifolia 52 (13) 59 (4) 19 (10) 7 30 (7) 334D
TREES
Crataegus douglasii 11 (6) 26 (26) 22 (6) 26 (4) 33 (19) 37 (20)
Pyrus fuscus 26 (26) 26 (15) 7 @) 15 (10) 15 (10) 19 (13)
Quercus spp. 7 (4) 11 (11) 4 (4) 0 11 (6) 11 (6)
Rhamnus purshiana 15 (10) 19 (13) 4 (4) 4 (4) 11 (6) 0
All trees combined: 63 (23) 81 (32) 37 4) 44 (11) 70 (23) 67 (6)

Means with different superscripted numbers denote a difference between years within treatments; means with different superscripted letters
denote a significant difference in the percent change between 1988 and 1990 between treatments (p<0.10).

€0¢
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dropped ~32% in control areas while density remained unchanged in twice
burned areas. Likewise, there was a significant difference in the magnitude of
change in R. nutkana density between once and twice burned treatments within
the Rosa/Anthoxanthum community. The density of R. nutkana declined slightly
between 1988 and 1990 in once burned areas while it increased by ~53% in twice

burned areas.

Fisher Butte

There were significant increases of R. nutkana density in twice burned
treatments and of Rubus spp. density in once burned treatments between 1988 and
1990 within the Rosa/Juncus community at Fisher Butte (Table 5.8). Two
consecutive burns resulted in significant declines (-76%) in the density of A.
alnifolia in the FB Deschampsia community (Table 5.8). Concurrently, A. alnifolia
density increased in control areas.

There were significant declines between years in the density of F. latifolia
in once (-92%) and twice (-96%) burned treatments and of "all trees combined"
within twice (-64%) burned treatments within the Rosa/Juncus community. In
contrast, a single fire reduced total tree density only by 13% in this community.
This same pattern of tree density decline with burning did not occur within the
FB Deschampsia comfnunity. Tree density increased 27% in control, 91% in once
burned and 116% in twice burned treatments, although results were not

significant.



Table 5.8. Density (ha') of shrubs and trees by species, within plant communities, by treatments and by years at Fisher Butte.
Means based on 3 transects for control treatments and 6 transects for burn treatments. Numbers in parentheses are the standard

error of the mean.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1990 1988 1990 1988 1990
FB Deschampsia plant community
SHRUBS
Rosa nutkana 311 (174) 267 (133) 2678 (813) 2033 (502) 1456 (555) 1722 (542)
Rosa eglanteria 0 (0) 0 (0) 15 () 0 (0) 2(2) 2 (2)
Rubus spp. 7 7 @) 6 (2) 33 (15) 2(2) 9 (6)
Amelanchier alnifolia 11 (0) 22% (6) 42 6 (4) 17 (7) 4 (2)
TREES
Crataegus douglasii 44 (17) 63 (21) 26 (16) 54 (25) 31 (14) 67 (31)
Crataegus monogyna 0 () 00 00 0(0) 2(2) 2(2)
Fraxinus latifolia 0(0) 00 2(2) 0(0) 0(0) 0(0)
Pyrus fuscus 4 4) 7 44 7 (5) 4 (4 64
Pyrus communis 15 (15) 74 4(2) 6 (2) 2(2) 64
Rhamnus purshiana 74 11 (6) 2(2) 0O 2(2) 0(0)
All trees combined: 70 (10) 89 (22) 35(16) 67 (28) 37 (13) 80 (27)
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Table 5.8, Continued.

CONTROL/NO BURN
1988 1990

ONCE BURNED
1988 1990

TWICE BURNED
1988 1990

Rosa/Juncus plant community
SHRUBS
Rosa nutkana
Rhus diversiloba
Rubus spp.
Amelanchier alnifolia
TREE
Crataegus douglasii
Fraxinus latifolia
Pyrus fuscus
Pyrus communis
Rhamnus purshiana

All trees combined:

2044 (1193) 2422 (1368)

0 0
0@ 0
0@ 7(M)
22 (17) 41 (35)
0 (0) 0 (0)
0@ 0
0(0) 0
7(4) 7(7)
30 (20) 48 (43)

7456 (1574) 9900 (1966)

0@ 7(M)
2' (2) 112 (4)
4(4) 22
22 (8) 33 (11)
52' (25) 4 (2)
6 (4) 13 (7)
19 (12) 39 (32)
0 (0) 2 (2)
98 (31) 85 (53)

4789' (1190) 84222 (1852)

0 0©
0 4
44 22
91 (73) 104 (74)
200' (97) 9% (5)
0 0
0 0
7(4) 0
298' (105) 113 (73)

Means with different superscripted numbers denote a significant difference between years within treatments; means with different superscripted letters
denote a significant difference in the percent change between 1988 and 1990 between treatments (p<0.10)

90T
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Fire effects on mean plant height

Rose Prairie

Heights of R. nutkana were significantly reduced (-43%) between 1988 and
1990 in once burned treatments within the Vaccinium community (Table 5.9).
Likewise, R. nutkana heights significantly declined (-60%) in twice burned
treatments within the Rosa/Anthoxanthum community. Within the Vaccinium
plant community, the magnitude of change in heights of 4. alnifolia differed
significantly between once and twice burned treatments; heights increased 40% in

once burned areas while heights decreased 31% in twice burned areas.

Fisher Butte

Heights of R. nutkana were significantly reduced by both burn treatments
in both plant communities (Table 5.10). Heights were reduced by 67% (FB
Deschampsia) and 31% (Rosa/Anthoxanthum) in once burned areas and by 34%
(FB Deschampsia) and 53% (Rosa/Anthoxanthum) in twice burned areas.
Likewise, the heights of Rubus spp. were significantly reduced in once burned
treatments within the FB Deschampsia community (-67%).

The mean height of C. douglasii, was significantly reduced in twice burned
treatments within the FB Deschampsia community (-51%) (Table 5.10). Within

the FB Deschampsia community at Fisher Butte, fires resulted in significant



Table 5.9. Height (cm) of shrubs and trees by species, within plant communities, by treatments and by years at Rose
Prairie. Means based on variable numbers of transects with plants present (n). Numbers in parentheses are the standard

error of the mean.

1988 1990 1988 1990 1988 1990
n n n n
RP Deschampsia plant community
SHRUBS
Rosa nutkana 35 (2) 3 35 (2) 3 35 (19) 2 19 (15) 2 43 (11) 3 34 (13) 3
Rosa eglanteria 47 (0) 1 49 (0) 1 33 (0) 1 19 (9) 2 0 (0) 0 14 (0) 1
Amelanchier alnifolia 31 (0) 1 23 (0) 1 0 (0) 0 0 (0) 0 (0) 0 0 (0) 0
TREES
Crataegus douglasii 0 (0) 0 0(0) 0 60 (0) 1 0 (0) 0 0 (0) 0 0(0) 0
Fraxinus latifolia 0 (0) 0 10 (0) 1 0(0) 0 0 (0) 0 0 (0) 0 0 (0) 0
Pyrus fuscus 0 (0) 0 0(0) 0 0 (0) 0 28 (0) 1 0 (0) 0 0 (0) 0
Rhamnus purshiana 0 (0) 0 11 (0) 1 0(0) 0 0(0) 0 0 (0) 0 0 (0) 0
All trees Combined: 0(0) 0 11 (0) 2 60 (0) 1 28 (0) 1 0 (0) 0 0 (0) 0
Rosa/Anthoxanthum plant community
SHRUBS
Rosa nutkana 60 (7) 3 47 (8) 3 44 (7) 3 25 (6) 3 43! (1) 3 172 (2) 3
Rosa eglanteria 0 (0) 0 0 (0) 0 95 (157) 2 83 (19) 2 124 (0) 1 35 (0) 1
Rhus diversiloba 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 8 (0) 1
Rubus spp. 30 (0) 1 45 (0) 1 0(0) 0 0 (0) 0 24 (0) 1 20 (0) 1
Amelanchier alnifolia 0 (0) 0 0 (0) 0 0 0 0(0) 0 38 (0) 1 44 (0) 1

80¢



Table 5.9, Continued.

1988 1990 1988 1990 1988 1990
n n n n n n
TREES
Crataegus douglasii 0 (0) 0 0(0) 0 0(0) 0 34 (0) 1 0(0) 0 0(0) 0
Quercus spp. 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 9 (0) 1
All trees Combined: 0 (0) 0 0(0) 0 0(0) 0 34 (0) 1 0 (0) 0 9 (0) 1
Vaccinium plant community
SHRUBS
Rosa nutkana 29 (2) 3 39 (22) 3 28' (5) 3 16 (2) 3 30 (1) 3 20 (5) 3
Rosa eglanteria 29 (5) 3 22 (4 2 25 (0) 1 24 (7) 2 55 (23) 2 18 (7) 3
Rhus diversiloba 0 (0) 0 00 0 0(0) 0 0 (0) 0 0 (0) 0 4 (0) 1
Rubus spp. 29 (0) 1 0 (0) 0 0 (0) 0 2(0) 1 16 (3) 2 11 (5) 3
Amelanchier alnifolia 65 (6) 3 60 (13) 3 89 (34) 2 1257 (0) 1 59 (15) 3 41° (20) 3
TREES
Crataegus douglasii 87 (56) 2 75 (0) 1 46 (10) 3 35(7) 3 42 (24) 2 16 (11) 2
Crataegus monogyna 0(0) 0 0(0) 0 0 0 (0) 0 0(0) 0 0(0) 0
Pyrus fuscus 84 (0) 1 59 (33) 3 55 (24) 2 28 (15) 2 56 (39) 2 33(7) 2
Quercus spp. 14 (3) 2 9 (0) 1 12 (0) 1 0 (0) 0 9(2) 2 9(0) 2
Rhamnus purshiana 17 (4) 2 22 (4) 2 25 (0) 1 25 (0) 1 19 (2) 2 0 (0) 0
All trees Combined: 44 (27) 3 45 (26) 3 41 (13) 3 31 (3) 3 50 (23) 3 2006) 3

Means with different superscripted numbers denote a significant difference between years within treatments; means with different superscripted letters
denote a significant difference in the percent change between 1988 and 1990 between treatments (p <0.10).
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Table 5.10. Height (cm) of shrubs and trees by species, within plant communities, by treatments and by years at Fisher
Butte. Means based on variable numbers of transects with plants present (n). Numbers in parentheses are the standard
error of the mean.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1990 1988 1990 1988 1990
n n n n n
FB Deschampsia plant community
SHRUBS
Rosa nutkana 36 (5) 2 40 (1) 2 35' (3) 6 237 (2) 6 32' (4) 6 217 (2) 6
Rosa eglanteria 0(0) 0 0 (0) 0 53 (2) 3 0 (0) 0 76 (0) 1 56 (0) 1
Rubus spp. 21 (0) 1 31 (19) 2 55 (8) 3 18 (4) 4 64 (0) 1 15 (7) 2
Amelanchier alnifolia 60 (38) 3 51 (16) 3 51 (18) 2 42 (5) 2 55 (10) 4 39 (1) 2
TREES
Crataegus douglasii 57 (11) 3 37 (11) 3 101 (18) 4 34 (7) 5 76' (12) 5 37% (5) 5
Crataegus monogyna 0(0) 0 0(0) 0 0 (0) 0 0 (0) 0 87 (0) 1 83 (0) 1
Fraxinus latifolia 0 (0) 0 0 (0) 0 0 (0) 0 0(0) 0 0 (0) 0 0 (0) 0
Pyrus fuscus 94 (0) 1 60 (0) 1 55 (0) 1 27 (8) 2 64 (0) 1 2517 2
Pyrus communis 8 (0) 1 18 (3) 2 51 (20) 2 23 (5) 3 41 (0) 1 9(2) 2
Rhamnus purshiana 38 (28) 2 22 (2) 2 36 (0) 1 0 (0) 0 21 (0) 1 0(0) 0
All trees Combined: 41 (11) 3 35 (7) 3 68' (9) 5 30 (5 6 70" (9) 6 | 34* @) 6
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Table 5.10., Continued.

CONTROL/NO BURN ONCE BURNED TWICE BURNED
1988 1990 1988 1990 1988 1990
n n n n
Rosa/Juncus plant community
SHRUBS
Rosa nutkana 39 (5) 2 31 (2) 2 42' (3) 6 29% (2) 6 38' (2) 6 183 6
Rhamnus purshiana 0 (0) 0 0 (0) 0 0 (0) 0 7(0) 1 0 (0) 0 0 (0) 0
Rubus spp. 0 (0) 0 0 (0) 0 62 (0) 1 13 (5) 4 0 (0) 0 12 (0) 2
Amelanchier alnifolia 0 (0) 0 7 (0) 1 74 (0) 1 65 (0) 1 15 (0) 1 6 (0) 1
TREES
Crataegus douglasii 182 (96) 2 161 (105) 2 44 (19) 5 23 (3) 6 29 (8) 5 38(11) 6
Fraxinus latifolia 0 (0) 0 0 (0) 0 16 (6) 5 10 (3) 2 23 (1) 6 34 (9) 3
Pyrus fuscus 0 (0) 0 0 (0) 0 91 (27) 2 63 (17) 3 0 (0) 0 0 (0) 0
Pyrus communis 0 (0) 0 0 (0) 0 100 (53) 3 75 (19) 4 0 (0) 0 0 (0) 0
Rhamnus purshiana 55 (31) 2 20 (0) 1 0 (0) 0 7(0) 1 20 (7) 3 0 (0) 0
All trees Combined: 129 (53) 2 158 (108) 2 30 (8) 6 38° (6) 6 24 (2) 6 379 6

Means with different superscripted numbers denote a significant difference between years within treatments; means with different superscripted letters
denote a significant difference in the percent change between 1988 and 1990 between treatments (p<0.10).

9
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declines in the overall heights of trees. While they declined 15% in control areas,
decreases of 56% in once and 51% in twice burned treatments occurred.

The magnitude of change in heights of "all trees combined" was significant
between once and twice burned treatments within the Rosa/Juncus community,
however, mean tree heights increased. In this community, the heights of trees
increased 22% in control treatments, while heights increased 31% and 54% in

once and twice burned treatments, respectively.

Fire effects on Rosa nutkana height structure

Rose Prairie

Between 1988 and 1990, the number of R. nutkana in control treatments
within the 91-100 cm and 101-110 cm height classes had increased six fold
indicating a growing dominance of these plants in unburned areas (Figure 5.6). In
contrast, changes 1n the distribution of individuals in height size classes between
1988 and 1990 in the burned treatments was quite different. In the once burned
treatment, the number of individuals in the 1-10 c¢cm class had increased by 900%
and all individuals taller than 60 cm had been eliminated. In the twice burned
treatment, populations of R. nutkana shifted dramatically into the shortest (1-20

cm) height classes (from 10% in 1988 to 64% in 1990). Individuals in the taller
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Figure 5.6. Height class distribution for Rosa nutkana at Rose Prairie.
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classes (41-110 cm) represented 32% of the total population in 1988 and only 3%

after two fires.

Fisher Butte

Distributions shifted into larger and smaller height classes between 1988
and 1990 in the control treatment (Figure 5.7). In contrast, fires produced
notable shifts toward shorter height classes. All individuals greater than 60 cm
tall were eliminated from once and twice burned treatments. Individuals in the 1-
10 cm and 11-20 cm height classes increased from 9% in 1988 to 62% in 1990 in

once burned treatments and from 13% to 32% in twice burned treatments.

Fire effects on tree height structure

Rose Prairie

Between 1988 to 1990, there were increases in shorter height classes in the
control treatment, indicating a continued invasion of trees (Figure 5.8). Trees
taller than 75 cm were eliminated in burn treatments, while the proportion of
trees in the shortest height classes (1-50 cm) increased from 62% to 82% in once

burned treatments and increased from 84% to 95% in twice burned treatments.
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Fisher Butte

The distribution of size classes in control treatments changed little over the
course of this study (Figure 5.9). In contrast to controls, most trees taller than
125 cm had been eliminated by burn treatments at Fisher Butte. The proportion
of trees in the shortest height class (1-25 c¢cm) decreased by 10% in once burned

treatments and decreased by 16% in twice burned transects.

Discussion

Initial species composition in plant communities

The shrub and tree species common to both study sites are typical invaders
of wet prairie remnants of the southern Willamette Valiey (Acker 1986, Moir and
Mika 1972, Frenkel and McEvoy 1983, Frenkel and Streatfeild 1994, Streatfeild
1995). Generally, shrub and tree distribution was very patchy and woody plant
densities and heights were variable across plant communities at the study sites.

Edaphic, hydrologic and other chance factors have influenced the pre-burn
species composition at these two study sites. No environmental factors measured
by Finley (1994) clearly explained the greater species richness in the Vaccinium
(S=10) community relative to either the RP Deschampsia (S=4) or
Rosa/Anthoxanthum (S=4) communities at Rose Prairie or the FB Deschampsia

(S=9) and Rosa/Juncus (S=9) communities at Fisher Butte. Both RP
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Deschampsia and Vaccinium communities had low iron, sulphate and organic
matter content in soils relative to Fisher Butte communities, but the differences
between plant communities within sites were not significant (Finley 1994). Soil
pH was 5.3 at both study sites with no significant differences among plant
communities at either site.

There were some species affinities to plant communities that appeared to
relate to environmental differences. Varied dominance within different
communities may indicate that C. douglasii, F. latifolia, P. communis, and R.
purshiana establish more readily in wetter locations while A. alnifolia and P. fuscus
are better adapted to slightly drier locations.

There was no relationship of R. nutkana density to environmental moisture
gradients. The mean density of R. nutkana was greatest in the wet Rosa/Juncus
community at Fisher Butte, but greatest in the dry Rosa/Anthoxanthum plant
community at Rose Prairie.

Overall density and height measurements indicate that Fisher Butte is
experiencing far more exotic as well as total woody invasion than Rose Prairie.
Initially, the density of "all trees combined" was nearly four times greater in the
more mesic Rosa/Juncus community than in the FB Deschampsia community.
This was due primarily to the large numbers of F. latifolia invading the wet
Rosa/Juncus community.

At Fisher Butte, lower densities and the greater mean heights of Crataegus

douglasii and "all trees combined" within the FB Deschampsia community
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indicated that the Rosa/Juncus community is experiencing much more seedling
establishment relative to the FB Deschampsia community (thus depressing the
overall mean).

Prairie sites with established trees may be more prone to woody invasion
because established trees act as direct sources of seed and vegetative colonization.
Shrubs and trees established at these study sites have characteristic wind dispersal
(i.e. Populus trichocarpa, Salix spp, and Fraxinus latifolia), gravity, and/or animal
and bird seed dispersal mechanisms. Established trees also function as attractive
perching sites for birds and more frequent bird visits may increase the number of
propagules brought to the site from elsewhere. Many woody species at the study
sites produce seeds within an edible berry or fruit and thus are known or likely to
be dispersed by birds and/or mammals. Although mammals may help disperse
woody plant seeds, seed survival and seedling establishment within these
communities may be negatively impacted by seed predation, trampling and grazing

effects from mammal populations (Frenkel and Heinitz 1987, Howard 1992).

Fire effects on individual species and total trees

Increases in R. eglanteria and R. nutkana density were most likely a
response of vigorous sprouting from below-ground tissues when the aerial portions
of plants were killed by fire. Rosa spp. are known to sprout from crowns and
extensive rhizomes following burning (Young 1983, Bradley et al. 1992, Reed

1993). In contrast to the results of this study, Frenkel and Streatfeild (1994)
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found decreases in the frequency of Rosa eglanteria following burning at another
wetland prairie site. Individual R. nutkana plants were difficult to distinguish; in
future studies it would be best to relate plant density using total aboveground
stem density.

Mean height of R. eglanteria and R. nutkana consistently declined in the
burn treatments. The distribution of R.nutkana height classes at both sites also
shifted from the taller to the shorter height classes within burn treatments
compared to control treatments. Because R. nutkana is such a dominant
structural feature on these sites, height reduction with burning causes a change in
the physiognomy of the study sites to a more prairie-like structure.

Prescribed burns seemed to dramatically reduce stem densities and stem
heights of Spiraea douglasii and Rosa "Multiflora", although these species either
occurred outside sampled transects or parameters were they inadequately
measured to report quantitative results.

Thermal effects of burns can stimulate germination or post fire conditions
may become conducive to the germination and establishment of some woody
species from refractory seeds buried in the soil (Keeley 1988, Kauffman and
Martin 1992). Establishment of shrub and tree seedlings were observed in all
treatments. An observed increase of shrub and tree seedlings in burn plots may
be due to the removal of thatch/litter and the opening of bare soil for the
establishment of new seedlings. The period of this research may also have

coincided with good seed production years followed by good tree seedling
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establishment conditions. Increased seed production and establishment might
explain the increased number of tree seedlings also observed in control plots.

Rubus spp. established in a number of plant communities following
burning. Although mean height of Rubus spp. were reduced in once burned
treatments within the Rosa/Juncus community, Rubus spp. established in
Vaccinium and Rosa/Juncus communities and increased in a number of
communities following burning. Many Rubus spp. are known to readily
regenerate vegetatively from underground structures such as roots, rhizomes, or
rootstocks when aboveground foliage is removed by fire or other means; seeds are
also known to germinate readily from soil seed stocks (Tirmenstein 1989).

The reduction of 4. alnifolia density in twice burned treatments relative to
controls may indicate that burning will reduce densities of this plant. Also the
significant reduction of height in twice burned treatments relative to once burned
treatments indicates the effectiveness of muitiple burns in controlling this species.
Though the aerial portions of this species are known to be killed by fire, it readily
sprouted from underground rhizomes (Young 1983, Bradley et al. 1992, Hickerson
1986). Anderson and Bailey (1980) reported a decline in cover but an increase in
frequency and density of A. alnifolia after an early spring burn. It is possible that
a single burn may enhance populations of this plant while frequent, multiple burns
may result in its decline. The Stl’at’imx tribe of British Columbia historically
burned to encourage stands of this species (Pojar and MacKinnon 1994). The

berries produced by this plant were a prized food of the Kalapuya people of the
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Willamette Valley (Horn 1972) and berry production may have been enhanced by
specific burning regimes.

Crataegus douglasii disappeared from once burned treatments in Rose
Prairie RP Deschampsia, established in once burned treatments in
Rosa/Anthoxanthum, and increased within all other treatments and plant
communities at the two study sites. This species is known to sprout following fire
and its berries are eaten and dispersed by a wide variety of birds and animals
(Hitchcock et al. 1969, Habeck 1991). There was a significant decrease in mean
height of C. douglasii within twice burned treatments in FB Deschampsia. The
height decline was likely due to a downward trend in the mean from more
individuals in seedling and sprouting height sizes.

Fraxinus latifolia established in control treatments within the Rose Prairie
RP Deschampsia community while there were significant declines in density in
once and twice burned treatments within the Rosa/Juncus community. The mean
height of F. latifolia decreased in once burned treatments while it increased in
twice burned treatments in the Rosa/Juncus community. These data indicate that
for F. latifolia density was reduced overall in both burn treatments within the
Rosa/Juncus community, but more individuals died in twice burned areas than in
once burned areas (resulting in greater mean height). These data indicate that F.
latifolia more mortality (particularly seedling and sapling height classes) occurs

with repeated burning in wet prairie locations.
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Seedlings and saplings of Rhamnus purshiana appeared to be more fire
sensitive than other tree species invading Willamette Valley wet prairies. R.
purshiana densities increased or were unchanged in controls while they
disappeared from a number of plant communities with burning (i.e. twice burned
Vaccinium, once and twice burned FB Deschampsia, and twice burned
Rosa/Juncus). Rhamnus purshiana is usually top-killed by fire but will readily
sprout from surviving root crowns following low-intensity fires (Habeck 1992). Its
berries are also known to be readily dispersed by birds.

There were inconsistent trends for density and mean heights of "all trees
combined" for the different treatments and plant communities; likely related to
the different responses that individual tree species display toward burning.
Ahlgren and Ahlgren (1960) found that the effects of fire will vary depending
upon different structural and physiological adaptations of individual tree species
as well as the age of specific trees. Tree density increased between 1988 and 1990
in Vaccinium at Rose Prairie and in FB Deschampsia at Fisher Butte while there
was a significant decrease in tree density in Rosa/Juncus in twice burned
treatments at Fisher Butte. The greater decline in density in twice burned
treatments relative to once burned treatments in Rosa/Juncus indicates a greater
effectiveness of multiple burns at reducing tree (particularly F. latifolia) density in
that plant community.

Unlike the reduction in the mean height of R. nutkana observed with

burning, height reduction of trees was not consistently related to burning. Some
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trees in the taller height classes were eliminated in burn treatments and others
became more proportionally concentrated into the shorter height classes.

All of the tree species sampled in this study were observed to sprout from
epicormic or below ground tissues, resulting in a greater density of stems per
plant. Additionally, woody plants can readily reoccupy these sites from seeds
stored in the soil or via animal or wind dispersal.

Trees over 3 m in height appeared to be little affected by the low intensity
fires prescribed and characteristic to Willamette Valley wet prairies. Fire has
resulted in little mortality of taller trees at other wetland prairie sites (Acker
1986).

Overall results from this study indicate that an eventual reduction in shrub
and tree dominance would be expected with repeated burning at the Rose Prairie
and Fisher Butte study sites. Repeated burning will not result in the immediate
elimination of woody species from these sites but would maintain a low woody
height stature and control further shrub and tree seedling establishment and

woody plant expansion at these sites.

Conclusion

Shrubs and trees of Willamette Valley wet prairies are generally resilient
to the effects of burning and are adapted for regrowth and reoccupation of sites
following fire. Rosa nutkana has a particularly high rate of survival and regrowth

as well as the capacity to increase shoot density following fire. In this study, the
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distribution of R. nutkana and tree height classes became much more
concentrated into the shorter height classes following burn treatments. This trend
indicates the possibility of reducing the dominance of shrubs and trees if fire is
reintroduced into native Willamette Valley prairie and areas are repeatedly
burned. Young (1983) suggests that burning with moist soils may result in better
control of a number of shrubs and trees; e.g. Rosa spp. and A. alnifolia. Specific
burn prescriptions may need to be developed to maximized woody plant mortality.
Trees greater than 3 m in height may need to be removed manually to reduce
some of the on-site seed source maintained by these trees. After the desired
community structure is achieved, fire may be utilized to restrict renewed shrub

and tree establishment.
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CHAPTER 6
CONCLUSION AND RECOMMENDATIONS

Fire has been a vital process and evolutionary force in the development
and perpetuation of Willamette Valley prairies. Currently, succession continues to
threaten the remaining remnant prairies of the Willamette Valley. There is an
urgent need to determine optimal methods for perpetuating prairie plant
communities including the reintroduction of fire as an ecological process. This
research endeavor initiates a long-term study to determine optimal burn
prescriptions for maintaining and restoring native Willamette Valley wetland
prairies. Measurement of weather, fuel conditions, fire behavior, and resulting
plant composition will help researchers and managers develop optimum burn
prescriptions tailored to fit specific objectives. Objectives for prairie burning may
include: (1) reduction in height and density of shrubs and trees, (2) control and
reduction of exotic plants, (3) maintenance or increase in native prairie
composition and vigor, (4) maintenance or increase of aboriginal plant foods, and
(5) maintenance or increase in vigor and density of rare plant species of concern.

In this study, the density of Rosa nutkana increased significantly in a
number of plant communities with burning; however, plants generally were
restricted to shorter height classes following burning. Tree seedlings and saplings
were eliminated or their densities were significantly reduced in some communities.
Fire had little effect on trees greater than 3 m in height. Taller trees may need to

be manually removed to reduce some of the on-site seed source. After the
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desired community structure is achieved, fire should be utilized to restrict
renewed shrub and tree establishment.

Prescribed burning produced in mixed effects on herbaceous plants. Fire
sometimes increased frequency and cover of native species, but in other
circumstances, fire increased exotic species abundance. Increases and decreases
were noted for a number of traditional aboriginal food plants in response to
burning. No conclusive changes in rare plant abundance were observed during
this study. Additional monitoring of plant response to varying fire frequencies
and intensities is necessary. Trends in vegetative changes in response to fire may
not be evident immediately following burning; many years of prescribed burning
may be required before patterns emerge.

I recommend monitoring plant composition in conjunction with burning
prairie parcels at specific fire intervals (e.g. every year, alternate years, every three
years, or every five years). Vegetation monitoring should minimally include
preburn measures of composition to be used as baselines in comparing burn
treatments over time. Monitoring over extended time periods and use of varying
fire frequencies will assist in determining optimum fire frequencies and intensities
to maintain populations of native plants while controlling woody and exotic

species in native Willamette Valley wetland prairies.
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