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ABSTRACT OF THESIS

VEGETATION RESPONSE TO SEASONALITY OF PRESCRIBED
FIRE AND POSTFIRE SEEDING FOLLOWING MECHANICAL
FUEL-REDUCTION TREATMENTS IN OAK-CHAPARRAL
COMMUNITIES OF SOUTHWESTERN OREGON

by Celeste Tina Coulter

Several thousand acres of oak-chaparral within the wildland-urban interface of
the Applegate Valley of southwestern Oregon have been mechanically treated by brush
mastication to reduce hazardous fuels. Land managers are faced with the challenge of
minimizing wildfire hazard while maintaining species richness in degraded oak-chaparral
communities. High fuel loads left on the ground following mechanical fuel-reduction
treatments have the potential to produce severe-intensity fires that may have a detrimental
effect on soils and seedbanks. Over time, as fuel loads decay, the reduction in slash may
allow for prescribed fire and postfire seeding. Together, these treatments may minimize
invasion by non-native species while retaining local native species diversity derived from
the surviving seedbank.

I examined the response of vegetation to seasonality of prescribed fire and
postfire seeding in mechanically masticated oak-chaparral communities of the Applegate

Valley in southwestern Oregon. Permanent plots were installed at two sites, China Gulch
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and Hukill Hollow. At each site, 30 1-m” paired plots (seeded and unseeded) were
sampled in each of four treatment blocks: spring burn, spring control, fall burn, and fall
control. Fall prescribed fires were conducted in October 2005 and spring prescribed fires
were conducted in April 2006. Four native bunchgrass species were used to test postfire
seeding in burned and unburned plots: Achnatherum lemmonii, Bromus carinatus, Elymus
glaucus, and Festuca idahoensis ssp. roemeri. Soil samples were collected and analyzed
before and after prescribed fire treatments. Pre-treatment vegetation surveys were
conducted in summer 2005 and post-treatment vegetation surveys in spring 2006, 2007,
and 2008.

The patchy, low-intensity spring burns were dramatically different from the
moderate- to severe-intensity fall burns at both sites. Mortality of mature Quercus
garryana was observed in fall burn treatment blocks at China Gulch and Hukill Hollow.
Native species significantly decreased following fall prescribed fire treatments, while
invasive annual grasses increased at both sites. Spring prescribed fire treatments did not
significantly affect the abundance of invasive species at either China Gulch or Hukill
Hollow. Germination of seeded bunchgrass species was successful following fall
prescribed fires at both sites. Germination did not occur following spring prescribed fires
or in control treatments at China Gulch or Hukill Hollow. Prescribed fire treatments did
not noticeably impact soil nutrient levels. Species richness was highest in the first postfire
year across all treatment blocks. At both sites, abundance of exotic species peaked in
the second postfire year. Exotic annual grasses have remained the dominant life form

group in fall burn treatment blocks. Three years following prescribed fire treatments
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a significant number of woody seedlings were observed, with the largest increases in
control blocks where fire did not occur. Despite the establishment of invasive annual
grasses following fall prescribed burns, postfire seeding may be a viable solution for the
prevention of exotic annual grass invasion. The experimental design resulted in a matrix
effect, with seeded plots dominated by sown bunchgrass species and non-seeded plots
dominated by invasive annual grass. Broadcast native seed applications following fall
prescribed fire may ultimately meet management goals. While long-term monitoring

of study sites will provide a more comprehensive analysis of the effects of seasonality of
prescribed fire and postfire seeding, significant oak mortality and increases in invasive

annual grasses remind us that fire should be prescribed with care.
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INTRODUCTION

Oak woodlands and shrublands of the Applegate Valley, located in the eastern
Siskiyou Mountains, are characterized as the northernmost extent of the Mediterranean
climate in North America driven by cool, wet winters and hot, dry summers (Keeley
2002, Detling 1961). The plant assemblages of this valley are grouped primarily within
the California Floristic Province encompassing flora from northwest California, the
Klamath Range regions, and the Great Basin Province (Hickman 1993). Riegel et al.
(1992) describes the oak woodlands of southwestern Oregon as a transitional community
from the Scott and Shasta Valleys of northern California and the Willamette Valley of
northwestern Oregon. Receiving less than 640 mm of annual rainfall, this region supports
sclerophyllous woodlands and shrublands similar to those found in California (WRCC
2008). The Siskiyou Mountains are globally recognized as a center for endemism with a
history that is as varied as the species it supports (DellaSala et al. 1999).

Southwestern Oregon is unigue to the western Oregon region in supporting a
mixed-severity fire regime with highly variable fire frequencies (Agee 1991, Odion et al.
2004, Taylor and Skinner 2003). During 1690-1930, historic fire-return intervals for dry
Douglas-fir forests in the western Cascades are speculated as 80-100 years (Agee 1991).

By contrast, evidence from southwestern Oregon forests suggests a fire-return interval of



49 years (Agee 1991). At its peak, fire-return intervals for this region reached 12-16 years
following Euro-American settlement (Agee 1991).

Despite the frequent and persistent presence of fire in the Applegate Valley,
recent research suggests that the plant communities we observe today are primarily a
result of the interaction between topographic, edaphic, and climatic variables (Pfaff 2007,
Hosten in prep.). Fire, both its use and its suppression, has long since been promulgated
as the defining variable in explaining present-day species composition in fire-prone
ecosystems (Keeley et al. 2006b). Hosten (2006) presents a different outlook for the
Applegate Valley by arguing that describing extant plant communities as an outcome of
an elongated fire-return interval oversimplifies our understanding of landscape change
over time. Patterns of vegetation change in the Applegate Valley can only be elucidated
when we overlay topographic, edaphic, and climatic variables—together with fire
history—on the consequences of public and private land management disturbances.

By exploring this matrix of abiotic factors, coupled with natural and human-induced
disturbance regimes, we begin to understand complex vegetation patterns found in the
Applegate Valley of southwestern Oregon (Hosten 2006).

While fire has played a role in shaping present-day plant communities in the
Applegate Valley, current fire management practices, including the use of prescribed fire
for restoration, have the potential to permanently alter the successional trajectories of
native and non-native communities (Keeley et al. 2005b). Even though the last century
in southwestern Oregon has experienced extreme highs and lows in fire frequency and

intensity, research suggests that many of the non-coniferous plant communities have



remained relatively unchanged (Hosten in prep.). While tree and shrub encroachment has
been documented, chaparral communities continue to support high- severity fires despite
changes in stand-density levels and species composition. Similarly, open grasslands and
oak woodlands have remained resilient to woody species encroachment from fire
suppression due to the constraints of soil factors (Hosten et al. 2007). Frequent low-
severity fires continue to shape grassland and oak communities of the Applegate Valley
(Hosten and DiPaolo submitted).

How and where fire was used in the past, and how and where we use it today, are
fundamental questions facing land managers. Accordingly, before we can examine the
effects of current fire management practices, it is essential to understand how fire evolved
within the eastern Siskiyou Mountains. The first recorded use of fire by hunter-gatherer
populations settled in the Applegate Valley is dated at A.D.1695 (LaLande 1995). Early
human settlements used fire as a means for managing plant populations for food, tools,
ceremonies, and warfare, and to facilitate hunting and traveling (Pullen 1996). Indigenous
populations of the Applegate Valley cultivated fire with respect and sensitivity to its
destructive capacity (Pullen 1996). Fire was carefully controlled by using low-intensity
burns to manipulate plant communities (Pullen 1996). Two distinct times of year, spring
and late summer, were reserved for burning times, and burning was often done at night
(Pullen 1996). “Fire setters” held an important position within the community, partly due

to the fact that tribal settlements were located within dense thickets and woodlands to



conceal them from nearby enemies (Pullen 1996). Since much of the burning took place
near settlements, it was crucial that fires were contained and not at risk of escaping
(Pullen 1996).

Late in the 1820’s, trappers such as Peter Skene Ogden and Alexander McLeod
from the Hudson Bay Company began exploring the Applegate Valley. Between the
years 1840 and 1855, Euro-American communities became established within the valley
(LaLande 1989). By 1856, following the last “Rogue Indian War,” the remaining Native
American groups were removed to a reservation on the north-central coast of Oregon.
Shortly after the establishment of white settlers, human-set fires increased dramatically in
intensity, frequency, and scale (LaLande 1995).

Alterations of anthropogenic fire events were driven by the changes in attitudes
toward fire by Euro-Americans. Modifications to the landscape included the use of fire to
clear land for gold prospecting; enhance grass communities for grazing; facilitate
hunting, farming and logging activities; and maintain trails (LaLande 1995). Early white
settlers burned throughout the year rather than restricting burning practices to spring and
late summer (LaLande 1995). Furthermore, previously unburned mid-elevation land was
burned as a result of mining activities. Accidental ignitions and “burning for enjoyment”
also contributed to the growing frequency, size, and intensity of fire in the valley
(LaLande 1995). Human-set fire events peaked from 1860 to 1920, with 1902 and 1910
recorded as extreme fire events in the history of the Pacific Northwest (Agee 1991). It is

interesting to note that many of the initial white settlers to the Applegate Valley



descended from Appalachian pioneers who brought with them their own traditional
burning practices as part of their culture in rural regions of the southeastern United States
(LaLande 1995).

By 1906, rangers for the United States Department of Agriculture (USDA) Forest
Service arrived in the eastern Siskiyou Mountains to oversee the Crater (Rogue-Siskiyou)
National Forest (LaLande 1995). The Applegate and Rogue Valleys became the focus of
Forest Service efforts to constrain the use of fire in the region (Agee 1991). Despite the
presence of Forest Service rangers, the decades between 1910 to 1930 experienced the
most concentrated and unregulated period of human-set fires (LaLande 1995). During
1920, the Forest Service issued a statement that the Applegate Ranger District averaged
“32 fires a year with an average of 3 fires growing to a ‘Class C’ (large size)” (LaLande
1995). Dense smoke accumulations in both the Applegate and Rogue valleys plagued
residents and drove away tourists (LaLande 1995). As the Forest Service became
established in the eastern Siskiyou Mountains, fire-fighting jobs brought badly needed
work to both the Applegate and Rogue Valleys. Consequently, the prospect of good
paying jobs to fight fires increased incidents of arson (LaLande 1995). In fact, rural
valley residents were such fearless advocates of burning that the eastern Siskiyou
Mountains were considered the “center of incendiarism” of southern Oregon in the early
20" century (LaLande 1995).

It was not until the late-1920’s that the concept of fire suppression began to take
hold in the minds of local residents. It was also during this period, however, that the

Crater (Rogue-Siskiyou) Forest Supervisor acknowledged the benefits ranchers were



finding in using fire to restore rangeland habitat for grazing (LaLande 1995). There was
some discussion of implementing a prescribed burning policy in the Applegate Valley,
but prominent residents in nearby towns like Jacksonville and Ashland voiced their
opposition (LaLande 1995). In the end, it was the onset and subsequent distraction of
World War I (1916) that brought the policy of fire suppression into practice in the
Applegate Valley, and laid to rest the controversy of prescribed burning (LaLande 1995,
Agee 1991).

Since then, years of fire suppression and continued development in fire-prone
ecosystems have collectively increased wildfire occurrences involving life and property,
allowing fire to rise to a prominent place on the political agenda (Daniel et al. 2007,
Dombeck et al. 2004). What is different about fire then and fire now is that, historically,
fires were typically low-intensity ground fires or high-intensity crown fires, rather than
high-intensity ground fires that occur today in areas where fuel-reduction treatments are
implemented. Another significant change to the valley is the increase in the number of
private residences found throughout lowlands and mid-elevation slopes (Tong et al.
2004). The checkerboard ownership of BLM land interspersed with private land creates
thousand of hectares of wildland-urban interface. Davis (1989) more accurately redefined
this term as “mixed interface,” referring to regions where private land is embedded in a
wildland matrix, as we find in the Applegate Valley.

The concerns of residents living in the wildland-urban interface dominated by
fire-prone vegetation have prompted efforts to reduce fire hazards in those areas (Bury

2004, USDA 2007, Kauffman 2004). At the end of the 2000 fire season—considered a



landmark year for large fire events, although since then many western states have
recorded their largest fire years yet—government agencies instituted the National Fire
Plan, to develop response strategies to wildfire and communities affected by large fire
events (Daniel et al. 2007, USDA 2008). The Bush administration’s Healthy Forests
Initiative, which later became the Healthy Forest Restoration Act, approved an annual
sum of 760 million dollars for fuel-reduction activity on 20 million acres of public land,
with more than half of funds directed to wildland-urban interface areas (Daniel et al.
2007). Under the act, communities are provided with incentives for property owners to
prepare for wildfire by proactively reducing fuels on their lands (Daniel et al. 2007,
USDA 2008). The Healthy Forest Restoration Act also streamlines thinning projects by
limiting judicial review and by reducing the amount of environmental analysis required
under the National Environmental Policy Act of 1969 (Daniel et al. 2007, USDA 2008).
Since 2002, thousand of hectares of wildland-urban interface lands (both private and
public) have been thinned as a means to reduce fire hazards in Oregon. The 2006 fire
season saw the highest number of hectares treated for fuel-reduction, totaling 57,734
hectares for the state (USDA 2007).

Currently, three fuel-reduction treatments are used within the wildland-urban
interface of the Applegate Valley: (1) hand cut, pile, and burn; (2) mechanical
mastication; and (3) prescribed fire (Brunson and Shindler 2004). In many cases,
fuel-reduction treatments are intended to accomplish two goals: reduce the risk of fire

and restore plant communities to pre-fire exclusion density levels by acting as a



fire-surrogate. This paper will delve further into the efficacy of mechanical mastication as
a fire surrogate in the oak-chaparral communities.

In this study, mechanical mastication is accomplished with a large rotating blade
(BM-Slashbuster®) attached to a track-mounted excavator. The blade is lowered onto
shrubs and trees, shredding them down to < 0.5 m stumps. The slash left behind from
brush mastication is either burned or left on the ground to decompose. Mechanically
masticated land is left with pockets of unthinned chaparral, called “leave islands,”
ranging from 0.04 to 0.4 hectares, scattered mainly in draws of treated units to protect
riparian areas (Tong et al. 2004). The rationale behind this fuels-reduction treatment is to
bring fuel loads down to the ground. If, later, fire occurs in these treated areas, the
intended result will be a low-intensity burn more easily controlled than the characteristic
crown fires observed in untreated woodlands and shrublands. Even so, fires implemented
within one year of mechanical treatment have been described as slow, higher-intensity
surface fires that detrimentally affect soils, native seedbanks, and remaining tree and
shrub longevity (Keeley 2006). Local experience suggests that approximately half of the
slash biomass is estimated to decompose within five years. Reduction in biomass may
allow for follow-up burn treatments and native grass establishment while retaining local
native species diversity derived from the surviving seedbank. How prescribed fire
impacts the successional trajectory of plant communities in mechanically treated oak-
chaparral communities of southwestern Oregon has not been investigated. This study will
build on related studies comparing fuel-reduction treatments by evaluating the seasonality

of prescribed fire (spring and fall) on mechanically masticated oak-chaparral three to four



years following treatment on native and non-native species. Research has found that non-
native species decrease in abundance following late spring prescribed fires, while fall
prescribed fires increase native species diversity in chaparral shrublands of southern
California (LeFer and Parker 2005). Invasive species have also been known to increase
following spring prescribed fire treatments by delaying the germination of native species
(LeFer and Parker 2005). Delayed native annual plant responses leave bare ground open
to colonization by exotic annual grasses (Keeley 2001).

Furthermore, related studies have found that ground disturbance caused by
mechanical treatments create opportunities for non-native plants to become established
(Sikes 2005, Perchemlides et al. 2008, Keeley 2002). Land managers attempt to diminish
this effect by seeding with native grasses to colonize bare ground and minimize invasion
by non-native species. The relative success of these seeding treatments has not been
formally researched in southwestern Oregon and will also be addressed in this study.
Native bunchgrass species have been described as having a direct influence on the extent
of native species diversity (Maslovat 2002). Bunchgrasses increase resource availability
and decrease soil-surface temperatures, allowing other native forbs to thrive (Maslovat
2002). Many studies have cited the failure of seeding treatments to prevent erosion of
rock and soil (Keeley et al. 2006a, Keeley 1996). Other studies have observed that
postfire seeding can sometime be too successful and ultimately prevent the germination
and survival of native forbs (Keeley et al. 2006a).

Beginning in 2005, a concerted effort to increase our understanding of how the

plant communities of southwestern Oregon respond to fuel-reduction treatments was
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undertaken by Dr. Paul Hosten (Medford District Bureaus of Land Management) and
Dr. Patricia Muir (Oregon State University). Together, with funding from the Joint Fire
Science Program, they began a 3-part study entitled Fuel-reductions in oak woodlands,
shrublands, and grasslands of southwestern Oregon: consequences for native plants and
invasion by non-native species (Perchemlides et al. 2008; Pfaff 2007).

I will address the final piece of that study by exploring the effects of the
seasonality of prescribed fire and postfire seeding on mechanically masticated oak-
chaparral communities in the Applegate Valley. Ultimately, our goal is to develop a
land management protocol for high fuel-load oak-chaparral sites that have been
mechanically masticated to maintain native plant species richness and to establish a
native herbaceous understory community that will protect soils and take the place of
dominant woody species. I hypothesized that (1) native species richness would increase
following fall prescribed fire; (2) abundance of invasive plant species would decrease
following spring prescribed fire; and (3) seeded bunchgrass species would exhibit higher

germination rates in prescribed fire treatment blocks.



METHODS

Study Areas

Two sites, China Gulch and Hukill Hollow, were selected for this study to
represent the dominant plant communities found in the wildland-urban interface of the
Medford District Bureau of Land Management Ashland Resource Area in the Applegate
Valley of southwestern Oregon (Table 1) (Figures 1 and 2). Management activities have
transformed both sites into a disturbance-mediated woodland/chaparral plant community
dominated by Arbutus menziesii Pursh, Quercus garryana Douglas ex Hook., Ceanothus
cuneatus (Hook.) Nutt, Arctostaphylos viscida Parry, Bromus tectorum L., and Madia sp.
(Pfaff 2007). Each site was mechanically masticated, China Gulch in 2001 and Hukill
Hollow in 2002, as part of the Little Applegate Fuel-reduction Project (Tong et al. 2004).
The study sites experience a Mediterranean climate with cool, wet winters and hot, dry
summers. Mean annual precipitation is 646 mm and mean temperature in January is
4.0°C and 20.8°C in July (WRCC 2008).

Historically, both sites used in this study were similar types of chaparral
woodland/shrublands. The xeric, steep slopes of China Gulch supported a buckbrush
chaparral shrubland dominated by Ceanothus cuneatus and Bromus hordeaceus L.

(Hosten and Pfaff in prep.). Hukill Hollow, more mesic and less steep, was dominated by
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a manzanita chaparral shrubland of Arctostaphylos viscida, Pinus ponderosa C. Lawson,

Quercus garryana, and Dichelostemma congestum. Like China Gulch, fire exclusion

enabled the growth of dense thickets of Arctostaphylos viscida and Ceanothus cuneatus

(Hosten and Pfaff in prep.).

Table 1. Location and study site characteristics for China Gulch and Hukill Hollow.

SITE 1: China Gulch

SITE 2: Hukill Hollow

Jackson County, northwest of

Jackson County, south of

Location Ruch: T38S, R3W, Sec. 22, 30 m Jacksonville: T39S, R2W, Sec. 7,
downslope of undeveloped road on 30 m downslope of road 39-7-7.1
ridge off China Gulch Road 853 off Sterling Creek Road 787.
Latitude/ 1) )468636; 122.0496019 42.1883492; 122.9783586
Longitude
SE facing slope, undulating SE facing slope, undulating
Topography '\, sp SE to SW
Elevation 700 m—714 m 697 m—723 m
Slope 55% 35%
Vannoy-Voorhies complex Vannoy-Voorhies complex
Soils (60% Vannoy, 30% Voorhies) (60% Vannoy, 30% Voorhies)

16-18% clay.

16-18% clay.
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Figure 1. Site map of China Gulch
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Figure 2. Site map of Hukill Hollow
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Plot Establishment

At each site, 120 1-m” paired plots were installed, with metal stakes in each of
four treatment blocks: spring burn, spring control, fall burn, and fall control. In each
treatment block, 15 1-m” paired plots (30 total) were permanently installed. Two metal
markers were placed diagonally in the NE and SW corners of each plot to ensure the
same plot was sampled over consecutive years. In some cases, the soil was too shallow
to allow for the metal stakes to be pounded into the ground. For these plots, instead of
placing the metal stakes diagonally they were installed in corners on the same side
(NE and SE corners). Each plot was identified with a numbered metal tag attached to
the NE metal stake.

Treatment blocks measured roughly 40 m x 20 m and were located approximately
30 m downslope of the roads accessing the study areas. Blocks receiving prescribed fire
treatment were flagged with a 30 m buffer on each of the four sides to reserve space for
fire crews to create a hand fireline and mop-up zone after implementing the burns
(Figure 3). Plots were established within each of the treatment blocks by tossing the
q