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Although there are a number of invasive species on the 
preserve, the major task of Phase I of the restoration of 
Bat Fork Bog has been removing reed canary grass and 
halting its spread into as yet uninfested areas. !is peren-
nial species forms a dense root mat that appears to exclude 
nearly all other species of vegetation and grows to heights 
exceeding 2.5 m.

For reed canary grass control, glyphosate (Accord) was 
applied to uncut flowering stems at a rate of 395 L/ha 
(53.8% a.i.) between June 30 and July 21, 2010, resulting 
in near complete treatment of the wet meadow. We used 
a small boom sprayer mounted on an all-terrain vehicle 
to broadcast the herbicide in the monoculture. In transi-
tion zones adjacent to the swamp-forest-bog complex, 
and around islands of native vegetation, we cut the grass 
culms, allowed the grass to regrow to about 50 cm, and 
then sprayed the new growth using backpack and handheld 
sprayers (Figure 2). !is allowed a more precise applica-
tion of the herbicide, where required to protect native 
vegetation. Small infestations of reed canary grass that 
had penetrated the interior of the forested area were either 
removed by hand or sprayed with a handheld sprayer. With 
preliminary treatment completed, we will closely monitor 
the site for resprouts, seedling emergence, or surviving 
patches. !e results so far have been very promising with 
a near complete kill of the grass in those areas sprayed 
(Figure 2).

!e initial stages of restoration are expected to take 
12–18 months; by then, reed canary grass should be sig-
nificantly reduced. !e removal of much of the grass has 
allowed us to more carefully study and understand the 
hydrology of the preserve and, equally importantly, the 
intent of the original owner to drain the land. Baugh and 
Evans (2011) report on Phase II, the strategies for restor-
ing the topography of the site and its hydrology. Within 
three years, we hope to provide a complete report on the 
removal of invasive vegetation, the restoration of hydrol-
ogy, and the beginnings of revegetation of areas reclaimed 
from reed canary grass.
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Figure 2. Efforts to eliminate reed canary grass (Phalaris arundinacea) at 
Bat Fork Bog. Cutting when it is adjacent to sensitive areas (top), such 
as islands of native vegetation, and then spraying it as it regrows and 
reaches about 50 cm, helps maintain careful control and protects the 
native vegetation. Broadcast spraying in the seasonally flooded open 
meadow (bottom) resulted in at least 95% control several weeks after 
spraying. Photos by Tom Baugh
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In prairie restoration, site preparation is a key step in 
altering environmental conditions to favor the establish-

ment of desirable plants over invasive species. Initial site 
preparation is especially important in restoration scenarios 
where resources may not exist for follow-up treatments 
and consistent maintenance. In the Pacific Northwest, for 
example, prairie restoration commonly involves practices 
such as prescribed fire, herbicide application, and manual 
vegetation removal before native species are planted or 
seeded (Sinclair et al. 2006). Despite the common use of 
these methods (e.g., Barnes 2004), how effectively single 
treatment events perpetuate desired vegetation over long 
timeframes has not been adequately evaluated.

In 2008, we revisited prairie plots restored in 1994 to 
examine the long-term impacts of initial site treatments 
on the survival and expansion of planted fescues (Festuca 
spp.). We focused our study on the perennial bunchgrass, 
Idaho fescue (Festuca idahoensis), because it is a fire-tolerant 
keystone prairie species and stress tolerator that can survive 
in nutrient poor soils with low moisture. Idaho fescue is 
common throughout Puget Sound lowland prairies and 
has also responded favorably to reintroduction at prairie 
restorations near our research site and within the Union 
Bay Natural Area (UBNA) in Seattle, Washington.

As part of the University of Washington Botanic Gar-
dens, UBNA is presently managed as a public green space 
of grasslands, forests and wetlands that provide valuable 
research and demonstration sites. It is a former landfill that 

was retired in 1966 and in 1971 was graded, capped with a 
dense aggregate of nutrient- and organic matter-poor clay 
and gravel, and seeded with a mixture of predominantly 
rhizomatous pasture grasses (Kentucky bluegrass [Poa 
pratensis], Canada bluegrass [Poa compressa], tall fescue 
[Schedonorus arundinaceus], and sweet vernalgrass [Antho-
xanthum odoratum], among others) to reduce erosion. 
Some forbs have been planted or colonized since retirement 
(Ewing 2002b), but they currently make up a small com-
ponent (<3% in 2008) of vegetation. Soil properties are 
similar to native prairies: nitrate levels are low (2–11 ppm 
in 1994; Ewing 2002a, 2002b), while soil moisture declines 
throughout the growing season as spring rains dissipate 
(Ewing 2002a). !e location, soil properties, and non-
native-dominated grass community make UBNA an ideal 
site to examine the effectiveness of techniques to restore 
bunchgrass communities similar to local Puget Sound 
prairies. Due to limited institutional resources, restored 
ecosystems at UBNA receive minimal maintenance, often 
limited to Himalayan blackberry (Rubus discolor) removal 
and noxious weed control with herbicide; within our plots, 
only blackberry removal occurred. A full site description 
is provided by Ewing (2002a, 2002b).

Five site preparation techniques that altered soil resources 
were implemented in a pasture grass dominated portion 
of UBNA in March and April of 1994 (Table 1): her-
bicide and till (HT), burn (B), remove vegetation (V), 
remove vegetation and add compost (VC), and remove 
vegetation and add fertilizer (VF). It was thought that 
HT, B, and V would reduce soil resources available to 
aggressive non-native grasses and create growing space for 
Idaho fescue transplants, while the VC and VF treatments 

Table 1. Summary of initial site treatments applied in the Union Bay Natural Area in 1994 (Ewing 2002a) and mean 
(±SE) Idaho fescue (Festuca idahoensis) survival and weed biomass; NA = not applicable. For all treatments, n = 10, 
except the control (n = 6).

1994 1996

Treatment Description Fescue Survival (%) Weed Biomass (g/m2)

Herbicide and till (HT) Glyphosate applied in March; biomass tilled two 
weeks later when biomass appeared brown and 
dead

82 ± 4 374 ± 40

Burn (B) Plots burned with a propane torch in late April 85 ± 5 383 ± 42
Remove vegetation (V) The top 20 cm of soil removed from each plot 

and sieved through a 0.5 cm sieve, removing all 
living plants

84 ± 3 291 ± 44

Remove vegetation and 
add compost (VC)

The top 20 cm of soil removed from each plot 
and sieved through a 0.5 cm sieve, removing all 
living plants, and then 5 cm of composted yard 
waste added

70 ± 3 520 ± 30

Remove vegetation and 
add fertilizer (VF)

The top 20 cm of soil was removed from each 
plot and sieved through a 0.5 cm sieve, remov-
ing all living plants, and then 27-3-4 (N-P-K) 
fertilizer mixed into the top 10 cm of soil at 226 
kg/ha

68 ± 6 386 ± 52

Control (C) No treatment or planting NA NA
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would increase the initial physiological performance of 
transplanted Idaho fescue by improving soil resources. 
Treatments were randomly allocated to 50 experimental 
plots (2 m × 2 m), ten per treatment. In May of 1994, 16 
Idaho fescue plugs were planted in each plot, for a total 
of 800 plants. Six untreated, unplanted control (C) plots 
were interspersed among the experimental plots and were 
not analyzed by Ewing (2002a) with treated plots. Plots in 
which vegetation was removed (V, VC, VF, HT) all expe-
rienced similar, minimal levels of soil disturbance; soil was 
relatively undisturbed in B and C plots. Although Idaho 
fescue was the focus of the original restoration, some of 
the plants appear to be red fescue (Festuca rubra), a native 
congener. Red fescue was also seeded onto the UBNA when 
the landfill was retired but is difficult to distinguish from 
Idaho fescue and may have been present in the seed from 
which the original transplants were grown (e.g., Dunwiddie 
and Delvin 2006).

Ewing (2002a) assessed the planted plots one to three 
years after planting. He measured weed biomass and Idaho 
fescue survival, growth and photosynthesis in year one, 
fescue growth and survival in year two, and weed biomass 
and fescue survival and growth in year three. Plots where 
vegetation was removed and compost was added (VC) 
had the highest year-one photosynthesis of Idaho fescue 
but also yielded the most aboveground weed biomass and 
lowest survival of Idaho fescue in year three. !e short-
term benefit of improving soil nutrition for transplanted 
plugs in year one was largely counteracted by the rapid 
recolonization and expansion of non-native grasses in the 
following years. Ewing (2002a) concluded that treatments 
that create a stressful planting environment (HT, B, V) can 

reduce the competitive advantage of aggressive non-native 
grasses and enable Idaho fescue to survive and be more 
competitive (e.g., Baer et al. 2003).

For our follow-up study, we collected data in 2008 
and 2010. In May 2008, we measured the relative cover 
of all graminoids within each plot to see how vegeta-
tion communities had changed over time. We pooled the 
covers of Idaho fescue and red fescue for these analyses. 
In June 2008, we measured soil volumetric water content 
in all plots to determine whether patterns of fescue cover 
were related to moisture availability, the limiting resource 
throughout summer in UBNA (Ewing 2002b). We per-
formed an analysis of covariance (ANCOVA) on fescue 
cover, using 2008 soil moisture as a covariate and initial 
site treatment (including the control) as a factor. We used 
Fisher’s least significant difference to identify significant 
differences between treatments. Since the relative cover of 
all species surveyed in 2008 summed to 100%, the patterns 
and results for non-native grasses are not reported; they 
account for virtually all of the relative cover that was not 
fescue and so their abundance is the difference between 
the fescue cover and 100%.

In July of 2010, to distinguish treatment effects on the 
original planted fescue from expansion within plots, we 
counted the number of original fescue planting locations 
that still contained Idaho fescue. We used this count to 
calculate fescue density, the proportion of the initial 16 
plants remaining within the original planting grid. We also 
overlaid this grid on the unplanted controls to quantify 
expansion of Idaho fescue into these plots. We conducted 
an ANOVA for fescue density using site treatment as a 
factor. We did not use soil moisture as a covariate within 

Figure 1. Mean (± SE) relative cover of Idaho (Festuca idahoensis) and red (F. rubra) fescue in 2008 (left) and density (right) in 2010 as a function of 
1994 site treatment; see Table 1 for abbreviations. Note that the control group (C) was not planted, but fescue has established in it since 1994. Dif-
ferent letters indicate treatments that differ significantly (left); mean density (right) did not differ between treatments.
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this analysis due to the lag times between soil moisture and 
2010 density measurements.

In spite of the minimal maintenance at this site, fescue 
is a substantial component of the vegetation today. Fescue 
cover in 2008 differed significantly among site treatments 
( p = 0.0484) and was not related to soil moisture ( p = 
0.153), whereas planted fescue density in 2010 did not 
differ among site treatments. Sites that received initial 
additions of organic matter or fertilizer (VC, VF) had the 
lowest fescue cover and density (Figure 1). !e B treatment, 
which did not disturb the soil, had the highest fescue cover 
and second highest fescue density. Fescue cover and density 
were intermediate in the treatment where all vegetation was 
removed from the soil (V). !e HT treatment was intended 
to create a stressful planting environment but appears to 
have had a temporary effect, as fescue cover was low and 
did not differ from that in the VF or VC treatments.

While the long-term survival and expansion of fescue in 
planted plots is notable given the minimal post-planting 
maintenance that they have received, the most important 
result of this study is that the unplanted control (C) plots 
had the second highest fescue cover and highest density. 
In spite of the overall dominance of the vegetation by 
non-native grasses, fescue obviously was able to success-
fully disperse from treatment plots and establish within 
control plots. !e similarities in fescue cover between C 
and B plots confirms Ewing’s (2002a) conclusion that 
treatments that do not enrich or add organic matter to the 
soil may improve fescue survival more than treatments in 
which vegetation is removed and soils amended (HT, VC, 
VF). Furthermore, we have anecdotally noted that fescue 
has spread 8 m west of and 5 m north of the experimental 
plots into the surrounding untreated vegetation matrix.

When planted into nutrient-poor environments (B and 
V treatments), fescue has persisted for at least 17 years in 
spite of the presence of abundant non-native grasses and 
a lack of postplanting management. While organic matter 
amendments and fertilization (VC and VF treatments) 
assisted in the initial performance of Idaho fescue (Ewing 
2002a), they hindered its long-term survival and expe-
dited colonization by weedy grasses. Plots without added 
organic matter or fertilizer showed the highest density and 
abundances of fescue and the lowest abundances of weeds. 
We suggest that soil impoverishment may be important 
for long-term bunchgrass survival (e.g., Baer et al. 2003) 
and may alter the competitive balance such that species 
like fescue are able to expand into areas dominated by 
aggressive non-native species such as our control plots. 
Incorporating organic matter as tillage (HT treatment) 
was beneficial in the short term but not after 14 years. !is 
result differs from the recommendations of Barnes (2004), 
Ewing (2002a) and Pokorny and Mangold (2009), who saw 
increased bunchgrass growth and reduced weed presence in 
the short term following herbicide application. To enhance 
fescue plantings and reduce invasive weeds over the long 

term, we recommend the use of fire and plant removal as 
site preparation treatments. We also encourage research 
into soil impoverishment as a means of lowering nutrient 
availability and giving fescue a competitive advantage.
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Prairie restorations are often conducted in areas that 
were once croplands. Unfortunately soils in former 

croplands can be very high in nitrogen (N), encourag-
ing weed growth. Weeds can out compete native species, 
delaying or even precluding their reestablishment, thus 
hampering prairie restoration. For this reason, the use 
of carbon (C) amendments (adding organic matter such 
as sugar or sawdust to the soil) has been suggested. !e 
organic matter stimulates soil microbes, causing them 
to accumulate nitrogen in their biomass, thus making 
it unavailable to plants. As a result, species richness and 


