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Summary 
 
Planting efforts in Reed Canarygrass (Phalaris arundinacea) have been ongoing in the Bull River drainage 
for two decades. This revegetation plan represents a synthesis of both research and on-the-ground 
experience of Lower Clark Fork Watershed Group staff and partners, aimed at guiding the next decade 
of planting efforts in the Bull River drainage. This document contains a description of the project area 
and site potential, brief history of past efforts, comparison of preferred techniques, and a planting 
guide. It is aimed at providing guidance for current and future planting practitioners in the Bull River 
drainage as well as elsewhere in the state of Montana and beyond where Reed Canarygrass presents a 
conservation challenge in the restoration of streamside and floodplain areas. Key lessons learned over 
two decades of revegetation experience are:  

• Revegetation efforts in Reed Canarygrass may take 5-7 years or more of continued investment 
and maintenance. It may take 1-2 decades before natural regeneration can occur under or 
adjacent to planted trees. Therefore, the success of projects depends on the long-term 
commitment of project implementers.  

• For long-term success, planting efforts must be implemented over a broad enough area and at 
high enough densities to shade reed canarygrass and favor succession of native tree, shrub, and 
forb species. Proactive revegetation with native species is necessary for long-term Reed 
Canarygrass management.  

• Given the long-term nature of revegetation projects, the life cycle costs of site preparation, 
browse protection, and associated maintenance must be considered. This may vary from 
location to location depending on relative browse pressure, runoff conditions and winter snow 
loads.  

• In the LCF, individually fenced trees have proven more versatile across varying properties and 
site specific conditions as well as more manageable and cost-effective over the long term 
compared to larger exclosures (particularly when considering limited maintenance funding).  
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Project Area 
 
Elevation: 2300-2400’ 
Aspect: Flat (riparian and floodplain areas along the mainstem) 
Soil: mostly fine, alluvial deposits with pockets of more coarse deposits (gravel and cobble); 
rocks not typically encountered on planting sites.  
 
Current Conditions: The riparian (streamside) and floodplain areas along the Bull River, through 
a combination of past land use and the spread of invasive Reed Canarygrass/Phalaris 
arundinacea, are in many areas grass-dominated and ecologically limited. The Bull River 
drainage was first homesteaded in the late 19th and early 20th century (Jamie Ross, personal 
communication, October 12, 2022; Vanek 1986). In order to secure ownership of a section, 
homesteaders were required to live for at least five consecutive years on the land and to make 
improvements; they capitalized on natural clearings (meadow wetlands), constructed drainage 
ditches, and developed hayfields (Vanek 1986; Vanek 1991; Slides 8-9). Some stretches of the 
river were dredged and straightened (Jamie Ross, person communication, October 12, 2022; 
Slide 11). Timber was harvested and decked on the river’s edge over the winter, to be floated 
down to mills along the Clark Fork during the spring through a series of splash dams (Vanek 
1986; Slide 10). The “slough grass” or “swamp grass” (Sedge or Carex spp.) that grew in natural 
clearings was poor fodder for cattle: “Our cows lost weight eating it.” (Jamie Ross, personal 
communication, October 12, 2022). In the mid-20th Century, many ranchers planted Reed 
Canarygrass (Phalaris arundinacea) to improve hay yields on sodden ground previously 
dominated by sedge (Mona Vanek, personal communication, October 24, 2016; Slide 6). In 
some areas, Reed Canarygrass is still considered a valuable agricultural crop but, while better 
forage than sedge species, it is still perceived as poor fodder by many ranchers and there is 
growing awareness of its negative environmental impacts to wetlands and waterways (Isleib 
2022). As late as 1995, some ranchers were still haying the Bull River; in other areas, 
landowners have no memory of disturbance or land management in as much as 50 years (Jamie 
Ross, personal communication, March 4, 2022; Don Edwards, personal communication, 
February 28, 2021). Particularly along the lower 8 miles of the river, ranches and former 
homesteads have been subdivided into smaller sections and river fronting properties are largely 
enjoyed for their scenic value. Many large parcels have been protected from subdivision by 
conservation easements and are primarily managed for their long-term conservation value and 
the fish and wildlife habitat they provide (Slide 12). Despite removal of disturbance over two 
decades or more (plugging of drainage ditches, cessation of haying activities in streamside 
areas, limits on riparian logging due to the Streamside Management Zone law of 1991) and 
conservation protections, in many areas Reed Canarygrass/Phalaris arundinacea continues to 
dominate streamside and wetland areas and limits the natural regeneration of native species, 
including trees, shrubs and forbs, that would otherwise compose a native riparian community, 
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provide habitat for fish and wildlife, and promote natural river and floodplain function (Slides 
13-15; Slides 3-5).  
 
Reed Canarygrass is typical of many invasive species in that it features a high allocation of 
resources to reproduction, clonal growth, long growth period, rapid growth, high productivity, 
and a wide tolerance to environmental variability (Maurer et al. 2003; Slide 7). This grass is 
widespread and considered native to North America, Europe and Asia (NRCS 2002); however, 
aggressive varieties are understood to be non-native European cultivars or hybrids that have 
become increasingly invasive (Lavergne and Molofsky 2004; Maurer et al. 2003; Townsend and 
Hebda 2013). Paleo-ecological sampling and carbon dating of pollen and seed in another Pacific 
Northwest wetland (located in British Columbia) demonstrated that Reed Canarygrass came to 
dominance following agricultural disturbance and had no pre-European equivalent; previously 
wetlands were more diverse (Townsend and Hebda 2013). Similarly, it is likely that Reed 
Canarygrass also came to dominance in the Bull River following disturbance (described above) 
as a result of direct planting or spread from other naturalized areas. Reed Canarygrass is known 
to reduce plant diversity, particularly in native species richness and abundance, and is 
considered a strong invader (Schooler et al 2006; NRCS 2009). Regardless of “native” status, 
Reed Canarygrass in the Bull River functions as a non-native, invasive species that limits the 
establishment of native woody vegetation (NRCS 2009). The grass can spread prolifically once 
established; it reproduces from seed, stem fragments, and rhizomes (Annen 2017; NRCS 2009). 
Rhizomes demonstrate both phalanx (rhizomatous mats spreads with a uniform front) and 
guerilla (individual rhizomes extend multiple feet beyond edge of established stand) growth 
(Annen 2017). The grass is one of the first plants to emerge in the spring and continues growing 
well into the cooler months of fall; this allows the grass to quickly shade out other species 
(NRCS 2009). The grass can grow to be 6-7’ tall which not only contributes significant shade but 
also reclines after maturity and under rain and snow to form a dense thatch and choke out 
competing species (Annen 2017; NRCS 2009). Subsequent years of Reed Canarygrass growth 
are then able to feed off the nutrients stored and composted in this thatch, which creates the 
Reed Canarygrass-litter feedback loop (Annen 2017). Furthermore, the species has a high 
degree of genetic variability and adaptability, which allows the grass to thrive across a range of 
soils and hydrologic conditions (NRCS 2009; Weston et al 2021). Both seeds and fragments 
disperse readily in streams and waterways. Therefore, management efforts particularly in 
streamside and connected wetland and floodplain areas must consider eradication of Reed 
Canarygrass unrealistic (NRCS 2009; Annen 2017).  
 
Need for Action: Despite its widespread dominance in the Bull River valley, there remains an 
ecological impetus to replace or enhance Reed Canarygrass stands with native species. The 
mainstem Bull River is listed as impaired by sediment and for physical substrate habitat 
alterations affecting aquatic life (Bond and Staten 2010). The primary source of sedimentation 
in the Bull River that needs to be addressed is from unstable banks due to the loss of native, 
woody riparian vegetation and the introduction and spread of Reed Canarygrass. While better 
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than bare soil, Reed Canarygrass provides little bank stability. Its roots only extend 12-18 inches 
into the soil and because the species often forms a monoculture, there are not often other 
species present to provide a diverse root system, bank stability, and quality fish habitat. When 
approaching Reed Canarygrass management, practitioners should view the community in terms 
of the alternative states model (Annen 2017). Degradation can occur gradually (death by a 
thousand paper cuts, or in this case blades of grass) until a degradation threshold is met (Reed 
Canarygrass monoculture with limited or nonexistent regeneration of native woody species). A 
degraded state will continue, despite even decades of restoration activities, until a recovery 
threshold is met. In the Bull River valley, the recovery threshold is a resilient riparian 
community dominated by native vegetation, including a diversity of root structure, canopy 
height, and plant diameters, that provide habitat for a broad range of native insect, fish and 
wildlife communities. Moreover, large diameter/tall trees provide habitat for animals that use 
tree cavities, shading/cover to the stream, in-stream habitat when embedded in the 
streambank and/or extending into the water, and non-mobile large woody debris in the 
floodplain important as nurse logs, water storage in organic matter, and refuge for small 
terrestrial animals (Troy Hidy, personal communication). For restoration practitioners, this 
presents a significant challenge. Funding contracts and commitments rarely extend past 3-4 
years, and results are preferred within political cycles of 2-4 years. Most academic studies to 
inform approaches only last approximately 1-2 years; reversing Reed Canarygrass requires a 
minimum of 5-7 years (Annen 2017). In the Bull River, revegetation efforts in Reed Canarygrass 
have been initiated on a dozen private ownerships and public land parcels (Kootenai National 
Forest). Only on one site, the oldest project which was initiated 20 years ago in the early 2000s, 
have natural regeneration of conifers and other shrub species been observed. This is an 
indication that the recovery threshold on this site and elsewhere in the Bull River is attainable 
but may take decades to reach (Slide 19).  
 
Opportunity in a Conservation Landscape: While a minimum of 5-7 years of effort and a payoff 
date of perhaps 20 years in the future may be intimidating, the Bull River is a place where 
investing this level of effort is feasible and worthwhile. The Bull River drainage is dominated by 
public land managed by the Kootenai National Forest; the headwaters on the East side of the 
valley lie in the Cabinet Mountain Wilderness and the headwaters on the West side of the 
valley lie in a roadless area managed as wilderness. Private land is concentrated on the 
bottomlands of the valley along the river, which provides important habitat connectivity for 
migratory Bull Trout, Westslope Cutthroat Trout, Grizzly Bears, and numerous other iconic fish 
and wildlife species. All landowners partnering with the Lower Clark Fork Watershed Group 
(and/or the Green Mountain Conservation District) to establish riparian vegetation are required 
to sign 20-year landowner agreements to protect investments. Beyond that, numerous large 
parcels, including the majority of the acreage on which ongoing revegetation efforts are 
occurring, are held either by the Kootenai National Forest or protected by perpetual 
conservation easements held by the Natural Resource Conservation Service, Kaniksu Land Trust 
and other entities. These protections limit further subdivision and development, outline 
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conservation goals, and will provide lasting protection for large chunks of the Bull River valley, 
including nearly all of the East Fork Bull River drainage.  
 
Site potential: The climax condition of bottomlands of both the mainstem and East Fork Bull 
River is dominated by large Western Red Cedar (Thuja plicata) with diverse understory 
herbaceous species where light availability permits. Some areas, such as adjacent upland areas 
where elevation and moisture regime permits, may be codominant with Western Hemlock 
(Tsuga heterophylla). Natural succession (e.g. following a fire) in these habitat types is 
characterized by diverse species composition and habitats. Important successional tree species 
include conifers such as Western White Pine/Pinus monticola, Western Larch/Larix occidentalis, 
Douglas Fir/Pseudotsuga menziesii, Grand Fir/Abies grandis, and Englemann Spruce/Picea 
engelmannii as well as deciduous trees including Black Cottonwood/Populus balsamifera ssp. 
Trichocarpa, and occasionally Quaking Aspen/Populus tremuloides and River Birch/Betula nigra. 
Important shrub species include Sitka Alder/Alnus Sinuata or Thin-leaf Alder/Alnus incana, Black 
Hawthorn/Crataegus douglasii, Rocky Mountain Maple/Acer glabrum, Willow/Salix spp., 
Elderberry/Sambucus cerulea, Red Osier Dogwood/Cornus sericea, Western Yew/Taxus 
brevifolia, Woods Rose/Rosa gymnocarpa, Thimbleberry/Rubus parviflorus, 
Snowberry/Symphoricarpus albus, and Devil’s Club/Oplopana horridum (Smith and Fischer 
1997). Numerous herbaceous and fern species are also present.  
 
When disturbance creates openings in the canopy, shade intolerant species such as Black 
Cottonwood, Western White Pine, Western Larch, and Douglas Fir can take hold if moisture 
conditions are suitable (well-drained sites). Especially cold and frosty conditions may favor 
Engelmann Spruce. Moist and seasonally inundated sites will favor shrub species such as Alder, 
Red Osier Dogwood, and Willow. Cover from a maturing forest will eventually moderate 
moisture and temperature, promoting the cedar and hemlock climax regime. Areas where 
beaver are present will favor an open canopy, shrub species, and inundated wetland conditions. 
This may potentially delay forest succession for decades if not entirely. Where acceptable to 
landowners and natural resource managers, beaver activity in a watershed can create a 
complex mosaic of stream and habitat on the landscape (Pollock et al 2018). Beaver activity 
generally improves conditions for willow, cottonwood, dogwood, and other sprouting riparian 
species. However, beaver can also limit species diversity in the areas immediately surrounding 
their activities due to concentrated foraging activities (particularly coupled with browse from 
ungulates or livestock), tendency to over harvest, and altered forest succession (Baker and Hill 
2003). In key areas of the Bull River that are important for migratory Bull Trout/Salvelinus 
confluentus, fisheries managers have opted to manage beaver populations in favor of meeting 
native salmonid conservation goals. This may also create an opportunity for aggressive riparian 
revegetation efforts (Oldenburg 2022).  
 
In some areas, a climax condition may be the desirable trajectory for revegetation sites. 
However, in other areas, open, sedge dominated wetland habitats provide the greatest 
ecological benefit. Managing Reed Canarygrass in these habitats requires a different approach. 
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While many approaches to controlling Reed Canarygrass in wetlands have proven ineffective 
over the long-term (Healy 2010), depending on site specific conditions, management goals, and 
opportunity, a combination of techniques such as haying and herbicide application may be 
considered to lessen Reed Canarygrass dominance, particularly where existing native species 
are already present (Clark and Thomsen 2020; NRCS 2009). Most wetland restoration gains in 
the Bull River have been made through alterations in the hydrologic regime by plugging 
drainage ditches (Troy Hidy, NRCS, personal communication).  
 
The greatest potential to reach a recovery threshold through restoration efforts and grow a 
naturally regenerating native community in the Reed Canarygrass dominated stream and 
floodplain areas of the Bull River occurs when landowners and managers are open to a 
vegetative change (NRCS 2009; Troy Hidy, NRCS, personal communication). Once established, a 
native plant community with a mature overstory can shade Reed Canarygrass and effectively 
compete for light and nutrients. Therefore, planting efforts aimed at long-term vegetation 
change along a stream and across a floodplain can be a long-term, resilient Reed Canarygrass 
management approach (NRCS 2009).  
 
Considerations for planting in and managing Reed Canarygrass  
Understanding Reed Canarygrass physiology and behavior on the landscape as described above 
is the first step toward designing an effective management and planting effort that disrupts the 
feedback loops that support Reed Canarygrass’s continued dominance on the landscape and 
that can pay off over the long-term (Healy 2010). While Reed Canarygrass is a strong 
competitor and presents a significant challenge, as described above, light availability limits both 
Reed Canarygrass seed and rhizome fragment germination, so generally speaking, closed 
canopies are less susceptible to invasion or recolonization (Maurer et al 2003). However, tillers 
attached to unshaded parent clones are not limited by even heavy shade (Maurer et al 2003). 
Success of planting efforts depends on prepping a suitable planting site, suppressing Reed 
Canarygrass long-enough for trees to outgrow and compete for light. Planting projects must 
form dense canopy over large enough areas to shade out the grass and provide a sustainable 
solution over the long-term (Annen 2017; Maurer et al 2003; NRCS 2009). 
 
Haying, burning, and herbicide: Vegetation management through haying, burning, and 
herbicide use are a common suggestion and tested technique for managing Reed Canarygrass, 
but the application of these techniques for revegetation goals on the Bull River are limited. 
Reducing agricultural inputs, nutrient mining (removing organic matter through activities such 
as haying or burning where applicable/feasible to disrupt the Reed Canarygrass-litter feedback 
loop), or treating with herbicide can reduce the competitiveness of Reed Canarygrass. However, 
without continued management, Reed Canarygrass will likely continue to persist if a vegetative 
change is not made (Annen 2017; Healy 2010; NRCS 2009). Relative to native species, Reed 
Canarygrass is considered a weak competitor for nutrients, but can be extremely responsive to 
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nutrient additions and virulent when resources are plentiful, growing and spreading even more 
aggressively (Annen 2017; Green and Galatowitsch 2002; Maurer et al 2003). Both burning and 
herbicide treatment have been found to only provide short-term effects, even if significant 
reduction is made in Reed Canarygrass biomass, Reed Canarygrass can quickly recolonize in as 
little as two years (Adams and Galatowitsch 2006; Foster and Wetzel 2005; Healy 2010). 
Burning alone may more likely have a stimulating effect on Reed Canarygrass, which has been 
shown to recover quickly and show no difference in biomass measured in burned and unburned 
plots just 12 weeks after burning (Hovick et al 2007; Adams and Galatowitsch 2006). Burning is 
likely best considered for site preparation and as a compliment to other treatments; however, 
while burning may improve site accessibility and ease of herbicide application, it does not 
necessarily increase the efficacy of other treatment (Adams and Galatowitsch 2006). Herbicide 
can effectively suppress Reed Canarygrass, but herbicide treatment alone or in combination 
with burning over multiple years is not sufficient to allow native community to dominate 
(Adams and Galatowitsch 2006; Healy 2010). Typically, grass specific herbicides stunt but don’t 
kill Reed Canarygrass (Healy 2010). Broad-spectrum herbicides (such as Monsanto’s Round-Up 
Ultra) have been shown to reduce Reed Canarygrass biomass as much as 90% relative to 
control, when treated in August or September (twice as effective as spring treatments), but this 
would kill all vegetation, even that desired on the site (Adams and Galatowitsch 2006; Healy 
2010). Particularly in areas that will receive Reed Canarygrass or other weed inputs like the Bull 
River, treatments that reduce or kill Reed Canarygrass may simply create a germination site for 
Reed Canarygrass or an opening for another undesirable noxious weed such as Common 
Tansy/Tanacetum vulgare, Canada Thistle/Cirseum arvense, Spotted Knapweed/Centaurea 
stoebe, and others (Schooler et al 2006). If employed, haying, burning, and herbicide should 
be considered more as a technique for site preparation or maintenance than as a solution on 
their own; proactive revegetation with native species is necessary for long-term Reed 
Canarygrass management (NRCS 2009). In addition to the above, limitations of site access, 
liability, potential negative externalities of herbicide use (most effective formulations on Reed 
Canarygrass are not recommended for use near water bodies), and labor availability all further 
limit the desirability of these approaches, particularly for small, nongovernmental organizations 
implementing projects in the Bull River, such as the Lower Clark Fork Watershed Group. Where 
revegetation projects are aimed at establishing woody vegetation, practitioners have found it 
more productive to focus less on killing Reed Canarygrass, and instead on how to effectively 
grow trees that can compete for light and be resilient over the long-term.   
 
Site preparation, weed suppression, browse protection: A small tree or shrub seedling planted in 
the middle of a monoculture of Reed Canarygrass will require that additional care be taken in 
prepping site for planting, suppressing surrounding grass and weeds, and protecting from 
browse. The LCFWG has successfully utilized two techniques in the Bull River, which are 
described below. The preferred technique, individually caged plantings, is described at length 
below in the “Planting Guide” as a resource for future practitioners in the Bull River and other 



Bull River Revegetation Plan  January 16, 2023 
 

8 
 

drainages across Montana and other environments where Reed Canarygrass inhibits natural 
succession.  
 
History of efforts and comparison of preferred techniques  
 
Over the last two decades, the LCFWG, Green Mountain Conservation District (GMCD), Natural 
Resources Conservation Service (NRCS), Kootenai National Forest (KNF), Montana Fish, Wildlife 
& Parks, and numerous funders, contractors and landowners have partnered on over a dozen 
ownerships in the Bull River drainage to establish native vegetation in Reed Canarygrass (Slide 
12), which can be categorized into 2 overall techniques: large exclosures and individual 
plantings. 
 
Especially in the early days, a number of experimental techniques were employed, two of which 
showed significant promise and were implemented widely. Initially, exclosure plantings were 
preferred. This technique utilized a heavy, nonwoven roadbed geotextile fabric to smother 15’ 
swaths of Reed Canarygrass over a period of two years (Slide 23, 25, 26, 30). These areas were 
typically 15’ x 30’, but sometime much larger, and were fenced as a large exclosure to exclude 
Reed Canarygrass and wildlife browsing. Initial efforts utilized this technique in the early 2000s 
spread along the East Fork Bull River and interspersed with individual plantings in near stream 
areas, with an individual weed mat and welded wire cage (Slide 19). Exclosures were typically 
stocked with a tree and shrub species mix utilizing 1 yard spacing or greater. Observing initial 
successes on the East Fork Bull River, another project was initiated in 2006 (Slides 29-31), and 
then on another property in 2010 (Slide 2, 25, 26). Though the first few projects utilized 
individually caged plantings, likely due to contractor preference and perceived efficiency, 
emphasis was placed on large exclosures only in the third project, and then in a large expansion 
of this effort in 2015 on private land (Slide 23) and in 2016 on KNF lands (Slide 32). Starting in 
2016, as a number of maintenance issues were recognized and addressed on projects of 
different ages, the LCFWG revisited individual plantings as a potentially more sustainable long-
term solution. Since 2017, over 900 individual plantings have been implemented on numerous 
properties in the Bull River (Slides 21-22, 24, 27-28) and the LCFWG continues to support the 
maintenance of plantings completed in 216 exclosures since 2002. 
 
There are a number of dimensions in which to evaluate these two techniques and determine 
where further investments should continue to be made and in which site-specific context. First 
is the long-term outcome and impact to riparian and floodplain areas. The primary goal is to 
establish a resilient riparian forest that can eventually, even if after 20 years or more, 
regenerate naturally, thus addressing current identified stream impairments in the Bull River 
and meeting the needs of native species for generations to come. Secondly, project 
implementers and funders must evaluate cost-effectiveness and feasibility. To suppress Reed 
Canarygrass and allow for natural regeneration over the long-term, practitioners must establish 
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enough vegetation to compete effectively with Reed Canarygrass, close the canopy, and shade 
the grass enough that succession can occur. Riparian plantings on a smaller scale can still be 
valuable but are less resilient over the long-term (plantings may live to maturity but succession 
may not occur).  
 
Given these considerations, it is our experience that individual plantings generally outperform 
large exclosures in terms of long-term area of impact, cost and effort, especially when viewed 
in the context of limited long-term maintenance funding. A discussion of each consideration 
follows.  
 
Total area of long-term impact: In terms of area of impact, individual plantings have generally 
outperformed large exclosures. Assuming a planted conifer tree lives to maturity, it could 
provide up to 16 ft diameter / approximately 200 sq. ft. of canopy cover or a more modest 10-
12 ft diameter / 80-120 sq. ft. of canopy cover. One exclosure (15’ x 30’) can realistically grow 4-
5 conifers to maturity. Trees and shrubs were typically planted at maximum 1 yard spacing or 
greater, equating to perhaps 15-50 plants per exclosure. This dense spacing may be suitable for 
shrub species but would produce stunted tree growth. A 450 sq. ft. exclosure could realistically 
result in 4-6 mature trees over the long term, as trees were rarely planted at more than 10-12 
foot spacing given setbacks from the exclosure edge. Therefore, an average size exclosure is 
roughly equivalent in area of impact to 5 individual plantings over the long-term. This is 
supported by observations of exclosures 5+ years after planting that either have only 4-6 
surviving tree species, or a few more that have denser spacing but with less vigorous growth 
(Slide 39). Furthermore, individual plantings can be spread more effectively across floodplains 
and adjusted to microtopography and are more effective at preventing browsing by beaver and 
ungulates.  
 
Materials cost: Exclosures have a perceived efficiency. However, when you compare the costs 
based on an expected outcome versus a per tree planted basis, individual plantings are less 
expensive in terms of materials. This calculation assumes a more expensive and larger nursery 
stock is used in individual plantings and assumes only 15 plants are planted per exclosure 
(instead of the up to 50 plants that has been planted by contractors in the past) (Slide 38).   
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Labor cost: Depending on the labor resources available to an organization, implementation 
costs for both revegetation can be widely variable. The LCFWG utilizes a mixture of staff, 
contract (Montana Conservation Corps), and volunteer labor to implement Bull River 
revegetation projects. There are different costs associated with all of these sources and trade-
offs of efficiencies, liability, ease of logistics/availability, and hourly costs that may be 
prioritized differently depending on the specific planting site and organizational capacity. 
Generally, exclosures favor up front implementation efficiencies and present a long-term 
maintenance burden, while individual plantings can seem to be a tremendous effort per tree 
during implementation (1-1.5 hours per tree, depending on ease of site access) and are easier 
to maintain (and more effective browse protection) over the long-term. For example, one 15 x 
30 foot exclosure cost the LCFWG $750 to remove in 2022, not accounting for material disposal 
costs. Funders may prioritize the apparent efficiency in upfront costs, but when considering 
total cost of implementation over the long-term, there are extremely limited resources 
available for long-term project maintenance (Slide 39). 
 
Timeline for implementation: Exclosures require a minimum of 3 years to implement, as 
planting occurs typically 2 years after fabric deployment. Individual plantings, on the other 
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hand, can be implemented in a very short period in the spring or fall. There are limited sources 
of funding that provide funding contracts that last for 3-5 years (Slide 39), so a phased 
implementation of individual plantings is more approachable and easier to implement at 
different scales depending on funding availability from year to year (Slide 39).   
 
Overall effectiveness: Large exclosures have proven to be wrought with maintenance issues, 
including: 

• beaver browse that favors the persistence of only willow, dogwood, cottonwood and 
other sprouting species (Slide 31 and 33);  

• exacerbated erosion when positioned too close to the river (Slide 32);  
• girdled trees when mat is left in place too long and is difficult to remove (Slide 34);  
• materials embedded by Reed Canarygrass or silt deposition (Slide 35);  
• large amounts of materials utilized per tree that is difficult to install and eventually 

remove (Slide 36);  
• large swaths of fabric can prohibit vegetative reproduction of woody species that are 

desired if not removed (Vander Meer et al. 2009);  
• greater impact on ungulate and wildlife movement than individually caged plantings; 

and 
• trusting all eggs (trees) in one basket (welded wire fencing) if exclosure is targeted by 

beaver (Slide 29). Beaver can dig under or pull through fencing, regardless of fencing 
gauge (12.5 or 14) (Slide 33). 

 
Comparing direct experiences over the last 20 years, individual plantings appear to be the best 
investment to meet the goal of growing a resilient riparian forest. Adoption rates and 
landowner enthusiasm also appears to be much greater. Large exclosures can be very effective 
in establishing willow bars but when browse protection is removed and ungulates can browse 
willow bars following beaver browse, these sprouting species may decline in dominance. A 
planting guide for individual plantings is shared below.  
 
Planting Guide 
 
Seed/plant sources for Montana native species:  
DNRC Montana Conservation Seedling Nursery (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/conservation-seedling-nursery)  
University of Idaho Pitkin Forest Nursery (https://www.uidaho.edu/cnr/center-for-forest-
nursery-and-seedling-research/pitkin)  
Clifty View Nursery (https://www.cliftyview.com/)   
USDA Forest Service (https://www.fs.usda.gov/detail/ipnf/about-
forest/districts/?cid=stelprdb5085769) – must order in advance through a USFS agreement or 
receive in-kind from local district for planting on public lands  
 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/conservation-seedling-nursery
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/conservation-seedling-nursery
https://www.uidaho.edu/cnr/center-for-forest-nursery-and-seedling-research/pitkin
https://www.uidaho.edu/cnr/center-for-forest-nursery-and-seedling-research/pitkin
https://www.cliftyview.com/
https://www.fs.usda.gov/detail/ipnf/about-forest/districts/?cid=stelprdb5085769
https://www.fs.usda.gov/detail/ipnf/about-forest/districts/?cid=stelprdb5085769
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Site selection, site preparation, and planting: Prior to planting, sites will be identified / selected 
by LCFWG, NRCS and/or experienced restoration practitioners with planting experience and 
marked with flagging and/or a t-post (which will eventually be used for browse protection). 
When working with volunteers or temporary crews, planting success is greatly improved when 
site selection is completed by experienced practitioners, as soil type, existing vegetation, 
spacing requirements of planted vegetation when mature (8-16’ diameter), light requirements 
of seedlings, proximity to water bodies, microtopography (relatively flat so that fencing can be 
installed flush with the ground), elevation (likely to support tree and shrub species, not sedge 
or herbaceous community), access and landowner approval must all be considered. Riparian 
stands and priority planting areas should be mapped (typically in partnership with the NRCS 
through resource planning activities conducted with each landowner) for long-term record 
keeping and follow-up. Sites within the riparian area and floodplain that are protected from 
extended inundation by floodwaters, dispersed 8-16 ft apart (to allow for proper distribution of 
tree and shrub species), and currently dominated by non-natives species will be priorities for 
planting across revegetation sites. A 3-5’ diameter area can first be cleared with a 
weedwhacker equipped with a grass blade (optional), then cleared with a pick mattock or other 
hand tool of preference to remove Reed Canarygrass rhizomatous mat and reduce competition 
from grass encroachment and/or other weeds. There is typically 2-6 inches of thatch on top of 
the soil with 4-6 inches of rhizomatous mat below to soil surface that has to be dug out so that 
trees can be planted in mineral soil.  Seedlings will be planted according to nursery directions in 
April/May or October/November.  
 
Weed mat: A 4’ x 4’ piece of weed matting is secured around the planting with 8” landscape 
staples to reduce pressure from weeds. The LCFWG prefers weed mats that have a slit from the 
center all the way to the edge of the mat. An additional cross can be made to provide more 
growing room for the tree (approximately 4-6 in. diameter), but implementers should be 
mindful that the mat will be more effective if flush with the ground and with limited cuts. A 
single slit all the way to the edge should prevent the mat from ever fully girdling the tree (Slide 
40). The slit can be oriented around the t-post, leaving 4-6 inches on either side of the tree or 
with the tree centered in the cross of the mat. Five staples should be used to secure mat 
around the tree, one in each corner and one between the t-post and the tree (but closer to the 
t-post).  
 
Fencing: 1-2 t-posts and approximately 10 feet of wire fencing (welded 2”x4”, minimum 14-
gauge, 6 ft tall) is used to protect each planting from beaver and ungulate browse. Typically one 
post is sufficient, especially when paired with landscape staples on the opposite side to secure 
the bottom of the fence’s position and contact with the ground. Fencing should be positioned 
so that the planted tree is approximate 12-18 inches from the t-post. If the t-post is installed 
first, then the plant should be positioned 12-18 inches off the t-post. The knobs of the t-posts 
should face outward to ease installation of fencing. In some areas an additional post may be 
used if the ground is uneven enough that a post is required to secure fencing in contact with 
the ground and prevent a large gap that a beaver could utilize. However, it is rare that more 
than one t-post is needed. Two staples can be used to secure the fencing to the ground (at “10 
and 2”, if the t-post is at “6”). It may be tempting to build a smaller diameter cage than the 3 ft 
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diameter that requires approximately 10 feet of fencing however, a 3 ft diameter allows greater 
longevity as the cage can be expanded around a growing tree (Slide 40).  
 
Irrigation: No irrigation is necessary as the water table is high along the Bull River and soil 
sediments are fine enough to allow for capillary action. Planting efforts are also timed early 
enough in April/May to benefit from spring rains or in October (when dormant) to benefit from 
fall rains. If drier sites are planted, such as a perched alluvial deposits (which are present on 
some properties), arrangements may be made to irrigate if practitioners determine it to be 
necessary for 2-3 years as plantings are established.  
 
Variations: Methods may vary depending on the site, as follows:  
(1) Additional plantings located on cobble bars and areas not dominated by Reed Canarygrass 
will not require scalping, though hand-pulling of Spotted Knapweed may be necessary. Noxious 
weeds will be bagged and removed from site or disposed of on-site as directed by the 
landowner.  
(2) Some plantings of beaver and browse resilient trees and shrubs (Engelmann spruce, wood’s 
rose, etc.) can be completed directly along the mainstem or East Fork Bull River without browse 
protection (which in close proximity to the river may be undermined by erosion, runoff, or 
channel migration) or in floodplain areas not immediately adjacent to the river or without signs 
of beaver activity (lower elevation areas, channels, etc.). Expecting higher mortality, plantings 
without browse protection will be completed at higher densities.  
 
Maintenance and monitoring  
 
Annual maintenance is expected however, past experience working in the Bull River has shown 
that individual plantings (versus large exclosures) require very little maintenance. Most issues 
arise from the death of, or limb drops, from surrounding vegetation (such as hawthorn or 
alder); encroaching Reed Canarygrass and weeds (can be reduced by mowing or weed whacking 
surrounding area, although this hasn’t been tested systematically, but when implemented does 
appear to improve survival rates if labor is available); and plant mortality (if fenced and free 
from other browse) from vole damage, disease or moisture stress (such as too dry in a cobble 
patch or too wet from prolonged inundation from floodwaters, making this an important 
consideration in site selection). All revegetation sites will be visited at least annually, ideally 
biannually in both the spring and fall, to assess maintenance needs, if any. Minor maintenance 
will be completed immediately, while a larger effort or mortality replacement plantings will be 
planned as resources (staff capacity, volunteers, materials/supplies, funding) are available. The 
LCFWG, as resources allow, commits to maintain plantings and revegetation efforts for a 
minimum of 10 years.  
 
Most monitoring efforts for this project will be informal and are meant to assess maintenance 
needs. Mortality rates will be recorded for plants with browse protection, in anticipation of 
mortality replacement plantings (or removal of materials, depending on what cause of 
mortality is determined to be). Prior to or at the initiation of planting efforts (after sites are 
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flagged/marked for planting), photo points will be established. Post-implementation photo 
points will be taken after planting is complete and repeated at 2, 5, and 10 years post-project to 
record vegetation growth and assess project outcomes. 
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