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Chapter 1 Summary 
The Habitat Restoration and Enhancement Plan (HREP) is a requirement of the County of 
Orange Central and Coastal Subregion Natural Community Conservation Plan & Habitat 
Conservation Plan (NCCP/HCP). Consistent with the NCCP/HCP, the HREP is to be updated and 
approved annually by the Natural Communities Coalition (NCC), the non-profit management 
corporation overseeing implementation of the NCCP/HCP, with updates representing material 
changes to be submitted to US Fish and Wildlife Service (USFWS) and California Department of 
Fish and Wildlife (CDFW) for review and approval following finalization.  

This 2019 HREP Update builds upon the achievements and lessons learned over the past 15 
years of management since publication of the original 2003 HREP. In addition to NCC staff, 
members of the Technical Advisory Committee, and directors, representatives from partnering 
agencies and stakeholders, including California State Parks, the Irvine Ranch Conservancy, and 
Orange County Parks contributed their time and perspectives through participation in surveys 
and interviews, sharing the many lessons learned from habitat restoration successes and 
challenges experience over the last 15 years. It is through the culmination of the greater team’s 
efforts to take risks, learn, and share that new ideas have come to fruition and advancements in 
land stewardship and the practice of restoration have been made possible. 

The 2019 HREP Update provides the following products for the nearly 38,000-acre County of 
Orange Central and Coastal Subregion NCCP/HCP reserve system (Reserve)—and, for the 
additional 30,000 acres of adjacent non-Reserve land (e.g., conservation easements, public 
open space, special linkage areas):  

• Prioritized habitat restoration opportunities; 
• A cost-effective landscape-scale Adaptive Weed Management and Habitat Restoration 

Plan; and, 
• Tools to develop high quality site-specific habitat restoration plans for new projects. 

Originally known as the Nature Reserve of Orange County, NCC is responsible for the 
management, monitoring and research of the Reserve. The habitat restoration and 
enhancement goals in the NCCP/HCP include maintaining the existing biological values within 
the Reserve, enhancing the value of degraded native habitat (e.g., increase native biodiversity) 
and restoring the nonnative annual grasslands (i.e., type-converted habitat) to ecologically 
appropriate native habitat. The 2003 HREP (LSA 2003) was organized around a principle of 
passive restoration, with the assumption that with the end of rangeland grazing in the Reserve 
by 2002 degraded native habitat and nonnative annual grasslands would recover through 
natural recruitment processes over time. Implementation of the 2003 HREP focused on a long-
term commitment to the control of highly invasive nonnative plants (e.g., artichoke thistle) to 
prevent their expansion and to maintain habitat values in the Reserve.  

The invasive plant control program has been very successful over the past 15 years (2003–
2018); however, passive recovery of native habitat has been limited and a significant portion of 
these areas remain dominated by nonnative annual grasses and forbs. In a study by Dickens 
(2014) measuring the passive recovery of these areas following a decade of invasive plant 
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control (2003–2013), many of these areas were characterized as “stuck” in place, while there 
was evidence of increased native diversity at higher elevations adjacent to native seed sources. 
In a new analysis of shrub cover stability using photointerpretation of aerial imagery, which is 
presented in Chapter 4 of this document, the presence of these stuck sites was confirmed. Over 
a twenty-year period (1994 to 2014), 58% of the areas sampled in the Central Subregion and 
40% in the Coastal Subregion had no significant change in shrub cover. And, overwhelmingly, 
even those areas that experienced increases in shrub cover remained dominated by nonnative 
annual grasses. Overall, while there are examples of real increases in native diversity and cover 
due to passive restoration in particular site conditions, for the most part, the distribution of 
nonnative annual grasslands and the native vegetation communities has remained remarkably 
stable over the past 35 years. Most of the loss in native diversity and shifts in species 
composition over this time period has been directly related to high fire frequency, especially in 
the Central Subregion, due to increased ignition sources from human development in fire prone 
areas of southern California (e.g., Syphard and Keeley 2015). 

With recognition of the need to use more active forms of restoration to increase habitat values 
in stuck sites, Reserve managers identified the need to develop a cost-effective approach for 
implementing habitat restoration projects at the landscape-scale on the order of 10s or 100s of 
acres. The HREP Update has been developed to meet this charge and to address the following 
planning priorities that were identified at the 2016 NCC Science Integration Meeting: climate 
change, wildfire impacts on vegetation and recovery, integrated planning efforts (i.e., 
coordinating recreation management, invasive plant early detection and rapid response [EDRR], 
vegetation monitoring, habitat restoration and fire management efforts), and opportunities to 
work with partners around water issues (e.g., storm water capture to provide higher 
productivity habitat for wildlife such as birds). 

This HREP incorporates lessons from past studies and management experience, new data, 
analyses and approaches to guide restoration and enhancement action for the coming years. It 
is organized into the seven chapters, with the first being this summary and the last a list of 
references. 

 

Chapter 2—Introduction states the purpose of the plan and develops the conceptual approach 
for the update of the HREP. 

Chapter 3—Ecological Niche Modeling of Vegetation Alliances presents geospatial 
mathematical models that were constructed to evaluate the suitability of the Reserve and 
surrounding areas for different vegetation community Alliances for current conditions. Models 
are presented for the 50 most common vegetation Alliances that occur in the Reserve as 
identified in the 2012 Vegetation Map (AIS 2015)—including scrub, chaparral, native perennial 
grassland, woodland, riparian and wetland habitat types. Model outputs can be used for 
Reserve-wide planning efforts or within a local management area to predict the distribution of 
a vegetation Alliance of interest. Model outputs can also be used as a first draft of ecologically 
suitable targets for restoration areas in the development of a site-specific habitat restoration 
plan for a project. Conditions projected to exist in the 2050s (2040–2069) in response to a 
changing climate are also reviewed. 
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Chapter 4—Shrub Stability Analysis and Predictive Modeling evaluates the conditions 
associated with natural recruitment of shrubs (i.e., passive restoration), which suggests areas 
that may increase in habitat value over time without active restoration efforts. It identifies 
conditions that define “stuck” sites, which is used to inform the development of landscape-level 
restoration priorities. 

Chapter 5—Landscape-Level Opportunities and Priorities integrates the shrub stability analysis, 
fire history data and existing vegetation conditions from the 2012 Vegetation Map to produce a 
decision tree for classification of habitat restoration priorities. 

Chapter 6—Landscape-Scale Habitat Restoration Approach explains the strategic value of a 
seed-based approach with natural rainfall—versus nursery-grown container-based revegetation 
with irrigation systems—and, the need for longer periods (e.g., 3 to 5 years or more) of weed 
management prior to seed addition, because it is less expensive to conduct weed treatments 
prior to seeding compared to after seed addition when it becomes more labor intensive and 
difficult to control weeds when new native material is establishing. Based on these principles, a 
cost-effective landscape-scale Adaptive Weed Management and Habitat Restoration Plan (Plan) 
is presented that provides guidelines for the development of site-specific habitat restoration 
plans for new projects. Refinements to the Plan for specific vegetation-types are provided in 
Appendix B, along with implementation specification guidelines in Appendix C. 

 

Key products include quantification of the distribution of restoration opportunities and 
priorities in Chapter 5 (see Figure 1 and Table 1). The prioritization scheme provides guidance 
to land managers for identifying restoration and enhancement project opportunities based on 
the likelihood for a site to remain stuck in its current degraded or type-converted state, with 1a 
being the highest priority. However, all of the areas in priority 1a to 2b are suitable candidates 
for restoration and enhancement projects.  

 
Table 1  Restoration Priorities 1a to 2b for Reserve and Non-Reserve Lands in the Study Area (Acres) 
 Reserve 

Non-
Reserve Restoration Priority 

Central 
Subregion 

Coastal 
Subregion 

1a. Type-converted nonnative vegetation  
        or degraded wetland 2,793 1,294 3,441 

1b. Likely type-converted nonnative vegetation 
 57 600 696 

1c. Possibly type-converted nonnative vegetation 
 20 360 233 

2a. Degraded native habitat with risk of type-conversion 
       (≥10 years since last fire, as of 2012) 229 89 423 

2b. Degraded native habitat recovering from fire with risk of  
        type-conversion (<10 years since last fire, as of 2012) 577 – 301 

Total 3,676 2,343 5,094 
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Restoration priority 3 are areas that are still recovering from wildfire less than 10 years ago (as 
of the baseline year for the spatial data for this study, 2012) and have the lowest priority for 
potential restoration or enhancement because they are likely to recover naturally without 
additional wildfire events. Priorities 4 and 5 are areas of higher quality habitat or habitat that is 
likely to naturally recover from a recent fire event (less than 10 years ago). 

 

 
  

Figure 1   Landscape-level Habitat Restoration Opportunities and Priorities in the 
Reserve and Adjacent Open Space (Extent of Study Area Based on 2012 
Vegetation Map) 
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An example of the predicted distribution for a common upland vegetation Alliance in the 
Reserve, California sagebrush (Artemisia californica) shrubland Alliance, is shown in Figure 3 for 
current climate conditions.  

The ecological niche model outputs are visualized in the map with a graduated color ramp, with 
warmer colors assigned to higher values that can be interpreted as a higher degree of habitat 
suitability (1 = red) and cooler colors representing lower habitat suitability (0 = blue) (Figure 3). 

 

 

Figure 3  Current Habitat Suitability for California Sagebrush Shrubland 
Alliance 

Figure 2  California Sagebrush 
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A key aspect of the Adaptive Weed Management and Habitat Restoration Plan presented in 
Chapter 6 is the acknowledgement and management of risk. Even with careful planning and an 
adaptive management approach, restoration has inherent uncertainty (e.g., climate change, 
microsite diversity, lack of historical botanical records, highly variable weather, stochastic 
events like wildfire). This Plan therefore seeks to manage uncertainty by providing a planning 
process and implementation strategy that is resilient to even these uncertainties. 

For example, by monitoring during the weed management step of project implementation, 
which can last several years, we can learn how weeds and existing natives respond to weeding 
treatments in different site conditions and use that knowledge to further tailor the seed mix to 
the site (see Figure 4). And, by sowing robust and diverse seed mixes that are suitable for the 
range of conditions observed at site, we can work with nature, allowing the land to sort the 
seed by which species will establish in suitable microsite conditions. In this way, the site itself 
will help select the most ecologically suitable assemblage of vegetation in the landscape, and 
better replicate the mosaic of natural communities in the Reserve. 

In addition, habitat restoration projects implemented with a seed-based and natural rainfall 
approach can be 30–40% less expensive than an equivalent project that relies on container 
plants and supplemental irrigation largely because of the high cost of the irrigation system and 
water. For many projects access to irrigation water is limited or not available at all, and the cost 
of water is rising given constraints on imported water and an increase in competing uses. 

 
Figure 4  Model of the Generalized Adaptive Weed Management and Habitat Restoration Plan 
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The HREP identifies opportunities and priorities for habitat restoration and enhancement, 
provides a process for developing site-specific projects that are cost-effective and sustainable 
for implementation at the landscape-scale, and delivers a set of tools that land managers can 
use for regional and property level planning and restoration efforts. The HREP combined with 
other NCC planning efforts will help guide successful habitat restoration and enhancement 
actions for the coming years. 
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Chapter 2 Introduction 
The Natural Communities Conservation Planning (NCCP) process and resulting conservation 
plans and protected lands were a landmark achievement in species conservation in the United 
States. The agreements and resulting reserve systems provided certainty to landowners and a 
funding stream to restore habitats for target species across large blocks of open space. In 
central and coastal Orange County, the planning and conservation effort—the Natural 
Communities Conservation Plan/Habitat Conservation Plan (NCCP/HCP) for the Central and 
Coastal Subregions—the establishment of the reserve system (Reserve) and planning of the 
1990s laid the groundwork for the adoption and implementation of management strategies in 
the early 2000s (LSA Associates 2003). The Natural Communities Coalition (NCC) (originally 
known as the Nature Reserve of Orange County) was also established in 1996 to coordinate the 
land management, monitoring and research of the nearly 38,000-acre Reserve. Fifteen years of 
land management, weed control, and both passive and active restoration followed. During this 
time, many lessons were learned about the landscape, its responsiveness to management, and 
the remaining obstacles to landscape-scale habitat restoration of natural communities across 
the Reserve system. 

In this document, an updated Habitat Restoration and Enhancement Plan (HREP) is presented 
that builds on the achievements of the past 15 years and incorporates new data, analyses, and 
approaches to guide restoration and enhancement actions for the coming years. 

2.1 Purpose 
The purpose of this plan is to update the fifteen-year-old Central Coastal Subregion’s Habitat 
Restoration and Enhancement Plan (LSA Associates 2003) to introduce a cost-effective and 
sustainable approach that can be implemented to improve habitat value of large areas of the 
Reserve. To do so, the plan will identify the location and ecologically appropriate restoration 
targets for degraded lands in the Reserve that incorporates existing conditions, recovery 
trajectory, and future climate changes. 

The goal of this HREP update is not to specify and prioritize individual habitat restoration 
projects across the Reserve, but rather to provide a scientifically based, data-driven approach 
and associated analyses to inform such decisions. The prioritization of specific habitat 
restoration projects across the Reserve will be determined by landowners and stakeholders 
taking into consideration the following: 

1. Current NCC conservation priorities 
2. Consultation with the wildlife agencies 
3. Funding opportunities 
4. Implementation constraints 

While the HREP was developed in part to meet obligations related to management of Reserve 
lands, the study area for the HREP was expanded to include adjacent conserved and public 
open space to provide Reserve partners and stakeholders with the same updated habitat 
restoration approaches and tools for the benefit of the broader NCCP/HCP planning area. 
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The HREP is focused on the restoration of native vegetation communities, which provide 
habitat for a wide range of native wildlife species, including the three species identified in the 
NCCP/HCP (coastal California gnatcatcher [Polioptila californica californica], coastal cactus wren 
[Campylorhynchus brunneicapillus sandiegensis], orange-throated whiptail lizard [Aspidoscelis 
hyperythra]) and Species of Greatest Conservation Need (SGCN) as identified in the California 
State Wide Action Plan (SWAP) (least Bell’s vireo[Vireo bellii pusillus], western spadefoot toad 
[Spea hammondii], southern western pond turtle [Actinemys pallida] and Blainville’s horned 
lizard [Phrynosoma blainvillii]). 

2.2 Background 
Following establishment of the Reserve system, an HREP (LSA Associates 2003) was written for 
and adopted by the NCC. This plan was organized around a principle of passive restoration, 
wherein the major disturbing factor on Reserve lands, grazing, would be removed, and natural 
communities would recover through passive restoration. The major threat to passive 
restoration was assessed to be presence and expansion of invasive exotic plant species, of 
which artichoke thistle (Cynara cardunculus) was identified as the most pressing. A 15-year 
program to remove and control this species has been very successful.  

Passive recovery of habitat value following the removal of grazing was the expected response 
for the Preserve, and some evidence supports this trajectory in rangeland recovery (Donlan et 
al. 2003, Beever et al. 2008, Malavasi et al. 2018). Control of invasive plant species was 
therefore the focus of the 2003 HREP. Notwithstanding significant progress in controlling 
invasive plant species, limited recruitment of native vegetation into highly degraded areas was 
observed, and a portion of these areas remained dominated primarily by nonnative grass 
species, a phenomenon long observed in other post-grazing recovery studies in arid lands 
(Laycock 1991, Stohlgren et al. 1999, Holmgren and Scheffer 2001). 

Following over a decade of invasive species control, the passive recovery of native vegetation in 
the Central and Coastal Reserve was investigated through repeat surveys (Dickens 2014). In this 
effort, researchers revisited vegetation sampling plots that had been established by The Nature 
Conservancy (TNC) in 1998. The plots were evaluated in 2008 and 2013 to assess the 
effectiveness of and evidence for natural recruitment of native species with the removal of 
grazing disturbance and to evaluate the effectiveness of the targeted weed control program. 
The results of the resurveys and their analysis showed that weed management programs for 
artichoke thistle had been effective and significantly reduced cover of this pernicious weed. In 
contrast, little recovery of native plant species was observed, except at higher elevation sites 
that were adjacent to native seed sources. Most valley locations were considered to be “stuck” 
in place, with little recovery of native plants. These sites tend to be higher in clay, which are 
also wetter because of the lower drainage rates of clay soils. Dickens hypothesized that the 
combination of invading Mediterranean grasses and grazing land use history led to an 
alternative stable ecological state that prevented native plant recovery at the “stuck” sites 
(Dickens 2014). This observation built on the conceptual model from Cramer et al. (2008), 
which describes a “persistent, degraded state that shows little likelihood of recovery” and 
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where limited access to seeds and competition from invasive grasses precludes reestablishment 
of native vegetation (Figure 2-1).  

It is also possible that the “stuck” sites do not have the biophysical properties that would lead 
to the growth and persistence of a dominant native shrub cover. Their high clay content and 
landscape position may be more strongly associated with native perennial grasslands and 
forblands. Dickens examined the change in the cover of a native perennial grass, purple 
needlegrass (Stipa pulchra), typical of existing native perennial grasslands in the Reserve, and 
found that between 2008 and 2013 (years for which species level data was available), cover 
decreased—although there was no examination of the change in the number of individuals (i.e., 
compared with fluctuations in above ground vegetative growth) for this long-lived perennial 
grass with the available data. Regardless, intermittent shrub cover is typical of native perennial 
grasslands, and therefore, some significant trends in shrub recruitment would be expected in 
these sites—whether they provide the most suitable conditions for native dominated shrub 
communities or native perennial grassland—if the invasive plant control efforts were sufficient 
to promote passive restoration, instead of being characterized as “stuck” sites. 

 
Figure 2-1  Conceptual Model of Highly Degraded Sites with Little Chance of Recovery 

without Intervention  
Source: Reprinted from Cramer et al. 2008 

 

With the presence of large portions of the Reserve system that are “stuck” and unlikely to 
recover to native vegetation without intervention, and the expense of restoring plant 
communities in an acre-by-acre approach with high inputs (e.g., container plants and irrigation 
systems), the future habitat restoration success of Reserve management depends on a cost-
effective landscape-scale habitat restoration approach that will increase habitat value across 
larger areas in the Reserve over the next 10–20 years that does not rely on passive restoration. 
It is with this perspective that the current plan was developed. 
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2.3 Conceptual Approach 
Reserve managers have identified a series of needs for an updated HREP. In addition to 
providing high-quality habitat for target species, land management approaches must address 
changing climate, wildfire impacts on vegetation and recovery, integrated planning efforts (i.e., 
coordinating invasive plant management, recreation, vegetation monitoring, habitat 
restoration, and fire management efforts), and new opportunities to work with partners around 
water issues (e.g., storm water capture to provide higher productivity habitat for wildlife such 
as birds). 

Coordinating and organizing efforts across the landscape scale requires the use of Geographic 
Information Systems (GIS), which is the preferred method to evaluate opportunities and threats 
to restoration at the landscape scale (Meinke et al. 2009). The development of this plan and its 
specifications therefore depend on modern spatial data management and modeling tools that 
have become more common in conservation planning and landscape management. 

Within this context, this updated HREP is built on a series of observations and assumptions that 
have their origin in the experiences of the past 15 years and the scientific and technical 
literature in restoration ecology. 

First, at the scale of hectares, successful restoration is correlated with the environmental niches 
that define conditions for plant species to survive and thrive (Palik et al. 2000). Data and 
analysis on the conditions associated with dominant plant species are therefore necessary to 
establish ecologically appropriate restoration targets across the landscape (Meinke et al. 2009). 
Successful habitat restoration is correlated with getting appropriate species in a location (site) 
and then corresponding with annual weather conditions necessary for plant establishment (i.e., 
the key variables of habitat restoration are site and year). Finding the appropriate locations for 
different plant communities in the absence of detailed historic vegetation maps will require 
spatial environmental niche modeling.  

Second, even if vegetation community distributions are well-understood at the scale of 
hectares across the landscape, it is difficult to predict how plant species will respond within a 
site at the scale of meters. Because data on soils, topography, and disturbance conditions are 
not available at this scale, a restoration specialist never knows how a vegetation community 
will develop on a site without experimentation and adaptation to local conditions. Microsites—
the variation at the scale of meters—are critically important in determining what species will 
grow where (Eliason and Allen 1997, Morzaria-Luna et al. 2004, Blumler 2018). This plan 
therefore presents a set of practices, starting with weed management and leading to seed-
based plant material addition that plans for local site variation within a hierarchical system of 
vegetation niche mapping. 

Third, even with careful planning and an adaptive management approach, restoration has 
inherent uncertainty. Historical data to fully understand vegetation distributions may be 
lacking, and require significant effort to locate and synthesize (e.g., Mattoni and Longcore 1997, 
Stein et al. 2010). Unknown past land uses may impact soil and site conditions at a fine scale. 
The local watershed may be altered, impacting hydrological conditions. Climatic changes, such 
as increasing soil aridity earlier in the season, require consideration (Choi et al. 2008, Gelviz-
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Gelvez et al. 2015). Highly variable events, such as rainfall and Santa Ana wind conditions, 
influence a site from year-to-year, along with associated wildfires. This plan therefore seeks to 
manage these uncertainties by considering predicted future climatic conditions and providing a 
planning and implementation process that is resilient to even these uncertainties.  

Fourth, the experience of the past 15 years reveals particular challenges with the Central and 
Coastal Subregions and for southern California landscape restoration in general. The major 
desired conversion of habitats is from nonnative annual grasslands to native vegetation 
communities, such as Californian coastal scrub, native perennial grasslands, forblands and oak 
woodlands. Some passive restoration, by natural recruitment, has been observed, while other 
nonnative annual grassland areas are “stuck”. Understanding the underlying environmental 
conditions associated with both conditions would be useful and should influence future 
restoration strategy. We therefore investigate the conditions associated with recovery 
trajectory, using shrub cover as a proxy for general native plant recruitment, to help prioritize 
habitat restoration locations.  

Together, this conceptual approach involves modeling the environmental conditions associated 
with native vegetation communities at the Alliance level (following the California Native Plant 
Society [CNPS]—CDFW Manual of California Vegetation classification scheme), evaluating the 
factors associated with recovery of disturbed lands, and proposing an approach that 
concentrates efforts on locations that under likely future climate conditions that are most likely 
to have success using techniques that are temporally and spatially flexible. That is, establishing 
new vegetation within a mosaic that might be patchy depending on landscape attributes, and 
that can wait for appropriate weather conditions to establish.  

This conceptual approach has two implications that are necessary compromises to achieve the 
greatest restoration benefit in the most cost-effective manner. First, the precise location of 
specific habitat restoration areas might not be planned ahead of time within a larger area under 
management. For example, to achieve a hectare of coastal sage scrub mitigation, several 
hectares of land might be treated and seeded and the hectare that is ultimately suitable for 
scrub development would not necessarily be identified at the outset. Second, it is nearly 
inevitable that intransigent areas may not respond to restoration efforts and will remain as 
weedy/nonnative grass inclusions (i.e., stuck sites) within a matrix of restored habitats. Rather 
than invest significantly in converting those sites with finite restoration resources, accepting 
such inclusions is in the best interest of accomplishing the most extensive restoration at the 
landscape scale. Such concessions reduce the area supporting native plants—however, 
nonnative annual grasslands can have wildlife benefits in terms of supporting higher densities 
of native snakes and raptors compared with native perennial grasslands (Wolf et al. 2017). An 
example of an exemption to this recommendation, would be if the intransigent site is of high 
value to a target species, or if the site is a significant source of high priority invasive species that 
are invading the adjoining native habitat—in which case, more intensive management activity 
may be warranted. 



 Page 13 of 185 

2.4 Plan Organization 
This updated HREP includes a set of analyses necessary to target restoration efforts spatially 
across the landscape, along with description of restoration protocols to develop project-specific 
habitat restoration plans that can succeed in achieving the goals of the HREP. The chapters in 
this HREP are organized as follows (Figure 2-2). 

 

 
Figure 2-2  Habitat Restoration and Enhancement Plan Process 

 

2.4.1 Ecological Niche Modeling 
At the landscape scale, distribution of native plant species depends on environmental factors 
such as slope, aspect, soil depth, soil texture, nutrients, rainfall and hydrology, temperature, 
fire frequency, and time since last fire. To best guide restoration efforts of plant communities to 
locations where they will thrive, geospatial mathematical models were constructed that 
evaluated suitability of the Reserve area and its surroundings for the different vegetation 
Alliances that are most common, as classified in the 2012 Vegetation Map (AIS 2015). These 
models are based on a presence-only approach, meaning that the presence of a vegetation 
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Alliance is taken to be evidence of suitability, but its absence does not assume the environment 
is not suitable. In this way, the models create a description of potential natural vegetation for 
the Reserve that can guide restoration efforts (Fischer et al. 2013, Zhang et al. 2013, Longcore 
et al. 2018). Then, suitable habitats were explored using predicted climate variables to 
anticipate future conditions with restoration efforts to determine if they could be used in 
restoration planning (Gelviz-Gelvez et al. 2015). 

Chapter 3 of this plan contains maps that indicate the vegetation Alliances that would be most 
suitable for reintroduction in type-converted locations that are currently dominated by 
nonnative vegetation. Although restoration practitioners often have a good sense of restoration 
targets based on location conditions, this approach adds a quantitative and replicable 
procedure to map probable vegetation by Alliance. 

2.4.2 Shrub Stability Analysis 
Passive restoration of the Reserve in large part manifests itself in the form of transitions from 
disturbed, grazed grasslands to native vegetation communities following the removal of 
disturbance. To focus restoration efforts, it is necessary to know what areas are already 
recovering passively—with the assistance of a successful weed control program—and what 
areas are stable or decreasing in shrub cover. 

In Chapter 4, sample areas surrounding existing vegetation monitoring sites were compared for 
increase, decrease, or no change in shrub cover using existing data complemented by aerial 
photo interpretation of images from 1994 and 2014, characterizing a twenty-year change in 
shrub cover. These categories, supplemented by other historic data, were used to develop 
geospatial models that described the environmental conditions for increasing, stable, and 
decreasing shrub cover. These models provide insights on the conditions associated with 
passive restoration (increasing shrub cover without planting), the conditions defining “stuck” 
sites with dominant nonnative grasslands, and those where shrubs are declining. This 
information then informs the development of landscape-level restoration priorities. 

2.4.3 Landscape-level Restoration Priorities 
In Chapter 5, the modeled distributions of vegetation Alliances are combined with the shrub 
stability analysis and fire history data to create a composite map that defines high priority 
restoration areas. The restoration area opportunities are prioritized by area (i.e., polygon 
feature in a geospatial database viewable in GIS software) and include predictions of suitable 
vegetation Alliance restoration targets. The vegetation Alliance predictions can be used either 
for land management planning (e.g., restoration planning) at the landscape-scale (e.g., Reserve, 
Subregion or landowner management unit) or, as a rough draft to guide field assessments of 
suitable restoration targets for the development of a project-specific habitat restoration plan. 

The modeled habitat restoration targets also provide land managers and researchers with 
hypotheses about the environmental factors most important in the restoration of site-specific 
habitat in the Reserve. This information will help guide the development of questions for the 
experimental design of monitoring programs to assess the health of the Reserve that have 
direct management implications to inform the habitat restoration program. This part of the 
plan describes a repeatable and rule-based process to prioritize habitat restoration based on a 



 Page 15 of 185 

combination of existing conditions (e.g., percent [%] nonnative cover), current vegetation, and 
time since fire to make ranked recommendations on restoration, enhancement, or invasive 
species control. 

Restoration priorities are mapped and tabulated by conservation land status (e.g., Reserve, 
non-Reserve conserved open space, non-Reserve public open space, local park) and landowner. 

2.4.4 Adaptive Weed Management and Habitat Restoration Plan 
In Chapter 6, a landscape-scale approach to using adaptive weed management and creating a 
habitat restoration plan is described that overcomes the cost constraints of using supplemental 
irrigation for container planting and instead focuses predominantly on long-term weed 
management followed by seeding. Irrigation water for habitat restoration is limited now and 
will be even more expensive in the future given constraints on imported water and increasing 
competing uses. With the exception of some species that do not establish well from seed, cost 
of restoration can be reduced by using a seed-based approach, with the tradeoff of needing 
more time for site preparation and weed control and waiting for years with good rainfall for 
establishment once the weed seed bank has been suppressed.  

In Section 6.4, the details of the generalized Adaptive Weed Management and Habitat 
Restoration Plan (Plan) are presented, including how to prepare a project-specific restoration 
plan with the tools presented in the HREP. The Plan includes guidelines for the selection of 
ecologically appropriate habitat restoration targets, seed mix design, weed management 
methods and seeding techniques. Refinements to the generalized adaptive weed management 
and habitat restoration approach for specific vegetation types are introduced in Section 6.5 and 
presented in Appendix B.  
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Chapter 3 Ecological Niche Modeling of Vegetation 
Alliances 

3.1 Introduction 
The development of environmental modeling tools and associated data at a high spatial 
resolution has opened new doors for restoration planning in the past decade. Although 
predicting species distributions has been a technique used in southern California land 
management for years (Franklin 1995, 1998), environmental data, such as topography, are now 
available at higher resolution and the tools to analyze distributions are easier to use and more 
accessible (Phillips et al. 2006, Elith et al. 2011, Phillips et al. 2017).  

Modeling vegetation distributions is an important planning step for ecological restoration 
because the broad patterns of vegetation on the landscape are a function of the environmental 
conditions on that landscape (e.g., soils, slope, rainfall, temperature) combined with the history 
of natural and anthropogenic disturbance. The concept of “potential natural vegetation” has 
been used to describe the vegetation that would develop on a landscape in the absence of 
human intervention and given a stable climate (Faber 1937, Tüxen 1956). Although the role of 
natural disturbance was not well-integrated into this original concept, it has come to be 
understood as the vegetation that would develop when human-originated disturbance ceased 
(Westoff and van der Maarel 1978) and more recent work focuses on what vegetation would 
potentially develop if human disruptions were removed, as opposed to reconstructing the 
historic distributions (Härdtle 1995, Longcore et al. 2018). Such modeling approaches are well 
suited to predicting vegetation development (or species distribution in general) under future 
climatic conditions (del Río and Penas 2006, Bryn 2008, Lapola et al. 2008) and for restoration 
planning (Gutierres et al. 2018, Török et al. 2018). 

The use of environmental niche modeling in the development of this plan is to identify the 
restoration targets for vegetation Alliances at the landscape scale (Choi et al. 2008, Gelviz-
Gelvez et al. 2015). The models provide a set of hypotheses about plant recruitment and 
success in the field that can provide a first draft for habitat restoration planning. It is 
acknowledged that plants respond to the environment individually rather than as units (Carrión 
and Fernández 2009), but the Alliance level of natural vegetation community classification is 
defined by the distribution of the dominant or co-dominant species, modeling of which should 
be informative and is consistent with published uses of the modelling approach (Velasquez-
Tibata et al. 2013, Bertram and Dewar 2015, Nazeri et al. 2015). 

The landscapes of the Central and Coastal Reserve contain extensive areas of degraded natural 
habitat that are dominated by nonnative annual grass species and have a long history of 
disturbance from either grazing, agriculture, increased fire frequency (especially in the Central 
Reserve), or a combination of these factors. Notwithstanding field ecologists’ observations of 
native Alliances associated with landscape position, geomorphology and soils, it is not efficient 
at the landscape level to determine what areas within these nonnative annual grasslands would 
be most suited for restoration to different vegetation Alliances, such as Californian coastal 
scrub Alliances, California annual and perennial grassland Alliances, California chaparral 
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Alliances, or woodland Alliances. It is even more difficult to intuit the potential distribution of 
these Alliances under altered climatic conditions that are predicted for thirty or fifty years in 
the future. This chapter, therefore, focuses on developing potential natural vegetation models 
for the Reserve by modeling the distribution of key native vegetation classifications at the 
Alliance or Group level, along with a model for nonnative grasslands for comparison. These 
models are developed for current conditions in a manner that incorporates disturbance from 
fire so the results can be compared with existing conditions. 

3.2 Methods 
The study area was defined as the extent of the 2012 vegetation map for the Reserve, which 
includes the Reserve boundary, with a 1-mile buffer (Figure 3-1). The spatial scale of analysis 
was based on the ⅓ arc-second digital elevation model (DEM) obtained from the U.S. Geological 
Survey (USGS) National Elevation Dataset (NED), published in 2013 with 1999–2003 data. The 
distance of ⅓ arc-second is about 10 meters (9.4423137 m). 

 
Figure 3-1  NCCP Central Orange County Reserve with 1-mile Buffer from the 2012 

Vegetation Map Defining the Study Area 
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3.2.1 Environmental Data 
Environmental data included as predictors include fire history, topography, soil type, soil 
moisture deficit and climatic variables (Table 3-1). All environmental layers were converted to 
GRID (raster) format, resampled to the ⅓ arc-second resolution of the DEM, using the raster 
calculator tool in the ArcGIS Spatial Analyst extension, clipped to the extent of the study area, 
and projected into Universal Transverse Mercator (UTM) coordinate system, UTM zone 11 
north, NAD83 datum. 

Initially, 47 variables were considered (see Table A-1 in Appendix A); however, using many 
correlated variables may result in over-parameterization and reduce the predictive power and 
interpretability of the model output (Morueta-Holme et al. 2010). It should be noted that the 
maximum entropy modeling method used to analyze the data, MaxEnt, is largely robust to 
covariance among environmental variables, and the process of reducing the number of 
variables was primarily performed to improve the interpretation of the model and response 
variables (Elith et al. 2011). Multi-collinearity was checked for all combinations of 
environmental variables using a correlation analysis in the SDM toolbox (Brown et al. 2017, 
Snedecor and Cochran 1968). See Appendix A for the correlation matrices for the climatic 
variables (Table A-2) and water deficit variables (Table A-3). Highly correlated (Pearson’s 
correlation coefficient, r ≥ 0.85) climatic and water deficit variables were removed according to 
recommendations by Merow et al. (2013) and combined for correlation analysis with the 
remaining 27 continuous variables for fire history, topography and soil (Table A-4). From the 27 
continuous variables, three more highly correlated variables were removed as potential 
predictor variables. Distance from the coast (euc_coast) was removed in favor of the highly 
correlated (Pearson’s r = 0.93) variable, summer (Jun-Aug) mean temperature (tave_sm). The 
minimum fire return interval between any two fires in the fire record (fire_retmin) was 
removed in favor of the highly correlated (Pearson’s r = -0.92) variable, fire frequency (fire_f). 
And, elevation (dem) was removed in favor of the highly correlated (Pearson’s r = 0.9) variable, 
mean annual precipitation (map). The resulting set of 24 continuous variables were combined 
with five categorical variables (fire_yl_cat, soil_geom, soil_musym, soil_order, soil_text) and 
used in initial runs of the MaxEnt model with the selected vegetation community occurrence 
data. Variables that were consistently contributing less than 2% to the model prediction and 
permutation importance were removed: def_01, def_06, def_08, def_annual, geom_cti and 
soil_musym. The final set of environmental predictors include 19 continuous and 4 categorical 
variables (Table 3-1), which were exported as ASCII files for use in MaxEnt software. 

Climate 

High resolution (⅓ arc second) climate data and biologically relevant derived variables were 
generated for the most recent 30-year historical normal period (1981–2010) using the 
ClimateWNA v5.50 software package, which includes climate data from the western North 
America, based on methodology described by Hamann et al. (2013). The ClimateWNA software 
uses medium resolution climate data (2.5 arcminute or approximately 4 kilometers) to build a 
local and temporary scale-free climate model driven by elevation difference between a location 
of interest and the elevation used to calculate the climate variables of the medium resolution 
data set at this point.  
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Table 3-1 Predictor Variables Tested for Environmental Niche Modeling of Vegetation 
Alliances. 

Variable Code Mean ± Standard Deviation 
(Range in Study Area) 

Correlated Variables 
(Pearson’s |r| ≥ 0.85) 

Climate    

Mean annual precipitation map 336.2±50.1 mm 
(260–521 mm) 

Mean winter precipitation 
Mean spring precipitation 
Mean autumn precipitation 
Mean spring min. temp. 
Elevation 

Mean summer precipitation ppt_sm 4.8±1 mm 
(3–9 mm)  

Mean winter temperature tave_wt 13.2±0.3°C 
(11.9–14°C) 

Degree-days below 0°C 

Mean spring temperature tave_sp 15.7±0.4°C 
(14.4–16.5°C) 

 

Mean summer temperature tave_sm 21.3±0.8°C 
(19.6–23.2°C) 

Mean autumn temperature 
Mean summer max. temp. 
Mean autumn max. temp. 
Mean annual temperature 
30-yr extreme max. temp. 
Distance from coast 

Mean winter maximum temperature tmax_wt 19.0±0.7°C 
(15.4–19.8°C) 

 

Mean spring maximum temperature tmax_sp 21.6±0.8°C 
(19.6–23.3°C) 

Mean annual temperature 

Mean winter minimum temperature tmin_wt 7.3±0.5°C 
(6.2–8.9°C) 

30-yr extreme min. temp. 

Mean summer minimum temperature tmin_sm 15.0±0.6°C 
(13.8–16°C) 

Mean spring min. temp. 

Mean autumn minimum temperature tmin_at 12.3±0.5°C 
(11.4–14.1°C) 

 

Soil Moisture Deficit    

March soil moisture deficit def_03 5.7±4.2 mm 
(0–29.6 mm) April soil moisture deficit 

November soil moisture deficit def_11 32.7±12.1 mm 
(0–69.3 mm) 

Sep. soil moisture deficit 
Oct. soil moisture deficit 

December soil moisture deficit def_12 1.6±3.5 mm 
(0–34.8 mm)  

Topography    

Slope, steepness of slope slope 11.4±11.1 degrees 
(0–68.5 degrees)  

Topographic position index, relative 
slope position geom_tpi 0.1±4.7 

(-34.6–38.9)  
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Variable Code Mean ± Standard Deviation 
(Range in Study Area) 

Correlated Variables 
(Pearson’s |r| ≥ 0.85) 

togographic solar radiation index 
(TRASP), aspect transformed 0–1 geom_trasp 0.6±0.4 

(0–1)  

Soil Type    

Available water capacity soil_awc_mm 85.4±50 mm 
(0–200 mm)  

Root zone depth soil_rzd 80.7±57.1 cm 
(0–151 cm)  

Soil order soil_order 

Categorical data:  
1 = Alfisols 
2 = Entisols 
3 = Inceptisols 
4 = Mollisols 
5 = Vertisols 
6 = Riverwash 
7 = Beaches 
8 = Other (Pits, Modified) 

 

Soil geomorphological classification soil_geom 

Categorical data:  
10 = water 
11 = tidal flats 
12 = channels 
13 = fans 
14 = dunes 
15 = beaches 
20 = alluvial fans 
21 = alluvial fans, alluvial 
plains 
22 = alluvial plains, 
terraces 
23 = alluvial plain 
remnants, terraces 
24 = terraces 
25 = flood plains 
26 = depressions 
27 = beach plains 
30 = hills 
31 = hills, uplands 
32 = foothills, hills 
33 = mountains, uplands 
40 = uplands 
41 = gravel pits 
42 = floodways 

 

Soil texture soil_text 

Categorical data:  
1 = clay 
2 = loam 
3 = clay loam 
4 = silty clay loam 
5 = silt loam 
6 = sandy loam 
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Variable Code Mean ± Standard Deviation 
(Range in Study Area) 

Correlated Variables 
(Pearson’s |r| ≥ 0.85) 

7 = loamy sand 
8 = gravelly loam 
9 = stony loam 
10 = rock outcrop 
11 = water 
12 = man-made 
13 = riverwash 
14 = pits 
15 = other 

Fire History    

Fire frequency in record (as of 2012) fire_f 1.3±1.7 
(0–7) 

Minimum fire return 
interval between any 2 fires 

Years since last fire (as of 2012) fire_yl_cat 

Categorical data:  
1 = 0-5 years 
2 = 5-10 years 
3 = 10-20 years 
4 = 20-50 years 
5 = more than 50 years 

 

 

 
Climate variables were generated by the software for the study area from the high-resolution 
DEM in a two-step process: by elevation adjustments (left to middle) and by bilinear 
interpolation to remove tile artifacts (middle to right). The baseline data used by ClimateWNA 
were derived from PRISM approach at an 800-meter resolution (Daly et al. 2008).  

For preparation to input location data into the program, the DEM raster was converted into a 
point feature shapefile in ArcGIS with elevation, latitude and longitude. The dBASE table file 
(dbf) for the shapefile was manipulated in the R (version 3.3.2) statistics program to generate a 
comma separated values (csv) file, which was used in ClimateWNA software. The output csv file 
was converted into a raster file with the Point to Raster tool in ArcGIS for each climatic variable. 

Directly calculated annual variables included are mean annual temperature in °C (mat) and 
mean annual precipitation in millimeters (mm) (map). Derived annual variables included are 
degree-days below 0°C (dd_0), extreme minimum temperature over 30 years (emt) and 
extreme maximum temperature over 30 years (ext). Directly calculated seasonal variables—
winter (wt = January, February and December), spring (sp = March, April, May), summer (sm = 
June, July, August), and autumn (at = September, October, November)—included are mean 
seasonal precipitation in mm (ppt_wt, ppt_sp, ppt_sm and ppt_at), mean seasonal temperature 
in °C (tave_wt, tave_sp, tave_sm and tave_at), mean maximum seasonal temperature in °C 
(tmax_wt, tmax_sp, tmax_sm and tmax_at), and mean minimum seasonal temperature in °C 
(tmin_wt, tmin_sp, tmin_sm and tmin_at). 
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Soil Moisture Deficit 

A water balance model was run to develop annual and monthly soil water deficit (mm) using 
the Water Balance Toolbox (v 2.2) in ArcGIS at a spatial resolution of ⅓ arc second (Dyer 2009, 
Dyer 2015). A water balance examines the interactive relationship between energy and 
moisture at a place, by modeling moisture demand from plants and evaporation (potential 
evapotranspiration) and supply from precipitation and soil moisture storage.  

Geospatial layers used to calculate soil water deficit include the following: elevation in meters 
from the DEM; DEM-derived values of slope in degrees and aspect; monthly mean temperature, 
annual and monthly mean precipitation climatic normals (1981–2010) from the PRISM 
approach at an 800-meter resolution (Daly et al. 2008) resampled at ⅓ arc second resolution; 
monthly radiation calculated using the ArcGIS Solar Radiation tool based on slope, aspect, 
topographic shading, latitude and time of year with two user set atmospheric parameters 
(diffuse proportion of global radiation and transmissivity), which were adjusted according to 
Dyer (2016) based on known radiation data from the National Solar Radiation Database typical 
meteorological year (TMY3) archive data (Wilcox and Marion 2008) from the sampling location 
of Santa Ana John Wayne Airport (Class II, USAF No.722977); soil available water capacity 
(AWC) in millimeters from the United States Department of Agriculture (USDA) Natural 
Resources Conservation Service (NRCS) database of soil data, resampled to the DEM raster 
scale; no humidity adjustment applied; and, coefficients to adjust the monthly (April to 
September) potential evapotranspiration (PET) at the 35 degree latitude based on topographic 
position (e.g. classification of slope and aspect, derived from the DEM). 

Topography 

From the DEM, several derivative indicators of environmental conditions were calculated: 
elevation in meters; Euclidean “straight line” distance from the coast in meters, compound 
topographic index (CTI), topographic wetness index (TPI), topographic solar radiation index 
(TRASP) and slope in degrees. 

CTI is a steady state wetness index, which is a function of the slope and the upstream 
contributing area [CTI = ln(((flow accumulation + 1)*(pixel area in m2))/(tan(slope in radians)))]. 
TPI is a calculation of slope position by subtracting the average neighbor values from the focal 
value of the original DEM. Positive values of TPI indicate that the central point is higher than 
the average surroundings, while negative values indicate a lower position (De Reu et al. 2013, 
Guisan et al. 1999). TRASP is circular aspect transformed to a continuous variable between zero 
to one, with the value of zero assigned to the north-northeast aspect (typically the coolest and 
wettest orientation) and a value of one to assigned to the hotter and drier south-southwest 
direction (Roberts and Cooper 1989). Slope was calculated on the DEM using the ArcGIS Spatial 
Analyst extension, as the maximum rate of change between each cell and its neighbors. When 
the slope equals 45 degrees, the rise is equal to the run. 

Soil Type 

Soils data were mapped as categorical raster layers for soil series (soil_musym), soil order 
(soil_order), soil texture (soil_text) and soil geomorphological classification (soil_geom). 
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Continuous variables representing available water capacity (soil_awc_mm) in millimeters and 
rooting zone depth (soil_rzd) in centimeters were also prepared from the USDA NRCS database 
of soil data, accessible through the “Web Soil Survey” online (websoilsurvey.sc.egov.usda.gov; 
accessed on January 2, 2017). The soil data is based upon soil surveys from various publication 
years, which describe typical soil profiles and characteristics and classify them into separate soil 
series. For purposes of mapping the distribution and characteristics of soils, while the report 
description of each soil series mapping unit may include one or more major soil types, and at 
least one minor soil type component, the spatial dataset only provides information that 
corresponds with the major soil type in each mapping unit. Therefore, the soil characteristics in 
the soil survey spatial database are considered generally accurate over large areas, but 
confidence in the accuracy of the information for any small area decreases with localized areas. 
For instance, there may be inclusions of different soil types (e.g., clay soil inclusions) that occur 
within a soil mapping unit that are significantly different than the soil series described. Source 
data for the study area comes from two soil survey reports: Soil Survey of Orange County and 
Western Part of Riverside County, California (USDA 1978); and Soil Survey of San Bernardino 
County Southwestern Park, California (USDA 1980). 

Soil series in this dataset are mapping units, which consist of one or more components. Each 
component represents a polypedon (a contiguous area that share the definition of the soil 
series) that belong to a particular soil series. The name of a map unit is usually named after the 
major component within the mapping unit. There are 136 different soil series in the study area. 
Soil order is the most general level of soil classification and includes eight classifications in the 
study area: 1 = Alfisols; 2 = Entisols; 3 = Inceptisols; 4 = Mollisols; 5 = Vertisols; 6 = Riverwash; 7 
= Beaches; and, 8 = Other (Pits, Modified). Soil texture refers to the proportion of sand, silt and 
clay sized particles that constitute the mineral part of soil. Soil texture classifications can 
provide useful proxies for soil hydraulic properties (e.g., see Figure 3-2, Groenendyk et al. 
2015). Soil texture classifications are listed in Table 3-1. 

AWC is the amount of water that a soil can store that is available for use by plants. AWC is 
stated for the mapped soil series, to a depth of 100 centimeters, as the weighted average of all 
components in the soil series map unit and is expressed as millimeters of water. AWC is 
commonly estimated as the difference between the water contents at 1/10 or 1/3 bar (field 
capacity) and 15 bars (permanent wilting point) tension and adjusted for salinity and fragments. 
Root zone depth is the depth (cm) within the soil profile that commodity crop roots can 
effectively extract water and nutrients for growth. Root zone depth influences soil productivity 
significantly. Soil component horizon criteria for root‐limiting depth include: presence of hard 
bedrock, soft bedrock, a fragipan, a duripan, sulfuric material, a dense layer, a layer having a pH 
of less than 3.5, or a layer having an electrical conductivity of more than 12 within the 
component soil profile. If no root‐restricting zone is identified, a depth of 150 cm is used to 
approximate the root zone depth (USDA 2012). 
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Figure 3-2 Simulations of Soil Hydraulic Properties Plotted on the USDA Texture Triangle 

(a) USDA soil texture classification; (b) hydraulic conductivity (Ks); simulated time-averaged change in length of 
water stored in the upper 30 cm of the profile for (c) infiltration, (d) drainage, and (e) infiltration followed by 
drainage; and the time-averaged change in length of water for (f) the sum of infiltration and drainage only. Source: 
Groenendyk et al. 2015. 

 

Fire History 

Fire history data was obtained from the State of California Fire and Resource Assessment 
Program (FRAP) in an ArcGIS file geodatabase. The FRAP database includes wildfire and 
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prescribed fire perimeters, as reported by CAL FIRE, the United States Forest Service Region 5, 
the Bureau of Land Management (BLM), and the National Park Service (NPS) for public and 
private lands. Fire perimeters date back to approximately 1878, for fires 10 acres in size or 
greater. All fire history data was calculated through year 2012 to correspond with the state of 
vegetation documented in the 2012 vegetation map for the Reserve. From the FRAP database, 
several derivate values were calculated: fire frequency in record (fire_f), fire return minimum 
(fire_retmin) and years since last fire (fire_yl_cat). Fire frequency in record is the number of 
fires recorded in the period of record, which is approximately 130 years. Fire return minimum is 
the shortest number of years between any two fire events in the record. Years since last fire 
was classified into categories, based on time periods that are ecologically relevant to the 
vegetation community’s natural recovery process: 1 = 05 years; 2 = 510 years, 3 = 1020 years; 4 
= 2050 years; and, 5 = more than 50 years. 

Climate Change Scenario Environmental Data 

Models were rerun with an ensemble climate change projection that cover the years 2040-
2069, referred to as the 2050s, from 15 Atmosphere-Ocean General Circulation Models 
(AOGCMs) form the Coupled Model Intercomparison Project phase 5 (CMIP5) models with a 
Representative Concentration Pathways (RCP) 4.5 emission scenario (IPCC Assessment Report 
5, 2013). RCP 4.5 is considered a medium stabilization scenario of greenhouse gas 
concentration (~650 ppm CO2 equivalent by 2100) that encompasses the vast majority of the 
scenarios assessed in the Fourth IPCC Assessment Report (van Vuuren et al. 2011) (e.g.,  Figure 
3-3). Average projected global warming increase (and likely range) for RCP4.5 are +1.4°C (±0.5) 
by the 2050s and +1.8°C (±0.7) by the 2080s (20702100). Ensemble projections are average of 
projections from the following 15 CMIP5 models: CanESM2, ACCESS1.0, IPSL-CM5A-MR, 
MIROC5, MPI-ESM-LR, CCSM4, HadGEM2-ES, CNRM-CM5, CSIRO Mk 3.6, GFDL-CM3, INM-CM4, 
MRI-CGCM3, MIROC-ESM, CESM1-CAM5, GISS-E2R. 

High resolution (⅓ arc second) AOGCM ensemble RCP4.5 2050s projections were created using 
the ClimateWNA v5.50 software package, based on methodology described by Hamann et al. 
(2013), for climate predictor variables that were selected for the MaxEnt models: map, ppt_sm, 
tave_wt, tave_sp, tave_sm, tmax_wt, tmax_sp, tim_wt, tmin_sm and tmin_at. The average 
2050s values, range and increase over current conditions for each of the climate predictor 
variables are summarized in Table 3-2. The 2050s range of values in the study area are mapped 
for mean temperature (Figure 3-4), mean maximum temperature (Figure 3-5), mean minimum 
temperature (Figure 3-6) and mean precipitation (Figure 3-7).  

The layer for years since last fire (fire_yl_cat) was adjusted to reflect at least 10 years since the 
last fire as a minimum value in the study area to represent the general 2050s condition, but fire 
frequency (fire_f) was not increased above the current, year 2012, baseline condition. 
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 Figure 3-3 Example Projections of the Trajectory of Greenhouse Gas Concentrations under 

Four Representative Concentration Pathways (RCP): 2.6, 4.5, 6.0 and 8.5 
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Table 3-2 Climate Predictor Variables for Current and 2050s Model Composite Projection 
(RCP 4.5) in Study Area. 

Variable Code 

Climate Values 
Mean ± Standard Deviation 

(Range in Study Area) 
Current Climate 

Normals 
(1981-2010) 

Future Climate 
2050s (RCP 4.5) 

(2040-2069) 

Increase in 2050s 
over Current 

Mean annual precipitation map 336.2±50.1 mm 
(260–521 mm) 

352.0±49.7 mm 
(277–537 mm) 

15.8±3.6 mm 
(6–25 mm) 

Mean summer precipitation ppt_sm 4.8±1 mm 
(3–9 mm) 

7.3±1.5 mm 
(4–14 mm) 

2.5±0.7 mm 
(1–6 mm) 

Mean winter temperature tave_wt 13.2±0.3°C 
(11.9–14°C) 

14.7±0.3°C 
(13.5–15.6°C) 

1.60±0.03°C 
(1.5–1.7°C) 

Mean spring temperature tave_sp 15.7±0.4°C 
(14.4–16.5°C) 

17.1±0.4°C 
(15.9–18.0°C) 

1.46±0.05°C 
(1.4–1.5°C) 

Mean summer temperature tave_sm 21.3±0.8°C 
(19.6–23.2°C) 

23.6±0.8°C 
(21.9–25.6°C) 

2.37±0.06°C 
(2.2–2.5°C) 

Mean winter maximum temperature tmax_wt 19.0±0.7°C 
(15.4–19.8°C) 

21.0±0.6°C 
(17.5–21.8°C) 

2.00±0.05°C 
(1.9–2.1°C) 

Mean spring maximum temperature tmax_sp 21.6±0.8°C 
(19.6–23.3°C) 

23.4±0.7°C 
(21.4–25.2°C) 

1.88±0.05°C 
(1.8–2.0°C) 

Mean winter minimum temperature tmin_wt 7.3±0.5°C 
(6.2–8.9°C) 

8.4±0.5°C 
(7.3–10.0°C) 

1.17±0.05°C 
(1.1–1.2°C) 

Mean summer minimum temperature tmin_sm 15.0±0.6°C 
(13.8–16.0°C) 

17.1±0.5°C 
(16.0–18.2°C) 

2.20±0.06°C 
(2.1–2.4°C) 

Mean autumn minimum temperature tmin_at 12.3±0.5°C 
(11.4–14.1°C) 

14.2±0.4°C 
(13.4–16.1°C) 

1.99±0.04°C 
(1.9–2.1°C) 
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Mean Winter Temperature (°C) 

 
Mean Spring Temperature (°C) 

 
Mean Summer Temperature (°C) 

 

Figure 3-4 Future Climate 2050s Model Composite Projections (RCP 4.5) for Mean Temperature Predictor Variables. 
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Figure 3-5 Future Climate 2050s Model Composite Projections (RCP 4.5) for Mean Maximum Temperature Predictor Variables. 
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Mean Winter Minimum Temperature (°C) 

 
Mean Summer Minimum Temperature (°C) 

 
Mean Autumn Minimum Temperature (°C) 

 

Figure 3-6 Future Climate 2050s Model Composite Projections (RCP 4.5) for Mean Minimum Temperature Predictor Variables. 
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Figure 3-7 Future Climate 2050s Model Composite Projections (RCP 4.5) for Mean Precipitation Predictor Variables. 
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3.2.2 Vegetation/Species Data 
The map of current vegetation was used to develop training points for the model, following 
Moravec (1998). From the 2012 vegetation maps, a stratified random sample of up to 500 
points from within polygons of each of the 51 most common natural vegetation communities 
was taken. 

Selection of Vegetation Communities for Modeling 

From the 2012 vegetation map, native vegetation alliances were selected for modeling if they 
occurred in at least 10 hectares (Table 3-3). For mapping units that were classified at the group 
level, which is one step up in the classification scheme from the alliance level, they were 
selected for modeling when appropriate, in order to capture the predicted distribution of 
vegetation types that are not as well represented at the alliance level in the 2012 vegetation 
map. Non-natural vegetation community mapping units, such as water body and 
urban/disturbed, and restoration areas were not modeled. Two nonnative vegetation 
community classes were modeled, because they were expected to respond to the predictor 
variables: Arundo donax Semi-natural Stands (VegCode 1910) and Mediterranean CA 
Naturalized Annual and Perennial Grassland Group, Weedy (VegCode 4200).  

See Table 3-3 for the spatial extent of each California vegetation community alliance or group, 
as classified in the 2012 vegetation map for the Reserve. If the identifying “VegCode” for the 
vegetation type has a “m” next to it, then it was included in the ecological niche modeling 
effort. The 2012 vegetation mapping area covered approximately 34,802 hectares (86,000 
acres) of open space and adjacent urban and agricultural lands, including habitat located in 
both the Central and Coastal Subregions of the Reserve. The map was prepared over a baseline 
digital image created in 2012 by the USDA – Farm Service Agency’s National Agricultural 
Imagery Program (NAIP). Vegetation mapping units were delineated using aerial photo 
interpretation methods and classified using the National Vegetation Classification System 
(NVCS) to the Alliance level as depicted in the second edition of the Manual of California 
Vegetation (AIS 2015). The total area (in hectares) itemized for each Alliance, Group or 
Macrogroup in Table 3-3 is the amount that was mapped for each vegetation classification in 
2012 Vegetation Map. The amounts for the higher hierarchical classification levels (e.g., Group, 
Macrogroup) are not sums of the corresponding Alliances in each group. In the quality control 
step of map production, if a mapped area (i.e., polygon in the geodatabase) cannot meet the 
80% accuracy threshold, then it is binned into a higher hierarchical class that can be accurately 
mapped. As a result, there are some areas mapped in the Macrogroup and Group level (e.g., 
1.5-ha of California Chaparral Macrogroup, 89.5-ha of California Xeric Chaparral Group) in 
addition to the Alliance level—but, the sum of the related Alliance classes in a Group will not 
sum up to equal the Group level class presented, if it was mapped at all in the 2012 Vegetation 
Map. 

For each of the vegetation communities modeled, the universe of presence-only point feature 
records were generated from the 2012 vegetation map polygons. On a thirty-meter grid, the 
centroid of each grid cell was assigned a vegetation community classification from the 
corresponding polygon that it fell within.  
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Table 3-3 Abundance of Vegetation Alliances and Groups, as Classified in the 2012 
Vegetation Map 

VegCode California Vegetation Community Classification Name 
Extent in 2012 

Vegetation Map 

1000 x Southwestern North American Riparian, Flooded and Swamp Forest MG n/a 

1100 x Californian Broadleaf Forest and Woodland Gp n/a 

1110 Juglans californica Alliance <0.1% (5.9 ha) 

1120 m Quercus agrifolia Alliance 2.9% (993.7 ha) 

1121 m Quercus agrifolia Riparian 1.2% (426.4 ha) 

1200 California Evergreen Coniferous Forest & Woodland Gp <0.1% (0.4 ha) 

1210 m Hesperocyparis forbesii Alliance <0.1% (13.5 ha) 

1400 x Californian Montane Conifer Forest Gp n/a 

1410 Pseudotsuga macrocarpa Alliance <0.1% (2.0 ha) 

1500* x Introduced North American Mediterranean Woodland and Forest Gp n/a 

1510* Eucalyptus (globulus, camaldulensis) Semi-natural Woodland Stands 0.2% (68.0 ha) 

1610 Alnus rhombifolia Alliance <0.1% (8.7 ha) 

1700 m Southwestern North American Riparian Woodland Gp 0.1% (50.2 ha) 

1710 m Platanus racemosa Alliance 0.6% (191.2 ha) 

1720 m Salix gooddingii Alliance 0.8% (261.8 ha) 

1730 m Salix laevigata Alliance 0.1% (37.9 ha) 

1740 m Populus fremontii Alliance <0.1% (10.6 ha) 

1800 Southwestern North American Riparian/Wash Scrub Gp <0.1% (12.1 ha) 

1810 m Baccharis salicifolia Alliance 1.0% (329.6 ha) 

1820 m Salix lasiolepis Alliance 0.8% (275.4 ha) 

1830 m Sambucus nigra Alliance 0.5% (163.2 ha) 

1900* x Southwestern North American Introduced Riparian Scrub Gp n/a 

1910* m Arundo donax Semi-natural Stands 0.1% (32.0 ha) 

2000 California Chaparral MG <0.1% (1.5 ha) 

2100 California Xeric Chaparral Gp 0.3% (89.5 ha) 

2110 m Adenostoma fasciculatum Alliance 5.2% (1,809.3 ha) 

2120 m Ceanothus crassifolius Alliance 1.3% (466.7 ha) 

2130 m Ceanothus megacarpus Alliance 1.4% (499.7 ha) 

2140 m Adenostoma fasciculatum - Salvia mellifera Alliance 1.3% (436.1 ha) 
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VegCode California Vegetation Community Classification Name 
Extent in 2012 

Vegetation Map 

2200 California Maritime Chaparral Gp <0.1% (15.9 ha) 

2210 m Malosma laurina Alliance 3.1% (1,087.8 ha) 

2220 m Rhus integrifolia Alliance 1.4% (500.7 ha) 

2230 m Quercus dumosa Alliance 0.1% (49.2 ha) 

2300 California Mesic Chaparral Gp <0.1% (17.3 ha) 

2310 m Ceanothus tomentosus Alliance 0.1% (39.7 ha) 

2320 m Cercocarpus montanus Alliance <0.1% (10.5 ha) 

2330 m Heteromeles arbutifolia Alliance 0.3% (103.2 ha) 

2340 m Quercus berberidifolia Alliance 1.5% (521.8 ha) 

2350 m Quercus berberidifolia - Adenostoma fasciculatum Alliance 0.2% (69.3 ha) 

2400 x Californian Pre-montane Chaparral MG n/a 

2410 m Arctostaphylos glandulosa Alliance 0.4% (127.9 ha) 

3000 x Californian Coastal Scrub MG n/a 

3100 Central and South Coastal Californian CSS Gp 1.3% (454.6 ha) 

3110 m Artemisia californica Alliance 5.3% (1,849.9 ha) 

3120 m Artemisia californica - Eriogonum fasciculatum Alliance 10.8% (3,753.2 ha) 

3130 m Artemisia californica - Salvia mellifera Alliance 9.7% (3,364.2 ha) 

3140 m Encelia californica Alliance 0.2% (80.9 ha) 

3150 m Eriogonum fasciculatum Alliance 1.1% (396.7 ha) 

3160 Eriogonum fasciculatum - Salvia apiana Alliance <0.1% (0.8 ha) 

3170 Keckiella antirrhinoides Alliance <0.1% (7.0 ha) 

3180 m Salvia apiana Alliance 0.3% (87.3 ha) 

3190 m Salvia leucophylla Alliance 0.5% (165.3 ha) 

3210 m Salvia mellifera Alliance 2.5% (871.7 ha) 

3220 m Diplacus aurantiacus Alliance 0.1% (41.7 ha) 

3300 Central and South Coastal Californian Seral Scrub Gp 0.1% (35.0 ha) 

3310 m Ericameria palmeri Alliance 0.1% (20.5 ha) 

3330 m Isocoma menziesii Alliance <0.1% (15.4 ha) 

3340 m Acmispon glaber Alliance 1.8% (627.1 ha) 

3350 m Malacothamnus fasciculatus Alliance 0.4% (130.6 ha) 

3410* Acacia (cyclops) Semi-natural Stands 0.3% (115.2 ha) 
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VegCode California Vegetation Community Classification Name 
Extent in 2012 

Vegetation Map 

4000 California Annual and Perennial Grasslands MG <0.1% (2.8 ha) 

4100 California Perennial Grassland Gp 0.1% (21.7 ha) 

4110 Leymus condensatus Alliance <0.1% (0.9 ha) 

4120 m Stipa lepida Alliance 0.1% (34.5 ha) 

4130 m Stipa pulchra Alliance 0.7% (242.0 ha) 

4200* m Mediterranean CA Naturalized Annual and Perennial Grassland Gp (Weedy) 11.9% (4,135.4 ha) 

4210* Avena (barbata, fatua) Alliance <0.1% (3.6 ha) 

4230* Bromus (diandrus, hordeaceus) - Brachypodium distachyon Alliance 0.1% (34.1 ha) 

4260* Cortaderia (jubata, selloana) Semi-natural Herbaceous Stands <0.1% (6.6 ha) 

4280* Lolium perenne Alliance <0.1% (0.6 ha) 

4290* Erodium 0.1% (40.2 ha) 

5000 x Vancouverian Coastal Dune and Bluff MG n/a 

5200 x Vancourverian coastal deciduous scrub Gp n/a 

5210 m Toxicodendron diversilobum Alliance 0.1% (22.7 ha) 

5300 California Coastal Evergreen Bluff and Dune Scrub Gp n/a 

5310 m Baccharis pilularis Alliance 0.5% (160.3 ha) 

5410* Carpobrotus edulis or Other Ice Plants Semi-natural Stands <0.1% (4.6 ha) 

6000 Temperate and Boreal Freshwater Marsh Formation MG <0.1% (2.4 ha) 

6001 Meadow (Carex - Juncus - Eleocharis) Mapping Unit <0.1% (1.7 ha) 

6100 m Arid West Freshwater Emergent Marsh Gp 0.1% (35.9 ha) 

6101 m Fresh Water Marsh (bulrush - cattail) Mapping Unit <0.1% (13.0 ha) 

6110 Schoenoplectus acutus Alliance <0.1% (4.1 ha) 

6120 Typha (angustifolia, domingensis, latifolia) Alliance <0.1% (10.3 ha) 

6130 Schoenoplectus californicus Alliance <0.1% (3.3 ha) 

6140 Scirpus robustus Alliance <0.1% (7.1 ha) 

6310* Lepidium latifolium Semi-natural Herbaceous Stands <0.1% (8.0 ha) 

7000 x North American Pacific Coastal Salt Marsh MG n/a 

7100 m Temperate Pacific Tidal Salt & Brackish Marsh Gp 0.3% (109.8 ha) 

7110 Sarcocornia pacifica (Salicornia depressa) Alliance <0.1% (14.6 ha) 

7120 m Spartina foliosa Alliance 0.2% (52.9 ha) 

7130 Bolboschoenus maritimus Alliance <0.1% (0.3 ha) 
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VegCode California Vegetation Community Classification Name 
Extent in 2012 

Vegetation Map 

7140 Distichlis spicata Alliance <0.1% (<0.1 ha) 

7200 SW North American Salt Basin and High Marsh Gp <0.1% (12.9 ha) 

7210 m Atriplex lentiformis Alliance <0.1% (12.5 ha) 

8000 Xeromorphic Scrub and Herb Vegetation MG <0.1% (13.3 ha) 

8100 m Coastal Baja California Norte Maritime Succulent Scrub Gp <0.1% (10.5 ha) 

8120 m Opuntia littoralis Alliance 1.0% (336.3 ha) 

8210 m Lepidospartum squamatum Alliance 0.1% (44.7 ha) 

8220 Bebbia juncea Alliance <0.1% (0.8 ha) 

9000 x Other Land Cover Classifications n/a 

9100* Introduced Trees, Shrubs (not in hierarchy) 0.7% (235.1 ha) 

9200 Agriculture 0.9% (323.8 ha) 

9300 Urban/Disturbed 17.2% (5,952.0 ha) 

9320 Fuel Mod Zone 1.4% (468.9 ha) 

9330 Anthropogenic Areas of Little or No Vegetation 0.7% (233.0 ha) 

9340 Vegetation Restoration Areas 0.8% (283.6 ha) 

9400 Sparsely vegetated to non-vegetated <0.1% (0.9 ha) 

9411 Rocky shore <0.1% (14.3 ha) 

9412 Beach sand 0.1% (49.6 ha) 

9420 Cliff, bluffs, scree, and rock outcrop 0.4% (141.7 ha) 

9430 Riverine and Lacustrine <0.1% (1.4 ha) 

9431 Streambed 0.3% (92.0 ha) 

9440 Tidal mudflat 0.2% (64.4 ha) 

9450 Salt panne <0.1% (3.7 ha) 

9800 Water Body 0.9% (296.8 ha) 

9810 Perennial Stream Channel <0.1% (12.5 ha) 

9820 Reservoirs and other Artificial Water Features 1.0% (359.5 ha) 

* = Nonnative Vegetation Community Class; x = Classification does not occur in 2012 Vegetation Map, but is 
included for reference and context; m = included in Vegetation Community Distribution Modeling; Gp = Group; MG 
= Macrogroup; ha = hectares (1 ha = 2.47105 acres) 
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Stratified Random Sample 

From the intermediary set of 27 continuous environmental variables that were not highly 
correlated with each other (Table A-5 in Appendix A), a composite gradient surface layer of 
environmental heterogeneity was created to stratify the study area for random sampling of the 
vegetation community types (Alliances and Groups).  

Spatial environmental heterogeneity is an important driver of species diversity (e.g., Stein and 
Kreft 2014) and can be used to disperse sampling of vegetation community occurrence across 
environmental gradients. A principal component analysis (PCA) was performed of the 27 
continuous variables to reduce the dimensions of the dataset and weighted environmental 
heterogeneity of the PCA output was calculated to identify strong patterns of spatial 
heterogeneity. The PCA transforms the data into a set of vectors that best contain the variation 
within the data. The most variation captured in the first axis, or principal component 1, the 
second-most variation in principal component 2, and the least amount of variation in principal 
component 3 (Figure 3-8). For each principal component an eigenvalue is calculated, which 
represents the amount of variance there is in the data in that dimension (Table 3-4).  

 

Table 3-4 Percent and Accumulative Eigenvalues for the PCA of the Continuous 
Environmental Variables 

Principal Component Eigenvalue Eigenvalues Accumulative Eigenvalues 
1 18,300 85.442% 85.442% 

2 2,250 10.5274% 95.9694% 

3 863 4.0306% 100% 

 

To determine what each of the principal components represent, a correlation matrix was 
calculated using the band collection statistics tool in the ArcGIS Spatial Analyst extension. See 
Table A-5 in Appendix A for the resulting correlation matrix. The first principal component, 
which includes about 85% of the variance, is correlated (Pearson’s r ≥ 0.7 or r ≤ -0.7) with soil 
moisture deficit at the end of March, June, August and November. Principal component two, 
which includes about 10.5% of the variance, is correlated with soil root zone depth and 
available water capacity, as estimated in the soil survey spatial database. The third principal 
component, which includes about 4% of the variance, is correlated with mean annual 
precipitation. 

With the dimensionality of the data reduced into three principal component layers, 
heterogeneity was calculated for each principal component layer raster cell and the eight cells 
neighboring the focal cell with a 3x3 rectangle setting in the SDMtoolbox. Composite 
environmental heterogeneity, weighted by the fraction of eigenvalue accumulation for each 
principal component layer, was calculated and the output classified by Jenks natural breaks into 
five layers on the nominal data (Figure 3-9).  
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Figure 3-8 Principal Component Analysis (PCA) of the Nineteen Continuous Environmental 

Variables in the Study Area 
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Figure 3-9 Composite Environmental Heterogeneity in Five Classes 
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For each of the vegetation communities modeled, a stratified random sample of up to 1,000 
points was selected from the universe of presence-only occurrence records. Samples were 
selected using the Sampling Design Tool distributed by the National Oceanic and Atmospheric 
Association (NOAA), National Ocean Service (NOS), National Centers for Coastal Ocean Science 
(NCCOS), Center for Coastal Monitoring and Assessment (CCMA), Biogeography Branch 
(NOAA/NOS/NCCOS/CCMA/Biogeography Branch). The Sampling Design Tool was used in 
ArcGIS to stratify samples of vegetation communities spatially, with up to 200 samples from 
each of the five environmental heterogeneity classes. To reduce spatial auto-correlation of 
occurrence data, samples had to be a minimum of 90 meters apart. Some vegetation 
communities did not occur or had limited distributions in some of the environmental 
heterogeneity classes, therefore, some sample totals were less than 1,000. Very small samples 
(e.g., n<30) do not predict species distributions consistently, therefore modeling was conducted 
with a minimum of 100 samples per vegetation community; however, MaxEnt is one of the 
least sensitive algorithms to sample size (Wisz et al. 2008). 

The native perennial grassland Stipa pulchra Alliance samples were taken differently. Most of 
the records for this Alliance in the 2012 Vegetation Map are located in the Central Subregion, 
and are derived in large part from field surveys that mapped the boundary of Stipa spp. 
observed following the 2006 and 2007 wildfires. Hence, there is possibility for a strong bias 
towards fire effects and climatic factors more prominent in the Central Subregion in the 
modeling, and a similar dataset was not available to inform the 2012 Vegetation Map from the 
Coastal Subregion. As a result, Land IQ field identified Stipa pulchra grasslands across both the 
Central and Coastal Subregions (n=18) and supplemented that with a random sample of 36 
additional points from the 2012 Vegetation Map in the Central Subregions, for a total of 54 
samples. 

3.2.3 Model Specifications 
Maximum entropy modeling, as implemented in the free software program MaxEnt 3.4.1 
(Phillips et al. 2006, Phillips et al. 2017), was used to develop ecological niche models for each 
vegetation community (alliance or group level). MaxEnt is a machine learning algorithm that 
uses presence-only occurrence data to estimate the most uniform distribution (maximum 
entropy) across the study area given the constraint that the expected value of each 
environmental predictor variable under this estimated distribution matches its empirical value 
(Phillips et al. 2017). The model output is cloglog (complementary log-log transformation), 
which has a natural probabilistic interpretation representing degrees of habitat suitability 
(0=unsuitable to 1=best habitat).  

A set of the ASCII environmental layers and a csv file of presence locations were used to 
produce probability maps that predict the potential distribution of vegetation communities. 
The measure of fit of the model is evaluated in MaxEnt with AUC (area under the receiver 
operating characteristic curve), which ranges from 0.5 = random to 1 = perfect discrimination. 
For all models run, the MaxEnt default settings for regularization and selecting the feature 
classes (functions of environmental variables). These include linear, quadratic, product, 
threshold and hinge features, depending on the number of point localities (Phillips et al. 2017). 
The program was set to run a maximum of 5,000 iterations with a convergence threshold of 
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0.00001, a regularization multiplier of 1, a maximum of 10,000 background points, the output 
grid format as “cloglog,” algorithm parameters, algorithm features set to “auto features,” 
random seed selected, a random test percentage of 30, 10 replicates with a “subsample” 
resampling method and all other parameters at their default settings. 

Inference was based on the AUC, predictor importance (e.g., variable contribution and 
response curves), and prediction maps (i.e., mean probability of occurrence) calculated from 
these models. 

3.2.4 Variable Contribution and Response Curves 

Variable Contribution 

Two methods were used to assess the contributions of environmental variables to the models: 
percentage contribution and permutation importance; and, the jackknife test. The average 
values of 10 replicate runs were used for interpretation of environmental variable importance 
in the models. The percent contribution values depend on the particular path that the MaxEnt 
algorithm uses to get the optimal solution, but a different iteration could get the same solution 
via a different path, which could result in different percent contribution of environmental 
variables. The permutation importance measure depends only on the final MaxEnt model, not 
the path used to obtain it. The contribution for each environmental variable is determined by 
randomly permuting the values of that variable among the training points (both presence and 
background) and measuring the resulting decrease in training AUC. A large decrease indicates 
that the model depends heavily on that variable. Values for permutation importance are 
normalized to percentages (Phillips et al. 2017) and then were ranked (Searcy and Shaffer 
2016).  

An alternative estimate of variable importance is provided by the jackknife of regularized test 
gain. Gain is the average log probability of the presence samples, minus a constant that makes 
the uniform distribution have a zero gain. Test gain uses the test data of vegetation community 
type occurrence, which is a 30% randomly selected set from the full occurrence dataset. For the 
jackknife test, a model is created using each variable in isolation, and a model excluding each 
variable but including the remaining variables. In addition, one model is created using all the 
variables. The environmental variable with the highest regularized test gain when used in 
isolation suggests it has the most useful information by itself. And, the environmental variable 
that decreases the regularized test gain the most when it is omitted suggests it has the most 
information that is not present in the other variables. 

Response Curves 

For the environmental variables with the highest predictive value for each model, the response 
curves show how they affect the MaxEnt prediction. The response curves show how the 
predicted probability of presence changes as each environmental variable is varied, keeping all 
other environmental variables at their average value. The mean response of 10 replicate 
MaxEnt runs were used for interpretation. 
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3.3 Results 
3.3.1 Model Performance 
For the 48 native vegetation units modeled, the median AUC was 0.96, indicating extremely 
well-fit models (Table 3-5). Ninety percent of models had AUC values above 0.9, and those with 
lower AUC values were common vegetation types that occur across the largest areas (e.g., 
Alliances with California sagebrush [Artemisia californica] and laurel sumac [Malosma laurina]). 
For nonnative groups, both Arundo donax and undifferentiated riparian vegetation had high 
AUC values while Mediterranean grassland had an AUC of 0.8. An additional important 
environmental factor that could improve model performance for Mediterranean grassland, 
such as disturbance history (e.g., grazing or fire intensity), would be needed to improve it. 

3.3.2 Predicted Vegetation Community Suitability Maps 
Maps of the point-wise mean of the ten models for each vegetation community are presented 
in Appendix A, along with a selection of response curves of the most important predictor 
variables. Model outputs are visualized in the maps with a graduated color ramp, with warmer 
colors assigned to higher cloglog values that can be interpreted as a higher degree of habitat 
suitability (1 = red) and cooler colors representing lower habitat suitability (0 = blue). 
Interpreting the ecological meaning of the response curves, is aided by recalling that some of 
the variables are correlated to other explanatory variables that were excluded from modeling 
runs (see Table 3-1). For example, mean summer temperature (tave_sm) is correlated with 
several other environmental variables that were not included as predictor variables in the 
model, such as distance from the coast and mean summer maximum temperature. Also, mean 
annual precipitation is correlated with both elevation and mean precipitation in three of the 
seasons (winter, spring and autumn). 

3.3.3 Response of Vegetation Alliances to Environmental Variables 
The most significant predictor variables for each of the vegetation community suitability 
models, as determined by the jackknife test of regularized test gain and permutation 
importance are presented in Table 3-6. Both of these metrics allow for interpretation of the 
relative influence of the variables on models describing occurrence locations. In the section 
below we interpret these variables for the vegetation groups and provide examples of 
individual models for the more common vegetation communities.  
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Table 3-5 Characteristics of MaxEnt Distribution Models for Vegetation Alliances and Groups 

Vegetation Community Classification VegCode 

Number 
of 

Training 
Samples 

Mean 
Regularized 

Training 
Gain 

Mean 
Unregularized 
Training Gain Iterations 

Mean 
Training 

AUC 

Number of 
Test 

Samples 

Mean 
Test 
Gain 

Mean 
Test 
AUC 

Mean 
AUC 

Standard 
Deviation 

Southwestern North American Riparian, Flooded and Swamp Forest MG (VegCode 1000) 

Quercus agrifolia Alliance 1120 698 1.25 1.39 2178 0.91 298 1.27 0.90 0.006 

Quercus agrifolia Riparian 1121 608 1.43 1.59 2428 0.93 260 1.53 0.92 0.005 

Hesperocyparis forbesii Alliance 1210 447 2.85 2.94 1002 0.98 191 2.94 0.98 0.002 

Southwestern North American Riparian 
Woodland Gp 1700 616 1.78 2.09 2560 0.96 264 2.02 0.95 0.004 

Platanus racemosa Alliance 1710 699 1.60 1.78 2654 0.94 299 1.70 0.93 0.005 

Salix gooddingii Alliance 1720 623 1.84 2.06 2446 0.96 267 1.96 0.95 0.003 

Salix laevigata Alliance 1730 678 2.09 2.28 2498 0.96 290 2.25 0.96 0.002 

Populus fremontii Alliance 1740 621 2.53 2.69 2408 0.97 266 2.68 0.97 0.002 

Baccharis salicifolia Alliance 1810 700 1.42 1.59 2326 0.93 300 1.48 0.92 0.006 

Salix lasiolepis Alliance 1820 700 1.43 1.60 2190 0.93 300 1.48 0.92 0.006 

Sambucus nigra Alliance 1830 700 1.42 1.62 2572 0.93 300 1.51 0.92 0.007 

Arundo donax Semi-natural Stands* 1910* 520 2.58 2.75 2452 0.97 222 2.73 0.97 0.002 

California Chaparral MG (VegCode 2000) 

Adenostoma fasciculatum Alliance 2110 698 1.69 1.76 1116 0.94 298 1.71 0.93 0.004 

Ceanothus crassifolius Alliance 2120 697 1.96 2.10 1392 0.95 298 2.03 0.95 0.003 

Ceanothus megacarpus Alliance 2130 546 2.16 2.33 2054 0.96 233 2.27 0.96 0.003 
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Vegetation Community Classification VegCode 

Number 
of 

Training 
Samples 

Mean 
Regularized 

Training 
Gain 

Mean 
Unregularized 
Training Gain Iterations 

Mean 
Training 

AUC 

Number of 
Test 

Samples 

Mean 
Test 
Gain 

Mean 
Test 
AUC 

Mean 
AUC 

Standard 
Deviation 

Adenostoma fasciculatum - Salvia 
mellifera Alliance 2140 648 1.79 1.92 1484 0.95 277 1.83 0.94 0.004 

Malosma laurina Alliance 2210 700 1.12 1.23 1832 0.89 300 1.13 0.88 0.007 

Rhus integrifolia Alliance 2220 700 1.57 1.69 1750 0.93 300 1.64 0.93 0.004 

Quercus dumosa Alliance 2230 449 2.55 2.70 1602 0.97 192 2.63 0.97 0.002 

Ceanothus tomentosus Alliance 2310 564 2.46 2.58 1480 0.97 241 2.54 0.97 0.002 

Cercocarpus montanus Alliance 2320 381 3.21 3.26 472 0.98 162 3.25 0.98 0.001 

Heteromeles arbutifolia Alliance 2330 530 2.01 2.28 2594 0.96 227 2.22 0.96 0.003 

Quercus berberidifolia Alliance 2340 559 1.64 1.79 2450 0.94 239 1.66 0.93 0.005 

Quercus berberidifolia - Adenostoma 
fasciculatum Alliance 2350 560 2.16 2.34 1948 0.96 240 2.29 0.96 0.002 

Californian Pre-montane Chaparral MG (VegCode 2400) 

Arctostaphylos glandulosa Alliance 2410 587 2.57 2.62 834 0.97 251 2.63 0.97 0.002 

Californian Coastal Scrub MG (VegCode 3000) 

Artemisia californica Alliance 3110 697 0.82 0.95 1894 0.86 298 0.83 0.84 0.009 

Artemisia californica - Eriogonum 
fasciculatum Alliance 3120 700 0.76 0.86 1672 0.85 300 0.74 0.82 0.010 

Artemisia californica - Salvia mellifera 
Alliance 3130 700 0.86 0.98 1926 0.86 300 0.88 0.84 0.008 

Encelia californica Alliance 3140 616 2.29 2.44 2310 0.97 264 2.40 0.96 0.002 

Eriogonum fasciculatum Alliance 3150 700 1.27 1.44 2724 0.91 300 1.37 0.91 0.007 
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Vegetation Community Classification VegCode 

Number 
of 

Training 
Samples 

Mean 
Regularized 

Training 
Gain 

Mean 
Unregularized 
Training Gain Iterations 

Mean 
Training 

AUC 

Number of 
Test 

Samples 

Mean 
Test 
Gain 

Mean 
Test 
AUC 

Mean 
AUC 

Standard 
Deviation 

Salvia apiana Alliance 3180 700 2.11 2.22 1440 0.96 299 2.20 0.96 0.002 

Salvia leucophylla Alliance 3190 594 2.39 2.52 1288 0.97 254 2.48 0.97 0.002 

Salvia mellifera Alliance 3210 700 1.45 1.55 1338 0.92 300 1.46 0.91 0.006 

Diplacus aurantiacus Alliance 3220 614 2.46 2.54 1164 0.97 262 2.52 0.97 0.002 

Ericameria palmeri Alliance 3310 640 2.23 2.47 2858 0.97 274 2.43 0.96 0.002 

Isocoma menziesii Alliance 3330 420 2.58 2.91 2920 0.98 180 2.86 0.98 0.002 

Acmispon glaber Alliance 3340 700 1.78 1.90 1620 0.95 300 1.82 0.94 0.004 

Malacothamnus fasciculatus Alliance 3350 700 1.82 1.98 1862 0.95 300 1.93 0.95 0.003 

California Annual and Perennial Grasslands MG (VegCode 4000) 

Stipa lepida Alliance 4120 667 2.30 2.43 1564 0.97 285 2.37 0.96 0.002 

Stipa pulchra Alliance 4130 38 2.39 3.03 1026 0.98 16 2.14 0.94 0.024 

Mediterranean California Naturalized 
Annual and Perennial Grassland Gp 
(Weedy)* 

4200* 698 0.56 0.72 2068 0.82 299 0.61 0.80 0.012 

Vancouverian Coastal Dune and Bluff MG (VegCode 5000) 

Toxicodendron diversilobum Alliance 5210 547 2.26 2.43 1792 0.97 234 2.39 0.97 0.002 

Baccharis pilularis Alliance 5310 700 1.46 1.71 2380 0.94 300 1.60 0.93 0.006 

Temperate and Boreal Freshwater Formation MG (VegCode 6000) 

Arid West Freshwater Emergent Marsh Gp 6100 409 2.47 2.80 2372 0.98 174 2.71 0.98 0.002 

Fresh Water Marsh (bulrush - cattail) 
Mapping Unit 6101 358 2.68 2.98 2806 0.98 153 2.95 0.98 0.002 
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Vegetation Community Classification VegCode 

Number 
of 

Training 
Samples 

Mean 
Regularized 

Training 
Gain 

Mean 
Unregularized 
Training Gain Iterations 

Mean 
Training 

AUC 

Number of 
Test 

Samples 

Mean 
Test 
Gain 

Mean 
Test 
AUC 

Mean 
AUC 

Standard 
Deviation 

North America Pacific Coastal Salt Marsh MG (VegCode 7000) 

Temperate Pacific Tidal Salt and Brackish 
Marsh Gp 7100 532 2.73 2.82 1110 0.97 227 2.79 0.97 0.002 

Spartina foliosa Alliance 7120 387 3.07 3.18 1738 0.98 165 3.14 0.98 0.001 

Atriplex lentiformis Alliance 7210 197 3.70 3.81 1188 0.99 84 3.79 0.99 0.001 

Xeromorphic Scrub and Herb Vegetation MG (VegCode 8000) 

Coastal Baja Calif. Norte Maritime 
Succulent Scrub Gp 8100 509 2.77 2.84 1084 0.98 218 2.83 0.97 0.002 

Opuntia littoralis Alliance 8120 700 1.29 1.46 2176 0.92 300 1.38 0.91 0.007 

Lepidospartum squamatum Alliance 8210 700 2.40 2.51 1580 0.97 300 2.48 0.96 0.002 

* = Nonnative Vegetation Community Class; Gp = Group; MG = Macrogroup. 
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Table 3-6 Contributions of Environmental Variables to Models for Vegetation Alliances and 
Groups 

  
Jackknife of Regularized 

Test Gain (n=10) 

Permutation Importance Test of Model (n=10: 
Highest Ranking Variables 

(Relative Contribution Percent) 
  

Variable 
that 

decreases 
gain the 

most when 
omitted 

Variable 
with 

highest gain 
used in 

isolation Vegetation Community Classification VegCode 1 2 3 

Southwestern North American Riparian, Flooded and Swamp Forest MG (VegCode 1000) 

Quercus agrifolia Alliance 1120 geom_tpi map tave_sm      
(26.2%) 

tave_sp      
(25.6%) 

map      
(8.2%) 

Quercus agrifolia Riparian 1121 geom_tpi geom_tpi tave_sm      
(38.3%) 

geom_tpi      
(8.9%) 

tave_sp      
(8.7%) 

Hesperocyparis forbesii Alliance 1210 fire_f tave_sm fire_f      
(83.3%) 

tmin_sm      
(3.6%) 

tave_sm      
(1.9%) 

Southwestern North American 
Riparian Woodland Gp 1700 tave_sp soil_geom map      

(29.4%) 
tave_sp      
(19.1%) 

tmax_sp      
(11.2%) 

Platanus racemosa Alliance 1710 geom_tpi soil_geom tmax_wt      
(13.6%) 

def_03      
(12.6%) 

geom_tpi      
(11.6%) 

Salix gooddingii Alliance 1720 def_03 soil_geom def_03      
(19.9%) 

map      
(14.9%) 

soil_awc_mm      
(13.1%) 

Salix laevigata Alliance 1730 soil_text soil_geom tave_sm      
(26.1%) 

map      
(16.6%) 

tave_sp      
(14.2%) 

Populus fremontii Alliance 1740 tave_sm map tave_sm      
(53.8%) 

tmin_sm      
(25.6%) 

fire_yl_cat      
(7.5%) 

Baccharis salicifolia Alliance 1810 geom_tpi soil_text tave_sm      
(24.6%) 

map      
(19.4%) 

geom_tpi      
(11.5%) 

Salix lasiolepis Alliance 1820 geom_tpi geom_tpi geom_tpi      
(38.6%) 

map      
(11.8%) 

soil_order      
(7.3%) 

Sambucus nigra Alliance 1830 fire_f map tmin_wt      
(22.4%) 

fire_f      
(21.3%) 

fire_yl_cat      
(8.2%) 

Arundo donax Semi-natural Stands* 1910* ppt_sm soil_geom map      
(56.2%) 

tave_sp      
(16.2%) 

tave_sm      
(7.6%) 

California Chaparral MG (VegCode 2000) 

Adenostoma fasciculatum Alliance 2110 fire_f tmax_wt tave_sm      
(29.2%) 

fire_f      
(20.7%) 

tmax_wt      
(9.7%) 

Ceanothus crassifolius Alliance 2120 fire_yl_cat tmax_wt tave_sm      
(33%) 

map      
(10.2%) 

fire_f      
(9.1%) 
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Jackknife of Regularized 

Test Gain (n=10) 

Permutation Importance Test of Model (n=10: 
Highest Ranking Variables 

(Relative Contribution Percent) 
  

Variable 
that 

decreases 
gain the 

most when 
omitted 

Variable 
with 

highest gain 
used in 

isolation Vegetation Community Classification VegCode 1 2 3 

Ceanothus megacarpus Alliance 2130 tave_sm tave_sm tave_sm      
(36.1%) 

tave_sp      
(12.6%) 

tmax_wt      
(11.3%) 

Adenostoma fasciculatum - Salvia 
mellifera Alliance 2140 tave_sm tmax_wt tave_sm      

(35.5%) 
tmax_wt      
(15.8%) 

tmin_wt      
(8.6%) 

Malosma laurina Alliance 2210 fire_yl_cat fire_yl_cat fire_yl_cat      
(25.1%) 

tmax_wt      
(11.2%) 

tmin_at      
(10.9%) 

Rhus integrifolia Alliance 2220 ppt_sm tave_wt tmin_wt      
(26.2%) 

tmin_sm      
(11.7%) 

tave_sp      
(7.8%) 

Quercus dumosa Alliance 2230 tmax_sp tave_wt tmax_sp      
(47.9%) 

tave_sm      
(16%) 

tmin_sm      
(7.3%) 

Ceanothus tomentosus Alliance 2310 fire_f tmax_wt fire_f      
(35.2%) 

fire_yl_cat      
(15.9%) 

tave_sm      
(12.1%) 

Cercocarpus montanus Alliance 2320 fire_f tave_sm soil_text      
(29.2%) 

fire_f      
(23.5%) 

geom_trasp      
(15.9%) 

Heteromeles arbutifolia Alliance 2330 fire_f def_11 slope      
(21.6%) 

tave_sm      
(17.5%) 

ppt_sm      
(9.1%) 

Quercus berberidifolia Alliance 2340 geom_tpi map tave_sm      
(28.8%) 

tmin_sm      
(11.4%) 

map      
(6.3%) 

Quercus berberidifolia - Adenostoma 
fasciculatum Alliance 2350 geom_tpi tmax_wt tave_sm      

(32.9%) 
tmax_sp      
(13.7%) 

fire_f      
(11.2%) 

Californian Pre-montane Chaparral MG (VegCode 2400) 

Arctostaphylos glandulosa Alliance 2410 tave_sm tave_sm tmin_sm      
(38.9%) 

tave_sm      
(21.2%) 

fire_f      
(19.7%) 

Californian Coastal Scrub MG (VegCode 3000) 

Artemisia californica Alliance 3110 slope tave_sp map      
(21.4%) 

tmin_sm      
(16.7%) 

slope      
(11.3%) 

Artemisia californica - Eriogonum 
fasciculatum Alliance 3120 slope tmin_sm map      

(18.1%) 
slope      

(17.7%) 
fire_f      

(11.4%) 

Artemisia californica - Salvia mellifera 
Alliance 3130 fire_f tmin_sm fire_f      

(20.1%) 
tmin_at      
(12.2%) 

slope      
(12.2%) 

Encelia californica Alliance 3140 fire_yl_cat map map      
(68.3%) 

fire_f      
(8.7%) 

fire_yl_cat      
(5.9%) 
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Jackknife of Regularized 

Test Gain (n=10) 

Permutation Importance Test of Model (n=10: 
Highest Ranking Variables 

(Relative Contribution Percent) 
  

Variable 
that 

decreases 
gain the 

most when 
omitted 

Variable 
with 

highest gain 
used in 

isolation Vegetation Community Classification VegCode 1 2 3 

Eriogonum fasciculatum Alliance 3150 tmin_at fire_yl_cat tmax_sp      
(22.6%) 

tmin_at      
(10.7%) 

tmax_wt      
(9.4%) 

Salvia apiana Alliance 3180 fire_f fire_f fire_f      
(30.9%) 

soil_rzd      
(14.3%) 

tmax_wt      
(12.6%) 

Salvia leucophylla Alliance 3190 tave_sm soil_awc_m
m 

tave_sm      
(57.8%) 

ppt_sm      
(18.9%) 

fire_f      
(5.6%) 

Salvia mellifera Alliance 3210 slope fire_yl_cat slope      
(25.9%) 

fire_yl_cat      
(11.2%) 

soil_order      
(10.9%) 

Diplacus aurantiacus Alliance 3220 def_11 fire_yl_cat def_11      
(24.8%) 

tave_sm      
(16.8%) 

tmin_wt      
(14.6%) 

Ericameria palmeri Alliance 3310 tave_wt map tmin_sm      
(42.3%) 

tave_sp      
(12.7%) 

soil_awc_mm      
(10%) 

Isocoma menziesii Alliance 3330 tmin_sm map tmin_sm      
(28%) 

tave_sp      
(24.8%) 

fire_yl_cat      
(7.3%) 

Acmispon glaber Alliance 3340 fire_yl_cat fire_yl_cat map      
(42.3%) 

fire_yl_cat      
(29.3%) 

tmin_wt      
(5.8%) 

Malacothamnus fasciculatus Alliance 3350 fire_yl_cat fire_yl_cat fire_yl_cat      
(35.6%) 

map      
(12.1%) 

tmax_wt      
(11.5%) 

California Annual and Perennial Grasslands MG (VegCode 4000) 

Stipa lepida Alliance 4120 tave_sm fire_f tave_sm      
(41.8%) 

fire_f      
(30.8%) 

soil_awc_mm      
(5.7%) 

Stipa pulchra Alliance 4130 slope fire_f tmin_wt      
(28.9%) 

slope      
(17.0%) 

tave_sm      
(12.7%) 

Mediterranean CA Naturalized Annual 
and Perennial Grassland Gp (Weedy)* 4200* ppt_sm fire_yl_cat map      

(15.3%) 
def_03      
(11.4%) 

tmin_sm      
(10.5%) 

Vancouverian Coastal Dune and Bluff MG (VegCode 5000) 

Toxicodendron diversilobum Alliance 5210 fire_yl_cat tave_wt tmax_wt      
(19.6%) 

slope      
(11%) 

fire_f      
(9.3%) 

Baccharis pilularis Alliance 5310 tmax_sp tave_sm map      
(25.5%) 

tave_sm      
(16.9%) 

tmin_wt      
(9.9%) 

Temperate and Boreal Freshwater Formation MG (VegCode 6000) 

Arid West Freshwater Emergent 
Marsh Gp 6100 tmax_sp soil_geom tmax_sp      

(28.4%) 
tave_sm      
(20.2%) 

map      
(8.1%) 
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Jackknife of Regularized 

Test Gain (n=10) 

Permutation Importance Test of Model (n=10: 
Highest Ranking Variables 

(Relative Contribution Percent) 
  

Variable 
that 

decreases 
gain the 

most when 
omitted 

Variable 
with 

highest gain 
used in 

isolation Vegetation Community Classification VegCode 1 2 3 

Fresh Water Marsh (bulrush - cattail) 
Mapping Unit 6101 geom_tpi soil_geom tave_wt      

(14.6%) 
tave_sm      

(12%) 
soil_awc_mm      

(11.7%) 

North America Pacific Coastal Salt Marsh MG (VegCode 7000) 

Temperate Pacific Tidal Salt & Brackish 
Marsh Gp 7100 map tmin_sm tmin_sm      

(42.9%) 
tmax_sp      
(21.7%) 

soil_rzd      
(11.7%) 

Spartina foliosa Alliance 7120 tmin_sm tmin_sm tmin_sm      
(75.1%) 

tmin_wt      
(19.7%) 

map      
(2.9%) 

Atriplex lentiformis Alliance 7210 map map map      
(76.8%) 

tmin_at      
(6.8%) 

tave_sm      
(5.6%) 

Xeromorphic Scrub and Herb Vegetation MG (VegCode 8000) 

Coastal Baja Calif. Norte Maritime 
Succulent Scrub Gp 8100 slope map map      

(66.9%) 
slope      

(11.7%) 
tmax_sp      
(8.8%) 

Opuntia littoralis Alliance 8120 slope tmax_sp slope      
(21.8%) 

map      
(16.1%) 

tmax_wt      
(10.1%) 

Lepidospartum squamatum Alliance 8210 fire_f soil_text tave_sm      
(64.9%) 

soil_awc_mm      
(5.5%) 

tmax_wt      
(5.1%) 

* = Nonnative Vegetation Community Class; Gp = Group; MG = Macrogroup. 
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Southwestern North American Riparian, Flooded and Swamp Forest Macrogroup 
(VegCode 1000) 

All of the most important variables predicting distributions in this macrogroup are plotted in 
Figure 3-10. Mean annual precipitation contributes significantly to many alliance distributions, 
which may also reflect distance to coast, with which it is correlated. For those alliances 
predicted by mean annual precipitation, the maximum values are near the lower end of the 
range, which is associated with more coastal locations where the topography would 
accumulate water to create riparian conditions. Many species are associated with relatively 
lower spring temperatures but higher summer temperatures.  

Five alliances show topographic position as a significant predictor (Quercus agrifolia, Quercus 
agrifolia Riparian, Platanus racemosa, Baccharis salicifolia, and Salix lasiolepis). Soil 
geomorphology was also a significant predictor for five alliances (undifferentiated woodland, 
Platanus racemosa, Salix gooddingii, Salix laevigata, and Arundo donax).  

Only two of the riparian alliances were influenced significantly by fire. Populus fremontii had 
higher probability of occurrence with longer periods since fire, while Sambucus nigra showed 
indications of increase probability with shorter periods since fire.  

  

  



 

 Page 52 of 185 

  

  

  



 

 Page 53 of 185 

  

  

  

Figure 3-10 Mean Response Curves for the Most Significant Predictors of Suitability for 
Vegetation Communities Modeled in the Southwestern North American Riparian, 
Flooded and Swamp Forest Macrogroup, from 10 Replicate Runs  
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As an example of an alliance in this group, Quercus agrifolia Alliance distribution is driven most 
by topographic position and mean annual precipitation, along with spring and summer 
temperatures (Figure 3-11). It is associated with lower spring temperatures and lower annual 
precipitation, although lower precipitation is correlated with distance from coast (0.79). The 
model appropriately identifies valley bottoms as high potential habitat both along the coast and 
inland.  

 

 

 

 

 

 

 
 

Figure 3-11 Current Habitat Suitability for Quercus agrifolia Alliance 

With response curves to the four most important variables influencing the distribution: mean annual precipitation, 
topographic position index, average summer temperature, and average spring temperature. 
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The distribution of Salix gooddingii Alliance is most influenced by March soil moisture deficit, 
mean annual preciptiation, available water capacity, and soil geomorpholocial classification. 
(Figure 3-12). The resulting model may also reflect the influence of correlated variables, with 
mean annual precipitation serving to isolate the distances from the coast where appropriate 
soil geomorphology (e.g., alluvial plains and terraces scores highest) is not saline.  

 

 

 

 

 

 

 
 

Figure 3-12 Current Habitat Suitability for Salix gooddingii Alliance 

With response curves to the four most important variables influencing the distribution: March soil moisture deficit, 
mean annual preciptiation, available water capacity, and soil geomorpholocial classification. 
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Mulefat (Baccharis salicifolia) distribution models capture valley bottoms as defined by the 
topographic position index and show a high influence of soil texture (Figure 3-13). In this 
instance the soil texture values with the highest values are riverwash and water, helping to 
define the riparian distribution of the high suitability areas.  

 

 

 

 

 

 
 

Figure 3-13 Current Habitat Suitability for Baccharis salicifolia Alliance 

With response curves to the four most important variables influencing the distribution: mean summer 
temperature, mean annual precipitation, soil geomorphological classification, and soil texture.  
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California Chaparral Macrogroup (VegCode 2000) and Californian Pre-montane 
Chaparral Macrogroup (VegCode 2400) 

Within the chaparral macrogroups, 17 environmental variables were found to be significant 
predictors (Figure 3-14). Of these, mean summer temperature was the most frequent, followed 
by winter maximum temperature. Of particular interest, only two alliances were predicted with 
significant contributions from topographic position, both of those containing inland scrub oak 
(Quercus berberidifolia). Seven alliances were predicted by number of fires in the historical 
record, of these lemonade berry (Rhus integrifolia) and Nuttall’s scrub oak (Quercus dumosa) 
were associated with an intermediate number, wooly leaf ceanothus (Ceanothus tomentosus) 
reached maximum suitability with increasing fire frequency. Four other alliances were at high 
suitability values with the maximum fire number, Quercus berberidifolia - Adenostoma 
fasciculatum Alliance, Adenostoma fasciculatum Alliance, Ceanothus crassifolius Alliance, 
Arctostaphylos glandulosa Alliance. This can be interpreted as evidence of the models correctly 
identifying the nature of chaparral to be fire-adapted.  
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Figure 3-14 Mean Response Curves for the Most Significant Predictors of Suitability for 
Vegetation Communities Modeled in the California Chaparral Macrogroup and 
Californian Pre-montane Chaparral Macrogroup, from 10 Replicate Runs 
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Adenostoma fasciculatum Alliance provides an example of a model from this chaparral 
macrogroup (Figure 3-15). It is not found in areas with no fires in the record, and its higher 
elevation, inland distribution is defined by specific ranges of summer average and winter 
maximum temperatures.  

 

 

 

 

 

 
 

Figure 3-15 Current Habitat Suitability for Adenostoma fasciculatum Alliance 

With response curves to the three most important variables influencing the distribution: average summer 
temperature, fire frequency, and maximum winter temperature.  
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Californian Coastal Scrub Macrogroup (VegCode 3000), Vancouverian Coastal Dune 
and Bluff Macrogroup (VegCode 5000) and Xeromorphic Scrub and Herb Vegetation 
Macrogroup (VegCode 8000) 

Eighteen separate environmental variables appeared as significant contributors to distribution 
models for the scrub macrogroups together, which included twelve different alliances. 
Together, the variables most commonly found influencing models in these macrogroups were 
fire related (either fire frequency or time since fire), mean annual precipitation, and slope 
(Figure 3-16). It is consistent with the ecology of these alliances that fire variables would play a 
significant role.  

For slope, no alliances had maximum values on flat areas, while three alliances were found on 
intermediate slopes (Salvia mellifera, Toxicodendron diversilobum, and Optuntia littoralis), and 
four alliances had increasing probability with maximum probability at the steepest slopes 
(Artemisia californica, Artemisia californica - Eriogonum fasciculatum, Artemisia californica - 
Salvia mellifera, and maritime succulent scrub) 

For the seven alliances with important contributions of fire frequency to distribution models, 
Toxicodendron diversilobum was found at the lowest fire frequency, while Artemisia californica 
- Eriogonum fasciculatum, Salvia apiana and Salvia leucophylla increased with increasing 
frequency, Lepidospartum squamatum, Encelia californica and Artemisia californica - Salvia 
mellifera, had response curves with maxima at intermediate values, although Artemisia 
californica - Salvia mellifera maintained relatively high values at all frequencies. Years since last 
fire clearly showed the early successional status of Encelia californica, Acmispon glaber (high 
values only 0-5 years since fire), and Malacothamnus fasciculatus (mostly 0-10 years since fire). 
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Figure 3-16 Mean Response Curves for the Most Significant Predictors of Suitability for 
Vegetation Communities Modeled in the Californian Coastal Scrub Macrogroup, 
Vancouverian Coastal Dune and Bluff Macrogroup, and Xeromorphic Scrub and 
Herb Vegetation Macrogroup, from 10 Replicate Runs 
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The Artemisia californica Alliance model indicated greater prevalence in drier areas, on steeper 
slopes, lower summer minimum temperature, and intermediate spring average temperature 
(Figure 3-17). In comparison, Artemisia californica-Eriogonum fasciculatum Alliance also is 
associated with lower temperatures but with tolerance for higher summer minimum 
temperatures (see Figure 3-18). Eriogonum fasciculatum comes to co-dominate in drier 
locations and fire frequency becomes a significant predictor as well. 

 

 

 

 

 

 
 

Figure 3-17 Current Habitat Suitability for Artemisia californica Alliance 

With response curves to the four most important variables influencing the distribution: mean annual precipitation, 
mean summer minimum temperature, slope, and mean spring temperature. 
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Figure 3-18 Current Habitat Suitability for Artemisia californica–Eriogonum fasciculatum 
Alliance 

With response curves to the four most important variables influencing the distribution: mean annual precipitation, 
slope, fire frequency, and mean summer minimum temperature. 
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Analysis of the Salvia mellifera Alliance indicates presence on slopes with finer soils, and as a 
successional stage following fire (Figure 3-19). Salvia mellifera becomes dominant in sites that 
are 10–20 years since fire. Conditions are not optimum immediately following fire but increase 
thereafter and then decrease over time. 

 

 

 

 

 

 
 

Figure 3-19 Current Habitat Suitability for Salvia mellifera Alliance 

With response curves to the three most important variables influencing the distribution: slope, years since last fire, 
and soil order. 
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Acmispon glaber Alliance is found as a dominant species immediately after fire and at sites with 
lower winter minimum temperatures (Figure 3-20). This alliance is a transitional phase to other 
vegetation in the absence of disturbance, which is confirmed by the model. 

 

 

 

 

 

 
 

Figure 3-20 Current Habitat Suitability for Acmispon glaber Alliance 

With response curves to the three most important variables influencing the distribution: years since last fire, mean 
annual precipitation, and mean winter minimum temperature. 
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California Annual and Perennial Grasslands Macrogroup (VegCode 4000)  

Mediterranean annual grassland Alliance is found at sites that have lower annual precipitation 
but have ample moisture in March (Figure 3-21). Probability of occurrence increases at greater 
fire frequencies, but suitable habitat is found across all categories for time since fire. 

The perennial grassland Alliance Stipa lepida is associated with higher fire frequencies (Figure 
3-21) that reflects a successional stage of vegetation before recolonization by higher shrub 
cover. Dominant stands of S. lepida with low shrub cover are relatively rare, as S. lepida is 
typically a component of scrub habitat in the interspaces or understory of shrubs. Whereas, 
most common perennial grassland Alliance in the study area, Stipa pulchra Alliance is 
associated with a broader range of fire frequencies and not dependent on high fire frequencies 
for persistence. 

Both Stipa Alliances are associate with moderately higher summer temperatures, which occur 
just outside the immediate influence of the coast (Figure 3-21). S. pulchra Alliance is associated 
with lower slope angles, including valley, toe slopes, mesa tops and slopes less than 3:1, and 
minimum winter temperatures above 7 °C. And, the S. pulchra Alliance is more likely to be 
found in the Mollisol (characteristic of grassland ecosystems with an accumulation of organic 
matter) or Vertisol (shrink-swell clays) soil orders. 

Kimball et al. (2018) analyzed ten years (2007-2016) of field collected, point intercept and 
quadrat data from across the Reserve, and found that native grasses (consisting primarily of the 
perennial bunchgrass, Stipa pulchra) declined in abundance during the ten-year period in 
grassland areas. The study period was characterized by below average rainfall for all but one 
year (water year, October 2011–September 2012), followed by 5 years (2012-2016) of extreme 
drought compared to client normal from the past 30-years. 
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Figure 3-21 Mean Response Curves for the Most Significant Predictors of Suitability for 
Vegetation Communities Modeled in the California Annual and Perennial 
Grasslands Macrogroup, from 10 Replicate Runs 

 



 

 Page 73 of 185 

 

 

 

 

 
 

Figure 3-22 Current Habitat Suitability for Mediterranean California Naturalized Grassland 
Group 

With response curves to the most important variables influencing the distribution: mean annual precipitation, 
March soil moisture deficit, mean summer minimum temperature, and years since last fire. 

 

  



 

 Page 74 of 185 

 

 

 

 

 

 
 

Figure 3-23 Current Habitat Suitability for Sitpa pulchra Alliance. 

With response curves to the most important variables influencing the distribution: mean minimum winter 
temperature, slope, mean summer temperature and soil order. 
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Temperate and Boreal Freshwater Formation Macrogroup (VegCode 6000) and North 
America Pacific Coastal Salt Marsh Macrogroup (VegCode 7000) 

The wetland and marsh vegetation macrogroups included five alliances in the study area. The 
distribution models for these alliances were driven by temperature conditions, topographic 
position, and soils (Figure 3-24).  
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Figure 3-24 Mean Response Curves for the Most Significant Predictors of Suitability for 
Vegetation Communities Modeled in the Temperate and Boreal Freshwater 
Formation Macrogroup and North America Pacific Coastal Salt Marsh 
Macrogroup, from 10 Replicate Runs  
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3.3.4 Predicted Vegetation Alliance Suitability for 2050s Climate Model 
The 2050s (2040-2069) model predictions appear to underestimate the suitable habitat under 
2050s climate conditions for many of the vegetation Alliances. Future climate predictor 
variables have higher values for temperature, and to a lesser extent precipitation (see Table 
3-2), than occur under current conditions. As a result, there is not sufficient species/vegetation 
occurrence data in the study area to train the model on the broader range of physiological plant 
tolerances that currently occur outside the study area, and are projected to occur under 2050s 
conditions. Additional species/vegetation and environmental data that is both collected from a 
broader range of bioclimatic conditions in California and at a similar resolution to the data 
available for the study area, would resolve the underpredictions. 

3.4 Discussion 
The models presented here provide ecologically realistic descriptions of the current 
distributions of vegetation alliances within the Reserve. The machine-learning approach 
identified relations between environmental conditions and probability of occurrence that are 
consistent with knowledge of species ecology. For example, Eriogonum joins Artemisia at higher 
altitudes in drier soils, oak woodlands are limited by climate and topography, and nonnative 
grasslands are associated with frequent fires. Although these relationships were previously 
known, that knowledge was not previously synthesized into maps of potential vegetation 
occurrence across the landscape. The maps therefore provide previously unavailable guidance 
at the 10-meter scale for habitat restoration planning.  

The major insight that can be gained from the maps is to identify the different vegetation 
alliances that are appropriate restoration targets for degraded and type-converted vegetation 
communities that are priorities for restoration. While the high resolution of the geospatial 
modeling (10 meters) allows for the development site-specific restoration targets under current 
conditions, the narrower bioclimatic range of the occurrence data limits the predictive power of 
future climate scenarios. The 2050s climate scenario predictions were compared to other 
modeling efforts that predict habitat loss in southern California under 2050s climate conditions, 
which were analyzed at a coarser 1 km resolution (Prinicipe et al. 2013, Riordan and Rundel 
2014). There is some disagreement on the relative stability of natural communities under 2050s 
conditions; however, a recent study by Riordan et al. (2018) at a higher resolution (270 meter) 
(i.e., capturing more topographic variation important to species-environment relationships) 
reports that many California scrub and shrubland species were modeled to maintain at least 75 
percent of their habitat stability, while a few coastal affiliated shrubs (e.g., Encelia californica, 
Eriogonum fasciculatum var. fasciculatum) lost over 50 percent of suitable habitat. 

There are several factors that should be considered when making management decisions using 
ecological niche models, which are reviewed by Riordan et al. (2018). These include the spatial 
scale and accuracy of environmental data, the uncertainty of future climate conditions 
compared to modeled projections, the possibility of novel climates and fire regimes developing 
that are not represented today, the assumption that species are currently in equilibrium with 
the environment and local adaptations of species. For example, the FRAP database used to 
generate the fire history spatial data only includes large fires, and a significant number of 
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smaller fires that have occurred on the landscape are not represented. While Talluto and 
Suding (2008) found that large fires in southern California were correlated with the type 
conversion of native habitat to nonnative annual grassland—the role of smaller fires in the 
encroachment of exotic vegetation and in the ecology of natural communities deserves more 
investigation. One of the values of the maxent modeling and the approach developed in this 
chapter, is that when new geospatial data becomes available, such as historic or projected 
future fire distribution, the ecological niche modeling for the vegetation Alliances can be 
repeated and analyzed for new insights. 

The model predictions should be interpreted by experts with knowledge of the ecology of the 
natural communities and individual species in the Reserve. The models are used in two ways in 
this plan. First, they provide insight on the driving features of vegetation distributions for use in 
designing restorations at a particular site. The environmental variable relations to Alliance 
distributions become a set of testable hypotheses that can be used to define planting palettes. 
Second, they are combined with spatial identification of sites with a high probability of 
recovering from a disturbed state (see Chapter 4) to define draft priority vegetation Alliances 
for restoration. 
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Chapter 4 Shrub Stability Analysis and Predictive 
Modeling 

4.1 Introduction 
The expected response of nonnative annual grasslands in the Reserve following removal of 
grazing pressure in the 1990s and as late as 2002, was the natural passive recruitment of native 
plants and recovery of native vegetation communities. Some studies of arid land systems do 
show this trajectory (Donlan et al. 2003, Beever et al. 2008). Although some areas of the 
Reserve showed the hypothesized increase, just as in other post-grazing studies, rangeland 
recovery was lacking in many areas dominated by nonnative annual grasses and forbs (Laycock 
1991, Stohlgren et al. 1999, Holmgren and Scheffer 2001). The goal of this chapter is to identify, 
with high spatial resolution, those areas that are both likely and unlikely to recover from 
nonnative annual grassland to native vegetation communities, using shrub cover as a proxy for 
native plant recruitment. In this way, limited restoration resources can be allocated in those 
locations that require active intervention to restore native habitat, leaving areas that may see 
some increase in native shrub cover over long time periods as lower restoration priorities. 
Those areas that are predicted to have the possibility for passive recovery may become higher 
priorities for enhancement and restoration based on other land management criteria (e.g., 
proximity to public trails, occurrence of sensitive or protected wildlife). 

The status of nonnative annual grassland and shrubland trajectories has been measured 
through repeat surveys of vegetation plots in 1998, 2008, and 2013 (Dickens 2014). Although 
weed control programs over a 15-year period (19982013) for artichoke thistle and other high 
priority invasive species were found to be effective, the recovery of native species was limited 
to higher elevation sites. Many of these sites have clay soils (i.e., more xeric sites with higher 
soil moisture stress favor many native drought-deciduous shrub species), adjacent to native 
seed sources, leaving many valley locations “stuck” and without evidence of passive 
restoration. Contributing to this condition are observations that lower elevation sites are 
expected to have experienced more intense grazing pressure and dry farming (i.e., tilling of the 
soils and nonnative annual grass seed addition for increased forage, without irrigation) 
compared to higher elevation locations. In addition, these “stuck” sites located on lower slopes 
and valleys may be more suitable targets for restoration of forbland or native perennial 
grassland, dominated by perennial cover of purple needlegrass with intermittent shrub cover in 
its natural condition—instead of shrub dominated Californian coastal scrub (CCS) alliances. 
Dickens (2014) assessed native perennial grass recovery as well, and on average, purple 
needlegrass cover decreased between 2008 and 2013 (only dates with species level cover data). 
Regardless of the ecologically appropriate restoration target for these “stuck” sites, whether it 
is a CCS alliance or native perennial grassland, both vegetation types support some level of 
native shrub cover. Hence, native shrub cover can be interpreted as a valuable indicator of 
natural recruitment in nonnative annual grasslands that now occupy sites that were type-
converted from historic native vegetation community. 
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Existing data products, however, are insufficient to understand the spatial nature of this 
phenomenon. The total mapped areas of vegetation maps over time are informative, but 
insufficient, to understand the dynamics of passive restoration within the Reserve. In the 1992 
Jones and Stokes (1993) Vegetation Map of Orange County, the Mediterranean Annual 
Grassland Group was represented as 13,612 acres and had decreased to 10,752 acres in the AIS 
(2015) 2012 Vegetation Map (when limited to the smaller extent of the 2012 Vegetation Map, 
which covers approximately 86,000 acres and is focused on the Reserve and surrounding areas). 
During the same time period native scrubland vegetation types decreased from 27,169 acres to 
26,752 acres. The conflicting numbers—one would expect grasslands to have been replaced in 
part by shrublands—is a result of differences in methodology between the two mapping 
products. Thresholds for classification of vegetation communities changed, such as cactus scrub 
being mapped with 20% or greater cactus cover in 1992 and with 30% or greater cover in 2012. 
Also, the minimum mapping unit was smaller in 2012, resulting in finer scale delineation of 
vegetation distribution. 

The approach in this chapter is to re-analyze existing vegetation maps and aerial imagery for 
the planning area to characterize the stability of grasslands and shrublands over time with high 
spatial resolution. Then, the distribution of samples where shrub cover was (1) decreasing, (2) 
stable, and (3) increasing were used to train and validate ecological niche models using a 
maximum entropy approach. The resulting models illustrate those areas where shrub recovery 
is most through least likely to occur and provide a quantitative description of the 
environmental conditions associated with decreasing, stable, and increasing shrub cover (i.e., 
shrub cover as a proxy indicator for native vegetation recovery). 

4.2 Methods 
4.2.1 Characterizing Shrub Stability 
The examination was based on existing vegetation monitoring sites for the Reserve, which are 
characterized by polygons of varying size. A geospatial spatial cross-walk of the 1992 Jones and 
Stokes (1993) Vegetation Map and the 2012 AIS (2015) Vegetation Map was undertaken to 
generate the universe of polygons for analysis. Areas mapped as nonnative annual grasslands in 
2012 (VegCode 4200) that were native grasslands before the 2006–2007 wildfires were 
excluded. Sampling areas centered on existing monitoring sites distributed across the Reserve 
were selected, including invasive plant monitoring areas included in the Dickens (2014) coastal 
sage scrub (CSS) recovery study, Irvine Ranch Conservancy (IRC) recruitment plots, IRC passive 
restoration transects, TNC conservation easement monitoring transects and CSS-grassland 
boundary research plots sampled by Travis Brooks.  

Using georectified 1994 black and white aerial imagery and 2014 color aerial imagery we 
visually classified shrub cover at those two dates into one of six cover classes (<2%, 2–9%, 10–
24%, 35–39%, 40–59%, >60%). Polygons boundaries were adjusted as needed to improve 
boundary accuracy for the area to be classified and identify homogenous areas of vegetation 
cover for assessment of shrub cover. Available aerial imagery was also reviewed to aid in aerial 
photointerpretation of the 1994 and 2012 images and the classification of shrub cover (1946, 
1952, 1972, 1980, 1990 and 2012).  
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Shrub cover change was measured for 770 polygons located within the Reserve and distributed 
within clusters associated with different Reserve sections and owners (Figure 4-1). Samples 
were not included in upper Newport Bay, but were distributed with some clustering in the 
Central and Coastal Reserve units. 

Differences in shrub cover between the two dates were then calculated, with movement 
between classes mapped as an ordinal difference (from -4 to +5), and all sites characterized 
categorically as having decreasing, stable, or increasing cover. 

 

 
Figure 4-1 Distribution of Sample Locations (n=770) for which Shrub Status was Assessed in 

1994 and 2014 
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4.2.2 Modeling Conditions of Stuck Sites and Non-Stuck Sites 
Using the same study area (Figure 3-1) and environmental variables (Table 3-1) described in 
Chapter 3, MaxEnt was used to model the ecological niche for sites with decreasing, stable and 
increasing shrub cover. The centroid of each polygon sample (n=770) was used for the shrub 
stability type location data. 

Model Specifications 

Maximum entropy modeling, as implemented in the free software program MaxEnt 3.4.1 
(Phillips et al. 2006, Phillips et al. 2017), was used to develop ecological niche models for sites 
with decreasing (-1 cover class change), stable (0 no cover class change), or increasing (+1 cover 
class change) shrub cover between 1994 and 2014. Shrub cover class change types of +5 to +2 
and -2 to -4 were not included for modeling because they infrequently occurred in the analysis 
and provided insufficient occurrence data for meaningful model outputs. MaxEnt is a machine 
learning algorithm that uses presence-only occurrence data to estimate the most uniform 
distribution (maximum entropy) across the study area given the constraint that the expected 
value of each environmental predictor variable under this estimated distribution matches its 
empirical value (Phillips et al. 2017). The model output is cloglog (complementary log-log 
transformation), which has a natural probabilistic interpretation representing degrees of 
habitat suitability (0=unsuitable to 1=best habitat).  

A set of the ASCII environmental layers and a csv file of presence locations were used to 
produce probability maps that predict the potential distribution of shrub stability type. The 
measure of fit of the model is evaluated in MaxEnt with AUC (area under the receiver operating 
characteristic curve), which ranges from 0.5 = random to 1 = perfect discrimination. For all 
models run, the MaxEnt default settings for regularization and selecting the features classes 
(functions of environmental variables). These include linear, quadratic, product, threshold and 
hinge features, depending on the number of point localities (Phillips et al. 2017). The program 
was set to run a maximum of 5,000 iterations with a convergence threshold of 0.00001, a 
regularization multiplier of 1, a maximum of 10,000 background points, the output grid format 
as “cloglog,” algorithm parameters, algorithm features set to “auto features,” random seed 
selected, a random test percentage of 30, 10 replicates with a “subsample” resampling method 
and all other parameters at their default settings. 

Inference was based on the AUC, predictor importance (e.g., variable contribution and 
response curves), and prediction maps (i.e., mean probability of occurrence) calculated from 
these models. 

Variable Contribution and Response Curves 

Variable Contribution 

Two methods were used to assess the contributions of environmental variables to the models: 
percentage contribution and permutation importance; and, the jackknife test. The average 
values of 10 replicate runs were used for interpretation of environmental variable importance 
in the models. The percent contribution values depend on the particular path that the MaxEnt 
algorithm uses to get the optimal solution, but a different iteration could get the same solution 
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via a different path, which could result in different percent contribution of environmental 
variables. The permutation importance measure depends only on the final MaxEnt model, not 
the path used to obtain it. The contribution for each environmental variable is determined by 
randomly permuting the values of that variable among the training points (both presence and 
background) and measuring the resulting decrease in training AUC. A large decrease indicates 
that the model depends heavily on that variable. Values for permutation importance are 
normalized to percentages (Phillips et al. 2017) and then were ranked (Searcy and Shaffer 
2016).  

An alternative estimate of variable importance is provided by the jackknife of regularized test 
gain. Gain is the average log probability of the presence samples, minus a constant that makes 
the uniform distribution have a zero gain. Test gain uses the test data of vegetation community 
type occurrence, which is a 30% randomly selected set from the full occurrence dataset. For the 
jackknife test, a model is created using each variable in isolation, and a model excluding each 
variable but including the remaining variables. In addition, one model is created using all the 
variables. The environmental variable with the highest regularized test gain when used in 
isolation suggests it has the most useful information by itself. And, the environmental variable 
that decreases the regularized test gain the most when it is omitted suggests it has the most 
information that is not present in the other variables. 

Response Curves 

For the environmental variables with the highest predictive value for each model, the response 
curves show how they affect the MaxEnt prediction. The response curves show how the 
predicted probability of presence changes as each environmental variable is varied, keeping all 
other environmental variables at their average value. The mean response of 10 replicate 
MaxEnt runs were used for interpretation. 

Composite Ecological Niche Model 

Using the three model outputs for decreasing, stable and increasing shrub cover, a composite 
ecological niche model was created. MaxEnt probability map outputs are ASCII raster grids with 
cloglog values from 0 to 1, which can be interpreted as suitability for each shrub cover change 
type. For each of the three models, raster cell values below the 10th percentile training 
presence cloglog threshold value (i.e., the suitability of the presence record below which 10% of 
presence records' suitabilities fall) were reclassified as a value of zero. Then, using the 2012 
Vegetation Map feature polygons, average cloglog values for each of the three models were 
calculated for every raster cell that was located within the polygon using the Zonal Statistics 
Tool in the ArcGIS Spatial Analyst extension. The highest average cloglog value from the three 
shrub change types was used to classify each polygon into one of the following shrub stability 
class predictions: shrub decrease, shrub no change, shrub no change or increase and shrub 
increase. 
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4.3 Results 
4.3.1 Shrub Cover Change 
Changes in shrub cover class across the study area were clustered, with some areas showing 
shrub increase, others with clusters of stable and decreasing locations (Error! Reference source 
not found. and Table 4-1). Across all sites, the most common outcome in the twenty-year time 
period (between 1994 and 2014) was no change in shrub cover class (57.7% in Central 
Subregion and 39.9% in Coastal Subregion). For both Subregions, more sites increased in shrub 
cover than decreased, with an increase of one cover class the most common result (Figure 4-3). 
The Coastal Reserve had more sites that increased shrub cover classes than the Central Reserve 
and the Central Reserve had more sites that declined in cover class. 

4.3.2 Model Performance 
For the three shrub change types modeled, the lowest median test AUC was 0.92 with a 
standard deviation less than 0.01, indicating extremely well-fit models (Table 4-2).  

4.3.3 Predicted Shrub Change Habitat Suitability Maps 
Maps of the point-wise mean of the ten models for decreasing (Figure 4-4), stable (Figure 4-5) 
and increasing (Figure 4-6) shrub cover in the following figures. Model outputs are visualized in 
the maps with a graduated color ramp, with warmer colors assigned to higher cloglog values 
that can be interpreted as a higher degree of habitat suitability (1 = red) and cooler colors 
representing lower habitat suitability (0 = blue).  
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Figure 4-2 Locations with Increasing (values 1-5), Stable (value of 0), and Decreasing (values 

-1 to 4) Shrub Cover Class, 1994–2014, at Vegetation Monitoring Locations 
(n=770) in the Reserve 
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Table 4-1 Frequency of Shrub Cover Class Change between 1994 and 2014  

 
Number of 
Polygons 
Sampled 

Shrub Cover Class Change between 1994 and 2014  
Frequency (Number of Samples) for each Change Class 

 
-4 -3 -2 -1 0 1 2 3 4 5 

Coastal Reserve 607 
3 

(0.5%) 
4 

(0.7%) 
7 

(1.2%) 
22 

(3.6%) 
242 

(39.9%) 
164 

(27.0%) 
89 

(14.7%) 
46 

(7.6%) 
23 

(3.8%) 
7 

(1.2%) 
Aliso & Wood Canyons 
Wilderness Park 

139 3 4 6 15 74 26 3 4 3 1 

Crystal Cove State Park 
 

80 - - - - 23 23 17 13 4 - 

Irvine Open Space Preserve 
South 

305 - - 1 7 111 86 59 24 13 4 

Laguna Coast Wilderness Park 83 - - - - 34 29 10 5 3 2 

Central Reserve 163 
1 

(0.6%) 
- 1 

(0.6%) 
10 

(6.1%) 
94 

(57.7%) 
47 

(28.8%) 
10 

(6.1%) 
- - - 

Black Star Canyon Wilderness 
Park 

21 - - - 2 9 6 4 - - - 

Fremont Canyon Nature 
Preserve 

22 - - - - 2 17 3 - - - 

Gypsum Canyon Nature Preserve 7 - - - - 1 6 - - - - 
Irvine Open Space Preserve 
North 

3 - - - 1 1 1 - - - - 

Limestone Canyon Nature 
Preserve 

77 1 - 1 5 59 10 1 - - - 

Loma Ridge Nature Preserve 11 - - - - 8 3 - - - - 
Weir Canyon Nature Preserve 22 - - - 2 14 4 2 - - - 

Total for Coastal & Central 770 8 8 16 64 672 422 198 92 46 14 
Used in MaxEnt Modeling     ✓ ✓ ✓     

 

 
Figure 4-3 Histogram of Category Changes in Shrub Cover, 1994–2014, within the Coastal 

Subregion and Central Subregion of the Reserve 
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Table 4-2 Characteristics of MaxEnt Distribution Models for Increasing, Stable and Decreasing Shrub Cover 

Shrub Change Type 

Shrub 
Change 

Code 

Number of 
Training 
Samples 

Mean 
Regularized 

Training 
Gain 

Mean 
Unregularized 
Training Gain Iterations 

Mean 
Training 

AUC 

Number 
of Test 

Samples 

Mean 
Test 
Gain 

Mean 
Test 
AUC 

Mean 
AUC 

Standard 
Deviation 

Decreasing Shrub Cover -1 56 2.66 3.50 1590 0.99 23 3.05 0.98 0.009 

Stable Shrub Cover 0 560 1.48 1.67 1708 0.93 240 1.54 0.92 0.006 

Increasing Shrub Cover +1 350 1.49 1.72 2198 0.94 149 1.47 0.92 0.008 
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Figure 4-4 Model of Ecological Niche for Decreasing Shrub Cover 
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Figure 4-5 Model of Ecological Niche for Stable Shrub Cover 
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Figure 4-6 Model of Ecological Niche for Increasing Shrub Cover 
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4.3.4 Response of Shrub Change Type to Environmental Variables 
The most significant predictor variables for each of the vegetation community suitability 
models, as determined by the jackknife test of regularized test gain and permutation 
importance are presented in Table 4-3. When interpreting the ecological meaning of the 
response curves, keep in mind that some of the variables are correlated to other explanatory 
variables that were excluded from modeling runs (see Table 3-1 in Chapter 3). For example, 
mean summer temperature is correlated with several other environmental variables that were 
not included as predictor variables in the model, such as distance from the coast and mean 
summer maximum temperature. Also, mean annual precipitation is correlated with both 
elevation and mean precipitation in three of the seasons (winter, spring and autumn). 

The niche models for change in shrub change class revealed valuable information about 
environmental conditions associated with these trajectories. As with models of nonnative 
grassland occurance presented in Chapter 3, decreasing shrub cover was more associated with 
shallower slopes (suitable for nonnative grasses) and increasing shrub cover was found in 
steeper locations (Figure 4-7). Decreasing shrub cover is associated with low mean annual 
precipitation values and has a second peak that has a lower prediction value at the average 
value. For decreasing shrub cover, mean annual precipiation may also be interpretted by the 
correlated environmental value of elevation, which suggests that shrub cover is decreasing at 
lower elevations in the coastal valleys that are not directly near the coast and have a reduced 
contribution from fog drip and decreasing in the lower elevation foothills of the Central 
Subregion. Mean annual precipitation values are less strongly associated with increasing shrub 
cover over a broader range of values (Figure 4-7). Higher mean winter (December through 
February) temperatures are associated with increasing shrub cover (Figure 4-7). Lower mean 
summer (June through August) temperatures, which are also correlated with distance from the 
coast, are associated with decreasing shrub cover (Figure 4-7). 

Mean spring (March through May) maximum temperature, which is also correlated with mean 
annual temperature, is associated with near average values in the study area for decreasing 
shrub cover, while stable and increasing shrub cover is associated with a broader range of 
values (Figure 4-8). Increasing shrub cover is associated with the highest values of mean winter 
temperature (Figure 4-8). Decreasing shrub cover is associated with higher mean summer 
minimum temperatures, while stable and increasing cover is associated with lower values 
(Figure 4-8). 
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Table 4-3 Contributions of Environmental Variables to Models for Increasing, Stable and 
Decreasing Shrub Cover 

  
Jackknife of Regularized 

Test Gain (n=10) Permutation Importance Test of Model (n=10: 

Highest Ranking Variables 

(Relative Contribution Percent)   

Variable 
that 

decreases 
gain the 

most when 
omitted 

Variable 
with 

highest gain 
used in 

isolation Shrub Change Type 

Shrub 
Change 
Code 1 2 3 

Decreasing Shrub Cover -1 tmax_sp tmax_sp tave_sm      
(35.9%) 

tmax_sp      
(27.9%) 

map      
(22.7%) 

Stable Shrub Cover 0 slope tave_sm tmin_wt      
(19.2%) 

tave_sm      
(18.8%) 

tmin_sm      
(13.8%) 

Increasing Shrub Cover +1 slope tave_wt map      
(23.5%) 

tmin_wt      
(17.7%) 

slope      
(9.5%) 
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Environmental 
Variable 

Decreasing Shrub Cover Stable Shrub Cover Increasing Shrub Cover 

Slope 

   

Mean annual 
precipitation  

(map) 

   

Mean winter 
temperature 

(tave_wt) 

   

Mean summer 
temperature 

(tave_sm) 

   
 

Figure 4-7 Environmental Variables Associated with Trends in Shrub Cover Change: Slope, 
Mean Annual Precipitation, Mean Winter Temperature and Mean Summer 
Temperature 
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Environmental 
Variable 

Decreasing Shrub Cover Stable Shrub Cover Increasing Shrub Cover 

Mean spring 
maximum 

temperature 
(tmax_sp) 

   

Mean winter 
minimum 

temperature 
(tmin_wt) 

   

Mean summer 
minimum 

temperature 
(tmin_sm) 

   
 

Figure 4-8 Environmental Variables Associated with Trends in Shrub Cover Change: Mean 
Spring Maximum Temperature, Mean Winter Minimum Temperature and Mean 
Summer Minimum Temperature 

 

4.3.5 Composite Ecological Niche Model 
The three MaxEnt models together provide a prediction of where the shrub cover change type 
is most likely to decline, remain stable, or increase (Figure 4-9). Values below the 10th percentile 
training presence cloglog threshold for each model are not visualized in Figure 4-9 because they 
do not have strong predictive value and were excluded from further analysis. Cloglog values 
closer to one, as shown in the legend for Figure 4-9 indicate higher likelihood of suitability. 
Those locations most similar to sites that would increase are located at higher elevations and 
mostly in the Central Reserve. Those areas with high similarity to locations with decreasing 
shrub cover are found in the Coastal Reserve.  
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Figure 4-9 Composite Ecological Niche Models for Decreasing (red), Stable (gray-black), and 

Increasing (blue) Shrub Cover 

 

A synthesis of shrub class change trajectories with existing shrub cover is more informative for 
planning (Figure 4-10). Locations that are currently shrublands and have high modeled values 
for no change or shrub class increases indicate stable shrublands that are likely resilient to 
disturbance. Areas that are currently nonnative annual grassland and high modeled values for 
no change or shrub decrease are more likely to be “stuck” sites that require significantly more 
effort to restore. 
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Figure 4-10 Synthesis of Current Shrub Cover with Modeled Suitability for Shrub Cover Class 

Trajectory 

 

4.4 Discussion 
The models indicate those locations sharing conditions most similar to sites where shrub cover 
has decreased, remained stable, or increased over time. The environmental associations 
identified can be interpreted in many ways. The shrub increase model can be interpreted as 
describing those conditions that favor shrub establishment and growth, while the decrease 
model can be interpreted as indicating environmental conditions that inhibit growth or cause 
die-off of shrubs. Stability is likely a description of those environmental conditions that favor 
nonnative annual grasses and the development of thick thatch layers and inhibit germination 
and productivity of native annuals or shrubs.  
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The model factors, combined with the output maps, describe the landscape conditions and 
positions associated with shrub recovery dynamics.  

Loss of shrub cover is associated with low to modest slope angles (e.g., 10:1 to 4:1 slope ratios), 
moderate values of spring maximum temperature and annual temperature, lower mean 
summer temperatures and lower to moderate annual rainfall in the coastal basin, valleys, and 
hills (which is influenced by orographic effects, strongly correlated to elevation). 

Stable sites of type-converted annual grasses are favored by slightly steeper slope angles (e.g., 
3:1 slope ratio), a broader range of summer temperatures than sites with decreasing shrub 
cover, a broad range of mean minimum summer temperatures (approximately 14 to 15.5°C) 
and increasing favorability with higher winter minimum temperatures. 

Shrub increases are associated with a broader and steeper range of slope angles (e.g., 5:1 to 
2:1) than areas of decreasing or stable shrub cover, a broader range of suitable mean annual 
precipitation than decreasing sites, and like stable sites, favors higher winter average and 
minimum temperatures. 
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Chapter 5 Landscape-Level Opportunities and 
Priorities 

5.1 Introduction 
The previous two chapters used landscape-level data and vegetation information to model the 
likely natural distribution of vegetation alliances under current and future climate conditions 
(Chapter 3) and the distribution of locations that are likely to increase in shrub cover (i.e., proxy 
for native vegetation recovery) naturally, decline, or remain stable under current conditions 
(Chapter 4). In this chapter, the outputs of predicted vegetation alliance distributions are 
combined with predictions of shrub stability and natural fire recovery time periods to create 
composite maps that target areas that are proposed to be high priority for habitat restoration.  

The two objectives of this analysis are to: 

1. Create a detailed map and accounting of habitat restoration opportunities and priority 
ranking for existing vegetation alliances using polygons generated from the high-
resolution 2012 Vegetation Map (AIS 2015); and, 

2. For each area ranked by restoration priority, produce a geospatial database of 
predicted vegetation alliances under current climate conditions for each polygon that 
can be used in development of either (a) landscape-scale planning efforts (e.g., 
Subregion-level habitat restoration planning, identification of critical gaps in wildlife 
connectivity, identification of essential habitat for focus wildlife species), or (b) as a first 
draft of ecologically suitable targets for a project-specific habitat restoration plan. 

The end users of the maps produced here are land managers, who work within pre-existing 
administrative boundaries. Therefore, the analysis and ranking of restoration potential has 
been tabulated by land conservation status (e.g., Reserve, non-Reserve open space, special 
linkage) and owner/manager. 

5.2 Methods 
5.2.1 Habitat Restoration Prioritization Decision Analysis 
Opportunities for the restoration and enhancement in the Reserve were strategically prioritized 
using the 2012 vegetation map (AIS 2015), current fire return intervals in the Reserve, and 
evaluations of habitat quality (e.g., exotic cover class, shrub cover class, hardwood cover class) 
embedded within the 2012 vegetation map. The prioritization process was developed using a 
series of classification steps based on rules of membership that can be visualized in a decision 
tree (Figure 5-1).  

The following two conditions were assessed as targets for habitat restoration: 1) type-
converted areas (primarily nonnative annual grassland) and 2) degraded native vegetation 
communities with moderate (33–66%) to high (66–100%) exotic cover. Mapping areas (i.e., 
polygons) can be classified into a native vegetation alliance, but still have been assigned a high 
exotic cover class of 66–100% because there can be high cover of nonnative herbs in the 
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understory with an overlapping overstory of native shrubs and/or trees. All areas that were 
classified as native vegetation alliances in the 2012 vegetation map with low to no exotic cover 
(0–33%) were eliminated from consideration as restoration areas, even though they may be 
treated separately as part of invasive plant management plans. Then all areas with vegetation 
that had burned less than ten years ago (e.g., in the 2006 and 2007 wildfires in the Central 
Subregion) with some significant native cover of shrubs (≥10%) or hardwood trees (≥40%) and 
still recovering were mapped as native vegetation with moderate exotic cover; these lands 
were assigned priority for monitoring because they may become type-converted annual 
grasslands if exotic species arrest post-fire recovery. Other areas with less than ten years since 
the last fire, but with high cover of exotics and low native shrub or hardwood cover were 
identified as degraded native habitat with a risk of type-conversion and recommended for a 
prioritization for restoration or enhancement. Areas with ten years or more since the last fire 
were recommended for restoration or enhancement, depending on the existing shrub, 
hardwood and exotic cover. Eucalyptus stands, although they are nonnative vegetation 
communities are assigned a lower restoration priority because can be resource intensive to 
remove, compared with other restoration opportunities; however, there can be other 
management reasons to prioritize restoration of a particular stand of eucalyptus trees to native 
habitat, such as occupying high value habitat for a rare, sensitive or protected species that is 
the focus of management efforts. 

For type-converted areas, the results were divided into three categories by intersecting each 
area with the shrub stability model outputs (decreasing or null, stable/increasing or increasing). 
Because of the high value of ecosystem services that wetland habitat provides, degraded 
brackish marsh and freshwater wetland habitat with moderate to very high exotic cover (33–
100%) as defined by the 2012 vegetation map, was assigned the highest restoration priority. 
This process is summarized graphically in Figure 5-1. 

Note that the extent of the prioritization classification and mapping is limited to the boundary 
of the 2012 vegetation map, while the study area extent used for the predictive mapping in 
Chapters 3 and 4 is broader (i.e.,1-mile buffer on 2012 vegetation map extent). 

Priority scores for all areas were assigned as follows: 

1a  Restore: Type-converted nonnative vegetation or degraded wetland 
1b  Restore: Likely type-converted nonnative vegetation 
1c  Restore: Possibly type-converted nonnative vegetation 
2a  Restore or Enhance: Equal to or greater than 10 years since fire; degraded with risk of type-

conversion 
2b  Restore or Enhance: Less than 10 years since fire; degraded with risk of type conversion 
3  Restore or Enhance: Less than 10 years since fire; degraded native or eucalyptus stands 
4  Monitor and Control High Priority Invasive Species: Less than ten years since fire and 

regenerating 
5  Monitor and Control High Priority Invasive Species: Higher quality native vegetation 
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Geospatial boundary files provided by the County of Orange, identifying open space, NCCP/HCP 
Reserve design, ownership and place names were processed in ArcGIS to create one polygon 
layer for classifying restoration opportunities by area (in acres). The geospatial boundaries and 
area calculations are provided for planning purposes only. These boundaries are not definitive 
and do not establish legal rights or define legal boundaries. 

5.2.2 Geospatial Database of Vegetation Alliance Predictions for 
Restoration Opportunities 

From the vegetation alliance models produced in Chapter 3, the top three vegetation alliances 
as ranked by habitat suitability values for current conditions were compiled and intersected 
with the restoration priority areas (i.e., polygons in the geospatial database).  

For each of the 49 native vegetation alliance models, the least suitable predictions were 
removed from the raster layer. While modeled in Chapter 3, Arundo donax Semi-natural Stands 
(VegCode 1910) and Mediterranean California Naturalized Annual and Perennial Grassland 
Group (VegCode 4200), were not used for predicting suitable restoration targets. Raster cell 
values below the 10th percentile training presence cloglog threshold value (i.e., the suitability of 
the presence record below which 10% of presence records' suitabilities fall) were reclassified as 
a value of zero. See Table 5-1 for suitability threshold values by vegetation alliance.  

Prior to determining the average suitability value of each vegetation alliance for the priority 
restoration areas, the larger areas (polygons greater than 1 acre) were bisected into smaller 
areas (i.e., mapping units) to improve the usability of the product for restoration planning. 
Watershed basins (i.e., polygon areas) were generated from the ⅓ arc-second USGS DEM for 
the study area with the r.watershed tool (default settings and minimum number of cells = 250) 
in Geographic Resources Analysis Support System (GRASS) GIS 7.4 and QGIS 3.4.2. The 
watershed basins were further processed by smoothing the boundaries with v.generalize 
(snakes algorithm, default settings and maximal tolerance value = 100 meters). Snakes is a 
method of minimization of the “energy” of a line, which preserves the general characteristics of 
the line but smooths the “sharp corners,” which result from the raster (e.g., DEM) to vector 
step (e.g., watershed basin polygon features). In order to reduce the number of polygons in the 
watershed basin output below 0.25 acres, the Simplify Polygon tool in ArcGIS (Bend Simplify 
algorithm) was used. 

Using the water basin modified 2012 vegetation map feature polygons that are classified as 
restoration priorities 1a, 1b, 1c or the Eucalyptus Semi-natural Woodland Stands (VegCode = 
1510), average cloglog values for each of the 49 models were calculated for every raster cell 
that was located within the polygon using the Zonal Statistics Tool in the ArcGIS Spatial Analyst 
extension. For each of the feature polygons, the average cloglog values from the models were 
ranked. These rankings suggest the most suitable vegetation alliances for habitat restoration 
targets. However, it is important to keep in mind when interpreting and applying the combined 
results of the modeling efforts is the following quote from George Box et al. (2005): 

The most that can be expected from any model is that it can supply a useful 
approximation to reality: All models are wrong; some models are useful. 
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Figure 5-1 Landscape-level Habitat Restoration Prioritization Decision Tree  
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Table 5-1 Suitability Threshold Values for Vegetation Alliance Model Predictions 

VegCode Vegetation Community Name 

Current Conditions 
10 Percentile Training Presence 

Cloglog Threshold 
1120 Quercus agrifolia Alliance 0.2948 
1121 Quercus agrifolia Riparian 0.3106 
1210 Hesperocyparis forbesii Alliance 0.5460 
1700 Southwestern North American Riparian Woodland Gp 0.3458 
1710 Platanus racemosa Alliance 0.2571 
1720 Salix gooddingii Alliance 0.3462 
1730 Salix laevigata Alliance 0.4337 
1740 Populus fremontii Alliance 0.5492 
1810 Baccharis salicifolia Alliance 0.2757 
1820 Salix lasiolepis Alliance 0.2739 
1830 Sambucus nigra Alliance 0.2772 
2110 Adenostoma fasciculatum Alliance 0.3178 
2120 Ceanothus crassifolius Alliance 0.4205 
2130 Ceanothus megacarpus Alliance 0.4344 
2140 Adenostoma fasciculatum - Salvia mellifera Alliance 0.3219 
2210 Malosma laurina Alliance 0.2892 
2220 Rhus integrifolia Alliance 0.3977 
2230 Quercus dumosa Alliance 0.4240 
2310 Ceanothus tomentosus Alliance 0.4040 
2320 Cercocarpus montanus Alliance 0.6117 
2330 Heteromeles arbutifolia Alliance 0.4092 
2340 Quercus berberidifolia Alliance 0.3393 
2350 Quercus berberidifolia - Adenostoma fasciculatum Alliance 0.4417 
2410 Arctostaphylos glandulosa Alliance 0.4434 
3110 Artemisia californica Alliance 0.3445 
3120 Artemisia californica - Eriogonum fasciculatum Alliance 0.2921 
3130 Artemisia californica - Salvia mellifera Alliance 0.3424 
3140 Encelia californica Alliance 0.4495 
3150 Eriogonum fasciculatum Alliance 0.2914 
3180 Salvia apiana Alliance 0.4014 
3190 Salvia leucophylla Alliance 0.4521 
3210 Salvia mellifera Alliance 0.2105 
3220 Diplacus aurantiacus Alliance 0.4598 
3310 Ericameria palmeri Alliance 0.5278 
3330 Isocoma menziesii Alliance 0.6132 
3340 Acmispon glaber Alliance 0.3947 
3350 Malacothamnus fasciculatus Alliance 0.3868 
4120 Stipa lepida Alliance 0.4328 
4130 Stipa pulchra Alliance 0.2984 
5210 Toxicodendron diversilobum Alliance 0.4113 
5310 Baccharis pilularis Alliance 0.2943 
6100 Arid West Freshwater Emergent Marsh Gp 0.5029 
6101 Fresh Water Marsh (bulrush - cattail) Mapping Unit 0.5285 
7100 Temperate Pacific Tidal Salt & Brackish Marsh Gp 0.5503 
7120 Spartina foliosa Alliance 0.6134 
7210 Atriplex lentiformis Alliance 0.5363 
8100 Coastal Baja Calif. Norte Maritime Succulent Scrub Gp 0.4859 
8120 Opuntia littoralis Alliance 0.2363 
8210 Lepidospartum squamatum Alliance 0.5323 
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As such, the vegetation alliance predictions for each restoration area should be regarded as 
“first draft,” which must be validated and evaluated in the field. 

5.3 Results 
The composite habitat restoration and priority map highlights those regions that should be 
restored, those that should be monitored, and those where high priority invasive species 
monitoring and control should be focused (Figure 5-2). An example of the ranked vegetation 
alliance predictions for current conditions is provided for an area within Crystal Cove State Park 
in Lower Moro Canyon in Figure 5-3. The geospatial database associated with each restoration 
priority polygon is accessible using geographic information system (GIS) software. 

Tabulations of areas of restoration priorities (in acres) for non-urban and water features (i.e., 
excluded land cover classes in the decision tree shown in Figure 5-1) for Reserve and non-
Reserve lands are shown for the Central and Coastal Subregions in Table 5-2. Additionally, 
detail for key land management areas and owners of Reserve land are provided in Table 5-3 for 
the Central Subregion and Table 5-4 for the Coastal Subregion. 

5.4 Discussion 
The prioritization process (Figure 5-1) and map (Figure 5-2) provides land managers with 
guidance on the selection of restoration areas; however, other factors, such as wildlife specific 
habitat requirements, local land management priorities or funding opportunities will guide the 
ultimate selection of areas for habitat restoration projects from the universe of restoration 
opportunities. The geodatabase of restoration priorities can be integrated by land 
owners/managers with other land management planning efforts (e.g., creation, fire 
management, target species conservation) to develop more local management level priorities. 

It should be recognized when using the results for Reserve-level planning efforts that not all of 
the Reserve land needs to be restored to high-quality native vegetation alliances in order to 
provide health wildlife habitat. There is existing value as habitat for some areas dominated 
nonnative vegetation, especially for raptors that hunt in open canopy annual grasslands. Also, 
the existing nonnative component of high and moderate quality habitat does not always have a 
negative effect. Typically, reduced habitat value occurs where there is a corresponding loss in 
native diversity. 
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Figure 5-2 Landscape-level Habitat Restoration Opportunities and Priorities in the Reserve  

See text for explanation of priority rankings.  
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Figure 5-3 Example of Habitat Restoration Priority Map for Lower Moro Canyon  

The highlighted polygon is restoration priority 1c, with the most likely target vegetation Encelia californica Alliance, 
followed by Opuntia littoralis Alliance.  
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Table 5-2 Habitat Restoration Opportunities and Priority Rankings for Reserve and Non-Reserve Lands in Study Area (Acres) 

Restoration Priority 1a 1b 1c 2a 2b 3 4 5 Other Total 

Recommended Action Restore Restore Restore Restore/ 
Enhance 

Restore/ 
Enhance 

Restore/ 
Enhance  

 
N/A N/A 

Central Subregion           

Reserve  2,793.02   56.89   19.79   229.28   577.29   927.33   5,698.36   8,153.80   1,302.90   19,758.66  

Special Linkage  78.71   4.79   -     26.03   20.36   52.36   26.00   74.16   199.94   482.35  

Existing Use  72.59   -     -     -     -     246.51   -     272.33   293.71   885.14  

Non-Reserve Public Open Space  99.73   6.56   0.97   13.92   15.40   62.75   192.82   2,650.86   886.55   3,929.57  

TNC Conservation Easement  621.52   70.20   137.13   196.84   209.84   518.00   1,730.79   7,645.93   168.23   11,298.47  

Non-Reserve Conserved Land  232.02   321.45   73.35   116.50   47.52   404.56   234.43   1,637.91   63.97   3,131.71  

Non-Reserve Open Space  116.70   27.92   3.64   16.49   7.11   39.38   145.92   413.56   370.55   1,141.25  

Local Parks  -     -     -     -     -     -     -     6.90   17.88   24.77  

Central Total  4,014.28   487.81   234.89   599.06   877.52   2,250.88   8,028.32   20,855.45   3,303.72   40,651.93  

Coastal Subregion           

Reserve  1,293.66   600.43   360.37   88.97   -     1,733.90   9.25   11,959.16   871.08   16,916.83  

Special Linkage  184.25   31.49   11.52   8.51   -     161.46   -     307.10   597.67   1,302.01  

Existing Use  621.67   145.46   -     6.21   -     194.31   -     778.67   382.88   2,129.21  

Non-Reserve Public Open Space  933.29   61.39   5.26   35.15   -     221.36   29.45   823.60   812.02   2,921.52  

TNC Conservation Easement  159.74   16.28   0.07   2.81   -     14.14   -     52.49   19.00   264.53  

Non-Reserve Conserved Land  6.03   -     -     -     -     10.08   0.00   42.86   50.80   109.77  

Non-Reserve Open Space  202.77   10.36   1.46   0.35   -     77.16   6.28   627.89   764.29   1,690.56  

Local Parks  112.42   0.25   -     -     -     26.89   0.01   16.77   194.95   351.29  

Coastal Total  3,513.85   865.65   378.68   142.02   -     2,439.30   44.99   14,608.54   3,692.68   25,685.72  

Central and Coastal Subregion Totals in Study Area           

Central and Coastal Total  7,528.13   1,353.46   613.58   741.07   877.52   4,690.19   8,073.31   35,463.99   6,996.41   66,337.65  

 Undefined (Within the Study Area, but Outside Extent of 2012 Vegetation Map)  19,367.65  

 Study Area Total  85,705.30  

Other = Land cover classes defined in the 2012 Vegetation Map that were not accessed for habitat restoration opportunities, including urban areas and fuel modification zones. Undefined = Areas 
outside of the extent of the 2012 Vegetation Map and therefore do not have land cover class information, but occur within the study area for this project.  

Monitor & Control 
High Priority 
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Table 5-3 Habitat Restoration Opportunities and Priority Rankings for Reserve Lands in the Central Subregion (Acres)  

Restoration Priority for Reserve Lands (Owner/Manager) 1a 1b 1c 2a 2b 3 4 5 Other Total 

Recommended Action Restore Restore Restore Restore/
Enhance 

Restore/
Enhance 

Restore/ 
Enhance  

 
N/A N/A 

Central Subregion           

COI Open Space Preserve North - Loma Ridge (COI) 193.96 - - - 2.33 7.00 732.89 355.97 227.29 1,519.45 

Coal Canyon Ecological Reserve (CDFW) 5.55 1.80 - - 2.67 5.26 9.80 863.63 28.91 917.63 

El Toro Habitat (FAA) 420.30 - - - 13.57 1.34 275.93 250.10 39.50 1,000.73 

Irvine Ranch Open Space - Black Star (OC Parks) 9.24 1.59 0.82 - - 54.64 - 260.78 7.83 334.89 

Irvine Ranch Open Space - Fremont Canyon (OC Parks) 63.38 4.71 10.59 6.43 20.92 220.79 28.73 465.47 7.54 828.55 

Irvine Ranch Open Space - Gypsum Canyon (OC Parks) 3.73 1.33 1.61 - 2.45 - 142.56 717.69 9.80 879.16 

Irvine Ranch Open Space - Limestone Canyon – 
Bowerman Landfill (OC Waste and Recycling) 12.06 - - - 0.10 - 149.99 70.57 303.09 535.80 

Irvine Ranch Open Space - Limestone Canyon – 
Old Bee Canyon Conservation Easement (COI) - - - - - - 11.49 4.28 1.13 16.90 

Irvine Ranch Open Space - Limestone Canyon (OC Parks) 1,095.34 6.48 - 0.00 377.21 5.50 2,828.18 2,632.70 158.60 7,104.00 

Irvine Ranch Open Space - Limestone Canyon (TIC) 57.62 3.05 - - 0.36 9.86 304.52 66.11 136.90 578.42 

Irvine Ranch Open Space - Loma Ridge (OC Parks) 276.69 - - 18.98 15.18 7.48 32.87 41.46 33.55 426.21 

Irvine Ranch Open Space - Weir Canyon (OC Parks) 16.76 5.70 6.78 59.19 46.61 149.08 125.25 505.58 0.97 915.92 

Irvine Ranch Open Space (TIC) 95.00 - - - 4.62 2.80 244.64 82.11 96.84 526.00 

Irvine Regional Park (OC Parks) 55.95 6.03 - 89.32 - 212.78 6.61 309.35 89.58 769.63 

Peters Canyon Regional Park (OC Parks) 79.85 - - 2.44 - 55.40 - 132.39 46.81 316.90 

Santiago Oaks Regional Park (OC Parks) 44.56 22.72 - 18.74 9.07 76.43 124.55 332.00 24.70 652.75 

SCE Viejo Property (SRMA) 23.52 - - - - 43.08 12.17 60.24 2.83 141.83 

Siphon Reservoir (Irvine Ranch Water District) 83.06 - - - - 2.45 152.45 6.63 6.16 250.74 

Weir Canyon Nature Preserve (OC Parks) 4.35 3.48 - 24.39 19.33 35.89 2.38 286.77 - 376.58 

Whiting Ranch Wilderness Park (OC Parks) 252.12 - - 9.80 62.88 37.54 513.37 709.98 80.86 1,666.55 

Central Total 2,793.02 56.89 19.79 229.28 577.29 927.33 5,698.36 8,153.80 1,302.90 19,758.66 

Central and Coastal Total 4,086.68 657.32 380.16 318.25 577.29 2,661.23 5,707.61 20,112.95 2,173.98 36,675.49 

COI = City of Irvine, CDFW = California Department of Fish and Wildlife, OC = Orange County, FAA = Federal Aviation Administration, SRMA = Southwest Resource Management Association, TIC = The 
Irvine Company, Other = Land cover classes defined in the 2012 Vegetation Map that were not accessed for habitat restoration opportunities, including urban areas and fuel modification zones.   
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Table 5-4 Habitat Restoration Opportunities and Priority Rankings for Reserve Lands in the Coastal Subregion (Acres) 

Restoration Priority for Reserve Lands (Owner/Manager) 1a 1b 1c 2a 2b 3 4 5 Other Total 

Recommended Action Restore Restore Restore Restore/
Enhance 

Restore/
Enhance 

Restore/ 
Enhance  

 
N/A N/A 

Coastal Subregion           

Aliso and Wood Canyons Wilderness Park (OC Parks) 330.88 14.81 0.61 19.71 - 101.16 - 3,090.05 45.26 3,602.48 

Bonita Creek - COI Parcels in Newport Beach (COI) - - - - - 3.69 - 44.27 0.22 48.19 

Bonita Creek (City of Newport Beach) 5.18 - - - - 3.99 - 48.21 5.85 63.24 

Buck Gully Reserve (City of Newport Beach) 12.51 1.76 - - - 8.12 - 208.31 14.79 245.49 

COI Open Space Preserve South - Bommer Canyon (COI) 103.82 174.57 73.45 11.08 - 105.49 - 384.09 14.67 867.18 

COI Open Space Preserve South - Coyote Canyon (COI) - 1.20 6.37 - - 49.39 - 60.96 18.04 135.96 

COI Open Space Preserve South - Quail Hill (COI) 235.53 9.69 - - - 99.30 - 40.83 29.88 415.24 

COI Open Space Preserve South - Shady Canyon (COI) 75.62 132.08 33.65 19.33 - 327.11 - 1,024.19 6.14 1,618.12 

Coyote Canyon Landfill (OC Waste and Recycling) 31.78 - 3.24 - - 40.27 - 17.21 101.95 194.44 

Crystal Cove State Park (CDPR) 45.34 156.44 129.18 9.04 - 499.50 0.16 1,878.12 108.87 2,826.64 

Laguna Coast Wilderness Park (City of Laguna Beach) - - - - - 0.27 - 11.42 5.31 17.00 

Laguna Coast Wilderness Park (OC Parks) 105.57 109.87 112.98 29.82 - 396.15 3.38 4,572.96 84.43 5,415.16 

Salt Creek Corridor (City of San Juan Capistrano) 177.26 - - - - 26.69 - 61.61 16.31 281.87 

San Diego Creek (City of Newport Beach) 2.97 - - - - - - 6.80 7.43 17.19 

San Joaquin Reservoir (Irvine Ranch Water District) 2.07 - 0.90 - - - - 20.87 17.87 41.72 

Talbert Regional Park (OC Parks) 48.27 - - - - 23.00 - 50.05 75.98 197.30 

TCA Saltmarsh/Saltbush Habitat Restoration (CONB) 1.12 - - - - - - 3.06 0.03 4.21 

UC Irvine Ecological Preserve/Reserve (UCI) 64.16 - - - - 11.34 - 21.79 20.60 117.89 

Upper Newport Bay Ecological Reserve (CDFW) 16.48 - - - - 19.95 0.26 380.61 288.30 705.60 

Upper Newport Bay Nature Preserve (OC Parks) 35.09 - - - - 18.47 5.45 33.72 9.16 101.89 

Coastal Total 1,293.66 600.43 360.37 88.97 - 1,733.90 9.25 11,959.16 871.08 16,916.83 

Central and Coastal Total 4,086.68 657.32 380.16 318.25 577.29 2,661.23 5,707.61 20,112.95 2,173.98 36,675.49 

CDFW = California Department of Fish and Wildlife, CDPR = California Department of Parks and Recreation (CA State Parks), COI = City of Irvine, CONB = City of Newport Beach, OC = Orange County, 
UCI = University of California Irvine, Other = Land cover classes defined in the 2012 Vegetation Map that were not accessed for habitat restoration opportunities, including urban areas and fuel 
modification zones. 

Monitor & Control 
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Chapter	6 Landscape-Scale	Habitat	Restoration	
Approach	

With the identification of degraded areas for habitat restoration and enhancement in place and 
a framework to understand and predict a range of ecologically appropriate habitat restoration 
targets, the next step is to codify and synthesize the experience of restoration specialists 
working within the Reserve and elsewhere in southern California to propose a cost-effective 
approach to revegetate these lands. In this chapter, an Adaptive Weed Management and 
Habitat Restoration Plan (Plan) is presented that minimizes fixed implementation costs by 
relying on natural rainfall. While the Plan is based on current best practice—it does not 
preclude the development and implementation of other innovative approaches to restoration. 

A key aspect of this Plan is the acknowledgement and management of uncertainty in natural 
systems. Common uncertainties that are encountered when implementing habitat restoration 
projects in southern California include the following: 

• Microsite edaphic diversity (e.g., unmapped inclusions of clay soil that are significantly 
different than the other typical soil types in the project area); 

• Lack of documentation of the historical native vegetation community distribution and 
species diversity prior to disturbance from agriculture and development; 

• Unknown composition of existing soil seed banks; 

• Unknown past land use practices at a local scale (e.g., intensity and duration of livestock 
grazing, or vegetation clearance activity) ; 

• Local hydrological dynamics due to variable rainfall and alterations of the natural 
watershed due to land development; 

• Effects of climate change (e.g., greater soil aridity earlier in the year and a higher 
frequency of summer rainfall events); 

• High variability in weather between years (e.g., the timing and intensity of rainfall 
events and wind events, such as Santa Ana winds); and 

• Stochastic events such as wildfire. 

By acknowledging that habitat restoration is not a deterministic system without randomness, 
and identifying potential sources of uncertainty, habitat restoration plans can be designed to 
manage implementation costs and increase the likelihood of success.  

This Plan strategically manages uncertainty through three implementation steps:  

1) Ecologically appropriate site selection; 
2) Adaptive weed management; and 
3) Seed-based habitat restoration.  

The principles for this approach and evidence for their efficacy are discussed in Sections 6.1 to 
6.3, followed by presentation of the Plan in Section 6.4. 
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Vegetation type-specific plans with guidelines for best practice are introduced in Section 6.5. In 
Section 6.6, current typical costs and labor time to implement methods identified in the Plan 
are presented to guide land managers and restoration specialists in developing plans and 
budgets for specific habitat restoration projects. Challenges to the implementation of 
landscape-scale habitat restoration are presented in Section 6.7. Finally, in Section 6.8, 
recommendations are made for future research that will inform and advance this Plan. 

6.1 Ecologically Appropriate Site Selection 
The degraded areas to be restored in the Reserve are primarily natural communities that have 
been type-converted to nonnative annual grassland with a low to nonexistent remnant native 
plant population. Type-conversion has been largely caused by the following factors: 

• Increased fire frequency, especially in the Central Reserve, associated with an increase 
in ignition sources at the urban-wildland interface and weather-driven fire events; 

• A history of agricultural production that intensified in the 1800s and continued until the 
1990s, including livestock grazing, irrigated orchards and dry farming (e.g., tilling of soils 
and seeding to improve forage); and 

• The introduction of invasive plants, many of which originate from a similar 
Mediterranean-type climate with cool wet winters and warm dry summers. 

Unfortunately, prior to type-conversion of the native vegetation communities, sufficient 
biological records and maps were not created that would help reconstruct the historical 
conditions of these areas. Today in the Reserve, upland habitat is a mosaic of nonnative annual 
grasslands and native vegetation communities, including scrub, native perennial grasslands, 
forblands, riparian, wetland, chaparral and woodlands. Of the existing habitats, native riparian 
and wetland habitats are the most sensitive to changes from drought, climate change, and 
human alterations to the environment since they characteristically occur in areas with suitable 
hydrological and geomorphic conditions. It should be noted that the hydrological conditions 
that promoted and sustained some riparian and wetland species populations may no longer be 
in place due to alterations in the watershed made for development (e.g., flood control 
measures) or from type conversions due to extended drought conditions; and, as a result, some 
species may not readily recruit new individuals leading to long-term shifts in species 
composition of riparian and wetland natural communities. 

Site selection is the most important step influencing the success of a habitat restoration 
project. If a site is unsuitable for the target habitat type, then no amount of effort or cost will 
produce the desired outcome over the long-term.  

Ecological niche modeling provides a range of suitable vegetation communities to be 
considered during the planning stages of a habitat restoration project; however, critical fine-
grain information is not captured in these modeling efforts that can only be obtained from field 
assessments of the restoration site. The suitability models provide a consistent and measurable 
prediction of the ecological niche of vegetation communities across the Reserve, but they are 
not perfect. Field assessment provides site-specific information that is not available to include 
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in the landscape-scale model or information about natural phenomena that only emerges at 
the local scale, such as the following:  

• Existing native and nonnative plant species, and their distribution, including sensitive or 
protected species; 

• Wildlife observations, including the identification and presence of sensitive or protected 
species; 

• Identification of unique soil conditions that may affect plant growth (e.g., alkaline soils), 
rock outcrops, significant changes in soil texture (e.g., clay inclusion within a larger area 
of loam texture soils); 

• Alterations of natural hydrology, such as storm water management infrastructure (e.g., 
channelizing streams, diversions or drains) for nearby urban development that may 
impact current and future hydrologic functions critical to particular vegetation 
communities (e.g., oak woodland, riparian habitat); and 

• Qualitative assessment of fire severity after fire events which may impact the ability of 
native plants to regenerate. 

Other items to consider for restoration site selection are current disturbance levels such as 
unwanted trespassing, frequently used illegal trails, and vandalism. Additionally, if the 
restoration site is within an area open to the public, the amount of use in the area could be an 
important factor to consider when determining site selection, particularly if the goal is to 
restore habitat for key sensitive species, such as the cactus wren that may not utilize a 
restoration site in a high-traffic area. Educating the public on the restoration project by using 
informational signage or through discussion on the landowner website can help to alleviate any 
pressures or disturbance that may occur from the public knowingly or unknowingly.  

If warranted, soil sampling and laboratory testing may be helpful to better understand the 
growing conditions or constraints in the restoration area. Review of available historical imagery 
can also be useful to determine if there is evidence of past vegetation clearing, dry farming, or 
other clues about the past structure of the native vegetation prior to any disturbance that 
might have occurred within the record of aerial images. 

6.2 Adaptive Weed Management Principles 
In the past 15 years, Reserve managers have successfully focused on controlling high priority 
invasive species such as artichoke thistle in the management areas. However, the bulk of 
nonnative plant species in the degraded areas of the Reserve are not as well-known because 
most of the population, at any given time, is in the soil seed bank. In other words, even after a 
crop of nonnative plants are controlled in a plot for any one season, the same or different weed 
species can germinate from the seed bank in a different season or year to occupy the same 
space. Weed control for full-community restoration should concentrate on the weed seed bank, 
not just on those weeds that are seen at any given time because their emergence is a function 
of annual and variable factors such as temperature, amount of rainfall, timing of rainfall, and 
competition. Soil seed banks and their dynamics therefore, must first be considered. 
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6.2.1 Seed Bank Definitions and Dynamics 
The soil seed bank consists of the individual elements in the soil that might develop into a plant. 
Literally defined it includes seeds, but it also comprises rhizomes, tubers, stolons, and other 
vegetative structures produced by perennial weeds that might grow into new plants. The seed 
“bank” is an apt metaphor, because its contents are a balance of “deposits” and “withdrawals” 
that result in a dynamic accumulation or depletion of plant propagules (Menalled and 
Schonbeck 2011) (see Figure 6-1). 

 

 
Source: Menalled and Schonbeck 2011 

Figure 6-1 Conceptual Model of Deposits to and Withdrawals from a Soil Seed Bank 

 

Weed seed bank deposits include annual weed seed “rain” from reproductively mature weeds 
that are within or adjacent to a site. In some instances, seed rain can come from a distance, but 
it is most highly influenced by local plants. Seeds can be brought in by human action, such as 
hikers, vehicles, or equipment or by intentional or unintentional transport through other 
means. Seeds can also be brought to a site by wind, animals, or hydrologic movement. Viable 
seed that is still retained by dead plant matter in the surface thatch can also contribute to the 
seed bank. 

Withdrawals from the soil seed bank take several forms as well (Liebman et al. 2001, Davis et al. 
2005). First, seeds can germinate and grow to mature plants that themselves set seed. 
Alternatively, seeds may be lost through fatal germination, where a seed or propagule sprouts, 
but does not reach the soil surface because it is at an excessive depth or by exposure to 
allelochemicals (natural phytotoxic substances released by plants), microbial pathogens, 
insects, burrowing animals, or other organisms in the soil. Seeds can also be consumed before 
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germinating by a range of organisms, including, but not limited to, ground beetles, crickets, 
earthworms, slugs, field mice and birds. Finally, seeds can lose viability or decay over time. 

6.2.2 Reducing the Weed Seed Bank 
In evaluating the dynamics of weed seed banks at restoration sites, several options are 
available to reduce the overall quantity of viable weed seeds within the soil and surface weed 
thatch in an area. 

First, control methods can be used to reduce seed inputs from weed species. These approaches 
take the form of chemical control (e.g., herbicides) that are applied after germination but 
before seed production, or mechanical controls that are applied when weeds are large enough 
to be hand pulled or cut before seed set. Mechanical control methods include hand weeding, 
mowing, and line trimming (also known as weed-whacking or weed-eating). 

Second, the weed seed bank can be reduced by decreasing germination of the seed bank, which 
results in decomposition and loss to seed predators over time. Although there are several 
factors, two general signals for most seeds to break dormancy are light and temperature, a 
strategy to reduce germination is to reduce soil disturbance that would expose additional seeds 
to light and temperature conditions that stimulate growth. The efficacy of this approach 
depends on the vertical distribution of seed in the soil. For some species and soil texture, close 
to 20% of the seed may be found at depths that will not result in germination if the soil is not 
disturbed (e.g., see Figure 6-2). Avoidance of soil disturbance during weed management is 
therefore a low-effort, but underutilized and underappreciated, method to reduce the weed 
seed bank. 

 

 
Source: Menalled and Schonbeck 2011 adapted from Clements et al. 1996 

Figure 6-2 Vertical Distribution of Seed of Lambsquarters (Chenopodium album) in Soil of 
Two Different Textures 
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Grow-and-Kill Weed Management with Natural Rainfall 

The use of “grow-and-kill” weed control cycles that are driven by natural rainfall is a cost-
effective weed management method for many sites. The grow-and-kill method is used to treat 
(kill) seedlings and new growth prior to seed set in order to deplete the existing weed seed 
bank and prevent new weed seed from entering the seed bank.  

Most sites require three or more years of rainfall driven grow-and-kill weed management to 
control and deplete the seed bank to levels that will allow the natural recruitment and/or 
establishment of native plants from restoration seed mixes. The number of grow-and-kill 
treatments that can be implemented in a given year is dependent on annual precipitation rates 
and timing to cue germination, and the extent of the weed seed bank. Use of irrigation to 
stimulate weed germination each year can reduce the time needed to treat the site. Multiple 
control events (either mechanical or chemical) per year, implemented over the course of at 
least two years with supplemental irrigation will typically be required to prepare a site by 
depleting the weed seed bank. In cases where the weed load is low because it does not have a 
long disturbance history, it is possible to successfully restore an area with one-year of irrigated 
grow-and-kill treatments. However, the use of irrigation represents a large investment that will 
not be cost-effective at the landscape scale and may not always be feasible (as discussed 
below). 

Adequate management of the weed seed bank may take several years to achieve, depending 
on the size of the weed seed population and the number of grow-and-kill events that occur 
each year, as determined by rainfall and weather conditions. Generally, it is more cost effective 
and feasible for the management of large areas to rely solely on natural rainfall-driven grow-
and-kill treatments; however, project implementation is at the mercy of unpredictable weather 
patterns from year-to-year. Even if adequate rainfall occurs during the year, the timing of the 
rainfall makes a difference since other cues are required for germination of certain weed 
species such as temperature, light, etc. If all the cues are not met for germination, the target 
weed species may not express itself within a restoration area during a given control year but be 
waiting in the soil seed bank to germinate in later years when all conditions are right. This 
necessitates an adaptive weed management approach which allows for flexibility in the timing 
and intensity of grow-and-kill events each year. Adaptive weed management is also a necessity 
because it is difficult and impractical to quantify the size and extent of the weed seed bank in 
the project site during the planning phase. The size of the weed seed bank and the amount of 
weed management effort can only be practically estimated based on field biological 
observations and experience with similar habitat restoration efforts. 

In circumstances where it is critical to reduce the amount of time needed to implement the 
habitat restoration project, supplemental irrigation could be used to reduce the number of 
years needed to manage the weed seed bank. Supplemental water from a temporary irrigation 
system can “force” more grow-and-kill events than can be achieved with natural rainfall alone. 
For example, if three or four grow-and-kill events can be achieved throughout the year with 
supplemental irrigation instead of only two events with natural rainfall alone, then weed 
management can be completed in two to three years at a project site that ultimately needs 
eight grow-and-kill cycles completed prior to seed addition, instead of four to five years with 
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natural rainfall alone. However, the use of a temporary irrigation system to reduce the number 
of years of pre-seeding weed management (i.e., site preparation) in habitat restoration projects 
must be feasible (e.g., water source is accessible to the project site) and justified by need given 
the significant cost for the purchase of water and installation and maintenance of the 
temporary irrigation system. Increased labor costs for maintaining and operating a temporary 
irrigation system are high since ideally, at least one crew member should always be on site 
during an irrigation event and the system should never be allowed to run on controllers or 
timers. The crew member should be checking for proper operation of the irrigation system and 
fixing any leaks or damage to the irrigation system. An unchecked leak allowed to run for any 
length of time can cause significant damage to the restoration area or adjacent areas (e.g., 
neighboring development, other restoration sites, trails, access roads). 

Weed Management is a Function of Site and Year 

Selection of appropriate weed management techniques is highly site-specific. The options at 
any given site may depend on the land manager and applicable norms or regulations (e.g., 
herbicides are restricted), or on the resources available in terms of labor force, equipment and 
funding. Site factors that influence weed density and composition such as land use history, fire 
history, topography and hydrography may also limit options. Furthermore, year-specific factors 
that influence weed density and composition (e.g., weather, including temperature and rainfall 
patterns) can either constrain or enable weed control based on the degree to which the weed 
bank is expressed during any given year. 

Cost of Weed Management is Land Manager- and Site-Specific 

The cost of weed management is highly specific to the site and the resources that are available 
to the land manager. The cost-effectiveness of performing weed management is influenced by 
the experience and training of weed control personnel in the field and by the access and 
mobility considerations of the site. For any particular land manager, the cost of weed 
management depends greatly on availability of staff, equipment, supplies, and volunteer labor. 

Timing of Treatments is Critical 

Timing of mechanical or chemical weed control efforts is critical to its success. Control 
undertaken a week too late can result in viable seeds being scattered rather than arresting seed 
development. In warm, dry microclimates control must take place earlier than in cool, moist 
microclimates. The nonnative species from the seed bank that are active in any one year or 
season will affect this timing and can vary across a management area.  

Typically, at least two to three treatments within a growing season may be necessary. These 
include:  

• Control of nonnative annual grasses following winter rains; 

• Control of spring-growing broadleaf weeds; and 

• Control of summer-growing broadleaf weeds. 
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Field Biological Monitoring is Key to Timing and Selection of Weed Control Treatments 

Because of the central importance of timing to the success of weed management, decision-
making must be supported by field measurements of weed phenology1, usually in the form of 
walkover field visual estimates. Relevé samples are appropriate for estimating nonnative weed 
cover and their flowering status, without being too time consuming or technical. Relevé 
samples must be designed to cover uniform vegetation type, be large enough to incorporate 
the diversity of weed species in that type, and be relatively homogenous (Mueller-Dombois and 
Ellenberg 1974). For a sample methodology, see the California Department of Fish and Wildlife 
– California Native Plant Society (CDFW-CNPS) “Protocol for the Combined Vegetation Rapid 
Assessment and Relevé Field Form (March 27, 2018)” (www.cnps.org/plant-science/field-
protocols-guidelines). The survey(s) conducted for the purposes of weed management need not 
be as detailed as outlined in the CDFW-CNPS protocol, but rather can focus on the methods 
directly related to recording the cover of the weed species or plant functional group of interest 
into a relevant cover class [e.g., Cover Class Intervals: 1 (5–15%), 3b (>15–25%), 4 (>25–50%), 5 
(>50–75%), 6 (>75%)]. 

Considerable field knowledge of the target weed species to control must be applied so that the 
timing of weed control is effective. For example, mowing is a means to mechanically control 
seed input from nonnative annual grasses. For mowing to be effective, the grasses must grow 
tall enough to be mowed (or line-trimmed) after it begins to flower but before the seeds reach 
the “milk stage,” at which time the seed heads appear milky when pressed between the fingers 
(Figure 6-3). If it is trimmed before it begins to flower, it will re-grow and flower and require a 
second mowing at the appropriate growth stage. The “milk stage” occurs slightly more than 10–
14 days after flowering for many annual grass species, and if the seeds reach this stage, 
approximately 80% can be viable (e.g., Stoddart 1966), which renders mechanical control nearly 
useless. Similarly, chemical control is most effective leading up to the milk stage (Steadman et 
al. 2006). 

 
Figure 6-3 Example of a Grass Seed Head that has Reached the "Milk Stage” 

                                                      
1 Study of the timing of plant life-cycle events, such as flowering or leafing out and how these are influenced by 
seasonal and interannual variations in climate, as well as habitat factors.  

http://www.cnps.org/plant-science/field-protocols-guidelines
http://www.cnps.org/plant-science/field-protocols-guidelines
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6.2.3 Timelines for Weed Seed Bank Management 
The timeline for weed seed bank management deserves special discussion because this 
approach relies on a relatively long ‘site preparation phase’ before the start of native material 
addition, if necessary, to achieve the goals of the project. A useful analogy is the amount of 
time that it takes to prepare to paint the weathered wood siding of a house. Often much more 
work goes on in scraping the old paint, repairing the wood, and sanding in preparation than it 
does during the actual application of paint. Similarly, a cost-effective landscape-scale 
revegetation program must rely on long-term (typically 3+ years) commitments to weed 
management to obtain the best outcomes from subsequent site seeding and/or planting. 

A one- or two-year weed management effort is not likely to provide sustainable benefits, for 
three reasons:  

• First, with a short effort, the nonnative annual grass population and associated thatch 
and litter can be managed, but in doing so other parts of the weed seed bank, especially 
broadleaf weeds, are likely to become dominant. The weed management effort must 
continue until these species are also suppressed.  

• Second, weed seeds, including those of Mediterranean annual grasses, have longer soil 
seed bank viability than reported in the literature. Agricultural and rangeland studies 
often describe Mediterranean annual grass seed banks as transient (non-dormant), with 
one or two years of soil seed viability (e.g., Young et al. 1981); however, there remains a 
viable long-term (dormant) seed bank (Whitson 2002). For example, the annual grass 
seed bank includes a) seed with a thicker seed coat that requires more scarification to 
germinate (i.e., dormant seed), and b) seed that is not considered dormant, but rather 
has not been eaten by predators or has not decayed (as may occur during periods of low 
rainfall when chemical and biological decomposition rates are low in the soil).  

• Third, with a shorter control period, the weather conditions that stimulate germination 
of the largest percentage of the seed bank are less likely to occur. 

A shorter timeline can be envisioned if the primary purpose of weed management is to reduce 
thatch and litter cover in order to stimulate germination of sensitive annual native plant species 
or if a significant viable native seed bank is present within the soil and some amount of weed 
species is tolerable within the site. In these scenarios, a 1- to 2-year effort is appropriate, and 
success of the project can be directly measured by observing the rate of germination and 
productivity of seed production by the sensitive annual native plant species or overall 
establishment and cover of native species. 

Most degraded areas targeted for habitat enhancement and restoration in southern California 
have long histories of disturbance and occupation by nonnative plant populations. However, 
there are circumstances where there is little to no weed seed bank in the soil prior to native 
plant material addition (e.g., revegetation of a newly cut slope where virgin soil has been 
exposed). In these cases, weed management prior to native material addition may not be 
necessary, or may only require one or two weeding events prior to seeding. 
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A longer timeline of site preparation through weed management, if done properly, reduces the 
total cost of the project as less weed management would be required after seeding and 
planting. Weeding after seeding (or planting) is more labor intensive and difficult and can 
increase the total cost of the project but may be necessary if the weed seed bank has not been 
adequately depleted before seeding or planting.  

It should be noted, in circumstances where there is a significant native seed bank that 
expresses itself coincident with weed management efforts, the weeding effort will necessarily 
increase and become more labor and time intensive. Working around natives in a project site 
also affects timelines because it often requires more hand methods (e.g., hand cutting or 
pulling), more time and has fewer opportunities for time efficiencies afforded by the use of 
mechanized equipment like mowers. The additional effort and cost for using hand methods 
around the natural regeneration of native plants that may result from initial weed control 
efforts may be balanced, as least partially, by a reduced cost for native plant material for the 
site. The seed mix can be adjusted by reducing the species diversity and/or seeding rates of 
individual species, as appropriate. 

6.3 Seed-Based Habitat Restoration 
This plan proposes seed-based restoration of vegetation communities as a cost-effective means 
to transform sites dominated by nonnative grasses and forbs into native scrub or other 
appropriate vegetation types. In this section, the rationale for proposing the use of seeds is 
presented, along with a discussion of seed sourcing and consideration for the timing of seed 
application. 

6.3.1 Degraded Areas are Often Native Seed Limited 
Adding native seeds to a site at appropriate densities directly restores a deficiency in many sites 
which are native seed-limited due to historical disturbance factors, and it serves to increase 
species diversity. Sites that have experienced high fire frequency, high intensity fires, high 
grazing pressure, prior tilling and extensive nonnative plant growth can be completely deficient 
in native seeds. Even with adequate weed management there is not sufficient viable native 
seed populations and/or diversity in many degraded areas to restore sustainable native 
vegetation communities. Therefore, adding native plant material after adequate management 
of the nonnative plant population is a necessary step in habitat restoration projects. 

In seed-based restoration, the native seed bank can be replenished (at least for specific species 
in the plant palette that are characteristic of the desired habitat type). Generally, seed-based 
restoration follows observed patterns of fire or disturbance recovery in natural systems so that 
some percentage of those added seeds will remain in the native seed bank, along with new 
additions from mature plants that are able to germinate after future disturbance at a site. 
Adding early successional species to the seed mix is key in restoration efforts to incorporate 
species that will readily germinate after disturbance, such as fire, to re-start the natural 
regeneration process of the restoration site. This increases resilience of the site to future 
perturbation in a way that it is often not feasible from the seed production of transplanted 
nursery plants alone. 
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6.3.2 Why Revegetate with Seeds? 
Seeds are a durable, storable, and transportable form of a living plant. Because of the labor 
involved, they are less expensive to produce (e.g., collect in the wild or commercially grow) and 
to install than container plants. As a result of the cost differential, it is possible to include a 
wider range of plant species in a seed mix than is possible with container planting. This can 
buffer against uncertainty about which species are most adapted to current climate conditions. 
Providing native species that can survive a range of possible conditions through seed thus 
builds adaptability into a site and allows microsite conditions to determine which species will 
establish throughout the landscape and thrive.  

Using a seed-based restoration will preclude the introduction of soil bore diseases that may be 
introduced with nursery stock. Recently, such introductions have been demonstrated as having 
potential to harm native vegetation not adapted to particular strains of disease-causing 
organisms in northern California (Science News, 2019). 

It is possible to implement a seed-based habitat restoration program that is driven by natural 
rainfall and thereby avoids the substantial cost of irrigation needed to establish container 
plants. This approach requires some patience, because seeded plants may require multiple 
years to germinate and grow to reproductive size. One of the strongest ways to cue 
germination is soil moisture, therefore adequate rainfall is often needed for robust growth, 
making high-rainfall El Niño years an important periodic resource (Holmgren and Scheffer 2001, 
Yelenik and Levine 2010). For large-scale deployment, taking advantage of periodic “good 
years” is preferable to the cost of irrigation systems and the significant cost of water itself, 
supplies of which are dwindling.  

For example, in a cost comparison for implementing a typical upland scrub habitat restoration 
project with two methods, the seed-based habitat restoration method with natural rainfall is 
about two-thirds the cost of the container planting method with an irrigation system (see 
Figure 6-4). While the seed-based method takes two years longer to implement in this case, 
there are significant cost savings by eliminating the cost of installing and operating an irrigation 
system and purchasing irrigation water. As previously mentioned, the labor cost to operate and 
maintain the irrigation system are quite high. 

Native vegetation communities that are restored from seed are more resilient to natural 
disturbance. By using diverse seed mixes that mimic the stages of recovery of a native 
vegetation community’s response to disturbance, like fire, not only can we leverage ecological 
processes to restore native habitat, but we also begin the process of establishing a native seed 
bank that has sufficient diversity to recover from a future wildfire or disturbance event. 

Diverse seed mixes can also increase the structural diversity of restored habitat by including 
species from key plant functional groups, such as early successional species that can function as 
a “nurse crop” or provide erosion control, an herbaceous understory, and a shrub and/or tree 
layer. Many of the natural communities in the Reserve include species with adaptive traits for 
disturbance, such as browsing or fire, which are not only important to include in the seed mix 
for biodiversity, but also can be leveraged in the seed mix design to mimic the natural post-
disturbance recovery phase and help facilitate restoration by seed.   
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Figure 6-4 Comparison of the Cumulative Cost of Implementing a Typical Upland Scrub 

Habitat Restoration Project with Two Methods 

Seed-Based Habitat Restoration with Natural Rainfall Method assumptions: (1) Project requires 8 years total; (2) 
wildland seed collection requires a 25% deposit in year 1 with the balance paid in year 3; (3) natural rainfall driven 
“grow-and-kill” weed management includes two weed management events per year on average for years 1 to 3; 
(4) rangeland drill seeder installs seed mix in fall of year 3; (5) seed requires 5 years to establish, (6) maintenance 
weeding program conducted from years 4 to 8, with decreasing level of effort in final 2 years. 

Container Planting with an Irrigation System Method assumptions: (1) Project requires 6 years total; (2) supplemental 
irrigation system installed in year 1; (3) water cost at typical municipal rates for reclaimed irrigation water; (4) 
supplemental irrigation applied for 1 year of “grow-and-kill” weed management with 4 weeding events prior to fall 
planting in year 1; (5) supplemental irrigation applied, as needed, for transplanted container plants from fall of 
year 1 to spring of year 3; (6) no supplemental irrigation used from summer of year 3 onward; (7) supplemental 
irrigation system removed in year 6; (8) container plants require 5 years to establish, (9) maintenance weeding 
program conducted from years 2 to 6; with decreasing level of effort in final 2 years. 
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Additionally, within a larger habitat restoration area, microsite conditions will ultimately sort a 
diverse seed mix and determine what species will germinate and become reproductively 
mature. In this way, the site itself will help select the most ecologically suitable assemblage of 
vegetation in the landscape. 

The use of seed also maximizes the opportunities for passive restoration from any existing 
native seed bank. Planned seed mix rates and species diversity can be adjusted adaptively 
during the adaptive weed management period, prior to the installation of native seed and 
according to the native species that are observed during the site preparation process. 
Restoration specialists can use the observations of native plant germination and growth as a 
proxy for local site conditions and adjust seed mixes accordingly to fine tune target plant 
assemblage and diversity.  

One exception to the use of seed is to establish plants that are highly desirable and best 
introduced through transplantation of nursery grown material (e.g., oak trees in woodland 
habitat) or cuttings (e.g., willow trees in riparian habitat, Opuntia cladodes in cactus scrub). 

6.3.3 Sourcing Seeds 
A significant challenge for large-scale habitat restoration is the reliable production of native 
seed. Seed source options include commercial wildland seed collection, commercially-grown 
seed operations (i.e., farmed seed that originated from a wildland collection) and 
landowner/manager seed collection and growing operations. Volunteer-based seed collection 
efforts are typically not suitable for large seed collection efforts. However, with a sufficient 
level of skill, experience, guidance, and oversight volunteers can supplement seed collection 
efforts by focusing on a limited set of identifiable and accessible species. By increasing the 
number and type of native seed suppliers, the cost of seed-based habitat restoration projects 
can be reduced; this is a regional challenge that can be possibly addressed by the cooperation 
among similarly-minded land managers. 

Seed Source 

Conventionally, we attempt to source the wildland collection of seed for a habitat restoration 
project from local stands of native species, local watershed, or from an area with a similar 
bioclimatic envelope or climatic niche (similar climatic conditions in a geographic region that 
are associated with the presence of the same species or form a species). The premise for this 
approach is that local genotypes are best adapted to local environmental conditions and 
outperform non-local genotypes in those conditions (e.g., Keller et al. 2000). However, local 
populations for some species may not necessarily have sufficient genetic diversity to adjust to a 
changing climate (Breed et al. 2013) and inbreeding depression is generally considered a 
greater potential threat to population fitness in plantings than outbreeding depression from 
crosses between genetically distant individuals (Frankham et al. 2004). As a result, there are 
currently efforts to develop modeling tools that support the selection of climate-adjusted seed 
sources using web-based map interfaces and predictive species distribution models (e.g., see 
Ramalho et al. 2017). In contrast, Montalvo and Ellstrand (2001) found direct evidence for 
outbreeding depression for a common California subshrub, deerweed (Acmispon glaber [Lotus 
scoparius]).  
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While the majority of seed for restoration projects can be collected from wildlands, supply can 
vary regionally by species and by year. For some species the existing stands that are on 
property accessible for seed collection cannot be relied upon as a seed source because they are 
too small to provide the amount of viable seed required. Additionally, the viability of seed can 
be influenced by annual rainfall amounts, which can result in collections with low germination 
rates during periods of drought. 

In order to improve the availability of wildland collected seed for restoration projects, seed for 
a specific project can be collected and stored over multiple years for installation at a later date, 
such as seeding after a multi-year weed management effort. Or a regional native seed bank 
could be established, through coordination between seed suppliers and/or land managers with 
a need for local native seed, to increase the number and amount of seed species available for 
native revegetation projects. 

Because it is not feasible to supply all of the species in the quantities needed for restoration 
projects from wildland collections, another source of seed is commercially-grown seed. 
Commercially-grown seed is either cultivated in fields or in nursery containers to augment or 
“bulk” seed. Commercially-grown seed is often selected for species with broad geographical 
distributions in southern California but would be prohibitively expensive to wild collect (e.g., 
California plantain [Plantago erecta]) or are locally rare (e.g., purple needlegrass). 

Seed Bulking 

Seed bulking, also known as seed increase, involves collecting seeds from a target wild 
population of plants and growing these seeds in a controlled nursery setting. Seed bulking is 
done if a project calls for quantities of seed that are not obtainable in the wild or if it is not 
desirable to impact the habitat to collect the seed. Qualified nurseries can bulk wild seed 
collections of rare or endemic species to produce first generation (F1) and second generation 
(F2) seed. Collections from local populations should be properly identified and bulked 
separately.  

The seed bulked for the project can then be installed back into the local collection sites to 
enhance existing populations or create new populations in suitable sites. However, without 
guidance from species experts, caution should be exercised if mixing local populations of rare, 
sensitive or protected species that are geographically isolated to avoid the potential for 
outbreeding depression. 

By managing competing weeds in areas with known or expected rare plant populations, the 
reduced competition can allow the desired rare plant to germinate with higher frequency, grow 
larger and invest more resources into flowering and produce viable seed that will contributed 
back to the native seed bank (i.e., “seed bulk in-place”). The seed bulk in-place approach can be 
much more cost effective than nursery seed bulking programs that require wild seed collection, 
growing plants in the nursery, collecting the first-generation seed (F1) and adding the seed back 
to the wild population. 
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6.3.4 When to Seed 
Successful establishment of native vegetation communities from seed depends on the 
confluence of appropriate rainfall and temperature conditions, combined with sufficiently low 
competition from weeds to allow the native species to thrive. If seeding occurs too early in the 
weed management process, the native seed will be wasted if it is outcompeted and 
overwhelmed by the remnant weeds from the seed bank. Continued monitoring of the 
restoration effort during the site preparation provides guidance on the acceptable amount of 
weed cover that should be present prior to native seed addition. 

For example, recent results from the South County Grasslands project provide guidance on the 
minimum weed cover that will facilitate the successful establishment of native vegetation from 
seed. The South County Grasslands project was initiated in 2010 by the Conservation Biology 
Institute (CBI) and TNC working with land managers in southern San Diego County. The goal of 
the project was to develop best management practices for habitat restoration of target species 
in conserved lands of western San Diego County, including native grasslands and forblands. 
Land IQ and CBI designed and implemented a habitat restoration experiment across eight study 
sites in four different South County preserves to test natural rainfall and seed-based restoration 
methods. Weed management was conducted for two years (2014-2015) following an initial 
dethatch in fall 2013. The sites were seeded in fall 2015 and monitoring was conducted in 
spring 2016 during the first growing season for the seeded material. 

Samples of native and nonnative cover were taken at native grassland restoration sites 
following seeding and plotted with the relative native cover as a function of absolute nonnative 
cover (Figure 6-5). Although the data show a large spread, the proportion of native cover goes 
up exponentially as absolute nonnative cover declines, suggesting that it is necessary for 
nonnative cover to be as low as 10% for native cover to reach its full potential (Land IQ and CBI 
2017). 

These data are not conclusive, but provide a rule-of-thumb, that nonnative plant cover needs to 
be reduced to <10% through weed management before seeding is initiated.  

During this time, it is anticipated that any existing native species present in the seed bank will 
develop, reach reproductive maturity and make new contributions to the native seed bank, 
which will provide additional clues to the restoration specialist regarding suitable vegetation 
community restoration targets. It is also noted that by suppressing weeds to a low cover, even 
before seeding native species, the soil can begin to recover and develop a cryptobiotic crust. 
Such biological communities on the soil surface consist of blue-green algae, lichens, mosses, 
fungi, and bacteria (Belnap 1993), and may be beneficial for the establishment of native plants, 
as speculated by Mattoni et al. (1997). Crusts increase mycorrhizal associations with plants 
(Harper and Pendleton 1993) and inhibit germination of exotic grasses (Belnap et al. 2001). 
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Figure 6-5 Relative Native Plant Cover Compared with Absolute Nonnative Cover  
One growing season after seeding of native grassland. Regression line was fit with generalized linear model. Box indicates 
region where nonnative cover is < 10%. Source: Land IQ and CBI 2017. 

 

Once weed management has progressed to a point where nonnative cover is low and the soil 
surface may have begun to develop a crust, then the site should be seeded. It is worth 
calibrating the timeline of performance to the first growing season after seeding, which is 
considered the “establishment year.” For example, a typical trajectory was documented for a 
cactus scrub restoration site located at the University of California Irvine (UCI) Ecological 
Reserve (Figure 6-6). Vegetation cover was qualitatively estimated for the first two years, until 
year 3, at which native shrub cover was quantitatively measured as only 16% and native 
herbaceous cover was 38%. Cover was qualitatively measured in year 4, then was quantitatively 
measured again in year 5, after a growing season with above-average rainfall, at which point 
the native shrub cover had increased dramatically to 67% and native herbaceous cover was 
slightly reduced to 32%. This sort of timeline, where significant native shrub cover is not seen 
until up to five years post-seeding, is to be expected and represents a normal dynamic when 
relying on natural rainfall in California coastal scrub vegetation communities.  
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Figure 6-6 Development of Cactus Scrub Habitat Established with Salvaged Cactus and 

Native Seed (Without Irrigation*), 2010–2017 

Cover of restored vegetation was quantitatively measured in years 3 and year 5. Cover estimates are compared 
with growing-season rainfall relative to 30-year average. *Limited irrigation was provided in the first planting 
season for salvaged cactus and elderberry container plants only; while the native seed mix developed solely with 
natural rainfall for establishment. Source: Land IQ 2017.  
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6.4 Adaptive Weed Management and Habitat Restoration Plan 
In this section, we present a three-step Adaptive Weed Management and Habitat Restoration 
Plan (Plan) that manages ecological uncertainty and minimizes fixed cost inputs to restoration 
projects by relying on natural rainfall: 

Step 1. Planning: The selection of ecologically appropriate habitat restoration sites 

Step 2. Weed Management: Adequate control of the weed population, including the 
nonnative seed bank, prior to native plant material addition 

Step 3. Seed Addition: Addition of native plant material—primarily achieved by seeding 

The Reserve management goals in this updated HREP can only be met with a cost-effective 
habitat restoration approach at the scale of tens and hundreds of acres. Based on the 
discussion presented here, the proposed approach is to use natural rainfall; leverage existing 
native seed banks; follow strategic weed management principles and focus on seed-based 
native plant material addition on timelines that are realistic.  

The three steps of the Plan are visualized in Figure 6-7 for a generalized habitat restoration plan 
(Plan) and explained in the following sections. Monitoring is a critical component to the Plan, as 
it informs decision making in all of the steps and allows for adaptive adjustments during 
implementation. 

6.4.1 Planning 
Project design begins with the Planning step, shown in the upper left-hand corner of Figure 6-7, 
and in more detail in Figure 6-8 and Figure 6-9. Figure 6-8 depicts the planning procedure for 
designing a project-specific habitat restoration plan, broken down into six parts, labeled A 
through F. Figure 6-9 shows the relationship of those same six parts of the planning step within 
the entire HREP process, including the information in Chapters 3–6 and Appendices B and C to 
the development of a project-specific habitat restoration plan. 

A. Wildlife Management Goals and Priorities 

In the Planning step, the wildlife management goals and priorities of the land owner are 
identified for the project (see part A in Figure 6-8 and Figure 6-9). The goals and priorities of 
each project depend on the nexus of landowner, local stakeholders, restoration opportunities, 
threats to wildlife, environmental laws, and funding opportunities—combined with 
coordination and consultation with the landowners and managers of adjacent conserved open 
space, the wildlife agencies, and NCC during the planning process to confirm that the project 
design is consistent with regional conservation goals.  

Wildlife management in the Reserve occurs in a complex and dynamic setting, involving the 
interaction of social, political, economic, cultural and environmental factors. Given these 
complexities, we recommend using conceptual models to understand and logically illustrate 
circumstances impacting wildlife. Conceptual models are easy-to-use and create tools that 
explicitly show the interrelatedness among factors affecting wildlife health with a diagram.  
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Figure 6-7 Model of the Generalized Adaptive Weed Management and Habitat Restoration Plan 
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Figure 6-8 Planning Procedure for the Design of a Project-Specific Habitat Restoration Plan 
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Figure 6-9 Procedure for Designing a Project-Specific Habitat Restoration Plan in Context of the HREP Update Document 
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The diagram can be as simple as a series of boxes that represent factors and arrows that show 
the relationships between factors and the focus of conservation (e.g., species or vegetation 
community). For an example of how to construct a conceptual model see “Using Conceptual 
Models to Document a Situation Analysis” (FOS 2009). The model should be based on the best 
available existing knowledge, and it can be updated with new information as it becomes 
available. Conceptual models are useful to understand threats to wildlife health and help 
identify factors that can be strategically influenced with management actions, including the 
implementation of habitat restoration and enhancement projects. 

B. Landscape-Scale Habitat Restoration Opportunities 

With the goals and priorities of the project identified, habitat restoration opportunities within 
the local land management area should be reviewed (see part B in Figure 6-8 and Figure 6-9), 
including the potential habitat restoration areas and priorities identified in Chapter 5 (see 
Figure 6-9), which prioritize degraded areas that are less likely to recover without intervention 
effort, and put less priority on degraded areas that may have potential to increase in native 
habitat value over long time periods. For each degraded area, which are mapped as polygons in 
the geospatial database described in Chapter 5, there are ranked vegetation communities 
(classified primarily at the Alliance or Group level) that are predicted to be suitable within the 
degraded areas. 

Predictions are provided in the geospatial database current conditions, as presented in Chapter 
3 (see Figure 6-9). The highest ranked predicted vegetation communities serve as a “rough 
draft” of habitat restoration targets for restoration priorities 1a, 1b and 1c, which are currently 
dominated by nonnative vegetation. Restoration priorities 2a, 2b and 3 had sufficient native 
cover in the 2012 Vegetation Map to be classified into a native vegetation alliance, which can 
be used to guide habitat restoration targets in these areas. Restoration priorities 4 and 5 are 
generally not considered candidates for habitat restoration because they already have a high 
native cover and low nonnative cover, however they may be monitored as part of an early 
detection and rapid response (EDRR) program for invasive plant species. 

Additionally, the model outputs can be reviewed for a single vegetation alliance of interest to 
see where it is predicted to be most suitable in the landscape under current conditions. For 
example, if the expansion of cactus wren habitat is planned, the cactus scrub (Opuntia littoralis 
Alliance) model prediction may be reviewed to identify the most suitable habitat restoration 
opportunities in the management area. The other model predictions for the same areas of 
interest should also be reviewed, and field investigations conducted to ultimately determine 
the suitability of the cactus scrub habitat restoration target. 

C. Field Assessment 

Once potential habitat restoration areas and vegetation alliance targets have been selected for 
a project, conduct a field assessment to get to “know your site” (see part C in Figure 6-8 and 
Figure 6-9). While the predictive modeling of vegetation alliances in degraded areas provides a 
Reserve-wide replicable analysis of suitability and the ability to conduct regional planning, field 
assessments are essential to validate and refine habitat restoration targets for a specific site. 
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Field assessments are conducted to collect information about site accessibility, environmental 
data to characterize the growing conditions at the site and botanical data to document the 
existing weed and native populations observable at the time of the visit. It is important to 
determine what constraints there may be to access for equipment or restoration crews because 
it will influence the selection of viable weed management and seeding methods. Environmental 
data may include soil samples, descriptions of the microtopography, geomorphology, or any 
other factor that is important for the ecology of the habitat of interest. Botanical data may 
include species lists, maps of plant populations and photo points (photographs at fixed 
locations) to establish a visual time series for the project. 

A visit to the field site provides more detailed and nuanced environmental and botanical 
information than is available in the geospatial database, which is invaluable for the 
development of project-specific habitat restoration plans. Field assessments can help reveal 
microsite heterogeneity, such as clay inclusions that are not mapped in the USDA soil survey, 
which may suggest opportunities for native perennial grassland (e.g., Stipa pulchra Alliance) 
restoration within a larger area of Californian coastal scrub vegetation alliances.  

The pattern of existing weed and native plants may also inform us about their surrounding 
growing environment (e.g. Pfieffer 2013) by serving as habitat proxy indicators, and can be used 
to help refine weed management approaches and habitat restoration targets. For example, 
high densities of wild oat, a nonnative grass with deep roots that tends to be located in more 
mesic soil conditions in southern California, that is located within a larger stand of annual grass 
dominated by nonnative bromes, may suggest opportunities for native perennial grassland 
restoration or an increase in native perennial grass (e.g. purple needlegrass) seeding rates in 
this area (EARTHWORKS Restoration 2006; and 2009; Land IQ 2011,  and 2014). Similarly, the 
presence of existing native goldenbush shrubs (e.g. Palmer’s goldenbush [Ericameria palmeri],) 
in nonnative annual grassland may be indicators of suitable conditions for native perennial 
grassland with a low to moderate shrub component. This contrasts with the presence of other 
native shrubs such as California buckwheat (Eriogonum fasciculatum) or the true native sage 
species (e.g. white sage [Salvia apiana], purple sage [S. leucophylla], black sage [S. mellifera]) in 
nonnative annual grassland, which may indicate suitability for a native shrub dominated 
vegetation alliance. Regardless, native perennial grasses (e.g. foothill needlegrass [Stipa lepida], 
purple needlegrass) are common understory plants in the native shrublands, and if included in 
sufficient rates in the restoration seed mix, then the microsite conditions can help sort which 
species are most suitable within the microsites of the landscape. This would result in a mosaic 
of habitat types of native shrub and grassland, where native perennial grasses are dominant in 
the appropriate site conditions. Furthermore, native grasses incorporated in the seed mix can 
serve as a component of the “nurse crop” that germinates more readily after seeding and that 
will provide weed suppression in the early stages of the restoration process. 

Observations of nearby extant stands of vegetation communities that occur in similar 
environmental conditions may also help inform the development of habitat restoration targets 
in the project area. Additionally, these extant stands may be useful reference sites for 
evaluating performance criteria during project implementation to help determine if project 
goals and/or permit requirements have been met. 
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While field assessments during the planning step may be limited in scope to observations 
during one season, these same types of observations should be continuously made by the 
restoration specialist throughout implementation of the project, especially during the weed 
management phase, to provide feedback for adaptive adjustments to weeding methods, seed 
mixes and resource protection. 

In addition to collecting information to help inform appropriate habitat restoration targets and 
implementation methods, the occurrence, or potential to occur, of sensitive or protected 
species need to be documented by a qualified biologist. Prior to going into the field, existing 
records of rare plants and animals should be reviewed, including the California Natural Diversity 
Database (CNDDB) (www.wildlife.ca.gov/Data/CNDDB). Some species require permits to 
conduct activities that may affect sensitive species and/or conduct standard protocol surveys 
including: 

• USFWS guidelines: www.fws.gov/sacramento/es/Survey-Protocols-Guideline 
• CDFW guidelines: www.wildlife.ca.gov/Conservation/Survey-Protocols 

If sensitive or protected species are detected—or have the potential to occur—in the project 
area or surrounding area (e.g., 500-foot survey buffer around the proposed project area), then 
approaches shall be developed to avoid or minimize impacts to these species in consultation 
with NCC and the regulatory agencies. Consultation with species experts for guidance, as 
appropriate, is also recommended. 

Other sources of data accessible in the office may be helpful to review prior to field 
assessments, including the following: 

• Historical aerials;  
• Current aerials to help identify access points;  
• USDA soil survey database: websoilsurvey.sc.egov.usda.gov;  
• Terrain visualized in geospatial software systems (e.g., Google Earth, ArcGIS, QGIS); and 
• Landowner policies (e.g., bans on the use of synthetic herbicides). 

D. Local Restoration Opportunities and Constraints 

Based on review of the landscape-scale habitat restoration opportunities (part B in Figure 6-8 
and Figure 6-9) and data from the field assessment (part C in Figure 6-8 and Figure 6-9), refine 
the scope of the habitat restoration project to reflect the local opportunities, constraints and 
management priorities (see part D in Figure 6-8 and Figure 6-9). 

For example, as seen in part C and D of Figure 6-8, field assessment may determine that one of 
the predicted vegetation alliances is not suitable for the habitat restoration site, in which case it 
is removed from the plan. And, another more suitable vegetation alliance that was not 
predicted by the model may be added to the plan based on the field assessment. The 
refinement of habitat restoration targets helps manage implementation costs and improves the 
quality of the project by focusing weed management and seed collection effort on the most 
suitable species for the site. 

http://www.fws.gov/sacramento/es/Survey-Protocols-Guideline
http://www.wildlife.ca.gov/Conservation/Survey-Protocols
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E. Hypothesis-Based Habitat Restoration 

With the final selection of habitat restoration targets made, we recommend explicitly stating 
habitat restoration hypotheses for the vegetation types being restored (part E in Figure 6-8 and 
Figure 6-9). General hypotheses for habitat restoration by vegetation type are presented in 
Appendix B, which can be replicated, adapted or replaced by new hypotheses that are 
appropriate for the habitat restoration project goals and site in question. 

Habitat restoration hypotheses explicitly state our current and best, evidenced-based idea of 
what interventions will restore the desired native habitat. The goals and methods of habitat 
restoration continue to change over time in response to the introduction of new conceptual 
frameworks for understanding how nature works (e.g., plant trait-environment relationships, 
community assembly), technological advancements (e.g., geospatial technology, improved 
seeding methods), inter-disciplinary efforts to address environmental challenges (e.g., climate 
change) and shifting societal environmental priorities (see review by Perring et al. 2015). As 
such, in an adaptive management context (e.g., see Stankey et al. 2005), we can iteratively 
evaluate projects during, and after, implementation to test and adjust restoration hypotheses 
to improve habitat restoration outcomes.  

Feedback from monitoring efforts can inform the design of habitat restoration projects, at least, 
at two scales: 

• At the scale of the individual habitat restoration project, as conducted by biological 
monitors and/or restoration specialists during implementation to inform weed 
management steps (e.g., type and timing of weeding methods) and seed addition (e.g., 
adjustments to seed mixes based on field assessments of the seed bank expression 
during the weed management period); and, 

• At the scale of regional monitoring programs, such as the vegetation monitoring 
program sponsored by NCC and conservation easement holders (e.g., TNC) that may 
inform habitat restoration trajectories based on surveys of vegetation stands across 
environmental gradients from the coast to the inland. 

F. Project-Specific Habitat Restoration Plan 

With site and vegetation community restoration targets selected, knowledge about site-specific 
implementation opportunities and constraints, and explicitly-stated restoration hypotheses to 
help strategically guide plan development, there is enough information to develop a project-
specific habitat restoration plan. 

Follow the generalized adaptive weed management and habitat restoration plan guidelines in 
this Plan (Section 6.4), combined with vegetation-type specific plan best practices (Appendix B) 
and other expert guidance (e.g., species experts), as appropriate, to develop a project-specific 
habitat restoration plan. Appendix C includes general habitat restoration specifications and 
guidelines to help develop site-specific implementation methods for habitat restoration and/or 
enhancement project(s). Land managers should select the most appropriate methods for their 
project based on site-specific constraints and opportunities, budget, available equipment, site 
access, and staff. 
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Oversight and Review 

The applicable reviewing entity (e.g., NCC, landowner/manager, Wildlife Agencies) should 
review individual habitat restoration and enhancement plans for projects within the Reserve 
lands, prior to implementation to ensure that the proposed project is consistent with the goals 
of the NCCP/HCP and that the methods are consistent with the HREP. 

Success Criteria for Habitat Restoration Projects 

Success criteria should be tailored to each habitat restoration project, based on factors such as 
wildlife management goals, regulatory requirements, vegetation alliances and the presence of 
rare, sensitive or protected species. For vegetation related success criteria, due to the 
significant effect of site and year (e.g., variable rainfall between years) on vegetation response, 
including diversity, cover and phenology (e.g., flowering, germination), we recommend that 
reference habitat samples (where available) be considered for inclusion in success criteria.  

For habitat restoration projects implemented as mitigation within the Reserve, restoration 
plans should specify the types of remedial measures that to be implemented should the project 
not achieve the required success criteria, including acreage or performance standard targets. 

6.4.2 Weed Management 

Initial Dethatch 

Dethatching is the initial stage of weed management and is implemented in fall (prior to the 
first significant rainfall), if needed. Thatch removal exposes bare ground and maximizes weed 
germination from the seed bank for the grow-and-kill treatments. There are several potential 
methods of dethatching described below. The most appropriate and feasible clearing method 
should be selected. For example, grazing or prescribed fires may not be allowed in certain sites. 
In general, for larger restoration sites, managed livestock grazing (e.g., goats) or the use of 
mechanical equipment, such as mowing and windrowing to remove thatch is recommended. In 
smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed.  

The initial site clearing activity should be timed outside of the breeding season for all sensitive 
species present at the site, if feasible. A qualified biologist shall conduct pre-clearing surveys to 
document the location of occupied areas and determine if any buffers or mitigation measures 
are necessary to avoid impacts to sensitive or protected species. If protected species are known 
or expected to occur in the restoration site, or are detected during implementation, then 
appropriate measures shall be taken, including the documentation of occupied areas, 
applicable protocol surveys by a permitted biologist, and consultation with the resource 
agencies. A qualified biologist shall monitor restoration activity, as needed, to avoid and 
minimize impacts. 
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Grazing 

Grazing can be an effective method for dethatching. Goats are the preferred livestock for 
dethatching, as they do not pull plants up by the roots, create little ground disturbance and eat 
a wider variety of weed species. Grazing eliminates the need for mechanical thatch removal 
and provides soil fertilization. A disadvantage of grazing is the indiscriminate consumption of 
desirable native species. Herders experienced with grazing in habitats with a native component, 
can manage grazing to limit impacts to native plants by moving the herd slowly through an area 
to clear weed material instead of holding them for longer periods in a corral. 

Goats and fire are inappropriate dethatching methods for restoration areas that are relatively 
small in size, patchy in distribution, or do not have sufficient density of material for feed (goats) 
and fuel (wildfire). 

Most native species can tolerate minimal grazing by goats and some species may even benefit 
from a limited amount of grazing which can encourage new growth and expansion. However, 
the degree of grazing on native species should be carefully monitored and managed by the 
herder and restoration specialist.  

Another consideration for the use of goats is having to supply potable drinking water for the 
herd daily, which may not be feasible in all locations because of lack of nearby water supply or 
access by water truck. 

Mowing 

Mowing is an effective method to break down the thatch and can be accomplished with large 
equipment such as a flail or rotary mower attached to a tractor or other mechanical equipment. 
Mechanical mowing may not be feasible in all areas, such as sites with limited access or rocky 
sites that pose a fire threat (i.e., if mower blades strike rocks creating sparks that may start a 
fire) or sloped areas with heavy soils that retain moisture too far into the spring. Hand-held 
tools such as line trimmers can be used in these instances however, mechanical mowing is 
more cost-effective. Following mowing, the cut material should be raked using mechanized hay 
rakes and gathered into windrows to be collected into mulch piles and/or removed from the 
site or raked by hand if equipment access is limited. Leaving the thatch material onsite in mulch 
piles or in adjacent buffer areas is more cost-effective than removing it due to high transport 
and dumping costs (as discussed in more detail below). 

Fire 

Prescribed fire (subject to burn permits) can be used to remove thatch where natural fire 
events are infrequent compared to the natural return interval for that habitat. Alternatively, a 
wildfire event can be used as the initial dethatching treatment on a site if there is little or no 
subsequent thatch buildup before the first subsequent grow-and-kill treatment. In some cases, 
opportunistically using a wildfire event as the dethatching event is not effective because either 
the burn wasn’t intense enough to consume enough thatch, or a nonnative annual grass thatch 
may build up again before the site can be accessed for subsequent weeding treatments—in 
which case, a second dethatching event will still be necessary. 
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Hand Methods for Small Areas 

In smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed. 

Exceptions 

Dethatching may not be necessary in restoration areas that have a naturally low weed load. For 
example, a forbland habitat restoration site with shallow soils lain over bedrock that has limited 
weeds would not require dethatching prior to the first grow-and-kill treatment. 

Adaptive Weed Management 

Implement the grow-and-kill method using natural rainfall for a minimum of three years for 
effective control of the weed seed bank. With good rainfall in both years, it may be possible to 
adequately control the weed seed bank in two years, but this is not common. 

Apply at Least Two Weed Treatments per Year 

Typically, weed treatments are applied at least twice per year: once in winter to maximize 
control of nonnative annual grasses and early germinating forb species such as black mustard 
(Brassica nigra); and, again in spring to control nonnative forbs that germinate and mature later 
in the growing season. Depending on the year and site, apply a third treatment in late spring or 
summer for later emerging species, such as Russian thistle (Salsola tragus). For some wetland, 
riparian or alkaline habitats, a third treatment may be more commonly required in late summer 
or early fall. Ultimately, the total number of treatments in a year will depend on weather 
conditions and weed species present at the site. 

In general, one herbicide treatment event controls weeds better than one mowing event; 
however, both treatments reduce weed populations in the seed bank effectively. Mowing may 
require more years of management to achieve the same effective control as the application of 
herbicide.  

Weed treatment options include: 

• Apply herbicide at least 2x/year (winter post-emergent grass-specific herbicide and 
spring post-emergent broad-spectrum herbicide). Damage to mature purple needlegrass 
plants when sprayed with Fusilade® DX to control nonnative grasses is minimal if applied 
in early winter; thus, this herbicide is appropriate for use in management areas with 
existing purple needlegrass cover. 

• Mow at least 2x/year (winter and spring), prior to seed set. Individual purple 
needlegrass plants tolerate mowing, particularly after seeds mature (Tilley et al. 2009). 

• Use a combination of herbicide and mowing at least 2x/year (winter and spring), such as 
a winter post-emergent grass-specific herbicide followed by spring mowing. 

In drought years with low weed loads, fewer treatments per year may be required. In this case, 
reserve weed management budgets for future treatments such as may be necessary in wetter 
years. Conversely, higher rainfall years with greater weed productivity may require additional 
treatments per season in that year (e.g., late spring or summer). 
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Assess the need for a third, summer treatment for summer flowering weeds, depending on 
their density or productivity, especially as bare ground increases over time with increasing 
control of winter and spring flowering weeds in the seed bank. 

Choice of Methods is Site Specific 

Select the most effective weed management method that is feasible for the specific site and 
habitat management objective. Select the appropriate weed treatment method to address 
target habitat(s), focal weed species, land manager constraints, site accessibility, and soil 
surface conditions. Control methods can include the following, as appropriate: 

• Physical Control Methods: 

o Mow (e.g., flail or rotary mower attached to a tractor or skid steer) (e.g., Figure 
6-10 and Figure 6-11) 

o Line trim (e.g., hand operated line trimer with a string) (e.g., Figure 6-12)  

o Hand pulling or cutting, where appropriate (e.g., hand cut with a blade) 

• Chemical Control Methods: 

o Post-emergent herbicide broadcast foliar spray application (e.g., truck mounted 
spray system) (e.g., Figure 6-13) 

o Post-emergent herbicide spot spray foliar application (e.g., backpack sprayer) 
(e.g., Figure 6-14) 

o Stump cut and herbicide treatment, as needed 

Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
access for equipment. Nonnative seedlings and flowering plants shall be controlled prior to the 
production of viable weed seeds in order to reduce contributions back to the weed seed bank. 
Soil disruption should be kept to a minimum to reduce the germination of new weed 
individuals, injury to native species, and disturbance to biological soil crusts. However, during 
the site preparation phase, in instances in areas with no biological crusts and low native cover, 
limited soil disturbance, such as from mowing equipment can be beneficial to promote weed 
seed germination and increase weed control efficiency. 

Use only post-emergent herbicides. Do not use pre-emergent herbicides, which will prevent 
native seedlings from developing. Adjust herbicide application rates based on the focal weed 
species. See Appendix C for sample specifications for weed management control methods. 

Careful weeding needs to be done by trained crews to avoid damage to native species in areas 
with significant native cover or sensitive species. Adaptive management is key to success and 
includes regular monitoring by the project biologist or restoration specialist to guide the 
scheduling and selection of control methods. 
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Figure 6-10 Example of a Rotary Mower Attached to a Skid Steer 

 

 

 
Figure 6-11 Example of a Flail Mower Attached to a Skid Steer 
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Figure 6-12 Example of Line Trimming 

 

 
Figure 6-13 Example of Herbicide Application with Wand on a Retractable Hose Connected to 

a Truck Mounted Spray System 
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Figure 6-14 Example of Herbicide Application with Backpack Sprayer 

 

Mechanized Methods are More Cost-Effective than Hand Methods 

Mechanized weed control methods cost less, are as effective as hand weed control methods 
and are more time efficient, particularly in larger restoration sites will less native cover: 

• Mowing is less expensive than line trimming. 
• Truck mounted herbicide spray system applications are less expensive than backpack 

sprayer application. 

Line trimming can effectively replace tractor mowing for smaller restoration sites (e.g., <1–2 
acres) or sites that are inaccessible by mechanized equipment however, line trimming is costlier 
because of the increase in labor time. 

Restoration crews should substitute line trimmers or backpack sprayers for mechanized 
methods and larger equipment when working around dense native plants or in smaller project 
areas. 

Timing is Critical 

Observe the focal weed species onsite closely to determine the optimal time for treatment. If 
there is significant variation in conditions throughout a site, then the application of treatments 
may need to be timed differently to control weeds. Treatment often occurs earlier in warm, dry 
locations and later in cool, moist locations, depending on the phenology of plant species and 
their response to soil moisture stress (e.g., timing of flowering).  
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For example, treat nonnative annual grass prior to seed set, because viable seed can still form if 
seeds reach the “milk stage”. In general, grass needs to be tall enough to cut the grass to the 
desired height, which can be a challenge in areas with uneven terrain. If the grass is cut too late 
(e.g., at the milk stage or after), then viable seed will replenish the weed seed bank even after it 
has been cut. If nonnative annual grass is cut too early, there is a greater chance for re-growth 
and flowering following subsequent rain events. 

Consistent and Thorough Weed Treatment is Key 

Manage weeds as consistently and thoroughly as possible between years during the weed 
management step. Gaps in treatments within and between years can significantly lengthen the 
time to reach weed management objectives and thresholds prior to seeding. 

Adjust Methods and Timing Yearly, as Needed 

Adjust weed control methods and timing each year, as needed, based on weed phenology and 
weather conditions. For example, a rotary mower may be used to cut nonnative annual grasses 
initially, but may be replaced later by a flail mower, which can cut closer to the ground, as 
nonnative grasses decrease in stature and abundance in response to weed management 
efforts. Over time, as the weed seed bank is depleted and weed cover decreases during the 
growing season, the increased amount of bare ground results in higher rates of evaporative loss 
of soil moisture. Many annual grasses respond to the increased water stress by growing shorter 
stems and flowering earlier in the season and thus, may require subsequent adjustments in 
weed management methods and timing 

Tailor Treatment Method to Focal Weeds 

In some cases, it may be necessary to tailor the treatment method to the focal weed species 
because of growth habit. For example, controlling purple false brome (Brachypodium 
distachyon) can be difficult because it can have a low or prostrate stature when flowering 
making it impossible to cut the flowering parts with a rotary mower. In this case, flail mowing is 
an effective option as it allows cutting closer to the ground (except on rocky sites). In winter, 
post-emergent grass-specific herbicide is the preferred treatment for purple false brome. 

High Priority Invasive Plants 

It may be necessary to control high priority invasive species with additional targeted weeding 
treatments, up to several times a year. Use species-specific BMPs or treatment methods on 
these species if common weed treatment methods don’t work. See Appendix C for sample 
specifications for control of common invasive weed species, or consult weed management 
guides or experts, such as Invasive Plants of California’s Wildlands (Bossard et al. 2000), Weed 
Control in Natural Areas in the Western United States (DiTomaso et al. 2013) or the University 
of California Cooperative Extension and Agricultural Experiment Station, Weed Research and 
Information Center (wric.ucdavis.edu). 

Leave Cut Material Onsite 

In general, leave mowed or line trimmed material in-place to decompose, unless a substantial 
amount of nonnative biomass accumulates and inhibits germination of the native seed bank. 
Leaving cut weed material (without viable seed) in place reduces or eliminates disposal costs 
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and provides wildlife habitat. The material will decompose over time; however, it is important 
to continue weed treatments to avoid significant thatch build up. 

Place cut weed material with viable seed in mulch piles outside sensitive areas. If weed seeds 
germinate in the piles in subsequent seasons, treat them with herbicide or cut flowers prior to 
seed set. Costs to control germination from mulch piles are typically minimal. Alternatively, cut 
material with viable seed may be properly disposed of offsite if preferred. 

An exception to leaving cut biomass in place is when an herbicide that retains the active 
ingredient in the dead plant material (e.g., clopyralid) is used. In this case, collect and mulch the 
biomass in a buffer area or remove and properly dispose of the material off-site. 

Consider a Weed Management Buffer 

Consider creating a weed management buffer outside and adjacent to the restoration area if 
weeds in the adjacent, unrestored area are a significant source of weed seed. Mowing the 
buffer twice per year (winter and spring) prior to seed set is a cost-effective method of 
managing the weed seed bank in the buffer. A grazing program may also be effective if it is 
designed to achieve weed management objectives and is consistent with wildlife management 
goals for the Reserve. 

Consider Phasing of Large Projects 

For large restoration areas, consider phased implementation of the weed management 
program to (1) ensure consistent, well-timed and thorough treatment with available resources, 
and (2) retain some local wildlife habitat during project implementation (e.g., raptor hunting 
grounds within existing nonnative annual grasslands). 

Allow for “Stuck” Sites in Restoration Area 

We recommend allowing for inclusions of weedy/nonnative “stuck” sites (smaller problematic 
areas within a larger habitat restoration project) that are not cost-efficient to restore but may 
have some wildlife habitat value. This would involve increasing the gross total project area 
under adaptive weed management to allow for some number of “stuck” sites, such that the 
remaining net area of habitat restoration and enhancement still meets project goals, NCC 
wildlife management priorities and/or any applicable mitigation requirements. “Stuck” sites 
may be prioritized for more intensive management in the future, if warranted. 

Part of successful habitat restoration projects is planning for potential failure. Consideration 
should be given to allowing “stuck” sites to remain as isolated nonnative dominated vegetation 
communities. Assuming that the larger project area has been adequately managed and best 
practices applied to planning and implementation of the habitat restoration project—as 
evidenced by successful achievement of habitat restoration goals and performance criteria for 
the rest of the project area—relatively small areas that are resistant to habitat restoration 
efforts may be best left alone. However, it is advised to treat and eradicate highly invasive plant 
species that could readily invade the restoration area.  

For example, some nonnative annual grasslands or upland mustard fields may require 
significant levels of intervention to restore. Given the sometimes-limited resources available for 
habitat restoration, if these areas become apparent during the course of implementation and 
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prove extraordinarily difficult to restore, then resources may be best directed to management 
of other areas where they will have a greater impact on ecosystem health. Nonnative annual 
grasslands currently occur in the landscape of the Reserve alongside native vegetation 
communities with stable boundaries; and, while they are not high-quality habitat, they still 
provide important habitat for raptors and snakes that may not be available elsewhere in the 
Reserve. Therefore, it can be more cost-effective to allow small “stuck” sites to remain within 
the context of the restoration of a large area, recognizing their existing habitat value and 
redistributing management resources elsewhere. 

It is recommended that the potential for “stuck” sites be incorporated upfront into the 
development of project-specific habitat restoration plans, when it is appropriate for the 
ecosystem and the goals of project. This is especially salient when habitat restoration is being 
conducted as compensatory mitigation for impacts according to environmental law and 
regulation. For example, if 10 acres of habitat restoration are required, and there is potential 
for a combined area of 1 acre that may be difficult to restore, then the permittee and/or other 
regulated entities, should consider increasing the habitat restoration area to at least 11 acres. 
This approach allows the permittee to manage risk by accepting the known, up-front cost of 
implementing adaptive weed management and seed addition for 11 acres, with the 
understanding that only 10 acres are required to meet their obligations for mitigation. Thereby, 
the permittee reduces the risk of incurring a significant unknown expense for intensive 
remediation of “stuck” sites and the potential risk of not achieving acceptance for the total 
required restoration acreage. Since the site preparation weed control phase for a natural 
rainfall driven grow-and-kill program is a minimum of three years, the “stuck” sites can 
potentially be established prior to the seed addition step (i.e., active restoration) of the project 
and the final seeding areas can be pre-determined and delineated prior to seed installation to 
reduce the amount of “wasted” limited seed resources. 

Not every habitat restoration project would be appropriate for this approach, but if accepted by 
the applicable regulatory agencies, landowner and the NCC, it would provide the opportunity to 
increase the health of the Reserve over a larger area than would otherwise be achieved; and 
enable the permittee to manage the risk of unanticipated, higher project costs than was 
originally budgeted. 

Wildlife Protection 

Restoration activities and other disturbances such as grazing, mowing or herbicide application 
should take place to the extent possible outside of the bird breeding season (generally February 
15 to September 15 or as determined by applicable project specific permit conditions) and 
raptor breeding season (January 1 to September 15), as applicable for a project site. 

Prior to the start of restoration activity during the bird breeding season, a qualified biologist 
shall conduct pre-work surveys to document the location of occupied areas and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 
species. If protected species are known or suspected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
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consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Often, after the initial dethatching event and during the implementation of weed management, 
there is little usable habitat for nesting birds and other wildlife as the nonnative vegetation is 
being actively controlled. Hence, risk to wildlife is minimized. However, depending on the size 
of the applicable buffer to protect sensitive nesting bird species established by the biologist, 
required by permit conditions and/or after consultation with resource agencies, adjacent 
existing habitats to the restoration area should also be included in the surveys to determine if 
the necessary buffers include portions of the active restoration area and protection is required 
during restoration activities. After the site is revegetated with native material, either through 
seeding at the end of the weed management step and/or through natural recruitment, the 
opportunities for wildlife use of the habitat restoration area will increase. 

Grazing 

Please note that grazing for weed management is not included in this Plan, other than use for 
an initial dethatching event, as discussed above. Ungulate grazing (e.g., cows, sheep and goats) 
can be implemented to achieve wildlife conservation and/or fuel management goals in certain 
circumstances but requires careful collaboration between the grazer and land manager with 
monitoring oversight and feedback from a trained rangeland manager and/or restoration 
specialist. Grazing is not appropriate for all lands, habitat types and landowners. In some 
circumstances, it may be necessary to exclude livestock from certain areas where grazing may 
negatively affect wildlife habitat, cause erosion or degrade water quality. Consult with the 
wildlife agencies and NCC to ensure that grazing is compatible with the conservation values of 
the Reserve.  

If grazing is being considered for routine land management other than a dethatching event as 
discussed above, a grazing management plan should be developed that includes the following 
features: (1) establish the wildlife management goals and objectives for land to be grazed; (2) 
identify the habitat requirements of focal vegetation communities and wildlife species (e.g., 
avian nesting periods); (3) create conceptual models that show the relationships among factors 
that influence or threaten the focus vegetation communities or wildlife species, including 
factors related to grazing (conceptual models can be a simple diagram with boxes and arrows 
that clearly and concisely represent the causal relationships among factors that impact the 
focus species); (4) determine what forage is available for livestock and at what times and for 
how long; (5) determine if supplemental feeding and/or seeding will be necessary to provide 
enough nutritionally balanced forage; (6) determine stocking rates based on available forage 
quality and quantity; (7) analyze the conceptual models and impacts from grazing to determine 
the most strategic factors to manage in order to meet the wildlife management goals for the 
land, and also consider alternative or complementary weed management methods (e.g., 
herbicide or mowing) that may result in better conservation outcomes; (8) identify the 
appropriate timing and frequency of grazing to allow adequate rest periods to provide 
adequate plant residue for avian nesting and wildlife cover, as well as to maintain or enhance 
the diversity of vegetation structure to benefit a variety of wildlife species; (9) develop a 
monitoring program to assess the effects of grazing on vegetation communities and sensitive or 
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protected species; and (10) adaptively manage the grazing program to achieve conservation 
goals, maintain the health of the herd and meet the needs of the grazer. 

Other considerations to note for grazing is having to supply potable drinking water daily for the 
herd and to provide an appropriate place for the herder to set-up “camp” near the restoration 
site to manage the herd on a 24-hour basis. Also, for most grazing operations, herding dogs are 
used and on-site at all times with the herd for protection and to manage movement of the 
herd. 

Monitoring for Weed Management  

Monitoring is an essential part of the adaptive management process because it provides critical 
feedback for management decisions during all phases of restoration. During the weed 
management (i.e., site preparation) step and the subsequent establishment of seeded native 
material, monitoring consists of regular site visits to assess the entire restoration area and 
observe plant health and general site conditions. Based upon the monitoring observations, 
weeding schedules are created and adaptive management measures prescribed, as necessary. 
Qualitative monitoring of the restoration site at the appropriate time of year (based on target 
habitat type) following installation provides feedback on site development, progress towards 
reaching the final goals of the project, and identification of remedial measures, as necessary.  

Monitor restoration areas to inform: 

• Selection of restoration targets, seed mixes, and weed treatment methods 

• Strategies to avoid and minimize impacts to sensitive biological resources 

• Optimal timing and frequency of weed treatments, based on phenology and weed 
cover 

• Weed control methods, based on within-site and between-year variation in weed 
phenology and any native plant recruitment 

• Seed addition needs, based on native species recruitment from the soil seed bank 

• Seed mix composition and seeding rates, based on field observations of microsite 
conditions and native species recruitment from the seed bank 

Monitoring methods that are practical for managing large areas may include a combination of 
the following: photo points, qualitative vegetation cover estimates (e.g., relevé samples), 
species lists and mapping of high priority invasive species.  

Qualitative monitoring should take place each year in mid-spring for most vegetation types to 
capture the majority of annuals as well as perennial species and the full year of growth and 
development of the habitat. Qualitative vegetation cover can be assessed by estimating cover 
from a walk-over survey or at discrete points throughout the restoration site to determine 
overall cover for native, nonnative, and non-vegetated areas (bare ground and/or plant litter) 
for the restoration site. Species richness can be determined by generating a species list of all 
observed species within the restoration area to provide information on the community 
structure of the site and the change in species overtime. Photo documentation at permanent 
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photo points can be established for photographic documentation on the development of the 
restoration site for year-to-year comparison. These methods of estimating vegetation cover and 
distribution are cost-effective over large management areas and provide enough detail to 
inform adaptive management decisions (e.g., timing of weed treatments). 

Weed Management Thresholds 

Adequate weed management prior to seeding reduces total effort and cost, therefore it is 
important to determine at what point weed management can end and native plant material can 
be installed. Manage weeds in treatment areas for at least three years, including two years of 
average or greater than average rainfall, to ensure that any native seed in the existing seed 
bank can respond to managed site conditions. As a rule-of-thumb, the site is ready for seeding 
when absolute weed cover is approximately ≤10 %, as determined by qualitative monitoring 
prior to treatment in the season with the greatest weed production for the site (e.g., winter, 
spring or summer weeding periods). 

Assessment of the site includes native and nonnative cover, species list of native and nonnative 
species present, and the amount of successful natural recruitment. If a restoration site has low 
cover and/or diversity of native species, the addition of native propagules will likely be 
necessary to achieve the objectives and goals of the habitat restoration project.  

Where weed cover is variable across a project area, add seed into areas with low weed cover 
(≤10% cover) and continue to treat areas with high weed cover (≥10% cover). In some cases, 
seed addition may not be necessary if there is sufficient native species recruitment from an 
existing seed bank. The decision to adjust seed mixes, or to not add any native seed, should be 
made by the land manager or restoration specialist based on monitoring observations during 
the weed management program, including native seed diversity and cover, compared with 
habitat restoration goals for the site. 

For areas with high weed cover, continue weed management until achieving the target 
threshold (≤10% cover) for focal weed species. This threshold may be refined in the future with 
additional monitoring data. 

Less frequently, a restoration site may have a large existing native seed bank. In this case, weed 
management will necessarily become more labor intensive, as more effort is spent avoiding 
natives to control weeds. While there will be an increase in labor, time and cost for weed 
management, there is a corresponding cost savings in the number of species and total amount 
of seed material needed for the site—which should help to balance the total cost of the 
restoration project. 

High priority invasive species should generally be controlled to less than 5% cover prior to 
seeding or planting, depending on what is feasible, the habitat restoration goals of the project, 
and the resource management priorities of the land manager. The success criteria for a project 
may require lower cover values by the end of the project for specific high priority invasive 
species. 
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6.4.3 Seed Addition 
Native plant material will be primarily added to the habitat restoration area by seed after it has 
achieved weed management thresholds (discussed above). Restoration success is in large part 
dependent upon proper site preparation during the weed management step. It is very 
important to gain adequate control of nonnative species prior to installation. Weed 
management should continue until the weed management threshold is achieved rather than 
installing plant material too soon. 

Seed installation can be achieved by several methods, including drill seeding, imprint seeding, 
broadcast seeding, hydroseeding, and the seed ball technique. The determination of seeding 
method will be dependent upon site conditions and accessibility. Larger sites that are accessible 
by equipment can be efficiently seeded mechanically with a drill seeder, imprint seeder, 
hydroseeder or broadcast seeder. Smaller sites, sites with a high density of native species or 
with unavoidable populations of sensitive species can be seeded (optimally during the fall 
season) by hand broadcast or the seed ball technique.  

An effective method for seed application on very steep slopes (≥1.5:1) is the hydroseed method 
as the mulch provides an erosion control blanket when using materials such as Flexterra® 
FGM™. 

Seed Mix Design 

A well-designed seed mix is essential to the establishment of a diverse and sustainable native 
vegetation community. Seed species should be selected to include the appropriate level of 
diversity for the target vegetation community and based on the site conditions (e.g., soil type, 
hydrology, slope, aspect, landscape position). Seed mixes can also be augmented with 
additional species that are typical of the vegetation communities predicted to be suitable in the 
future (e.g., Riordan et al. 2018), which will help facilitate potential future shifts in plant 
assembly. 

Plant Functional Groups 

Seed mixes can be developed by first identifying the key plant functional groups that are 
ecologically relevant for the target vegetation community, which may include some of the 
following: 

• Early establishment nurse crop; 
• Erosion control annuals; 
• Early successional shrub species; 
• Mid-story mature shrub canopy species; 
• Native grasses; 
• Native herbaceous species (annuals and perennials); and 
• Native trees. 

  



 

 Page 149 of 185 

Recommendations for appropriate plant functional groups and seeding rates for the following 
vegetation types are provided in the Appendix B of this document: 

• Scrub and Chaparral 
• Native Perennial Grassland 
• Forbland 
• Woodland 
• Riparian 
• Freshwater Wetland 

It is important to include species that may not be common in the mature, established 
vegetation community (such as those observed in reference stands) but are common in the 
community following a natural disturbance, such as wildfire. These species may be found in any 
of the plant functional groups but are particularly represented in the early establishment nurse 
crop and early successional shrub species groups. Including these species not only fortifies the 
seed bank with components necessary for post-disturbance recovery, but they also provide the 
same function in the habitat restoration seed mix. In the case of restoration from seed, the 
disturbance is artificially created by the weed management efforts, which allows the seeded 
natives to establish from a low thatch, higher bare ground cover condition. 

Erosion control annuals are often included, especially on slopes to provide a cover crop that will 
help stabilize erodible soils, compete with annual weeds during the early establishment period 
and provide time for the native seed mix to germinate and establish. Erosion control annuals 
may be selected that are not locally native, but native to California or the western United 
States, because they readily germinate and quickly mature. However, care must be taken to 
select species that will not compete with the rest of the native seed mix. Erosion control 
annuals should be selected that will eventually diminish from the restoration area by year two 
or three, due to their life history traits. 

Native annuals, such as Plantago erecta and small fescue (Festuca microstachys), can be 
effective erosion control species, but factors of site (e.g., soil substrate) and year (e.g., rainfall 
amounts) will influence germination rates, density and plant size of species (e.g., Espeland and 
Rice 2007)—and, consequently their relative effectiveness for early erosion control. Plantago 
erecta is a widespread and common species in California, but it can be difficult to make 
sufficient local wild collections for restoration projects; however, P. erecta is available from 
seed suppliers with commercially bulked seed production fields at reasonable costs. P. erecta is 
an important host plant for more than one taxon of checkerspot butterfly, including the 
federally endangered Quino checkerspot butterfly (Euphydryas editha quino), which has been 
apparently extirpated from Orange County, with remaining populations in San Diego County 
(Mattoni et al. 1997). Therefore, if sensitive checkerspot butterflies are known or expected to 
occur in the restoration area, then non-local, field bulked seed should be used cautiously in the 
seed mix. We recommend consulting with species experts to determine if the use of P. erecta, 
or any other commercially bulked seed is a threat to local wildlife—and if so, identify a suitable 
alternative species to perform a similar function in the seed mix. 
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Criteria for Species Selection 

Consider the following factors when selecting the appropriate species to include in the seed mix 
for each relevant plant functional group: 

• Site conditions 
• Species traits 
• Seed sources 
• Seed cost and availability 

Site conditions to consider include the following: soil type, soil moisture conditions, hydrology, 
slope, aspect, landscape position and microclimate of the site. Every plant species has a set of 
unique traits that determine the environmental conditions needed for survival (i.e., species 
ecological niche). Selecting species that have suitable traits for the range of environmental 
conditions at the site will help ensure successful establishment. For example, soil type, 
including soil texture and organic matter content, are important in determining the available 
rooting depth, capacity of soil to hold water that is available to plants (i.e., available water 
capacity), the rate at which water drains through the soil profile (i.e., infiltration rate), and soil 
chemistry (e.g., pH, nutrient availability, salinity). Depending on soil type and other site 
conditions (e.g., landscape position, hydrology, slope, aspect and rainfall), the soil moisture of a 
site may be classified as hydric (wet), mesic (moderate moisture) or xeric (dry). Hydric soils are 
poorly drained with standing water for at least part of the growing season and are usually 
associated with wetland plant species. 

The aspect of a slope (i.e., direction it faces) and its slope (i.e., how steep it is) affect the soil 
moisture as well by influencing how well drained a soil is and the amount of solar radiation it 
receives. The upper part of a slope is typically drier than the lower part of the slope. South and 
west facing aspects are relatively more xeric than north and east facing aspects at the same 
elevation (for the Northern Hemisphere). Consequently, aspect and slope form soil moisture 
gradients that influence species distribution and assemblages. These differences can often 
result in striking transitions in vegetation communities, as seen in the Reserve where a north-
facing slope with more mesic conditions may be dominated by chaparral plant species with 
sclerophyllous leaves (i.e., typically evergreen, hard, thick, leathery, small leaves) that form a 
closed shrub/tree canopy—and on an opposing south-facing slope, the more xeric conditions 
may support Californian coastal scrub that is dominated by drought-deciduous shrubs with an 
open canopy. 

Species traits to consider after characterizing the site conditions may include the following: 
geographic range and the population distribution within that range, seed dormancy, life span, 
growth form, plant height, root morphology, resprouting capacity after disturbance, nutrient 
requirements (e.g., phosphorus, lime [calcium carbonate]), pH and salinity tolerance, light 
requirements, and phenology, such as the seasonal timing of seedling emergence and 
flowering. Phenology of the species is important to consider. Some plants germinate, grow and 
flower in fall and spring (i.e., cool-season plants), while others germinate in spring, grow and 
later flower in summer (i.e., warm-season plants). The lifespan of a plant can be classified as 
annual, biennial or perennial. Many of the annuals in a seed mix will be common in the first few 
years after seed addition, which will provide cover, reduce weed abundance by competing for 
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resources and make contributions to the native seed bank to help facilitate recovery following a 
future disturbance (e.g., wildfire). As the perennial species germinate and grow, there will be a 
shift in dominance to perennial species that will provide longer-term structural stability and 
persistence in the vegetation community. Components from both annuals/biennials and 
perennials are essential to sustainable habitat restoration, which is why life span is included in 
the classification of plant functional groups used to design seed mixes (see above). 

Identifying appropriate seed sources is an on-going challenge for land managers and restoration 
specialists. In general, seed from local wild populations in the same bioclimatic region as the 
restoration site is preferred. In addition to local wildland collection, seed can be obtained from 
the following sources: a wildland collection from a broader geographic range within a similar 
bioclimatic profile, first- (F1) or second-generation (F2) nursery bulked seed from special local 
collections, or commercial seed production fields. Special collections of seed from local 
wildland can take multiple years, depending on the availability of the specified species each 
year; therefore, once the seed mix is designed, the seed collection program should start 
concurrently with the first years of weed management of a restoration site, to ensure that the 
seed collection is ready and a sufficient amount has been collected (especially for the key target 
species) by the time installation is planned (e.g., in the fall of year 3 of a project). 

Sources of seed for rare, sensitive or protected species, or such species that have critical 
ecological relationships with wildlife (e.g., food plant species for butterflies) must be selected 
carefully to maintain the fitness of the plant population based on best available information. 
Species experts, wildlife agencies and NCC should be consulted for guidance on appropriate 
seed sources in these circumstances. 

In general, it is advisable to maximize the diversity of seed mixes within each plant functional 
group included in the seed mix design. However, seed cost and availability ultimately control 
the number of species that can be included in a seed mix. The commercial price of seed varies 
based on its annual availability and difficulty to collect, effort to clean and test, viability in 
storage (e.g., some species lose most of their viability after less than one year in storage) and 
demand in the marketplace. Deciding on which species to include depends on the goals of the 
habitat restoration project, planned native vegetation communities, and the balance of seed 
mix diversity with target seed application rates. 

If the restoration area to be seeded has a high probability of developing into more than one 
different vegetation alliances (e.g., based on model outputs from Chapter 3 and/or field 
assessments), consider increasing the diversity of the seed mix and allowing the microsite 
conditions in the restoration area to determine the appropriate assemblage of species. In this 
way, we can leverage nature to establish ecologically-appropriate vegetation communities. 

Pure Live Seed (PLS) Seeding Rates 

After species have been selected to represent each plant functional group in the seed mix, then 
seeding rates for each species need to be specified. The amount of pure live seed must take 
into account seed loss to predators and various time for germination of types of seed. An 
example of seed mix design is presented in Table 6-1 for the Californian coastal scrub 
vegetation type. Five plant functional groups have been selected, with a range of species 
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diversity (i.e., number of species) recommended for each plant functional group. For each 
species the desired abundance in the area to be seeded (e.g., common, occasional) can be 
stated to guide seeding rates, which will be specified as pure live seed (PLS) per unit area. PLS is 
the viable seed in a seed collection lot that will readily germinate, excluding inert matter, other 
crop seed species, weed seed species, dormant seed and non-viable seed. In the following 
example, square feet (sqft) is the area used for designing the seed mix, because it is easier to 
imagine than a larger area, such as an acre of land.  

 

Table 6-1 Example of Californian Coastal Scrub Seed Mix Design Target Ranges 

Plant Functional Groups Number of 
Species 

Abundance1 PLS/sqft2 
PLS/sqft3 

+dormant seed 

1. Early Establishment 
Nurse Crop & Erosion 
Control Annuals 

2 or more Common in First Year, 
Occasional in Future 
Years 

75–125 75–150 

2. Early Successional 
Shrub Species 

1-2 or more Common in Second 
Year, Occasional in 
Future Years 

5–10 5–25 

3. Mid-story Mature Shrub 
Canopy 

5 or more Common 
10–25 10–50 

4. Native Grasses 3 or more Occasional to Common 
10–25 10–35 

5. Native Herbaceous Species 
(Annuals and Perennials) 

4 or more Common in Two Years, 
Occasional in Future 
Years 

50–75 50–100 

TOTAL4 15–20 or more  150–260 150–350 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected 

seed species. sqft = square feet 
3. Includes the contribution of dormant and hard seed, as determined by seed testing. 
4. Final seed mix amount depends on factors such as species availability, collection cost, seed 

germination rates, site conditions and weather during the collection period. Poor seed collections 
can increase costs significantly. 

 

The seeding rate, expressed as PLS/sqft, is the number of seeds determined to achieve a 
desired plant density. It is important to note that not all of the seed will necessarily germinate 
in the same season or in the same year. The recommended seeding rate range (PLS/sqft) shown 
by plant functional group for Californian coastal scrub in Table 6-1 is the sum of the seeding 
rates for each species selected for that group. The sum of seeding rates (PLS/sqft) for individual 
species by plant functional group and the sum of seeding rates for all the plant functional 
groups is the total seeding rate for the seed mix. In Table 6-1 the total recommended seeding 
rate is a range of 150 to 260 PLS/sqft which will achieve the desired plant density. Establishing 
the appropriate plant density is important. Excessively high plant densities could cause some 
species to suffer from higher competition for essential nutrients and water; and, conversely, if 
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plant densities are very low, then there may be insufficient plant densities to compete with 
weeds and create adequate wildlife habitat. Additionally, if planting densities are high, then 
overseeding occurred which is a “wasting” of valuable limited seed resources.  

Seeding rate recommendations are also provided in Table 6-1 that include the contribution 
from dormant seed. Some species will only germinate with specific environmental cues, in 
which case, they will require some pretreatment (e.g., cold stratification, gibberellic acid 
application) to intentionally “break” the dormancy before they are seeded—unless these 
environmental cues are known to exist or can be found in the area to be seeded. Most other 
seeds readily germinate under typical conditions, assuming the seed is ecologically suitable for 
the site; however, it is common for a small fraction of the total seed (e.g., 5–10%) to have a 
higher dormancy. The amount of dormant seed in a seed lot can be quantified by the 
germination seed test. Dormant seed may need more physical scarification of the seed coat or a 
more extreme cold stratification to break dormancy, in which case, it may germinate in the 
future, but it may take more time or unique conditions to occur before doing so. Depending on 
the species and its role in the seed mix, consider planning for the contribution of dormant seed. 

PLS seeding rates can be converted into PLS/acres for each species by multiplying the seeding 
rate in PLS/sqft by the conversion for acres (43,560 sqft in 1 acre).  

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 # 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑆𝑆
𝑆𝑆𝑠𝑠𝑜𝑜𝑇𝑇

 ×
43,560 𝑆𝑆𝑠𝑠𝑜𝑜𝑇𝑇

1 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇
 = 𝑃𝑃𝑃𝑃𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇 

Total PLS quantities for the restoration area can be calculated by the product of the seeding 
rate in PLS/acre and the size of the area to be seeded in acres. 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 # 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑆𝑆
𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇

×  𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇 𝑜𝑜𝑜𝑜 𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑜𝑜 𝑏𝑏𝑇𝑇 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠𝑇𝑇𝑠𝑠 (𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇) = 𝑇𝑇𝑜𝑜𝑇𝑇𝑇𝑇𝑇𝑇 # 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑆𝑆 𝑅𝑅𝑇𝑇𝑠𝑠𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠 

To calculate the seeding rate in weight (lbs) of PLS per acre, the number of seeds per pound 
must be known from previously published information. The number of seeds in one pound will 
vary significantly by species. For example, there are 5,500,000 seeds of California sagebrush in 
one pound, compared with 450,000 seeds of California buckwheat (Eriogonum fasciculatum) in 
one pound. 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 # 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑆𝑆
𝑆𝑆𝑠𝑠𝑜𝑜𝑇𝑇

 ×
43,560 𝑆𝑆𝑠𝑠𝑜𝑜𝑇𝑇

1 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇
 ×

1 𝑇𝑇𝑏𝑏𝑆𝑆
𝐾𝐾𝐾𝐾𝑜𝑜𝐾𝐾𝐾𝐾 # 𝑜𝑜𝑜𝑜 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑏𝑏𝑆𝑆

 = 𝑇𝑇𝑏𝑏𝑆𝑆 𝑃𝑃𝑃𝑃𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇 

For example, based on previously reported data, the average number of purple needlegrass 
seeds per pound of is 110,000. If the target seeding rate is 17 PLS per sqft, then the pounds of 
PLS per acre would be 6.7, as shown here: 

17 𝑃𝑃𝑃𝑃𝑆𝑆 𝑜𝑜𝑜𝑜 𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇 𝑆𝑆𝑅𝑅𝑇𝑇𝑆𝑆ℎ𝑇𝑇𝑇𝑇
𝑆𝑆𝑠𝑠𝑜𝑜𝑇𝑇

 ×
43,560 𝑆𝑆𝑠𝑠𝑜𝑜𝑇𝑇

1 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇
 ×

1 𝑇𝑇𝑏𝑏𝑆𝑆
110,000 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑏𝑏𝑆𝑆

 = 6.7 𝑇𝑇𝑏𝑏𝑆𝑆 𝑃𝑃𝑃𝑃𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇 

 

Bulk Seeding Rates 

Actual seed collection lots, even after they have been processed and cleaned, are not entirely 
composed of live seed. Therefore, we need to be able to calculate bulk seed amounts and bulk 



 

 Page 154 of 185 

seed rates. Bulk seed is composed of the seed collected and cleaned, with a small fraction of 
crop seed (other, non-weed species), weed seed and inert matter. And, the seed collected is 
not entirely viable, as some of it will not germinate or is dormant. These amounts are 
determined from a seed test. Note that the amount of seed material collected in the field, prior 
to processing and cleaning, will be greater than the cleaned bulk seed amount. 

When we need to determine the amount of cleaned bulk seed to be collected for a project, 
estimates can be made based on the specified PLS seeding rates and past published values for 
the seed for the following: 

• Purity rate (%); 
• Germination rate (%); and 
• Average known number of seeds per bulk pound. 

For example, based on past seed collection records of purple needlegrass, the typical minimum 
purity rate is 80% and the minimum germination rate is 90%. PLS is a product of purity and 
germination (as determined from seed test results) divided by 100. 

𝑃𝑃𝑅𝑅𝑇𝑇𝑆𝑆𝑇𝑇𝑃𝑃 (%) ×  𝐺𝐺𝑇𝑇𝑇𝑇𝐺𝐺𝑆𝑆𝐾𝐾𝑇𝑇𝑇𝑇𝑆𝑆𝑜𝑜𝐾𝐾 (%)
100

 = 𝑃𝑃𝑃𝑃𝑆𝑆 (%) 

Therefore, the minimum PLS of a purple needlegrass collection is estimated to be 72% or 0.72 
in fraction form, as shown here: 

80% 𝑃𝑃𝑅𝑅𝑇𝑇𝑆𝑆𝑇𝑇𝑃𝑃 ×  90% 𝐺𝐺𝑇𝑇𝑇𝑇𝐺𝐺𝑆𝑆𝐾𝐾𝑇𝑇𝑇𝑇𝑆𝑆𝑜𝑜𝐾𝐾
100

 = 72% 𝑃𝑃𝑃𝑃𝑆𝑆 = 0.72 𝑃𝑃𝑃𝑃𝑆𝑆 

In order to calculate the bulk seeding rate, divide the PLS seeding rate in pounds per acre by the 
PLS percent. 

𝑇𝑇𝑏𝑏𝑆𝑆 𝑃𝑃𝑃𝑃𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇
𝑃𝑃𝑃𝑃𝑆𝑆 𝐹𝐹𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇𝑆𝑆𝑜𝑜𝐾𝐾

 = 𝐵𝐵𝑅𝑅𝑇𝑇𝐵𝐵 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠𝑆𝑆𝐾𝐾𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇 

If the specified seeding rate for purple needlegrass is 6.7 PLS pounds per acre and an estimated 
PLS of 72%, then the bulk seeding rate would be calculated as follows: 

6.7 𝑇𝑇𝑏𝑏𝑆𝑆 𝑃𝑃𝑃𝑃𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇
0.72

 = 9.3 𝑇𝑇𝑏𝑏𝑆𝑆 𝑜𝑜𝑜𝑜 𝑏𝑏𝑅𝑅𝑇𝑇𝐵𝐵 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇 

The total bulk seed quantities required after cleaning can be calculated by the product of the 
bulk seeding rate in PLS/acre and the size of the area to be seeded in acres. 

𝑇𝑇𝑏𝑏𝑆𝑆 𝑏𝑏𝑅𝑅𝑇𝑇𝐵𝐵 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠
𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇

×  𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇 𝑜𝑜𝑜𝑜 𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑜𝑜 𝑏𝑏𝑇𝑇 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠𝑇𝑇𝑠𝑠 (𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇) = 𝑇𝑇𝑜𝑜𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑏𝑏𝑆𝑆 𝑜𝑜𝑜𝑜 𝑏𝑏𝑅𝑅𝑇𝑇𝐵𝐵 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠 𝑇𝑇𝑇𝑇𝑠𝑠𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠 

For the example of purple needlegrass seeded at a bulk rate of 9.3 lbs per acre for a 10 acre 
site, the total cleaned bulk seed required is estimated to be 93.0 lbs, as shown here: 

9.3 𝑇𝑇𝑏𝑏𝑆𝑆 𝑏𝑏𝑅𝑅𝑇𝑇𝐵𝐵 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠
𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇

×  10 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇𝑆𝑆 = 93.0 𝑇𝑇𝑏𝑏𝑆𝑆 𝑜𝑜𝑜𝑜 𝑏𝑏𝑅𝑅𝑇𝑇𝐵𝐵 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠 𝑇𝑇𝑇𝑇𝑠𝑠𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠 

These calculations should be repeated for each species in the seed mix to determine the total 
amount of seed to be collected. However, these values are estimates based on past seed 
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collection lots, and the actual germination rate for new seed collection rates can vary 
significantly. Variance in seed viability (changes in germination rate) from year-to-year is most 
often seen in wildland collections, as many semi-arid plants exhibit plasticity in reproductive 
effort in response to rainfall variations (e.g., Ruiru et al. 2015). Commercially farmed seed tends 
to have consistent germination rates because the plants are grown under a more controlled 
environment. Therefore, seed should be tested for seed viability and purity in order to 
determine the actual percent PLS.  

Seed Collection, Processing and Storage 

For large restoration projects, typically professional seed collectors are used. Volunteer-based 
seed collection efforts are typically not suitable for large seed collection efforts. However, with 
a sufficient level of skill, experience, guidance, and oversight, volunteers can supplement seed 
collection efforts by focusing on a limited set of identifiable and accessible species. 

For wild seed collection, standard industry collection procedures should be followed which 
includes a collection threshold guideline not-to-exceed approximately fifteen percent of the 
seed from a population of any individual species per season. 

Seed collection should follow the policies and requirements of permits and agreements in place 
with the landowners providing access to their land. If collecting species that are federally- or 
state-listed as rare, threatened, endangered or candidate species a permit may be needed from 
either USFWS and/or CDFW. A permit is not required for non-listed native species or plants that 
have a CNPS Rare Plant Rank of 1B, 2B, 3 and 4. 

Because not all of the specified seed may be available, the seed collector should be directed to 
opportunistically collect additional species that may be suitable substitutes or additions for the 
range of restoration targets for the restoration project. 

Seed collections should be properly cleaned by experienced and qualified staff prior to storage 
and stored by seed lot for each species (populations collected at a similar time of year in the 
same area or property). For short-term storage (1–3 years), store seeds in cool, dry locations 
that are free of pests. For longer-term storage (>3 years), consider more controlled facilities to 
minimize the loss of seed viability in the collection (e.g., Rancho Santa Ana Botanic Garden 
(RSABG) in Claremont, California, San Diego Zoo Institute for Conservation Research). Some 
species have short-term viability and cannot be stored more than one season or year prior to 
dramatic loss in germination rate. For these species, they must be collected and installed in the 
same year, or sooner. 

The practice of seed collection, processing, cleaning and storage requires specialized expertise 
and equipment. Commercial seed suppliers or seed conservation programs, such as the 
program at RSABG, can provide these services. For references on seed collection, processing 
and storage practices, see the following: 

• Houseal, G.A. 2007. Native Seed Production Manual. Tallgrass Prairie Center, 122 pages. 

• McCormack, J.H. 2004. Seed Process and Storage, Principles and practices of seed 
harvesting, processing, and storage: an organic seed production manual for seed 
growers in the Mid-Atlantic and Southern U.S. www.savingourseeds.org 
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• USDA. 1968. Mechanical Seed Cleaning and Handling. Agricultural Handbook No. 354. 

• USDA. 2012. Raising Native Plants in Nurseries: Basic Concepts. R.K. Dumroese, T.D. 
Landis and T. Luna (eds.). General Technical Report RMRS-GTR-274. 

• USDA. 2015. Native Seed Production Manual for the Pacific Northwest. NRCS Corvallis 
Plant Materials Center. 

• Wall, M. and J. Macdonald. 2009. Processing Seeds of California Native Plants for 
Conservation, Storage, and Restoration. Rancho Santa Ana Botanic Garden Occasional 
Publication, Number 10, Claremont, CA. 216 pages. 

Seed Testing 

The seed supplier should assure that the PLS for each species is documented with seed tests for 
individual seed collection lots (collected in one location or in different years). Individual seed 
lots must be tested for seed viability and purity by a qualified, independent seed-testing 
laboratory. Commercially sold seed is required to be tested by law. The seed tests should be 
completed by a registered seed technologist (RST) or similar qualification from the Society of 
Commercial Seed Technologists (SCST) and/or by an Association of Official Seed Analysts 
(AOSA)/SCST accredited laboratory. 

The seed tests will include the following information for each species: botanical name, common 
name, lot number, collection location, net weight, PLS pounds (lbs), percent total viability, 
percent by weight of inert matter, percent by weight of other crop seed (not to exceed 1.5%) 
and percent by weight weed seed (not to exceed 1.0%). Collected seed shall not contain any 
weed species listed as noxious or restricted in the State of California. For more information 
regarding laws and regulations for invasive species, see the following CDFW website: 
www.wildlife.ca.gov/Conservation/Invasives/Regulations.  

Results of the seed test shall be made available to the land manager upon request. Seed tests 
should be performed no greater than 12 months before seed application. 

A sample seed test result is shown in Figure 6-15 for a seed lot of purple needlegrass. The 
observed germination rate is 82% and the purity rate is 97.43%, and the calculated target PLS is 
79.89% excluding the contribution of dormant seed to viability.  

It should be noted that in this case testing determined 10% of the seed was dormant. The PLS in 
the seed report was 89.64% when calculated based on total viability, 92% (82% germination + 
10% dormant), and purity, 97.43%.  

http://www.wildlife.ca.gov/Conservation/Invasives/Regulations
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Figure 6-15 Sample Seed Test Report for Purple Needlegrass (Stipa pulchra) 

 

Monitoring for Seed Mix Design  

After the habitat restoration plan has been written and accepted, implementation of the 
project will begin. Concurrent with the seed collection and production process, weeds will be 
treated in the restoration area for multiple years as part of the adaptive weed management 
step. Figure 6-7 illustrates this process, and the role of monitoring. During biological and 
horticultural monitoring activity that is being conducted to inform the timing and method of 
weed treatment, the restoration specialist and/or field biologist should take note of conditions 
at the site, updating observations made during the planning stage that informed seed mix 
design, as discussed above.  
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These new observations will provide updated site information to help inform final seed mix 
specifications for installation at the end of weed management. The information collected 
during the planning stage may have been limited to field visits during one season prior to 
manipulation of the vegetation cover therefore, the extended weed management period, which 
may last three or more years, provides the opportunity to better “know-your-site”. The 
response of the seed bank and existing perennial species to weed treatments, weather and 
other dynamic site conditions will better inform our understanding of the ecologically 
appropriate targets for restoration, including the suitable distribution and diversity of 
vegetation communities and plant species. Additionally, observations of the emergence of any 
existing native seed bank can both further inform appropriate restoration targets and be used 
to adjust seed mix diversity and seeding rates. For example, if during thatch removal and weed 
management, a restoration area seed bank expresses a sufficient density of an early 
successional annual herb, such as clustered tarplant (Deinandra fasciculata), which was 
previously specified in the restoration seed mix, then it may be dropped from the mix. 
Removing the species from the seed mix may reduce seed supply costs, make that seed 
available for use in another area, and/or provide the opportunity to add another 
complementary annual herb to increase biodiversity (as long as the adjustment allows enough 
lead time to collect or grow the additional species). 

This is a significant advantage of implementing longer weed management periods and seed-
based restoration because it provides the flexibility to adjust and optimize seed mixes for the 
restoration area based on observations made over multiple seasons and years. 

Seed Mix Adjustments 

Seed mix species and/or application rates can be adjusted based on the results of seed testing 
and/or seed availability, as appropriate, to achieve the desired seed mix performance. 

Adjustments to the seed mix and the seed collection/production program can be made, as 
necessary, throughout the weed management implementation period to best match the 
conditions in the restoration area. This information comes from the monitoring program that is 
conducted as part of the feedback loop in the adaptive management process (see Figure 6-7). 
Other adjustments that will need to be made to the seed mix will be based on the following: 

• Seed test results, which indicate the actual percent PLS of the seed lots, versus the 
estimated PLS rates from the initial planned seed mix; and, 

• Seed availability. 

Using the sample seed test result for purple needlegrass shown in Figure 6-15, it was 
determined that the percent PLS of this seed lot is 79.89% (excluding the contribution of 
dormant seed) based on actual, tested purity and germination rates (see above). This is 
different than the estimate of a minimum of purple needlegrass collection of 72% PLS 
calculated during seed mix design using published purity and germination rates (see above). 
Therefore, in order to achieve the same design goal of 17 PLS per sqft in the seeded area, less 
bulk seed will be required. An estimated rate of 9.3 lbs of bulk seed per acre was based on the 
estimated minimum PLS of 72%.   
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With an actual PLS of 79.89%, the bulk seeding rate should be adjusted to 8.4 lbs per acre, as 
shown here: 

6.7 𝑇𝑇𝑏𝑏𝑆𝑆 𝑃𝑃𝑃𝑃𝑆𝑆 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇
0.7989

 = 8.4 𝑇𝑇𝑏𝑏𝑆𝑆 𝑜𝑜𝑜𝑜 𝑏𝑏𝑅𝑅𝑇𝑇𝐵𝐵 𝑆𝑆𝑇𝑇𝑇𝑇𝑠𝑠 𝑆𝑆𝑇𝑇𝑇𝑇 𝑇𝑇𝑆𝑆𝑇𝑇𝑇𝑇 

This adjustment based on actual PLS from seed test results should be made for each species in 
the seed mix. 

Typically, however, not all of the specified seed material is available, and adjustments must be 
made with available seed. The seed collector may have collected additional suitable seed 
material that was not included in the specified seed mix that can be used to replace or augment 
shortfalls in the required seed amounts. Or, for species that are in the same plant functional 
group in the seed mix design, it may be appropriate to increase the rate of one species to 
supplement shortfalls in the collection of another species. 

Timing of Seed Installation 

Seed installation should occur in the fall after sites have met the appropriate focal weed 
thresholds (see above in Section 6.4.2–Weed Management Thresholds, and Section 6.3.4–
When to Seed) to take advantage of the entire rainy season which is particularly important for 
non-irrigated restoration sites and at the beginning of the active growing season for vegetation 
communities in Southern California, with the exception of riparian plant communities. For non-
irrigated restoration sites, if seed installation cannot occur by the end of December, then it is 
recommended to postpone seeding until the following fall. While the applied seed mix can 
remain viable in the soil for several years for most species, it is important to time seeding to 
capture the majority of rainfall in the first season to allow for germination of the seed mix and a 
sufficient establishment period prior to dry hot summer conditions. 

Sites that are ready to be seeded should have little to no thatch. If significant thatch is present, 
land managers should rake, collect, and remove it prior to seeding because it will inhibit seed-
to-soil contact, required for optimal germination rates. 

The installation of native plant material will generally be accomplished by seeding the habitat 
restoration area following adequate control of weed populations through the weed 
management phase (i.e., site preparation). Restoration success is, in large part, dependent on 
adequate weed management prior to the addition of native plant material. Weed management 
should continue until the weed management threshold is achieved rather than installing plant 
material too soon because weed management after the addition of seed is much more difficult 
and labor intensive.  

Select Appropriate Seeding Method 

For restoration of most upland vegetation types, the following seeding methods are 
recommended: drill seeding, mechanized broadcast seeding, hand broadcast seeding, and the 
seed ball technique. These methods are cost-effective and they minimize soil disturbance 
during installation. Other optional seeding methods that may be appropriate in some instances 
include hydroseeding and imprint seeding. 
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The seeding method selected will depend on site conditions and accessibility. Larger sites that 
are accessible by equipment can be most efficiently seeded mechanically with a drill seeder or 
broadcast seeder. Smaller sites with a high density of native species or sensitive species present 
should be seeded by hand broadcast or the seed ball technique. See Appendix C for general 
specifications and guidelines for the seed installation methods. 

Other seeding methods that may be appropriate for a particular habitat restoration project, 
include hydroseeding and imprint seeding and are also described below. Hydroseeding requires 
a water source and is a significantly more expensive method than drill seeding but may be the 
best method for very steep slopes that preclude the use of other methods. Imprint seeding is 
best used in areas with few to no native species already present, and with little to no weed 
seed bank that can be stimulated by the disking step in the method. Disking can also result in 
collateral death to ground dwelling wildlife (e.g., snakes, gophers). 

Drill Seeding 

Range drill seeding is the optimum seeding method for many restoration areas, where the 
equipment is able to maneuver, which is dependent on the steepness of the slope, and there is 
a low occurrence of native species that would be negatively impacted by the method. Drill 
seeding is efficient, has the highest reliability for applying the seed mix at the desired rate with 
proper calibration of the equipment and provides good seed to soil contact. With a rangeland 
drill seeder, seed material can be installed with minimal soil disturbance, can be implemented 
over thatch, if necessary, and equipment can be maneuvered around existing native species to 
avoid impacts (e.g see Figure 6-16). Thatch should not be so thick such that it limits the ability 
for creation of the planting furrows, inhibits good seed-to-soil contact, or eliminates the 
possibility for the press wheels to cover the seed with soil.  

Drill seeding is better than other seeding methods in a few ways. Drill seeding provides better 
seed to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand seeding methods thus reducing seed costs and less “waste” of 
seed. 

Depending on the terrain of the restoration area, drill seeding can be accomplished in two 
passes or in a single pass. Drill seeding in two passes, or two-way drill seeding, is the preferred 
installation method. For drill seeding in two passes, divide the seed mix in two equal parts and 
apply each half of the seed mix in perpendicular passes across the site, forming a grid 
pattern. Drill seeding with two passes is generally used on flat to moderate slopes. For steeper 
slopes, the one pass method should be used and seeding direction done parallel to the contours 
of the slope such that erosion rills are not as likely to develop from the furrows formed when 
seeding. Seeding depth should be not less than ¼ inch and no greater than ½ inch.  
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Figure 6-16 Example of Seed Installation with a Rangeland Drill Seeder Pulled by a Tractor 

 

Alternatively, if seed material is limited for a project, and it is desirable to maximize the area 
seeded, one approach is to seed in alternating single pass strips. This is called the modified 
DeSimone method and the use of unseeded strips allows for natural recruitment over time 
from the seeded strips. For example, if the range drill seeder has a width of 6 feet, then a 6-foot 
strip can be seeded in one pass, followed by a 6-foot strip of no seeding, and so on. The width 
of unseeded strip should be wide enough to allow mechanized methods of weed management, 
if needed, but not so wide that natural recruitment from the seeded strips into the non-seeded 
strip is limited. 

However, drill seeding may not be practical in all restoration areas due to size of the site, high 
density of native or sensitive species, access limitations for equipment, and site conditions. For 
example, if a restoration site has many large rocks on the soil surface, it may not be possible to 
maneuver the drill seeding equipment within the site to seed at a uniform rate. The equipment 
may not properly create the planting furrows or bouncing of the equipment from running over 
rocks may cause uneven seeding rates. In which case, mechanical broadcast seeding may be the 
more appropriate method. 
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Mechanical Broadcast Seeding 

In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Mechanical broadcast 
seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, higher density of seeds or overcrowding in 
one location, and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment.  

Prior to seeding, thick plant thatch should be removed, and if necessary, the ground scarified to 
incorporate seed into the soil. Following seed broadcast, the seed material shall be tamped into 
the soil at less than ½ inch deep with a cultipacker pulled by a tractor, ATV or similar equipment 
(e.g., see Figure 6-17). This will increase seed-to-soil contact and provide soil cover over the 
applied seed to improve germination success and reduce loss of seed to wind, erosion and seed 
predation. 

 

 
Figure 6-17 Example of Seed Tamping with a Cultipacker Pulled by an All-Terrain Vehicle After 

Broadcast Seeding 
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Hand Broadcast Seeding 

Hand broadcast seeding is an all-purpose seeding method that can be used in relatively small 
areas with limited access or areas with a high density of natives and/or sensitive species (e.g., 
see Figure 6-18). Hand broadcast seeding is the best option in areas where other seeding 
methods may disturb sensitive resources. 

The disadvantages of this method are that hand broadcast seeding will result in the greatest 
potential for loss of seed due to wind, runoff, and seed predators, a higher potential for uneven 
seed distribution, greater potential for poor seed-to-soil contact and is inefficient in large areas 
(e.g., greater than one or two acres in size). To compensate for seed loss, it is recommended to 
double the rate of seed for each species of the specified seed mix. 

Similar to mechanical broadcast seeding, thick plant thatch should be removed prior to seeding, 
and if necessary, the ground should be scarified to incorporate seed into the soil. Following 
hand seeding, the seeds shall be raked-in to the soil with hand-held rakes (e.g., see Figure 6-19) 
or tamped in with a 6-foot-wide cultipacker attached to an ATV, crawler type dozer, or tractor.  

 

 
Figure 6-18 Example of Hand Broadcast Seeding with a Belly Grinder 
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Figure 6-19 Example of Raking-in Seed to Topsoil Following Hand Broadcast Seeding 

 

Raking and/or tamping of the soil following seeding will aid in seed-to-soil contact and provide 
a thin covering of soil over the applied seed mix. Seeds should be incorporated into the topsoil 
soil less than ½ inch deep. 

Seed Ball Broadcast Seeding 

An alternative method to hand broadcast seeding is the use of seed balls. Seed balls are a 
mixture of clay, compost, seed material and water formed into small balls. The benefit of using 
the seed ball method is the reduction in loss of seed from wind and herbivory and the clay 
combined with the compost provides a growing medium and nutrients for germinating seeds 
(e.g see Figure 6-20). Seed balls are generally placed at a spacing of 1-2 feet on-center to ensure 
good coverage.  

Seed balls are effective in smaller sites, sites where it is important to avoid the scarification of 
existing cryptobiotic soil crust (e.g., enhancement of forbland habitat) and sites that are difficult 
to reach. At difficult to access sites, limited time is needed to place the seed balls, compared 
with the amount of time it would take to hand broadcast and rake-in seed. 
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Source: Patricia Gordon-Reedy – CBI, Mar 2016. 

Figure 6-20 Example of Plantago erecta germination from a Seed Ball in a Forbland 
Restoration Area 

 

Hydroseeding 

Hydroseeding can be used in areas that are not accessible by a drill seeder, mechanical 
broadcast seeder or imprinter. It is a planting process that uses a hydraulically-applied slurry of 
cellulose wood fiber, the specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and 
any amendments to be added (e.g., slow release fertilizer, arbuscular mycorrhizal [AM] fungi). 
Hydroseeding equipment also has some access constraints since the hydroseeder for the most 
part is restricted to roads or trails for access and cannot be driven on an area with more than a 
gentle slope. Furthermore, access is limited by the allowable extent of the hose used to apply 
the mixture while still having enough pressure to apply the seed mix with an even spray, and 
the availability of a source of water for the preparation of batches of slurry. The water source 
may be near the equipment, or water can be transported to the equipment (e.g., by water 
truck). The slurry can be applied by a spray nozzle mounted to the equipment (e.g see Figure 
6-21) or by a nozzle attached to a hose for direct application. Long lengths of hose and/or hard 
pipe can be designed to allow application at a distance of up to 700 feet or more, depending 
conditions such as pump pressure and the viscosity of the slurry (e.g., see Figure 6-22). Prior to 
hydroseed application, the site should be cleared of plant thatch to provide good seed-to-soil 
contact. 

Seed ball 
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Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding the remaining cellulose wood fiber and organic M-binder. 
The advantage of the two-step method is the increased seed-to-soil contact. In steep areas, it is 
recommended to use a one-step method to limit the amount of disturbance of the applied seed 
mix from foot traffic since in a two-step method, the entire seed area from the first step has to 
be walked through again to apply the second step. 

For very steep slopes (1.5:1 or greater), the best available method for seed application is the 
hydroseed method, because specially-formulated erosion control products can be added, such 
as Flexterra® High Performance-Flexible Growth Medium™ (HP-FGM™), that bonds directly to 
the soil to provide additional and extended erosion control.  

 

 
Figure 6-21 Example of Hydroseeding Application using an Equipment-mounted Spray Nozzle 
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Figure 6-22 Example of Hydroseeding Application using with Long Lengths of Hoses 

 

Imprint Seeding 

Imprint seeding is best used in areas with few to no native species already present. Steep 
topography, areas of shallow soil, and the presence of medium size rocks will limit the use of 
imprinting. Imprinters consist of a metal roller with teeth that create v-shaped imprints in the 
soil (Dixon and Carr 2000). The seed is applied at the same time the imprints are made thereby 
pressing the seed into the soil for better seed-to-soil contact. The imprints should be at a 
specified depth and stable so that erosion of the imprints or collapse does not occur. Imprint 
seeding generally requires the soil to be cleared of thatch and ripping or disking prior to 
imprinting to allow the imprinter to make the specified imprints in the soil. The specified 
imprints can be made in areas with “soft” soil without the need for disking or ripping. However, 
if the soil is too soft, such as areas with coarse soils with a high sand content, the imprints can 
be too unstable. In these instances, imprinting should not be the seeding method utilized. An 
unstable imprint is subject to erosion of the imprint or collapse burying the seed too deep.  

The purpose of the imprint is to provide a “safe” microclimate protecting the seeds from wind, 
providing shade to prevent desiccation, and serves to collect water to provide moisture for 
germination. Imprinting is best done in the fall since rain can help to stabilize the imprints and 
prevent erosion and/or collapse of the imprint. While imprinting works best if soils are moist, 
imprinting should not be done in wet soils as the soil can stick to the imprinting teeth and 
resulting in improper imprints. Imprints can generally last for a couple of years and continue to 
provide moisture for germinated seedlings and provide wind protection from evaporation. It is 
important to note, that in instances where the soil requires ripping or disking, this will 
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encourage the germination of weed seed that would not otherwise have germinated. Hence, 
disking is more appropriate in a condition where there is a limited weed seed bank and few 
native plants. Disking can also result in collateral death to ground dwelling wildlife (e.g., snakes, 
gophers). Drill seeding is generally the more appropriate method in settings where imprint 
seeding may also be an option.  

Other Planting Techniques 

For riparian and woodland vegetation types, trees and shrubs that do not readily establish from 
seed in restoration projects may be installed by transplanting nursery-grown container plants 
or cuttings. Transplanted material typically requires some form of supplemental irrigation to 
establish plants in the first year, including temporary irrigation systems (e.g., overhead 
sprinklers or bubblers) or hand watering (e.g., water by hose attached to water truck or 
refillable reservoir). Cactus plants are an exception, because transplanted material of cuttings 
or cuttings of cladodes (e.g., prickly pear cactus pads), can be planted and established, in some 
instances, without supplemental irrigation. While cactus material benefits from watering 
events, if the material is planted in the fall prior to the natural rainfall season, then minimal to 
no irrigation may be necessary. For the planting and irrigation of trees, shrubs and cactus see 
the relevant vegetation type-specific restoration best practices in Appendix B, and Appendix C 
for general restoration specifications and guidelines. 

6.4.4 On-Going Management 
To achieve habitat restoration goals, some level of on-going management of the restoration 
project is generally necessary after weed management (i.e., site preparation) and seed 
addition. Monitoring is essential after seed or plant additions for a minimum of two years to 
assess weed growth and establishment of the installed plant material. Monitoring plant 
material installation includes the following:  

• Biological monitoring of the establishment of the native material seeded or planted 

• Monitoring, evaluation and treatment of any parts of the project that may require post-
seeding weed maintenance to facilitate the establishment of the native vegetation 

• Monitoring and evaluation of the project that may require post-installation 
supplemental irrigation 

Monitoring of the restoration area will guide any necessary on-going management activities 
that may need to be implemented. On-going management activities may include the following: 

• Treating or eradicating the population of a recurring high priority invasive plant species  

• Pest management 

• Remedial seeding in areas where germination of the native seed mix was limited or 
failed after at least one season of adequate rainfall  

• Remedial planting in areas where container plants or cuttings had limited survivorship 
or failed in the first season  

• Supplemental irrigation scheduling for installed container plants 
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• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 

• Conservation activities for sensitive species 

Establishment Monitoring 

In general, monitor habitat restoration sites for at least two years after seeding, or after the 
end of the initial weed management program if seeding is not required, to monitor native seed 
establishment and evaluate the need for additional weeding (including high priority invasive 
plant control), remedial seeding, pest management, or any necessary remedial actions as 
described above. 

Seed Establishment 

In the first establishment year following seed addition, a low to moderate absolute cover of the 
seeded material and a moderate amount of bare ground is expected. The following example is 
presented as a guideline for target cover values for an upland vegetation community (e.g., 
Californian coastal scrub [CCS]) establishing from seed, including early successional species: 

 Year 1. ≥20% absolute cover 
 Year 2. ≥30% absolute cover 
 Year 3. ≥40% absolute cover 
 Year 4. ≥50% absolute cover 
 Year 5. ≥60% absolute cover 

The actual cover values each year will depend on the effects of site and year on germination 
and growing conditions (e.g., rainfall events, temperature and humidity) at the site. Of the total 
absolute cover of native seeded material, the perennial species will initially constitute a 
relatively low proportion of cover. In the first few years, early successional herbaceous species, 
including native annuals and native plant species that may be added at high rates to provide 
topsoil erosion control, will dominate the relative native cover. In the following years, the 
dominance of cover will shift to perennial species as individual plants grow and mature. 

The actual target cover values for seed establishment for a particular restoration project will 
depend on project goals and factors, such as vegetation community restoration targets, site 
conditions and weather. 

Remedial Weeding 

Remedial weeding refers to weeding that occurs after the weed management program ends 
and after seed application and/or native species recruitment from the existing seed bank. If the 
weed management program adequately controlled the weed seed bank, remedial weeding 
efforts will be minimal.  

Remedial weeding is recommended where nonnative plants inhibit native plant germination 
and/or growth and to continue control of highly invasive species that can readily re-establish in 
the restoration area. The amount of any remedial weeding required each year will depend on 
weather conditions, development of the native habitat(s), and the density and type of weed 
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species in the restoration area. The objective of remedial weeding is to reduce nonnative plants 
to a threshold level that allows desirable native species to establish and thrive. Weeding itself 
disturbs the soil and can promote weed establishment; therefore, minimize remedial weeding 
to the level necessary to achieve restoration objectives. Remember that weeds generally thrive 
in disturbance; therefore, monitoring can determine when remedial weeding might not be 
advisable if the site is at or near threshold levels for target weeds. 

Where remedial weeding is necessary, select the most appropriate method for the site and 
management objectives (presented in order of preference): 

1. Hand weed. Avoid soil disturbance by using cutting tools (e.g., sickle to cut grass 
flowering heads prior to the milk stage) for annual weeds. Treat perennial weeds by 
extracting the taproot by hand or with tools. 

2. Spot spray. Spot spray herbicide using a low-pressure nozzle with a non-selective post-
emergent herbicide (e.g., glyphosate) with the nozzle touching the target weed. This will 
reduce overspray on desirable native plants but is more time-intensive than broadcast 
application. Use trained and experienced herbicide applicators to minimize damage to 
native species. Herbicide use should be limited and only used when no other method is 
feasible for control, such as for perennial weedy species with long tap root in which 
enough of the root system cannot be extracted by hand methods for effective control. 

Weeded material should be removed from the site if seeds have set prior to removal, otherwise 
some weeded material can be left onsite to mulch and provide organic material for soil 
development, but not so much that it prevents germination or native recruitment.  

The use of mechanical cutting with mowers or line trimmers and broadcast foliar spray of 
herbicides should generally not be used, due to the significant collateral damage that could 
occur to the establishment of the seeded native species. These methods should be reserved for 
remedial weed management in larger areas that fail to develop native vegetation cover after 
one or two years of monitoring, with the understanding that such intensive intervention will 
likely require the application of a remedial seed mix after the site is released from weed 
management again. 

Careful weeding shall be done by trained crews in order to avoid damage to the establishment 
of the native vegetation. Weeds should be removed on a regular basis, as necessary and if 
possible, before they set seed and/or reach approximately 12 inches in height. Adaptive 
management is key to success and includes regular monitoring to guide the scheduling and 
selection of control methods. Care should be taken to limit the amount of soil disturbance and 
trampling of native seedlings from weeding activities. The management of weeds must be 
balanced with the negative side effects on native plant development (i.e.,not all weeds in a site 
need to be treated). It is important to train the crews to weed by sweeping through a site and 
target weed control for the weeds that need to be weeded at the stage described above. Other 
weeds that have not reached the desired control stage should be left to weed later. This will 
limit the amount of disturbance in a given area during a weed control event. 
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Control of High Priority Invasive Species 

Use species-specific BMPs (where available) to treat high priority invasive species that may not 
be controlled with routine weed management methods. High priority invasive species vary by 
habitat, climate, and management objectives. Refer to regional Early Detection Rapid Response 
(EDDR) lists (e.g.,Cal IPC EDDR) or species experts for appropriate and effective methods to 
control high priority invasive species of concern. 

If herbicides are used, great caution should be used with foliar spray application to avoid any 
drift or overspray to establishing native plants. To limit herbicide drift or overspray, the stump-
cut method should be used when possible and appropriate. See Appendix C for detailed 
specifications for control of select invasive species. 

Evaluation and Management of “Stuck” Sites 

Smaller problematic areas or patches of land within a restoration site that are resistant to 
habitat restoration efforts should be monitored and evaluated by the restoration specialist to 
determine if they warrant additional intervention, or if they are “stuck” sites. As discussed in 
Chapter 2, “stuck” sites may have the opportunity to achieve project success criteria (e.g.,for 
native and nonnative cover) but would require extraordinary levels of intervention to restore. If 
it is consistent with the goals of the habitat restoration project, and approved by the 
responsible regulatory agencies, landowner and NCC, “stuck” sites can be left in their current 
condition. The “stuck” sites may become targeted for future management when it becomes a 
priority for resource managers. 

Remedial Seeding 

The need for remedial seeding during the establishment period for seeded and planted native 
material will be determined for each project based on the project goals, what is suitable for the 
vegetation type, site conditions, growing conditions (e.g.,seasonal rainfall, temperature) and 
any regulatory vegetation cover requirements. For example, if the target native vegetation 
coverage in the first year of seed establishment is 20%, then the restoration specialist shall 
evaluate if re-seeding is warranted if native cover is significantly less than 20% over a 
contiguous area of a meaningful size (e.g.,5,000 square feet). However, it may be determined 
that a smaller area for remedial seeding may be required if there are stringent cover 
requirements for the project. 

Areas of significant erosion onsite that are not consistent with project goals and/or imperils 
protection of natural resources and adjacent infrastructure, should be repaired, as appropriate, 
and re-seeded in the first fall season after damage. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g.,less than one acre). Larger areas of remedial seeding 
can be accomplished with one of the mechanized seeding techniques, such as mechanical 
broadcast seeding or drill seeding. Care shall be taken to avoid damage to existing native plants.  



 

 Page 172 of 185 

Pest Management 

Pest management is often not necessary in restoration sites. If it is determined that the habitat 
is being jeopardized by wildlife, corrective measures such as organic, non-toxic deterrents and 
fencing/plant cages may be used. Invertebrate pests are rarely a serious problem to restored 
habitats if site conditions are appropriate to the desired habitat. If there is a concern regarding 
natural environment pests, consult topic experts and resources, such as those provided by the 
University of California, Agriculture and Natural Resources, Statewide Integrated Pest 
Management Program (UC-IPM).  

Long Term Management 

Long term management of the restoration area will be determined by the land manager and 
could be considered for incorporation into regional vegetation monitoring programs to track 
the long-term trajectory and health of the restored habitat. 

6.5 Vegetation Type-Specific Restoration Plans  
The landscape-scale Adaptive Weed Management and Habitat Restoration Plan presented in 
Section 6.4 is a general roadmap that can be used by land managers and restoration specialists 
to develop site-specific, adaptive weed management and habitat restoration plans for projects 
in southern California.  

Refinements and supplementary guidance are provided in Appendix B, including habitat 
restoration hypotheses and guidelines for best practice, for the following vegetation types: 

• Scrub and Chaparral 
• Native Perennial Grassland 
• Forbland 
• Woodland 
• Riparian 
• Freshwater Wetland 

The management hypotheses state our best evidenced-based ideas of what interventions will 
restore the desired habitat. These habitat restoration hypotheses explicitly allow us to test, 
evaluate and iteratively improve restoration approaches and strategically improve habitat 
restoration outcomes over time. 

The guidelines for best practice for adaptive weed management, planting and seeding methods 
are based on review of existing practice in the Reserve, technical references and our 
professional experience throughout southern California. The methods presented are the most 
cost-effective and practical methods for typical site conditions within the Reserve; however, 
they are not intended to be comprehensive or exclude other innovative approaches. While a 
good start, project-specific weed management and habitat restoration specifications should be 
refined by considering landowner/manager and site-specific factors, including the following: 

• Resource management goals and objectives 
• Existing site conditions 
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• Existing native cover and diversity 
• Physical constraints to access of the site by equipment or staff 
• Biological constraints to safe implementation of methods, including potential impacts to 

sensitive species 
• Availability and experience of project staff 
• Past experience working in the local management area 
• Project budget 
• Temporal impacts to resources 
• Adaptive management of the site, including biological monitoring and review of the 

effectiveness of methods in use 
• Evidence of native natural recruitment from the existing soil seed bank or adjacent 

natural areas 
• Opportunities to use community volunteer labor in part of the project 
• New information 

Guidelines are not presented for salt marsh habitat, such as those found within the Reserve in 
the Upper Newport Bay Ecological Reserve (UNBER). The weed management and habitat 
restoration strategies for UNBER are sufficiently different than the approach developed in this 
Plan for the upland, woodland, riparian and seasonal freshwater wetland types, that they 
require their own separate treatment. Please review existing planning documents for UNBER, 
such as the Upper Newport Bay Restoration Plan (Halsch et al. 2016), which identifies habitat 
restoration project opportunities for funding and outlines action items to help develop a 
comprehensive habitat restoration plan. 

See Appendix C for general weed management and habitat restoration specifications that can 
also be used by land managers and restoration specialists for developing project-specific 
habitat restoration plans. 

6.6 Implementation Costs and Labor Time 
Costs for weed management and/or habitat restoration will vary by method. Factors that 
influence costs include: 

• Site accessibility 
• Equipment and supplies 
• Project site limitations (i.e., mobility of equipment and field crew) 
• Availability and expertise of existing land manager, staff and volunteers 
• Field crew experience and training 
• Independent restoration contractor rates and expenses 

Table 6-2 presents a range of fully-loaded costs and labor time typical of independent 
restoration contractors for methods presented in the Plan. Actual cost and time to implement 
these methods will depend on the land manager, restoration contractor, and project site. For 
example, some land managers may have existing equipment and staff available to implement 
restoration work whose labor time is already funded by a general operating budget, in which 
case the cost for implementation may be limited to the maintenance of equipment and the 
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expense of materials. For this land manager, the true cost for implementation may be similar to 
the rates presented in Table 6-2 when including the pro-rated expense of equipment and staff 
time to the project. 
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Table 6-2 Typical Implementation Cost and Labor-Time (as of year 2018) 

Method Example Standard 
Equipment Cost/acre1 Labor 

hours/acre 
Initial Dethatching Event 
Goat Goats; and, Water Truck 

to supply goats with water 
$350-700 4-6 

Rotary Mow (Large areas) Tractor with Batwing 
Attachment 

$50-100 0.5-1 

Rotary Mow (Around native shrubs) Skid Steer (e.g., Bobcat®) 
with Rotary Mower 
Attachment 

$700-950 10-14 

Rake into Mulch Piles Tractor with Hay Rake 
Attachment 

$700-1,000 10-14 

Weed Management/Site Preparation 
Rotary Mow2 Tractor with Batwing 

Attachment 
$50-75 0.5-1 

Flail Mow2 Skid Steer (e.g., Bobcat®) 
with Flail Mower 
Attachment 

$500-950 10-14 

Line Trim2 Line Trimmers or Shafted 
Hedge Trimmers3 

$1,100-1,400 30-40 

Grass-Selective Post-Emergent Herbicide 
Broadcast Foliar Spray Application 

Truck-mounted Spray 
system4 

$500-700 8-10 

Non-Selective Post-Emergent Herbicide  
Broadcast (Glyphosate5) Foliar Spray 
Application 

Truck-mounted Spray 
system4 

$450-600 8-10 

Non-Selective Post-Emergent Herbicide  
Spot-Spray (Glyphosate5) Foliar Application 

Backpack Sprayer $700-1,200 10-30 

Seed Installation6,7 
Hand Broadcast and Rake In Body Mounted Belly 

Grinder and Hand Rakes 
$950-1,200 30-36 

Seed Balls Place Seed Balls by Hand 
1-2’ on-center8,9 

$500-6006 18-20 

Broadcast Spread and Cultipacker Tractor with Cultipacker 
Attachment10 

$180-2506 6-8 

Broadcast Spread and Cultipacker Tractor with Cultipacker 
Attachment10 

$240-3006 8-10 

2-Way Drill Seed11 Tractor with Drill Seeder 
Attachment 

$300-7506 8-10 

1-Way Drill Seed in Strips12 Tractor with Drill Seeder 
Attachment 

$200-6506 6-8 

Hand Weeding 
Hand Weed at 1/8 acre per day14 Various hand tools13 $7,000-15,000 250-500 
Hand Weed at 1/3 acre per day15 Various hand tools13 $2,800-7,000 80-250 
Hand Weed at 1 acre per day16 Various hand tools13 $2,600-3,400 78-100 
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1. Based on independent restoration contractor rates in year 2018. 
2. Leave cut material in place. 
3. Line trimmers can be used generally, especially for grass; Shafted hedge trimmers can be used to cut many 

broadleaf weeds above the soil surface. 
4. Wand application on 300-foot retractable hose, tank mounted on 4x4 pickup truck. 
5. For example, Roundup PRO®. 
6. Cost of seed installation only; does not include cost of seed material. 
7. Regardless of method used, calibrate seeding equipment to desired seeding rate per unit area. 
8. Cost of seed balls does not include seed material or seed ball preparation. 
9. Density of seed ball placement, 1-2 feet on-center, depends on desired density and existing native shrubs 

and soil crusts. 
10. Broadcast seed by hand with a belly grinder or using a power take-off (PTO)-driven seed spin broadcast 

seeder on a tractor. After seed is applied, tamp seed in with the cultipacker pulled by the tractor or skid 
steer. 

11. 6-foot seeded strips in two perpendicular directions. Adjust the specified seeding rate in half, each to be 
applied in one of the two passes across the same area. 

12. Alternate 6-foot seeded strip with 6-foot unseeded strip. 
13. Hand tools, such as hand blades (e.g., vinyl knife) to cut weed at the soil surface or to cut flowering parts 

off. Remove plant material with viable seed from the site or place in a mulch pile onsite. Costs and labor 
presented do not include offsite removal or raking of plant material into piles. 

14. Rate is typical of intense weed management in sensitive forbland habitat, such as Quino checkerspot 
butterfly habitat. 

15. Rate is typical of forbland habitat. 
16. Rate is typical of post-seeding, hand or remedial weeding in oak woodland, riparian, scrub or native 

perennial grassland habitat. 

 

 

6.7 Implementation Challenges 
While the Plan overcomes many of the obstacles to achieve landscape-scale habitat restoration 
within the Reserve, challenges to implementation remain, including the following: 

• Increasing fire frequency within the Reserve, which is associated with an increase in 
ignition sources at the urban-wildland interface. Increased fire frequencies deplete 
native seed banks (especially obligate seeders), provide more opportunities for invasion 
by nonnative plants and displace or kill wildlife that cannot reach refuge during the fire. 

• Decreasing the cost and expanding the supply of native seed to implement projects by 
promoting an expansion of seed providers (e.g., wild collected seed and bulked seed). 

• Finding funding sources for implementation of multi-year projects (7+ years), when 
many funding sources like grants typically have two to three-year funding periods. 

• The impact of changing climate on vegetation communities in the Reserve, including 
potential shifts to more arid plant communities and novel plant assemblages. 

  



 

 Page 177 of 185 

6.8 Recommendations for Future Research 
The following are recommended future research questions to consider and help improve future 
management approaches and actions: 

• What are the weed management thresholds that are needed prior to seeding (when 
doing “active restoration”), or prior to the cessation of weeding with no seed addition 
(when doing “passive restoration”), in different site conditions (e.g., clay soils in valley 
bottoms versus sandy loam on slopes)? And, is there a significant interaction effect with 
a changing climate (e.g., increasing air temperature and soil aridity, more variable 
rainfall)? 

• Can seeding significantly improve native species cover and diversity without weed 
management? If so, what are the ecological niches where this can viably occur? 

• Will biological soil crusts recover and increase following restoration-related 
disturbance? If so, how long does it take for biological soil crusts to recover? 

• What are the appropriate bioclimatic regions for seed collection of species used in 
restoration projects? 
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Table A-1 Environmental Data 

Variable Code 
Mean ± Standard Deviation,  

Range in the Study Area 
Climate 
Source: Climate WNA v4.62 software package (derived from PRISM data) 2.5 arcminute scale interpolated to ⅓ arc 
second scale with DEM for 30-year normals  (1980-2010). 

degree-days below 0°C, chilling degree-days dd_0 7.9±0.7, 6-11 °C 

extreme minimum temperature over 30 years emt -2.2±1.1, -4.4-1.6 °C 

extreme maximum temperature over 30 years ext 42.5±1.7, 38.4-45.1 °C 

mean annual precipitation map 336.2±50.1, 260-521 millimeters 

mean annual temperature mat 17.3±0.3, 16.4-17.8 °C 

mean autumn precipitation ppt_at 46.6±7.1, 36-75 millimeters (mm) 

mean summer precipitation ppt_sm 4.8±1, 3-9 mm 

mean spring precipitation ppt_sp 77.5±10, 60-114 mm 

mean winter precipitation ppt_wt 207.5±33.2, 157-328 mm 

mean autumn temperature tave_at 18.8±0.4, 17.8-19.6 °C 

mean summer temperature tave_sm 21.3±0.8, 19.6-23.2 °C 

mean spring temperature tave_sp 15.7±0.4, 14.4-16.5 °C 

mean winter temperature tave_wt 13.2±0.3, 11.9-14 °C 

mean autumn maximum temperature tmax_at 25.4±1, 22.5-27.1 °C 

mean summer maximum temperature tmax_sm 27.6±2, 23.2-31.2 °C 

mean spring maximum temperature tmax_sp 21.6±0.8, 19.6-23.3 °C 

mean winter maximum temperature tmax_wt 19±0.7, 15.4-19.8 °C 

mean autumn minimum temperature tmin_at 12.3±0.5, 11.4-14.1 °C 

mean summer minimum temperature tmin_sm 15±0.6, 13.8-16 °C 

mean spring minimum temperature tmin_sp 9.8±0.6, 8.4-11 °C 

mean winter minimum temperature tmin_wt 7.3±0.5, 6.2-8.9 °C 
Soil Moisture Deficit 
Source: Calculated 

soil moisture deficit at the end of January def_01 0.6±2.1, 0-30.3 mm 

soil moisture deficit at the end of March def_03 5.7±4.2, 0-29.6 mm 

soil moisture deficit at the end of April def_04 48.8±17.6, 0-94.2 mm 

soil moisture deficit at the end of May def_05 92.8±15.3, 5.9-121 mm 

soil moisture deficit at the end of June def_06 129.8±10.8, 26.3-151.6 mm 

soil moisture deficit at the end of July def_07 145.3±8.8, 38.1-168.1 mm 
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Variable Code 
Mean ± Standard Deviation,  

Range in the Study Area 

soil moisture deficit at the end of August def_08 133.5±9.5, 19.7-155.6 mm 

soil moisture deficit at the end of September def_09 99.9±9.2, 18-124.9 mm 

soil moisture deficit at the end of October def_10 61.1±6.7, 8-79.3 mm 

soil moisture deficit at the end of November def_11 32.7±12.1, 0-69.3 mm 

soil moisture deficit at the end of December def_12 1.6±3.5, 0-34.8 mm 

annual soil moisture deficit def_annual 701.4±201.9, 0-959 mm 
Topography 
Source: USGS NED ⅓ arc-second DEM and calculation of derivative environmental condition indicators 

elevation dem 189.7±160.8, -1.8-931.4 meters 
Euclidean “straight line” distance from the 
coast euc_coast 15,205.5±11,033, 0-37,621 meters 
topographic wetness index, or compound 
topographic index (CTI) geom_cti 7.3±2.3, 2.6-30.1 

topographic position index (TPI) geom_tpi 0.1±4.7, -34.6-38.9 
topographic solar radiation index 
(TRASP), aspect transformed 0-1 geom_trasp 0.6±0.4, 0-1 

slope slope 11.4±11.1, 0-68.5 degrees 
Soil Type 
Source: USDA NRCS Web Soil Survey 

available water capacity (AWC) soil_awc_mm 85.4±50, 0-200 mm 

root zone depth (RZD) soil_rzd 80.7±57.1, 0-151 centimeters 

soil order soil_order 

Categorical data: 1 = Alfisols; 2 = Entisols; 3 = 
Inceptisols; 4 = Mollisols; 5 = Vertisols; 6 = 
Riverwash; 7 = Beaches; and, 8 = Other (Pits, 
Modified) 

soil geomorphological classification soil_geom 

Categorical data: 10 = water; 11 = tidal flats; 12 = 
channels; 13 = fans; 14 = dunes; 15 = beaches; 20 
= alluvial fans; 21 = alluvial fans, alluvial plains; 22 
= alluvial plains, terraces; 23 = alluvial plain 
remnants, terraces; 24 = terraces; 25 = flood 
plains; 26 = depressions; 27 = beach plains; 30 = 
hills; 31 = hills, uplands; 32 = foothills, hills; 33 = 
mountains, uplands; 40 = uplands; 41 = gravel pits; 
and, 42 = floodways 

soil series soil_musym 

Categorical data: there are 136 different soil 
taxonomic classification of soil series mapping 
units in the study area 

soil texture soil_text 

Categorical data: 1 = clay; 2 = loam; 3 = clay loam; 
4 = silty clay loam; 5 = silt loam; 6 = sandy loam; 7 
= loamy sand; 8 = gravelly loam; 9 = stony loam; 
10 = rock outcrop; 11 = water; 12 = man-made; 13 
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Variable Code 
Mean ± Standard Deviation,  

Range in the Study Area 
= riverwash; 14 = pits; and, 15 = other 

Fire History 
Source: California FRAP fire history database (as of 2012) and calculated derivative values 

fire frequency in record (as of 2012) fire_f 1.3±1.7, 0-7 
fire return minimum  
(smallest number of years between two fire 
events in the record, as of 2012) fire_retmin 73.9±38.9, 1-101 years 

years since last fire (as of 2012) fire_yl_cat 

Categorical data: 1 = 0-5 years; 2 = 5-10 years, 3 = 
10-20 years; 4 = 20-50 years; and, 5 = more than 
50 years 

 For climate variables: Winter (_wt) = December of the previous year to February for annual; and, January, February 
and December for normals; Spring (_sp) = March, April and May; Summer (_sm) = June, July and August; Autumn 
(_at) = September, October and November. 
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Table A-2 Correlation Matrix for Climatic Variables 
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dd_0 1 -0.14 0.38 0.62 -0.02 0.56 0.25 0.62 0.63 0.22 0.42 -0.58 -0.86 0.16 0.39 -0.19 -0.7 0.05 -0.13 -0.5 -0.11 

emt -0.14 1 -0.09 0.2 -0.17 0.36 0.02 0.13 0.18 0.04 -0.16 -0.47 0.32 -0.28 -0.14 -0.53 -0.45 0.72 0.05 0.07 0.99 

ext 0.38 -0.09 1 0.84 0.8 0.77 0.26 0.86 0.84 0.94 0.94 -0.11 -0.46 0.94 0.99 0.61 -0.32 -0.43 -0.74 -0.9 -0.14 

map 0.62 0.2 0.84 1 0.45 0.96 0.31 0.99 1 0.76 0.79 -0.56 -0.65 0.62 0.82 0.12 -0.73 -0.03 -0.58 -0.87 0.18 

mat -0.02 -0.17 0.8 0.45 1 0.38 -0.01 0.5 0.45 0.91 0.85 0.45 -0.09 0.89 0.83 0.86 0.07 -0.39 -0.43 -0.49 -0.2 

ppt_at 0.56 0.36 0.77 0.96 0.38 1 0.23 0.93 0.95 0.7 0.7 -0.62 -0.55 0.53 0.74 0.01 -0.76 0.08 -0.56 -0.82 0.35 

ppt_sm 0.25 0.02 0.26 0.31 -0.01 0.23 1 0.29 0.31 0.16 0.13 -0.32 -0.22 0.17 0.18 -0.05 -0.22 -0.09 -0.28 -0.36 0.02 

ppt_sp 0.62 0.13 0.86 0.99 0.5 0.93 0.29 1 0.99 0.78 0.82 -0.5 -0.65 0.66 0.85 0.19 -0.68 -0.1 -0.59 -0.88 0.1 

ppt_wt 0.63 0.18 0.84 1 0.45 0.95 0.31 0.99 1 0.75 0.8 -0.55 -0.66 0.62 0.82 0.12 -0.73 -0.03 -0.57 -0.86 0.16 

tave_at 0.22 0.04 0.94 0.76 0.91 0.7 0.16 0.78 0.75 1 0.94 0.06 -0.3 0.91 0.95 0.65 -0.27 -0.26 -0.58 -0.73 0 

tave_sm 0.42 -0.16 0.94 0.79 0.85 0.7 0.13 0.82 0.8 0.94 1 0.02 -0.55 0.88 0.97 0.62 -0.37 -0.3 -0.5 -0.75 -0.18 

tave_sp -0.58 -0.47 -0.11 -0.56 0.45 -0.62 -0.32 -0.5 -0.55 0.06 0.02 1 0.46 0.2 -0.04 0.69 0.78 -0.35 0.22 0.42 -0.47 

tave_wt -0.86 0.32 -0.46 -0.65 -0.09 -0.55 -0.22 -0.65 -0.66 -0.3 -0.55 0.46 1 -0.25 -0.49 0.05 0.69 0.04 0.1 0.53 0.29 

tmax_at 0.16 -0.28 0.94 0.62 0.89 0.53 0.17 0.66 0.62 0.91 0.88 0.2 -0.25 1 0.94 0.83 0.02 -0.64 -0.75 -0.79 -0.34 

tmax_sm 0.39 -0.14 0.99 0.82 0.83 0.74 0.18 0.85 0.82 0.95 0.97 -0.04 -0.49 0.94 1 0.64 -0.31 -0.43 -0.69 -0.86 -0.19 

tmax_sp -0.19 -0.53 0.61 0.12 0.86 0.01 -0.05 0.19 0.12 0.65 0.62 0.69 0.05 0.83 0.64 1 0.48 -0.74 -0.46 -0.36 -0.58 

tmax_wt -0.7 -0.45 -0.32 -0.73 0.07 -0.76 -0.22 -0.68 -0.73 -0.27 -0.37 0.78 0.69 0.02 -0.31 0.48 1 -0.55 -0.01 0.4 -0.48 

tmin_at 0.05 0.72 -0.43 -0.03 -0.39 0.08 -0.09 -0.1 -0.03 -0.26 -0.3 -0.35 0.04 -0.64 -0.43 -0.74 -0.55 1 0.66 0.47 0.78 

tmin_sm -0.13 0.05 -0.74 -0.58 -0.43 -0.56 -0.28 -0.59 -0.57 -0.58 -0.5 0.22 0.1 -0.75 -0.69 -0.46 -0.01 0.66 1 0.87 0.13 

tmin_sp -0.5 0.07 -0.9 -0.87 -0.49 -0.82 -0.36 -0.88 -0.86 -0.73 -0.75 0.42 0.53 -0.79 -0.86 -0.36 0.4 0.47 0.87 1 0.12 

tmin_wt -0.11 0.99 -0.14 0.18 -0.2 0.35 0.02 0.1 0.16 0 -0.18 -0.47 0.29 -0.34 -0.19 -0.58 -0.48 0.78 0.13 0.12 1 
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Table A-3 Correlation Matrix for Water Deficit Variables. 

Layer de
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def_01 1 0.28 0.22 0.12 -0.04 -0.09 0.11 0.23 0.28 0.43 0.75 0.15 

def_03 0.28 1 0.88 0.74 0.55 0.36 0.36 0.36 0.46 0.49 0.35 0.27 

def_04 0.22 0.88 1 0.94 0.76 0.53 0.48 0.46 0.47 0.47 0.30 0.32 

def_05 0.12 0.74 0.94 1 0.91 0.68 0.52 0.45 0.43 0.36 0.16 0.32 

def_06 -0.04 0.55 0.76 0.91 1 0.89 0.67 0.53 0.50 0.29 -0.01 0.31 

def_07 -0.09 0.36 0.53 0.68 0.89 1 0.88 0.75 0.69 0.42 -0.05 0.31 

def_08 0.11 0.36 0.48 0.52 0.67 0.88 1 0.97 0.92 0.75 0.21 0.32 

def_09 0.23 0.36 0.46 0.45 0.53 0.75 0.97 1 0.96 0.86 0.36 0.31 

def_10 0.28 0.46 0.47 0.43 0.50 0.69 0.92 0.96 1 0.90 0.43 0.31 

def_11 0.43 0.49 0.47 0.36 0.29 0.42 0.75 0.86 0.90 1 0.59 0.28 

def_12 0.75 0.35 0.30 0.16 -0.01 -0.05 0.21 0.36 0.43 0.59 1 0.19 

def_annual 0.15 0.27 0.32 0.32 0.31 0.31 0.32 0.31 0.31 0.28 0.19 1 
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Table A-4 Correlation Matrix for Combined Environmental Variables 
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def_01 1 0.28 -0.04 0.11 0.43 0.75 0.15 0.04 -0.05 0.06 -0.05 -0.18 0.05 0.26 0 0 0.28 -0.12 -0.13 -0.06 -0.12 0.02 -0.1 -0.05 0.04 -0.04 0.08 

def_03 0.28 1 0.55 0.36 0.49 0.35 0.27 -0.24 -0.35 -0.18 0.18 0.06 0.11 0.24 -0.33 -0.2 -0.19 -0.53 -0.19 -0.4 -0.05 0.25 -0.29 0.1 0.18 0.19 0.17 

def_06 -0.04 0.55 1 0.67 0.29 -0.01 0.31 0.07 0.08 0.08 -0.08 0.11 0.13 0.12 0.05 -0.05 -0.37 -0.6 -0.2 0.03 -0.04 -0.01 0.02 -0.01 -0.05 -0.1 0.01 

def_08 0.11 0.36 0.67 1 0.75 0.21 0.32 0.04 0.13 0.02 -0.03 0.18 0.14 0.44 0.06 0.05 -0.51 -0.02 0.09 0.09 0.05 -0.07 0.12 0.04 -0.13 -0.08 -0.13 

def_11 0.43 0.49 0.29 0.75 1 0.59 0.28 -0.16 -0.14 -0.12 0.11 0.09 0.08 0.62 -0.17 0 -0.23 0.03 0.1 -0.17 0.06 0.09 -0.04 0.13 -0.03 0.08 -0.07 

def_12 0.75 0.35 -0.01 0.21 0.59 1 0.19 0 -0.05 0.02 -0.03 -0.16 0.06 0.38 -0.05 -0.03 0.25 -0.09 -0.07 -0.11 -0.11 -0.04 -0.18 -0.1 0.15 0.12 0.09 

def_annual 0.15 0.27 0.31 0.32 0.28 0.19 1 0.2 0.18 0.13 -0.11 -0.33 0.06 0.18 0.05 0.13 0.07 -0.04 0.01 0.23 0.04 0.05 0.23 0.02 -0.13 -0.26 0.03 

dem 0.04 -0.24 0.07 0.04 -0.16 0 0.2 1 0.67 0.62 -0.58 -0.4 0.08 0 0.9 0.32 0.55 -0.27 -0.43 0.68 -0.66 -0.58 -0.02 -0.79 0.09 -0.55 0.34 

euc_coast -0.05 -0.35 0.08 0.13 -0.14 -0.05 0.18 0.67 1 0.67 -0.66 -0.26 0 0 0.79 0.08 0.31 -0.09 -0.19 0.93 -0.08 -0.67 0.51 -0.42 -0.31 -0.47 -0.26 

fire_f 0.06 -0.18 0.08 0.02 -0.12 0.02 0.13 0.62 0.67 1 -0.92 -0.31 0.01 -0.03 0.64 0.07 0.44 -0.24 -0.36 0.62 -0.3 -0.46 0.22 -0.44 -0.19 -0.53 0.02 

fire_retmin -0.05 0.18 -0.08 -0.03 0.11 -0.03 -0.11 -0.58 -0.66 -0.92 1 0.28 -0.01 0.02 -0.6 -0.02 -0.4 0.2 0.32 -0.62 0.24 0.48 -0.23 0.43 0.16 0.44 0.02 

geom_cti -0.18 0.06 0.11 0.18 0.09 -0.16 -0.33 -0.4 -0.26 -0.31 0.28 1 -0.25 0.01 -0.27 -0.12 -0.62 0.16 0.27 -0.32 0.17 0.07 -0.14 0.18 0.07 0.37 -0.16 

geom_tpi 0.05 0.11 0.13 0.14 0.08 0.06 0.06 0.08 0 0.01 -0.01 -0.25 1 0 0 0.02 0 0 -0.01 0 -0.05 -0.02 -0.03 -0.05 0.03 -0.03 0.05 

geom_trasp 0.26 0.24 0.12 0.44 0.62 0.38 0.18 0 0 -0.03 0.02 0.01 0 1 0.01 0.04 -0.04 0.02 0.03 -0.01 -0.02 -0.03 -0.01 0.01 -0.04 -0.01 -0.05 

map 0 -0.33 0.05 0.06 -0.17 -0.05 0.05 0.9 0.79 0.64 -0.6 -0.27 0 0.01 1 0.28 0.47 -0.22 -0.38 0.76 -0.55 -0.7 0.09 -0.72 -0.05 -0.52 0.11 

ppt_sm 0 -0.2 -0.05 0.05 0 -0.03 0.13 0.32 0.08 0.07 -0.02 -0.12 0.02 0.04 0.28 1 0.11 0.05 -0.03 0.13 -0.32 -0.22 -0.05 -0.22 -0.09 -0.28 0.02 

slope 0.28 -0.19 -0.37 -0.51 -0.23 0.25 0.07 0.55 0.31 0.44 -0.4 -0.62 0 -0.04 0.47 0.11 1 -0.31 -0.49 0.37 -0.37 -0.2 0 -0.4 0.05 -0.39 0.28 

soil_awc_mm -0.12 -0.53 -0.6 -0.02 0.03 -0.09 -0.04 -0.27 -0.09 -0.24 0.2 0.16 0 0.02 -0.22 0.05 -0.31 1 0.62 -0.07 0.3 0.03 0.15 0.23 -0.1 0.2 -0.27 

soil_rzd -0.13 -0.19 -0.2 0.09 0.1 -0.07 0.01 -0.43 -0.19 -0.36 0.32 0.27 -0.01 0.03 -0.38 -0.03 -0.49 0.62 1 -0.22 0.34 0.1 0.05 0.31 -0.04 0.36 -0.28 

tave_sm -0.06 -0.4 0.03 0.09 -0.17 -0.11 0.23 0.68 0.93 0.62 -0.62 -0.32 0 -0.01 0.76 0.13 0.37 -0.07 -0.22 1 0.02 -0.55 0.62 -0.37 -0.3 -0.5 -0.18 

tave_sp -0.12 -0.05 -0.04 0.05 0.06 -0.11 0.04 -0.66 -0.08 -0.3 0.24 0.17 -0.05 -0.02 -0.55 -0.32 -0.37 0.3 0.34 0.02 1 0.46 0.69 0.78 -0.35 0.22 -0.47 

tave_wt 0.02 0.25 -0.01 -0.07 0.09 -0.04 0.05 -0.58 -0.67 -0.46 0.48 0.07 -0.02 -0.03 -0.7 -0.22 -0.2 0.03 0.1 -0.55 0.46 1 0.05 0.69 0.04 0.1 0.29 

tmax_sp -0.1 -0.29 0.02 0.12 -0.04 -0.18 0.23 -0.02 0.51 0.22 -0.23 -0.14 -0.03 -0.01 0.09 -0.05 0 0.15 0.05 0.62 0.69 0.05 1 0.48 -0.74 -0.46 -0.58 

tmax_wt -0.05 0.1 -0.01 0.04 0.13 -0.1 0.02 -0.79 -0.42 -0.44 0.43 0.18 -0.05 0.01 -0.72 -0.22 -0.4 0.23 0.31 -0.37 0.78 0.69 0.48 1 -0.55 -0.01 -0.48 

tmin_at 0.04 0.18 -0.05 -0.13 -0.03 0.15 -0.13 0.09 -0.31 -0.19 0.16 0.07 0.03 -0.04 -0.05 -0.09 0.05 -0.1 -0.04 -0.3 -0.35 0.04 -0.74 -0.55 1 0.66 0.78 

tmin_sm -0.04 0.19 -0.1 -0.08 0.08 0.12 -0.26 -0.55 -0.47 -0.53 0.44 0.37 -0.03 -0.01 -0.52 -0.28 -0.39 0.2 0.36 -0.5 0.22 0.1 -0.46 -0.01 0.66 1 0.13 

tmin_wt 0.08 0.17 0.01 -0.13 -0.07 0.09 0.03 0.34 -0.26 0.02 0.02 -0.16 0.05 -0.05 0.11 0.02 0.28 -0.27 -0.28 -0.18 -0.47 0.29 -0.58 -0.48 0.78 0.13 1 
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Table A-5 Correlation Matrix of the Three Principal Components of Environmental Heterogeneity and Corresponding Environmental Variables 

Variable PC
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PCA_1 1 0.24 -0.37 0.26 0.72 0.84 0.85 0.73 0.36 0.38 0.04 0.08 0.14 0.42 0.01 -0.04 -0.31 -0.47 -0.16 -0.04 -0.06 0.01 -0.04 0.00 -0.02 -0.05 0.02 

PCA_2 0.24 1 0.02 0.12 0.20 0.33 -0.06 -0.15 0.06 0.08 0.48 -0.33 0.02 -0.04 0.60 0.09 0.58 -0.77 -0.91 0.37 -0.49 -0.27 -0.08 -0.49 0.06 -0.44 0.33 

PCA_3 -0.37 0.02 1 -0.11 -0.70 -0.38 -0.03 -0.22 -0.13 -0.15 0.40 -0.13 0.03 -0.04 0.72 0.28 0.25 0.40 0.09 0.62 -0.36 -0.63 0.10 -0.57 -0.02 -0.30 -0.01 

def_01 0.26 0.12 -0.11 1 0.28 -0.04 0.11 0.43 0.75 0.15 0.06 -0.18 0.05 0.26 0.01 0.00 0.28 -0.12 -0.13 -0.06 -0.12 0.02 -0.10 -0.05 0.04 -0.04 0.08 

def_03 0.72 0.20 -0.70 0.28 1 0.55 0.36 0.49 0.35 0.27 -0.18 0.06 0.11 0.24 -0.30 -0.20 -0.19 -0.53 -0.19 -0.40 -0.05 0.25 -0.29 0.10 0.18 0.19 0.17 

def_06 0.84 0.33 -0.38 -0.04 0.55 1 0.67 0.29 -0.01 0.31 0.08 0.11 0.13 0.12 0.06 -0.05 -0.37 -0.60 -0.20 0.03 -0.04 -0.01 0.02 -0.01 -0.05 -0.10 0.01 

def_08 0.85 -0.06 -0.03 0.11 0.36 0.67 1 0.75 0.21 0.32 0.02 0.18 0.14 0.44 0.06 0.05 -0.51 -0.02 0.09 0.09 0.05 -0.07 0.12 0.04 -0.13 -0.08 -0.13 

def_11 0.73 -0.15 -0.22 0.43 0.49 0.29 0.75 1 0.59 0.28 -0.12 0.09 0.08 0.62 -0.17 0.00 -0.23 0.03 0.10 -0.17 0.06 0.09 -0.04 0.13 -0.03 0.08 -0.07 

def_12 0.36 0.06 -0.13 0.75 0.35 -0.01 0.21 0.59 1 0.19 0.02 -0.16 0.06 0.38 -0.02 -0.03 0.25 -0.09 -0.07 -0.11 -0.11 -0.04 -0.18 -0.10 0.15 0.12 0.09 

def_annual 0.38 0.08 -0.15 0.15 0.27 0.31 0.32 0.28 0.19 1 0.13 -0.33 0.06 0.18 0.21 0.13 0.07 -0.04 0.01 0.23 0.04 0.05 0.23 0.02 -0.13 -0.26 0.03 

fire_f 0.04 0.48 0.40 0.06 -0.18 0.08 0.02 -0.12 0.02 0.13 1 -0.31 0.01 -0.03 0.64 0.07 0.44 -0.24 -0.36 0.62 -0.30 -0.46 0.22 -0.44 -0.19 -0.53 0.02 

geom_cti 0.08 -0.33 -0.13 -0.18 0.06 0.11 0.18 0.09 -0.16 -0.33 -0.31 1 -0.25 0.01 -0.39 -0.12 -0.62 0.16 0.27 -0.32 0.17 0.07 -0.14 0.18 0.07 0.37 -0.16 

geom_tpi 0.14 0.02 0.03 0.05 0.11 0.13 0.14 0.08 0.06 0.06 0.01 -0.25 1 0.00 0.05 0.02 0.00 0.00 -0.01 0.00 -0.05 -0.02 -0.03 -0.05 0.03 -0.03 0.05 

geom_trasp 0.42 -0.04 -0.04 0.26 0.24 0.12 0.44 0.62 0.38 0.18 -0.03 0.01 0.00 1 0.00 0.04 -0.04 0.02 0.03 -0.01 -0.02 -0.03 -0.01 0.01 -0.04 -0.01 -0.05 

map 0.01 0.60 0.72 0.01 -0.30 0.06 0.06 -0.17 -0.02 0.21 0.64 -0.39 0.05 0.00 1 0.31 0.53 -0.23 -0.39 0.79 -0.56 -0.65 0.12 -0.73 -0.03 -0.58 0.18 

ppt_sm -0.04 0.09 0.28 0.00 -0.20 -0.05 0.05 0.00 -0.03 0.13 0.07 -0.12 0.02 0.04 0.31 1 0.11 0.05 -0.03 0.13 -0.32 -0.22 -0.05 -0.22 -0.09 -0.28 0.02 

slope -0.31 0.58 0.25 0.28 -0.19 -0.37 -0.51 -0.23 0.25 0.07 0.44 -0.62 0.00 -0.04 0.53 0.11 1 -0.31 -0.49 0.37 -0.37 -0.20 0.00 -0.40 0.05 -0.39 0.28 

soil_awc_mm -0.47 -0.77 0.40 -0.12 -0.53 -0.60 -0.02 0.03 -0.09 -0.04 -0.24 0.16 0.00 0.02 -0.23 0.05 -0.31 1 0.62 -0.07 0.30 0.03 0.15 0.23 -0.10 0.20 -0.27 

soil_rzd -0.16 -0.91 0.09 -0.13 -0.19 -0.20 0.09 0.10 -0.07 0.01 -0.36 0.27 -0.01 0.03 -0.39 -0.03 -0.49 0.62 1 -0.22 0.34 0.10 0.05 0.31 -0.04 0.36 -0.28 

tave_sm -0.04 0.37 0.62 -0.06 -0.40 0.03 0.09 -0.17 -0.11 0.23 0.62 -0.32 0.00 -0.01 0.79 0.13 0.37 -0.07 -0.22 1 0.02 -0.55 0.62 -0.37 -0.30 -0.50 -0.18 

tave_sp -0.06 -0.49 -0.36 -0.12 -0.05 -0.04 0.05 0.06 -0.11 0.04 -0.30 0.17 -0.05 -0.02 -0.56 -0.32 -0.37 0.30 0.34 0.02 1 0.46 0.69 0.78 -0.35 0.22 -0.47 

tave_wt 0.01 -0.27 -0.63 0.02 0.25 -0.01 -0.07 0.09 -0.04 0.05 -0.46 0.07 -0.02 -0.03 -0.65 -0.22 -0.20 0.03 0.10 -0.55 0.46 1 0.05 0.69 0.04 0.10 0.29 

tmax_sp -0.04 -0.08 0.10 -0.10 -0.29 0.02 0.12 -0.04 -0.18 0.23 0.22 -0.14 -0.03 -0.01 0.12 -0.05 0.00 0.15 0.05 0.62 0.69 0.05 1 0.48 -0.74 -0.46 -0.58 

tmax_wt 0.00 -0.49 -0.57 -0.05 0.10 -0.01 0.04 0.13 -0.10 0.02 -0.44 0.18 -0.05 0.01 -0.73 -0.22 -0.40 0.23 0.31 -0.37 0.78 0.69 0.48 1 -0.55 -0.01 -0.48 

tmin_at -0.02 0.06 -0.02 0.04 0.18 -0.05 -0.13 -0.03 0.15 -0.13 -0.19 0.07 0.03 -0.04 -0.03 -0.09 0.05 -0.10 -0.04 -0.30 -0.35 0.04 -0.74 -0.55 1 0.66 0.78 

tmin_sm -0.05 -0.44 -0.30 -0.04 0.19 -0.10 -0.08 0.08 0.12 -0.26 -0.53 0.37 -0.03 -0.01 -0.58 -0.28 -0.39 0.20 0.36 -0.50 0.22 0.10 -0.46 -0.01 0.66 1 0.13 

tmin_wt 0.02 0.33 -0.01 0.08 0.17 0.01 -0.13 -0.07 0.09 0.03 0.02 -0.16 0.05 -0.05 0.18 0.02 0.28 -0.27 -0.28 -0.18 -0.47 0.29 -0.58 -0.48 0.78 0.13 1 
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Table A-6 Average Percent Contribution and Permutation Importance of Predictor Variables for the Average MaxEnt Model of Each Vegetation Type (n=10).  
 Heat map shading by each row depicts variables that contributed the most to the model in warm colors (e.g. red) and those that contributed the least in cool colors (e.g. blue). 
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1120 

Contribution Rank 
 (Contribution %) 

22     
(0.5%) 

6     
(4.2%) 

4     
(8%) 

1     
(38%) 

10     
(2.7%) 

5     
(5.2%) 

17     
(1.1%) 

20     
(0.9%) 

18     
(1%) 

15     
(1.6%) 

21     
(0.6%) 

2     
(8.5%) 

23     
(0.4%) 

8     
(2.9%) 

7     
(3%) 

14     
(1.7%) 

12     
(2%) 

13     
(1.7%) 

16     
(1.4%) 

9     
(2.8%) 

11     
(2.4%) 

3     
(8.4%) 

19     
(0.9%) 

Permutation Importance Rank 
(Permutation Importance %) 

19     
(0.3%) 

7     
(4.3%) 

23     
(0.1%) 

9     
(2.6%) 

12     
(1.2%) 

10     
(2.6%) 

16     
(1%) 

3     
(8.2%) 

18     
(0.4%) 

11     
(1.5%) 

20     
(0.3%) 

14     
(1.1%) 

17     
(0.7%) 

15     
(1%) 

21     
(0.2%) 

1     
(26.2%) 

2     
(25.6%) 

8     
(3.8%) 

4     
(6.9%) 

6     
(5.4%) 

13     
(1.1%) 

5     
(5.7%) 

22     
(0.1%) 

1121 

Contribution Rank 
 (Contribution %) 

17     
(1.2%) 

22     
(0.5%) 

3     
(8.6%) 

1     
(32.2%) 

14     
(1.4%) 

2     
(22.6%) 

19     
(0.9%) 

23     
(0.4%) 

11     
(1.9%) 

6     
(3.2%) 

9     
(2.1%) 

5     
(4.3%) 

18     
(1.1%) 

7     
(3%) 

10     
(2.1%) 

4     
(4.9%) 

21     
(0.6%) 

12     
(1.8%) 

13     
(1.7%) 

8     
(2.4%) 

20     
(0.7%) 

15     
(1.3%) 

16     
(1.2%) 

Permutation Importance Rank 
(Permutation Importance %) 

13     
(1.7%) 

17     
(1%) 

19     
(0.9%) 

8     
(3.3%) 

16     
(1.1%) 

2     
(8.9%) 

15     
(1.2%) 

18     
(1%) 

12     
(2.2%) 

6     
(4.2%) 

9     
(2.3%) 

22     
(0.6%) 

21     
(0.6%) 

11     
(2.3%) 

20     
(0.9%) 

1     
(38.3%) 

3     
(8.7%) 

4     
(6.5%) 

7     
(3.9%) 

5     
(6.3%) 

10     
(2.3%) 

23     
(0.4%) 

14     
(1.3%) 

1210 

Contribution Rank 
 (Contribution %) 

20     
(0.2%) 

12     
(0.4%) 

6     
(1%) 

3     
(2.9%) 

1     
(72.1%) 

22     
(0.1%) 

9     
(0.6%) 

7     
(0.9%) 

17     
(0.2%) 

23     
(0%) 

21     
(0.1%) 

11     
(0.4%) 

19     
(0.2%) 

8     
(0.9%) 

2     
(13.9%) 

4     
(2.1%) 

18     
(0.2%) 

14     
(0.4%) 

10     
(0.6%) 

13     
(0.4%) 

16     
(0.3%) 

5     
(1.8%) 

15     
(0.4%) 

Permutation Importance Rank 
(Permutation Importance %) 

11     
(0.6%) 

14     
(0.2%) 

20     
(0%) 

1     
(83.3%) 

9     
(1.1%) 

17     
(0.1%) 

13     
(0.3%) 

19     
(0%) 

16     
(0.1%) 

18     
(0.1%) 

12     
(0.5%) 

10     
(0.7%) 

21     
(0%) 

22     
(0%) 

5     
(1.7%) 

3     
(1.9%) 

15     
(0.2%) 

22     
(0%) 

4     
(1.9%) 

7     
(1.2%) 

8     
(1.1%) 

2     
(3.6%) 

6     
(1.2%) 

1700 

Contribution Rank 
 (Contribution %) 

19     
(1.1%) 

23     
(0%) 

16     
(1.6%) 

12     
(2.5%) 

4     
(7.4%) 

3     
(8.9%) 

22     
(0.2%) 

6     
(6.5%) 

13     
(2.5%) 

14     
(2.3%) 

8     
(5.2%) 

1     
(20.4%) 

5     
(7.2%) 

18     
(1.2%) 

2     
(12.4%) 

9     
(3.6%) 

7     
(6.2%) 

15     
(1.8%) 

11     
(3%) 

21     
(0.4%) 

17     
(1.3%) 

10     
(3.5%) 

20     
(0.6%) 

Permutation Importance Rank 
(Permutation Importance %) 

9     
(2%) 

20     
(0.2%) 

19     
(0.4%) 

14     
(1.3%) 

13     
(1.3%) 

7     
(2.5%) 

21     
(0.1%) 

1     
(29.4%) 

11     
(1.6%) 

12     
(1.4%) 

17     
(0.8%) 

8     
(2.4%) 

18     
(0.8%) 

10     
(1.6%) 

15     
(1.1%) 

6     
(4.7%) 

2     
(19.1%) 

5     
(6.4%) 

3     
(11.2%) 

23     
(0%) 

4     
(10.7%) 

16     
(1.1%) 

22     
(0%) 

1710 

Contribution Rank 
 (Contribution %) 

15     
(0.9%) 

22     
(0.1%) 

8     
(2.9%) 

12     
(1.5%) 

3     
(13.7%) 

2     
(16.6%) 

21     
(0.2%) 

23     
(0.1%) 

17     
(0.4%) 

6     
(3.8%) 

20     
(0.4%) 

1     
(35.4%) 

10     
(2.3%) 

7     
(3.5%) 

4     
(5.6%) 

18     
(0.4%) 

14     
(0.9%) 

16     
(0.6%) 

5     
(5.3%) 

9     
(2.6%) 

19     
(0.4%) 

13     
(0.9%) 

11     
(1.7%) 

Permutation Importance Rank 
(Permutation Importance %) 

2     
(12.6%) 

20     
(0.4%) 

23     
(0%) 

10     
(3.2%) 

17     
(0.8%) 

3     
(11.6%) 

18     
(0.7%) 

13     
(2.3%) 

21     
(0.4%) 

4     
(9.7%) 

6     
(7.8%) 

14     
(1.9%) 

11     
(2.4%) 

16     
(1.6%) 

19     
(0.7%) 

5     
(8.3%) 

9     
(5.1%) 

22     
(0.2%) 

7     
(7%) 

1     
(13.6%) 

8     
(5.7%) 

12     
(2.3%) 

15     
(1.9%) 

1720 

Contribution Rank 
 (Contribution %) 

16     
(0.9%) 

21     
(0.5%) 

18     
(0.8%) 

11     
(3.5%) 

14     
(2.1%) 

7     
(4.4%) 

22     
(0.5%) 

20     
(0.6%) 

13     
(2.1%) 

12     
(2.3%) 

17     
(0.9%) 

1     
(26.1%) 

9     
(4.1%) 

2     
(10.6%) 

4     
(8.6%) 

6     
(4.4%) 

3     
(10.3%) 

10     
(3.5%) 

5     
(6.8%) 

23     
(0.4%) 

19     
(0.6%) 

8     
(4.1%) 

15     
(1.7%) 

Permutation Importance Rank 
(Permutation Importance %) 

1     
(19.9%) 

9     
(2.8%) 

23     
(0.1%) 

18     
(1%) 

21     
(0.1%) 

10     
(2.8%) 

22     
(0.1%) 

2     
(14.9%) 

20     
(0.2%) 

8     
(4.4%) 

3     
(13.1%) 

15     
(1.2%) 

12     
(1.8%) 

16     
(1.2%) 

14     
(1.4%) 

6     
(6.6%) 

11     
(2.4%) 

7     
(4.9%) 

17     
(1.1%) 

19     
(0.2%) 

4     
(9.5%) 

13     
(1.7%) 

5     
(8.4%) 

1730 

Contribution Rank 
 (Contribution %) 

19     
(0.4%) 

23     
(0.1%) 

3     
(10.1%) 

13     
(1.4%) 

10     
(3.1%) 

4     
(10.1%) 

22     
(0.1%) 

7     
(5%) 

9     
(3.7%) 

14     
(1.3%) 

21     
(0.2%) 

1     
(22.9%) 

11     
(1.7%) 

17     
(0.9%) 

2     
(17.1%) 

5     
(7%) 

12     
(1.4%) 

15     
(1.1%) 

16     
(1%) 

6     
(5.6%) 

20     
(0.2%) 

18     
(0.8%) 

8     
(4.9%) 

Permutation Importance Rank 
(Permutation Importance %) 

11     
(1.5%) 

23     
(0%) 

18     
(0.3%) 

17     
(0.4%) 

12     
(1.3%) 

8     
(3.9%) 

19     
(0.2%) 

2     
(16.6%) 

15     
(0.5%) 

13     
(1.3%) 

22     
(0.1%) 

16     
(0.5%) 

20     
(0.2%) 

21     
(0.2%) 

5     
(6.2%) 

1     
(26.1%) 

3     
(14.2%) 

7     
(4.7%) 

6     
(6.1%) 

4     
(10.4%) 

14     
(0.8%) 

9     
(2.3%) 

10     
(2.2%) 
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1740 

Contribution Rank 
 (Contribution %) 

18     
(0.2%) 

15     
(0.5%) 

16     
(0.5%) 

9     
(3.6%) 

1     
(21.2%) 

22     
(0.1%) 

17     
(0.2%) 

3     
(12.2%) 

7     
(6.1%) 

23     
(0%) 

14     
(0.5%) 

8     
(4.2%) 

5     
(7.1%) 

20     
(0.1%) 

4     
(9.1%) 

6     
(6.3%) 

2     
(20.6%) 

10     
(3.5%) 

12     
(1.2%) 

13     
(0.6%) 

21     
(0.1%) 

11     
(1.9%) 

19     
(0.1%) 

Permutation Importance Rank 
(Permutation Importance %) 

11     
(0.3%) 

17     
(0.2%) 

14     
(0.3%) 

16     
(0.2%) 

3     
(7.5%) 

22     
(0%) 

20     
(0%) 

6     
(1.2%) 

5     
(2.7%) 

21     
(0%) 

8     
(0.7%) 

15     
(0.2%) 

7     
(0.9%) 

23     
(0%) 

19     
(0%) 

1     
(53.8%) 

13     
(0.3%) 

10     
(0.4%) 

9     
(0.6%) 

12     
(0.3%) 

18     
(0.1%) 

2     
(25.6%) 

4     
(4.6%) 

1810 

Contribution Rank 
 (Contribution %) 

19     
(0.3%) 

23     
(0.1%) 

6     
(4.5%) 

8     
(4.3%) 

16     
(0.8%) 

3     
(14.7%) 

20     
(0.3%) 

13     
(2.3%) 

7     
(4.4%) 

5     
(6.7%) 

11     
(3%) 

1     
(16.1%) 

18     
(0.5%) 

4     
(12.6%) 

2     
(16%) 

9     
(3.8%) 

22     
(0.2%) 

15     
(1.1%) 

17     
(0.8%) 

10     
(3%) 

21     
(0.2%) 

12     
(2.4%) 

14     
(1.8%) 

Permutation Importance Rank 
(Permutation Importance %) 

4     
(6.5%) 

23     
(0%) 

21     
(0.2%) 

18     
(1%) 

13     
(1.7%) 

3     
(11.5%) 

22     
(0.2%) 

2     
(19.4%) 

14     
(1.5%) 

6     
(6.3%) 

5     
(6.5%) 

15     
(1.3%) 

20     
(0.2%) 

19     
(0.3%) 

9     
(2.8%) 

1     
(24.6%) 

7     
(3.8%) 

17     
(1.2%) 

10     
(2.7%) 

16     
(1.2%) 

12     
(1.8%) 

8     
(3%) 

11     
(2.1%) 

1820 

Contribution Rank 
 (Contribution %) 

20     
(0.4%) 

18     
(0.5%) 

21     
(0.3%) 

10     
(1.4%) 

12     
(1.3%) 

1     
(35.5%) 

23     
(0.1%) 

2     
(23.7%) 

22     
(0.2%) 

6     
(3%) 

8     
(2.5%) 

3     
(11.1%) 

4     
(6.8%) 

19     
(0.4%) 

7     
(2.7%) 

17     
(0.5%) 

13     
(1.3%) 

15     
(0.7%) 

11     
(1.4%) 

14     
(0.8%) 

16     
(0.5%) 

5     
(3.2%) 

9     
(1.6%) 

Permutation Importance Rank 
(Permutation Importance %) 

13     
(1.5%) 

18     
(1.2%) 

22     
(0.2%) 

10     
(2.2%) 

14     
(1.5%) 

1     
(38.6%) 

21     
(0.3%) 

2     
(11.8%) 

23     
(0.2%) 

5     
(5.4%) 

15     
(1.4%) 

7     
(3.6%) 

3     
(7.3%) 

12     
(1.6%) 

20     
(0.8%) 

8     
(3.5%) 

9     
(3.1%) 

6     
(4.9%) 

11     
(2%) 

19     
(1%) 

16     
(1.3%) 

4     
(5.4%) 

17     
(1.2%) 

1830 

Contribution Rank 
 (Contribution %) 

18     
(1.3%) 

7     
(3.2%) 

4     
(6.3%) 

3     
(12.8%) 

1     
(29.1%) 

16     
(1.6%) 

20     
(1.1%) 

11     
(2.4%) 

17     
(1.3%) 

5     
(4.1%) 

10     
(2.7%) 

8     
(2.8%) 

21     
(0.7%) 

9     
(2.7%) 

12     
(2.2%) 

14     
(2%) 

13     
(2.1%) 

22     
(0.7%) 

15     
(2%) 

23     
(0.6%) 

6     
(3.9%) 

19     
(1.1%) 

2     
(13.4%) 

Permutation Importance Rank 
(Permutation Importance %) 

9     
(3.3%) 

10     
(3%) 

22     
(0.7%) 

2     
(21.3%) 

3     
(8.2%) 

15     
(2%) 

20     
(1.1%) 

6     
(3.9%) 

17     
(1.6%) 

12     
(2.3%) 

4     
(6.3%) 

23     
(0.6%) 

19     
(1.1%) 

8     
(3.5%) 

18     
(1.2%) 

11     
(2.9%) 

13     
(2%) 

7     
(3.7%) 

5     
(4%) 

16     
(1.9%) 

21     
(1%) 

14     
(2%) 

1     
(22.4%) 

1910 

Contribution Rank 
 (Contribution %) 

17     
(0.3%) 

19     
(0.1%) 

23     
(0%) 

2     
(8%) 

5     
(4%) 

22     
(0%) 

21     
(0.1%) 

10     
(2.5%) 

9     
(3.5%) 

18     
(0.2%) 

16     
(0.3%) 

1     
(52%) 

11     
(1.7%) 

8     
(3.5%) 

6     
(3.9%) 

12     
(1.2%) 

3     
(7.3%) 

13     
(0.6%) 

20     
(0.1%) 

15     
(0.3%) 

14     
(0.4%) 

4     
(6.3%) 

7     
(3.5%) 

Permutation Importance Rank 
(Permutation Importance %) 

6     
(2.4%) 

16     
(0.3%) 

22     
(0%) 

9     
(1.4%) 

10     
(1.2%) 

21     
(0.1%) 

19     
(0.1%) 

1     
(56.2%) 

4     
(4.5%) 

18     
(0.2%) 

8     
(1.8%) 

13     
(0.4%) 

14     
(0.4%) 

12     
(0.8%) 

15     
(0.3%) 

3     
(7.6%) 

2     
(16.2%) 

11     
(1.1%) 

17     
(0.2%) 

20     
(0.1%) 

23     
(0%) 

5     
(2.4%) 

7     
(2.3%) 

2110 

Contribution Rank 
 (Contribution %) 

10     
(1.2%) 

22     
(0.2%) 

23     
(0.1%) 

1     
(40.2%) 

3     
(6.3%) 

18     
(0.4%) 

16     
(0.6%) 

9     
(1.6%) 

21     
(0.3%) 

19     
(0.4%) 

20     
(0.4%) 

7     
(1.8%) 

5     
(2.3%) 

6     
(2%) 

4     
(5.8%) 

8     
(1.7%) 

14     
(0.7%) 

11     
(1.1%) 

15     
(0.6%) 

2     
(30.2%) 

17     
(0.5%) 

12     
(1%) 

13     
(0.7%) 

Permutation Importance Rank 
(Permutation Importance %) 

19     
(0.4%) 

17     
(0.6%) 

23     
(0.2%) 

2     
(20.7%) 

5     
(5.8%) 

16     
(0.8%) 

20     
(0.4%) 

22     
(0.2%) 

13     
(0.9%) 

9     
(2.6%) 

21     
(0.3%) 

8     
(2.9%) 

6     
(4.4%) 

12     
(1.3%) 

7     
(3.1%) 

1     
(29.2%) 

4     
(9.7%) 

14     
(0.8%) 

11     
(2.3%) 

3     
(9.7%) 

15     
(0.8%) 

10     
(2.5%) 

18     
(0.5%) 

2120 

Contribution Rank 
 (Contribution %) 

14     
(0.8%) 

23     
(0.2%) 

16     
(0.6%) 

3     
(17%) 

7     
(4.1%) 

22     
(0.2%) 

17     
(0.5%) 

4     
(10.4%) 

5     
(7.5%) 

21     
(0.3%) 

10     
(2.5%) 

2     
(17.4%) 

20     
(0.4%) 

9     
(2.6%) 

6     
(6.2%) 

8     
(3.1%) 

15     
(0.6%) 

19     
(0.5%) 

13     
(1%) 

1     
(21.2%) 

11     
(1.4%) 

12     
(1.1%) 

18     
(0.5%) 

Permutation Importance Rank 
(Permutation Importance %) 

13     
(2%) 

18     
(0.6%) 

23     
(0.1%) 

3     
(9.1%) 

5     
(5.5%) 

20     
(0.5%) 

17     
(0.7%) 

2     
(10.2%) 

10     
(3.5%) 

6     
(5.3%) 

19     
(0.6%) 

7     
(5.1%) 

21     
(0.3%) 

8     
(3.9%) 

12     
(2.8%) 

1     
(33%) 

16     
(0.7%) 

22     
(0.2%) 

9     
(3.6%) 

4     
(6.3%) 

14     
(1.7%) 

15     
(1.2%) 

11     
(3.1%) 
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2130 

Contribution Rank 
 (Contribution %) 

18     
(0.5%) 

21     
(0.1%) 

22     
(0.1%) 

8     
(2.8%) 

1     
(33.5%) 

23     
(0%) 

20     
(0.1%) 

12     
(1.8%) 

9     
(2.8%) 

5     
(8%) 

19     
(0.3%) 

4     
(9.7%) 

14     
(1.1%) 

10     
(2.5%) 

3     
(9.8%) 

2     
(11.9%) 

6     
(4.8%) 

17     
(0.7%) 

16     
(0.8%) 

15     
(1%) 

7     
(4.1%) 

13     
(1.7%) 

11     
(1.9%) 

Permutation Importance Rank 
(Permutation Importance %) 

7     
(3.9%) 

23     
(0%) 

21     
(0.2%) 

12     
(1.9%) 

10     
(2%) 

22     
(0.1%) 

19     
(0.6%) 

8     
(2.7%) 

6     
(4.9%) 

11     
(1.9%) 

9     
(2.4%) 

20     
(0.6%) 

17     
(1%) 

16     
(1.1%) 

14     
(1.3%) 

1     
(36.1%) 

2     
(12.6%) 

13     
(1.5%) 

5     
(5.3%) 

3     
(11.3%) 

4     
(6.4%) 

18     
(1%) 

15     
(1.2%) 

2140 

Contribution Rank 
 (Contribution %) 

10     
(1.4%) 

21     
(0.1%) 

23     
(0.1%) 

2     
(26%) 

8     
(1.9%) 

16     
(0.7%) 

20     
(0.2%) 

3     
(8.8%) 

14     
(1%) 

12     
(1%) 

19     
(0.2%) 

7     
(3%) 

11     
(1.3%) 

18     
(0.3%) 

4     
(5.6%) 

6     
(3%) 

22     
(0.1%) 

17     
(0.3%) 

13     
(1%) 

1     
(37.7%) 

15     
(1%) 

5     
(3.7%) 

9     
(1.8%) 

Permutation Importance Rank 
(Permutation Importance %) 

23     
(0.1%) 

10     
(2.1%) 

21     
(0.3%) 

12     
(1.6%) 

13     
(1.5%) 

19     
(0.5%) 

14     
(1.4%) 

15     
(1.2%) 

8     
(2.7%) 

5     
(5.9%) 

17     
(1%) 

9     
(2.2%) 

18     
(0.8%) 

22     
(0.3%) 

7     
(2.8%) 

1     
(35.5%) 

20     
(0.5%) 

11     
(1.9%) 

4     
(6.8%) 

2     
(15.8%) 

16     
(1.2%) 

6     
(5.1%) 

3     
(8.6%) 

2210 

Contribution Rank 
 (Contribution %) 

9     
(1.8%) 

20     
(0.3%) 

17     
(0.5%) 

12     
(0.8%) 

1     
(61.7%) 

22     
(0.2%) 

18     
(0.4%) 

23     
(0.1%) 

19     
(0.4%) 

8     
(2.3%) 

6     
(2.9%) 

10     
(1.2%) 

11     
(0.8%) 

14     
(0.7%) 

4     
(3.5%) 

7     
(2.4%) 

5     
(3.1%) 

2     
(10.3%) 

3     
(4.5%) 

15     
(0.7%) 

13     
(0.7%) 

21     
(0.3%) 

16     
(0.5%) 

Permutation Importance Rank 
(Permutation Importance %) 

7     
(5.5%) 

21     
(0.4%) 

14     
(1.2%) 

15     
(1.1%) 

1     
(25.1%) 

23     
(0.2%) 

18     
(0.7%) 

12     
(1.4%) 

19     
(0.7%) 

8     
(4.8%) 

4     
(9.9%) 

16     
(1%) 

22     
(0.3%) 

13     
(1.4%) 

11     
(1.6%) 

6     
(6.5%) 

17     
(0.9%) 

9     
(3.5%) 

5     
(9.2%) 

2     
(11.2%) 

3     
(10.9%) 

10     
(1.9%) 

20     
(0.5%) 

2220 

Contribution Rank 
 (Contribution %) 

13     
(0.9%) 

14     
(0.8%) 

23     
(0%) 

11     
(1.2%) 

10     
(1.5%) 

21     
(0.4%) 

18     
(0.6%) 

17     
(0.7%) 

5     
(6.7%) 

8     
(1.7%) 

20     
(0.5%) 

6     
(6.1%) 

19     
(0.6%) 

2     
(19.2%) 

15     
(0.8%) 

1     
(24.9%) 

7     
(2.2%) 

3     
(15.4%) 

12     
(1.1%) 

16     
(0.7%) 

22     
(0.3%) 

9     
(1.5%) 

4     
(12.1%) 

Permutation Importance Rank 
(Permutation Importance %) 

6     
(5.6%) 

15     
(2%) 

22     
(0.3%) 

17     
(1.5%) 

8     
(5.1%) 

21     
(0.3%) 

20     
(0.6%) 

7     
(5.5%) 

5     
(6.1%) 

12     
(2.4%) 

11     
(2.5%) 

10     
(2.8%) 

23     
(0.3%) 

9     
(4.7%) 

18     
(0.8%) 

4     
(7.3%) 

3     
(7.8%) 

19     
(0.7%) 

14     
(2.1%) 

16     
(1.7%) 

13     
(2.1%) 

2     
(11.7%) 

1     
(26.2%) 

2230 

Contribution Rank 
 (Contribution %) 

20     
(0.2%) 

3     
(14.7%) 

21     
(0.2%) 

4     
(10.6%) 

12     
(0.6%) 

23     
(0.1%) 

7     
(5.6%) 

18     
(0.3%) 

14     
(0.6%) 

1     
(18.6%) 

22     
(0.1%) 

9     
(4.1%) 

15     
(0.5%) 

17     
(0.3%) 

5     
(8.1%) 

2     
(18.1%) 

13     
(0.6%) 

10     
(1.6%) 

6     
(7.7%) 

16     
(0.4%) 

19     
(0.2%) 

8     
(5.4%) 

11     
(1.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

19     
(0.3%) 

13     
(0.8%) 

21     
(0%) 

9     
(1.8%) 

23     
(0%) 

17     
(0.4%) 

6     
(4.2%) 

8     
(3.1%) 

11     
(1.2%) 

4     
(4.7%) 

16     
(0.7%) 

10     
(1.4%) 

15     
(0.7%) 

12     
(0.8%) 

5     
(4.2%) 

2     
(16%) 

18     
(0.3%) 

22     
(0%) 

1     
(47.9%) 

20     
(0.3%) 

14     
(0.8%) 

3     
(7.3%) 

7     
(3.3%) 

2310 

Contribution Rank 
 (Contribution %) 

21     
(0.3%) 

9     
(1.1%) 

19     
(0.4%) 

3     
(13.7%) 

2     
(13.8%) 

22     
(0.2%) 

5     
(4.5%) 

7     
(2.4%) 

6     
(3.9%) 

23     
(0%) 

16     
(0.5%) 

11     
(0.8%) 

20     
(0.3%) 

15     
(0.5%) 

4     
(7.6%) 

13     
(0.7%) 

8     
(1.1%) 

12     
(0.8%) 

14     
(0.6%) 

1     
(45.1%) 

17     
(0.4%) 

10     
(0.9%) 

18     
(0.4%) 

Permutation Importance Rank 
(Permutation Importance %) 

11     
(1.1%) 

14     
(0.9%) 

17     
(0.5%) 

1     
(35.2%) 

2     
(15.9%) 

15     
(0.9%) 

7     
(4%) 

8     
(3.3%) 

9     
(2%) 

22     
(0.1%) 

19     
(0.4%) 

13     
(1%) 

12     
(1.1%) 

16     
(0.5%) 

6     
(5%) 

3     
(12.1%) 

4     
(7.8%) 

18     
(0.5%) 

23     
(0%) 

10     
(1.9%) 

5     
(5.5%) 

21     
(0.2%) 

20     
(0.3%) 

2320 

Contribution Rank 
 (Contribution %) 

13     
(0.5%) 

8     
(1.3%) 

23     
(0%) 

4     
(1.7%) 

1     
(43.5%) 

22     
(0%) 

3     
(2.8%) 

9     
(0.9%) 

21     
(0.1%) 

12     
(0.5%) 

18     
(0.2%) 

20     
(0.1%) 

19     
(0.1%) 

5     
(1.6%) 

2     
(40.6%) 

7     
(1.4%) 

6     
(1.6%) 

11     
(0.7%) 

14     
(0.4%) 

10     
(0.8%) 

15     
(0.4%) 

17     
(0.3%) 

16     
(0.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

9     
(0.9%) 

8     
(2.8%) 

16     
(0%) 

2     
(23.5%) 

6     
(6.1%) 

12     
(0%) 

3     
(15.9%) 

10     
(0.2%) 

16     
(0%) 

16     
(0%) 

5     
(7.3%) 

16     
(0%) 

16     
(0%) 

16     
(0%) 

1     
(29.2%) 

7     
(4.5%) 

14     
(0%) 

13     
(0%) 

16     
(0%) 

14     
(0%) 

4     
(9.5%) 

11     
(0.1%) 

16     
(0%) 
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2330 

Contribution Rank 
 (Contribution %) 

22     
(0.3%) 

1     
(27.3%) 

23     
(0%) 

12     
(2.7%) 

2     
(12.2%) 

21     
(0.4%) 

4     
(5.9%) 

16     
(1.2%) 

9     
(3.2%) 

3     
(11.2%) 

15     
(1.9%) 

14     
(2.4%) 

10     
(2.9%) 

13     
(2.5%) 

17     
(1.1%) 

7     
(4.8%) 

6     
(5.4%) 

5     
(5.7%) 

18     
(0.8%) 

11     
(2.8%) 

20     
(0.5%) 

8     
(3.7%) 

19     
(0.7%) 

Permutation Importance Rank 
(Permutation Importance %) 

17     
(1.2%) 

19     
(0.8%) 

23     
(0.1%) 

6     
(6.5%) 

15     
(2%) 

20     
(0.7%) 

8     
(3.8%) 

9     
(3.6%) 

3     
(9.1%) 

1     
(21.6%) 

5     
(6.7%) 

16     
(1.2%) 

14     
(2%) 

13     
(2.2%) 

22     
(0.4%) 

2     
(17.5%) 

10     
(2.8%) 

4     
(7.3%) 

21     
(0.6%) 

7     
(4.2%) 

12     
(2.3%) 

11     
(2.6%) 

18     
(1%) 

2340 

Contribution Rank 
 (Contribution %) 

21     
(1.6%) 

1     
(22.1%) 

15     
(2.5%) 

11     
(2.9%) 

2     
(11.8%) 

12     
(2.9%) 

9     
(3.5%) 

13     
(2.8%) 

23     
(0.6%) 

3     
(9%) 

19     
(1.7%) 

6     
(4.5%) 

14     
(2.7%) 

5     
(4.8%) 

8     
(3.6%) 

4     
(6.8%) 

20     
(1.7%) 

10     
(3.2%) 

22     
(0.8%) 

18     
(2%) 

16     
(2.2%) 

17     
(2.1%) 

7     
(4.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

21     
(0.7%) 

7     
(4.4%) 

22     
(0.2%) 

18     
(1.2%) 

5     
(5.9%) 

11     
(2.9%) 

17     
(1.8%) 

3     
(6.3%) 

12     
(2.7%) 

6     
(5%) 

4     
(5.9%) 

8     
(4%) 

14     
(2.4%) 

19     
(1.2%) 

15     
(2.2%) 

1     
(28.8%) 

23     
(0.1%) 

16     
(2.1%) 

10     
(3.6%) 

13     
(2.4%) 

9     
(3.8%) 

2     
(11.4%) 

20     
(0.8%) 

2350 

Contribution Rank 
 (Contribution %) 

22     
(0.2%) 

11     
(2%) 

7     
(4%) 

1     
(19.8%) 

5     
(5.9%) 

12     
(1.9%) 

15     
(0.7%) 

13     
(1.1%) 

23     
(0.2%) 

17     
(0.5%) 

19     
(0.5%) 

3     
(14.8%) 

21     
(0.3%) 

20     
(0.4%) 

6     
(4.8%) 

4     
(14.4%) 

14     
(0.7%) 

18     
(0.5%) 

9     
(2.5%) 

2     
(18.4%) 

10     
(2.4%) 

16     
(0.6%) 

8     
(3.4%) 

Permutation Importance Rank 
(Permutation Importance %) 

15     
(1.1%) 

11     
(2.2%) 

21     
(0.7%) 

3     
(11.2%) 

6     
(3.8%) 

13     
(1.7%) 

17     
(0.9%) 

7     
(3.7%) 

20     
(0.7%) 

23     
(0.4%) 

14     
(1.6%) 

4     
(7.7%) 

10     
(2.6%) 

22     
(0.4%) 

19     
(0.8%) 

1     
(32.9%) 

5     
(4%) 

9     
(2.7%) 

2     
(13.7%) 

16     
(1%) 

12     
(2.1%) 

18     
(0.9%) 

8     
(3.1%) 

2410 

Contribution Rank 
 (Contribution %) 

16     
(0.2%) 

20     
(0.1%) 

22     
(0%) 

12     
(0.6%) 

1     
(50.9%) 

19     
(0.1%) 

21     
(0%) 

4     
(3.5%) 

18     
(0.1%) 

23     
(0%) 

15     
(0.2%) 

14     
(0.3%) 

17     
(0.2%) 

8     
(1.7%) 

3     
(12.1%) 

6     
(2.2%) 

11     
(0.7%) 

9     
(1.3%) 

13     
(0.6%) 

2     
(19.3%) 

7     
(1.9%) 

5     
(2.9%) 

10     
(1.1%) 

Permutation Importance Rank 
(Permutation Importance %) 

12     
(0.7%) 

9     
(1.2%) 

22     
(0%) 

3     
(19.7%) 

23     
(0%) 

15     
(0.3%) 

13     
(0.5%) 

16     
(0.2%) 

18     
(0.2%) 

21     
(0%) 

7     
(1.5%) 

11     
(0.8%) 

19     
(0.1%) 

10     
(1.2%) 

4     
(5%) 

2     
(21.2%) 

20     
(0.1%) 

17     
(0.2%) 

14     
(0.4%) 

5     
(4.6%) 

6     
(1.9%) 

1     
(38.9%) 

8     
(1.3%) 

3110 

Contribution Rank 
 (Contribution %) 

19     
(1%) 

2     
(15.4%) 

21     
(0.6%) 

12     
(2.8%) 

4     
(7.8%) 

22     
(0.3%) 

15     
(1.6%) 

3     
(13.2%) 

10     
(3.5%) 

1     
(16.9%) 

14     
(1.7%) 

9     
(4.1%) 

16     
(1.3%) 

20     
(0.7%) 

8     
(4.3%) 

11     
(3%) 

5     
(7%) 

7     
(4.9%) 

18     
(1%) 

13     
(1.7%) 

23     
(0.2%) 

6     
(5.7%) 

17     
(1.1%) 

Permutation Importance Rank 
(Permutation Importance %) 

12     
(2.1%) 

4     
(9.2%) 

22     
(0.3%) 

6     
(5.8%) 

15     
(1.9%) 

23     
(0.2%) 

18     
(1.4%) 

1     
(21.4%) 

8     
(3.4%) 

3     
(11.3%) 

9     
(2.2%) 

17     
(1.5%) 

21     
(0.4%) 

19     
(1.3%) 

14     
(1.9%) 

16     
(1.8%) 

7     
(4.4%) 

10     
(2.2%) 

13     
(2.1%) 

11     
(2.2%) 

20     
(0.5%) 

2     
(16.7%) 

5     
(6%) 

3120 

Contribution Rank 
 (Contribution %) 

13     
(1.7%) 

18     
(1.3%) 

21     
(0.5%) 

1     
(20.7%) 

8     
(4.9%) 

23     
(0.2%) 

4     
(8%) 

3     
(8.6%) 

11     
(1.9%) 

2     
(18.5%) 

7     
(5.9%) 

16     
(1.4%) 

19     
(1.3%) 

12     
(1.8%) 

5     
(6.6%) 

14     
(1.4%) 

9     
(2.9%) 

10     
(2.3%) 

15     
(1.4%) 

17     
(1.4%) 

20     
(0.9%) 

6     
(6.3%) 

22     
(0.2%) 

Permutation Importance Rank 
(Permutation Importance %) 

16     
(2%) 

11     
(2.5%) 

8     
(3.7%) 

3     
(11.4%) 

17     
(1.7%) 

21     
(0.5%) 

7     
(3.9%) 

1     
(18.1%) 

20     
(0.6%) 

2     
(17.7%) 

9     
(3.3%) 

19     
(1.4%) 

23     
(0.2%) 

15     
(2.2%) 

5     
(4.5%) 

18     
(1.7%) 

10     
(2.7%) 

14     
(2.3%) 

6     
(4.5%) 

13     
(2.4%) 

12     
(2.5%) 

4     
(9.6%) 

22     
(0.4%) 

3130 

Contribution Rank 
 (Contribution %) 

17     
(0.8%) 

21     
(0.4%) 

19     
(0.7%) 

1     
(33.5%) 

15     
(1%) 

23     
(0.1%) 

20     
(0.6%) 

4     
(5.4%) 

6     
(3.5%) 

2     
(21.5%) 

22     
(0.3%) 

18     
(0.7%) 

12     
(1.8%) 

9     
(2.6%) 

5     
(4.5%) 

11     
(2%) 

7     
(3.2%) 

8     
(2.7%) 

16     
(1%) 

10     
(2.4%) 

13     
(1.6%) 

3     
(8.5%) 

14     
(1.1%) 

Permutation Importance Rank 
(Permutation Importance %) 

7     
(4.3%) 

14     
(1.6%) 

20     
(0.5%) 

1     
(20.1%) 

21     
(0.4%) 

23     
(0.2%) 

19     
(0.8%) 

5     
(7.3%) 

18     
(1.1%) 

3     
(12.2%) 

12     
(3%) 

22     
(0.4%) 

17     
(1.4%) 

9     
(3.9%) 

15     
(1.6%) 

10     
(3.5%) 

13     
(2.6%) 

16     
(1.4%) 

8     
(3.9%) 

11     
(3.1%) 

2     
(12.2%) 

4     
(8.7%) 

6     
(5.9%) 
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3140 

Contribution Rank 
 (Contribution %) 

15     
(0.9%) 

23     
(0%) 

18     
(0.6%) 

7     
(2.3%) 

5     
(3.6%) 

21     
(0.2%) 

16     
(0.8%) 

1     
(51.8%) 

22     
(0.1%) 

3     
(7.9%) 

19     
(0.4%) 

11     
(1.2%) 

12     
(1.1%) 

14     
(0.9%) 

10     
(1.3%) 

2     
(14%) 

13     
(1.1%) 

6     
(2.9%) 

8     
(2.1%) 

9     
(1.9%) 

17     
(0.7%) 

4     
(3.9%) 

20     
(0.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

5     
(2.2%) 

14     
(0.6%) 

23     
(0%) 

2     
(8.7%) 

3     
(5.9%) 

19     
(0.2%) 

18     
(0.3%) 

1     
(68.3%) 

22     
(0%) 

11     
(0.9%) 

8     
(1.7%) 

17     
(0.3%) 

16     
(0.3%) 

20     
(0.2%) 

13     
(0.6%) 

9     
(1.6%) 

15     
(0.3%) 

6     
(1.9%) 

7     
(1.7%) 

4     
(2.7%) 

10     
(1%) 

12     
(0.7%) 

21     
(0.1%) 

3150 

Contribution Rank 
 (Contribution %) 

23     
(0.3%) 

14     
(1.3%) 

19     
(1%) 

12     
(1.9%) 

1     
(37.8%) 

17     
(1.1%) 

4     
(7.5%) 

22     
(0.7%) 

18     
(1%) 

13     
(1.3%) 

21     
(0.7%) 

15     
(1.3%) 

2     
(9.4%) 

9     
(2.8%) 

5     
(6%) 

16     
(1.3%) 

6     
(4.3%) 

10     
(2.5%) 

3     
(8.6%) 

7     
(3%) 

8     
(2.9%) 

11     
(2.4%) 

20     
(1%) 

Permutation Importance Rank 
(Permutation Importance %) 

9     
(4%) 

20     
(1.2%) 

22     
(0.1%) 

7     
(5.3%) 

4     
(6.4%) 

19     
(1.2%) 

15     
(2.1%) 

8     
(4.2%) 

13     
(2.1%) 

12     
(3%) 

17     
(1.5%) 

14     
(2.1%) 

11     
(3.7%) 

16     
(1.8%) 

6     
(6.2%) 

21     
(0.7%) 

5     
(6.2%) 

23     
(0%) 

1     
(22.6%) 

3     
(9.4%) 

2     
(10.7%) 

10     
(4%) 

18     
(1.4%) 

3180 

Contribution Rank 
 (Contribution %) 

20     
(0.2%) 

19     
(0.4%) 

23     
(0%) 

1     
(58.7%) 

2     
(7.4%) 

16     
(0.4%) 

14     
(0.6%) 

9     
(1.4%) 

6     
(3.1%) 

22     
(0%) 

10     
(1.4%) 

4     
(5.8%) 

8     
(1.9%) 

5     
(4.9%) 

7     
(3%) 

11     
(1.1%) 

18     
(0.4%) 

21     
(0.2%) 

15     
(0.6%) 

3     
(6.6%) 

12     
(0.8%) 

13     
(0.8%) 

17     
(0.4%) 

Permutation Importance Rank 
(Permutation Importance %) 

13     
(1.3%) 

19     
(0.4%) 

22     
(0.1%) 

1     
(30.9%) 

14     
(1.1%) 

18     
(0.5%) 

15     
(0.8%) 

6     
(6.2%) 

7     
(3.9%) 

17     
(0.5%) 

5     
(6.3%) 

23     
(0.1%) 

21     
(0.1%) 

2     
(14.3%) 

11     
(1.6%) 

4     
(10.5%) 

10     
(1.7%) 

20     
(0.2%) 

12     
(1.3%) 

3     
(12.6%) 

8     
(3.1%) 

9     
(1.8%) 

16     
(0.7%) 

3190 

Contribution Rank 
 (Contribution %) 

11     
(0.7%) 

20     
(0.1%) 

23     
(0%) 

1     
(31%) 

7     
(5.3%) 

21     
(0%) 

17     
(0.2%) 

13     
(0.3%) 

3     
(10.8%) 

10     
(0.8%) 

8     
(1.1%) 

4     
(10%) 

2     
(21.7%) 

12     
(0.3%) 

5     
(8.8%) 

6     
(7%) 

16     
(0.2%) 

22     
(0%) 

15     
(0.2%) 

18     
(0.1%) 

19     
(0.1%) 

9     
(1%) 

14     
(0.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

4     
(5%) 

14     
(0.3%) 

23     
(0%) 

3     
(5.6%) 

11     
(0.6%) 

21     
(0%) 

16     
(0.1%) 

6     
(2.5%) 

2     
(18.9%) 

9     
(1.1%) 

7     
(1.8%) 

10     
(0.8%) 

5     
(2.8%) 

12     
(0.6%) 

17     
(0.1%) 

1     
(57.8%) 

13     
(0.4%) 

22     
(0%) 

8     
(1.1%) 

15     
(0.2%) 

20     
(0.1%) 

18     
(0.1%) 

19     
(0.1%) 

3210 

Contribution Rank 
 (Contribution %) 

12     
(1.6%) 

17     
(0.6%) 

22     
(0.1%) 

20     
(0.2%) 

1     
(58.8%) 

23     
(0.1%) 

10     
(1.7%) 

21     
(0.1%) 

19     
(0.5%) 

2     
(11.7%) 

13     
(1%) 

6     
(2.5%) 

5     
(3%) 

4     
(3.6%) 

7     
(2.1%) 

8     
(2.1%) 

18     
(0.6%) 

9     
(1.8%) 

15     
(0.9%) 

11     
(1.7%) 

16     
(0.7%) 

14     
(0.9%) 

3     
(3.9%) 

Permutation Importance Rank 
(Permutation Importance %) 

16     
(1.1%) 

5     
(5.5%) 

20     
(0.4%) 

14     
(1.7%) 

2     
(11.2%) 

23     
(0.2%) 

12     
(1.9%) 

19     
(0.7%) 

17     
(1.1%) 

1     
(25.9%) 

15     
(1.5%) 

8     
(4.7%) 

3     
(10.9%) 

13     
(1.9%) 

7     
(5.2%) 

9     
(4.5%) 

6     
(5.4%) 

22     
(0.3%) 

11     
(4%) 

10     
(4.5%) 

21     
(0.3%) 

18     
(1.1%) 

4     
(6.2%) 

3220 

Contribution Rank 
 (Contribution %) 

19     
(0.2%) 

3     
(5.1%) 

4     
(4.6%) 

21     
(0.1%) 

1     
(67.3%) 

23     
(0%) 

5     
(3.2%) 

12     
(0.8%) 

6     
(2.6%) 

7     
(1.4%) 

22     
(0.1%) 

8     
(1.3%) 

18     
(0.3%) 

20     
(0.2%) 

10     
(1.2%) 

2     
(7.4%) 

11     
(0.8%) 

14     
(0.4%) 

16     
(0.3%) 

17     
(0.3%) 

13     
(0.7%) 

15     
(0.4%) 

9     
(1.2%) 

Permutation Importance Rank 
(Permutation Importance %) 

9     
(2.7%) 

1     
(24.8%) 

13     
(1%) 

12     
(1.2%) 

6     
(4.7%) 

18     
(0.3%) 

20     
(0.2%) 

7     
(4.7%) 

10     
(1.8%) 

4     
(12.9%) 

8     
(4.3%) 

22     
(0%) 

15     
(0.8%) 

17     
(0.4%) 

14     
(0.9%) 

2     
(16.8%) 

5     
(5.4%) 

21     
(0.1%) 

16     
(0.6%) 

23     
(0%) 

11     
(1.6%) 

19     
(0.3%) 

3     
(14.6%) 

3310 

Contribution Rank 
 (Contribution %) 

14     
(1.8%) 

22     
(0.3%) 

4     
(5.9%) 

1     
(19.8%) 

12     
(2.4%) 

18     
(1.0%) 

23     
(0.3%) 

19     
(0.8%) 

10     
(3.0%) 

6     
(5.7%) 

7     
(5.5%) 

5     
(5.8%) 

11     
(2.9%) 

2     
(19.3%) 

8     
(5.2%) 

3     
(8.9%) 

17     
(1.4%) 

15     
(1.7%) 

21     
(0.4%) 

13     
(2.1%) 

20     
(0.6%) 

16     
(1.7%) 

9     
(3.7%) 

Permutation Importance Rank 
(Permutation Importance %) 

22     
(0.02%) 

18     
(0.2%) 

19     
(0.2%) 

9     
(1.9%) 

16     
(0.2%) 

13     
(0.4%) 

17     
(0.2%) 

11     
(0.8%) 

12     
(0.5%) 

6     
(4.2%) 

3     
(10.0%) 

19     
(0.2%) 

21     
(0.1%) 

14     
(0.4%) 

15     
(0.3%) 

1     
(42.3%) 

2     
(12.7%) 

4     
(9.6%) 

22     
(0.02%) 

5     
(8.1%) 

8     
(2.1%) 

10     
(1.8%) 

7     
(4.1%) 
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3330 

Contribution Rank 
 (Contribution %) 

16     
(0.8%) 

19     
(0.4%) 

21     
(0.3%) 

17     
(0.7%) 

8     
(3.3%) 

20     
(0.3%) 

23     
(0.2%) 

15     
(0.9%) 

13     
(1.6%) 

18     
(0.6%) 

11     
(2.1%) 

2     
(17.1%) 

14     
(1.4%) 

1     
(26.2%) 

5     
(4.9%) 

7     
(3.9%) 

3     
(12.4%) 

6     
(4.5%) 

10     
(2.6%) 

22     
(0.2%) 

12     
(1.9%) 

4     
(10.9%) 

9     
(2.8%) 

Permutation Importance Rank 
(Permutation Importance %) 

6     
(6.2%) 

18     
(0.1%) 

23     
(0%) 

7     
(3.9%) 

3     
(7.3%) 

22     
(0.1%) 

17     
(0.1%) 

13     
(1.1%) 

5     
(7.1%) 

20     
(0.1%) 

12     
(1.2%) 

11     
(1.6%) 

16     
(0.2%) 

4     
(7.2%) 

19     
(0.1%) 

8     
(3.6%) 

2     
(24.8%) 

14     
(0.7%) 

21     
(0.1%) 

15     
(0.3%) 

9     
(3.5%) 

1     
(28%) 

10     
(2.7%) 

3340 

Contribution Rank 
 (Contribution %) 

17     
(0.1%) 

22     
(0.1%) 

18     
(0.1%) 

13     
(0.4%) 

1     
(77.3%) 

12     
(0.5%) 

7     
(0.9%) 

5     
(2.7%) 

14     
(0.3%) 

16     
(0.2%) 

10     
(0.6%) 

6     
(1.4%) 

23     
(0%) 

20     
(0.1%) 

4     
(3.3%) 

11     
(0.5%) 

3     
(3.6%) 

19     
(0.1%) 

2     
(6.1%) 

8     
(0.6%) 

21     
(0.1%) 

15     
(0.2%) 

9     
(0.6%) 

Permutation Importance Rank 
(Permutation Importance %) 

16     
(0.4%) 

23     
(0%) 

18     
(0.3%) 

8     
(1.2%) 

2     
(29.3%) 

13     
(0.6%) 

17     
(0.4%) 

1     
(42.3%) 

11     
(0.8%) 

14     
(0.5%) 

20     
(0.2%) 

15     
(0.5%) 

22     
(0.1%) 

21     
(0.1%) 

10     
(1%) 

6     
(3.5%) 

7     
(2.1%) 

19     
(0.3%) 

9     
(1.1%) 

5     
(4%) 

12     
(0.7%) 

4     
(4.7%) 

3     
(5.8%) 

3350 

Contribution Rank 
 (Contribution %) 

22     
(0.1%) 

17     
(0.5%) 

23     
(0%) 

2     
(18.9%) 

1     
(52.7%) 

21     
(0.1%) 

16     
(0.6%) 

13     
(1%) 

18     
(0.4%) 

9     
(1.1%) 

5     
(2.8%) 

12     
(1%) 

19     
(0.4%) 

15     
(0.6%) 

4     
(3.5%) 

14     
(0.8%) 

3     
(7.2%) 

7     
(2%) 

11     
(1.1%) 

10     
(1.1%) 

6     
(2.2%) 

8     
(1.6%) 

20     
(0.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

21     
(0.3%) 

19     
(0.7%) 

23     
(0.1%) 

4     
(8.4%) 

1     
(35.6%) 

20     
(0.3%) 

9     
(2.1%) 

2     
(12.1%) 

11     
(1.8%) 

6     
(4.9%) 

8     
(2.1%) 

15     
(1.4%) 

13     
(1.5%) 

17     
(0.8%) 

12     
(1.6%) 

18     
(0.7%) 

5     
(7%) 

14     
(1.5%) 

7     
(2.3%) 

3     
(11.5%) 

22     
(0.1%) 

16     
(1.3%) 

10     
(1.9%) 

4120 

Contribution Rank 
 (Contribution %) 

16     
(0.5%) 

23     
(0%) 

21     
(0.2%) 

1     
(69.3%) 

2     
(7.4%) 

19     
(0.2%) 

12     
(0.9%) 

22     
(0.1%) 

4     
(4.3%) 

5     
(2%) 

7     
(1.5%) 

6     
(1.6%) 

3     
(5.1%) 

14     
(0.5%) 

11     
(0.9%) 

9     
(1.3%) 

20     
(0.2%) 

15     
(0.5%) 

10     
(1.1%) 

17     
(0.3%) 

13     
(0.8%) 

8     
(1.4%) 

18     
(0.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

16     
(0.4%) 

19     
(0.2%) 

21     
(0.2%) 

2     
(30.8%) 

11     
(1.4%) 

22     
(0.1%) 

14     
(0.7%) 

23     
(0.1%) 

13     
(0.7%) 

8     
(1.7%) 

3     
(5.7%) 

4     
(3.3%) 

17     
(0.4%) 

15     
(0.4%) 

18     
(0.3%) 

1     
(41.8%) 

9     
(1.5%) 

12     
(0.9%) 

5     
(2.9%) 

20     
(0.2%) 

10     
(1.4%) 

7     
(2.5%) 

6     
(2.6%) 

4130 

Contribution Rank 
 (Contribution %) 

15     
(0.9%) 

16     
(0.7%) 

5     
(7.9%) 

1     
(26.6%) 

6     
(3.5%) 

11     
(1.5%) 

6     
(3.5%) 

22     
(0%) 

12     
(1.4%) 

3     
(14%) 

21     
(0.2%) 

14     
(1.1%) 

2     
(21.3%) 

19     
(0.3%) 

8     
(2.9%) 

12     
(1.4%) 

10     
(1.6%) 

22     
(0%) 

9     
(1.7%) 

17     
(0.5%) 

19     
(0.3%) 

18     
(0.4%) 

4     
(8.3%) 

Permutation Importance Rank 
(Permutation Importance %) 

13     
(1.3%) 

19     
(0.2%) 

5     
(6.1%) 

13     
(1.3%) 

12     
(1.4%) 

21     
(0.1%) 

8     
(3.2%) 

16     
(0.7%) 

17     
(0.6%) 

2     
(17%) 

19     
(0.2%) 

15     
(1%) 

4     
(8.9%) 

21     
(0.1%) 

10     
(2.6%) 

3     
(12.7%) 

6     
(3.9%) 

23     
(0%) 

18     
(0.5%) 

7     
(3.7%) 

10     
(2.6%) 

9     
(2.9%) 

1     
(28.9%) 

4200 

Contribution Rank 
 (Contribution %) 

13     
(2.6%) 

17     
(1.9%) 

21     
(1.4%) 

16     
(2.3%) 

1     
(26.5%) 

8     
(4.1%) 

19     
(1.6%) 

11     
(2.9%) 

7     
(4.3%) 

2     
(11.9%) 

10     
(3.1%) 

3     
(6.2%) 

6     
(4.4%) 

18     
(1.7%) 

14     
(2.5%) 

4     
(5%) 

9     
(4%) 

23     
(1.2%) 

15     
(2.3%) 

5     
(4.6%) 

22     
(1.4%) 

12     
(2.7%) 

20     
(1.5%) 

Permutation Importance Rank 
(Permutation Importance %) 

2     
(11.4%) 

19     
(0.9%) 

23     
(0.7%) 

15     
(2.2%) 

14     
(2.4%) 

16     
(1.8%) 

22     
(0.7%) 

1     
(15.3%) 

10     
(4%) 

9     
(4.6%) 

7     
(5.5%) 

20     
(0.9%) 

18     
(1.2%) 

17     
(1.4%) 

21     
(0.7%) 

8     
(5.1%) 

13     
(2.8%) 

6     
(6.6%) 

4     
(7.3%) 

5     
(6.9%) 

12     
(3.4%) 

3     
(10.5%) 

11     
(3.6%) 

5210 

Contribution Rank 
 (Contribution %) 

18     
(1%) 

1     
(23.2%) 

11     
(2.3%) 

3     
(10.9%) 

13     
(1.7%) 

19     
(0.8%) 

5     
(7.7%) 

20     
(0.6%) 

6     
(5.5%) 

2     
(12.2%) 

15     
(1.7%) 

17     
(1.2%) 

10     
(3.2%) 

8     
(4%) 

14     
(1.7%) 

9     
(3.7%) 

4     
(9.4%) 

23     
(0.4%) 

22     
(0.4%) 

12     
(2.1%) 

21     
(0.5%) 

16     
(1.3%) 

7     
(4.4%) 

Permutation Importance Rank 
(Permutation Importance %) 

19     
(0.6%) 

10     
(4.7%) 

23     
(0%) 

3     
(9.3%) 

12     
(2.4%) 

14     
(1.5%) 

16     
(1.1%) 

18     
(0.8%) 

4     
(8.7%) 

2     
(11%) 

5     
(7.8%) 

15     
(1.2%) 

11     
(2.6%) 

17     
(0.9%) 

20     
(0.5%) 

8     
(5.5%) 

6     
(7.5%) 

22     
(0.1%) 

21     
(0.4%) 

1     
(19.6%) 

13     
(2%) 

9     
(4.9%) 

7     
(7%) 
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5310 

Contribution Rank 
 (Contribution %) 

17     
(0.6%) 

16     
(0.6%) 

11     
(3.5%) 

15     
(1.1%) 

13     
(2.9%) 

21     
(0.2%) 

19     
(0.3%) 

2     
(9%) 

20     
(0.3%) 

8     
(4.1%) 

3     
(8.1%) 

4     
(6.3%) 

5     
(5.3%) 

23     
(0.1%) 

6     
(5.3%) 

1     
(34.9%) 

14     
(1.1%) 

18     
(0.4%) 

12     
(3.3%) 

22     
(0.1%) 

10     
(3.9%) 

7     
(4.5%) 

9     
(4%) 

Permutation Importance Rank 
(Permutation Importance %) 

14     
(0.5%) 

20     
(0.2%) 

17     
(0.3%) 

9     
(3.3%) 

8     
(4.4%) 

16     
(0.3%) 

21     
(0.2%) 

1     
(25.5%) 

19     
(0.2%) 

13     
(0.5%) 

7     
(5.1%) 

11     
(1.5%) 

18     
(0.3%) 

22     
(0.2%) 

15     
(0.4%) 

2     
(16.9%) 

4     
(9.7%) 

12     
(0.8%) 

6     
(8%) 

23     
(0.2%) 

5     
(9.2%) 

10     
(2.1%) 

3     
(9.9%) 

6100 

Contribution Rank 
 (Contribution %) 

20     
(0.5%) 

19     
(0.5%) 

23     
(0%) 

2     
(14%) 

11     
(3.5%) 

6     
(5%) 

22     
(0.2%) 

5     
(5.1%) 

7     
(4.2%) 

12     
(2.9%) 

18     
(0.6%) 

1     
(30.6%) 

3     
(9.7%) 

17     
(0.8%) 

8     
(4.1%) 

9     
(3.6%) 

10     
(3.5%) 

14     
(1.5%) 

15     
(1.1%) 

13     
(2.1%) 

21     
(0.5%) 

4     
(5.2%) 

16     
(0.8%) 

Permutation Importance Rank 
(Permutation Importance %) 

13     
(1.6%) 

21     
(0%) 

23     
(0%) 

7     
(4.6%) 

6     
(5.3%) 

11     
(1.7%) 

22     
(0%) 

3     
(8.1%) 

10     
(2.6%) 

15     
(1.1%) 

16     
(0.7%) 

12     
(1.7%) 

19     
(0.3%) 

8     
(2.7%) 

17     
(0.6%) 

2     
(20.2%) 

20     
(0.2%) 

14     
(1.3%) 

1     
(28.4%) 

4     
(7.9%) 

18     
(0.5%) 

5     
(7.6%) 

9     
(2.7%) 

6101 

Contribution Rank 
 (Contribution %) 

10     
(3.1%) 

14     
(1%) 

21     
(0.2%) 

19     
(0.3%) 

2     
(16.3%) 

11     
(1.6%) 

17     
(0.7%) 

20     
(0.2%) 

9     
(4%) 

15     
(1%) 

13     
(1.2%) 

8     
(4.1%) 

3     
(12.5%) 

1     
(28.6%) 

7     
(4.7%) 

6     
(5%) 

5     
(6.2%) 

12     
(1.2%) 

18     
(0.6%) 

23     
(0.1%) 

22     
(0.2%) 

4     
(6.3%) 

16     
(1%) 

Permutation Importance Rank 
(Permutation Importance %) 

5     
(8.7%) 

12     
(2.9%) 

23     
(0%) 

19     
(1%) 

4     
(10.3%) 

10     
(3.1%) 

21     
(0.2%) 

11     
(3%) 

14     
(2.1%) 

17     
(1.7%) 

3     
(11.7%) 

18     
(1.1%) 

16     
(1.9%) 

9     
(3.5%) 

15     
(1.9%) 

2     
(12%) 

6     
(8.6%) 

1     
(14.6%) 

8     
(4.1%) 

22     
(0.2%) 

13     
(2.6%) 

7     
(4.5%) 

20     
(0.4%) 

7100 

Contribution Rank 
 (Contribution %) 

12     
(0.8%) 

22     
(0%) 

23     
(0%) 

4     
(3.1%) 

17     
(0.2%) 

21     
(0%) 

18     
(0.2%) 

9     
(1.3%) 

20     
(0.1%) 

19     
(0.1%) 

10     
(1.2%) 

7     
(1.6%) 

3     
(3.6%) 

2     
(7.6%) 

5     
(2.1%) 

6     
(2%) 

11     
(1%) 

16     
(0.2%) 

8     
(1.5%) 

14     
(0.7%) 

13     
(0.7%) 

1     
(71.5%) 

15     
(0.5%) 

Permutation Importance Rank 
(Permutation Importance %) 

12     
(0.1%) 

16     
(0%) 

18     
(0%) 

19     
(0%) 

19     
(0%) 

14     
(0.1%) 

15     
(0%) 

6     
(3.7%) 

19     
(0%) 

9     
(1.1%) 

10     
(0.3%) 

17     
(0%) 

11     
(0.2%) 

3     
(11.7%) 

5     
(5.5%) 

13     
(0.1%) 

8     
(1.6%) 

19     
(0%) 

2     
(21.7%) 

19     
(0%) 

7     
(2.4%) 

1     
(42.9%) 

4     
(8.8%) 

7120 

Contribution Rank 
 (Contribution %) 

13     
(0.8%) 

22     
(0%) 

23     
(0%) 

14     
(0.8%) 

18     
(0.4%) 

21     
(0.1%) 

17     
(0.4%) 

2     
(7.3%) 

20     
(0.1%) 

15     
(0.7%) 

11     
(1%) 

6     
(1.7%) 

5     
(2.1%) 

3     
(6.7%) 

8     
(1.3%) 

4     
(2.7%) 

12     
(0.9%) 

16     
(0.7%) 

9     
(1.2%) 

7     
(1.5%) 

19     
(0.4%) 

1     
(68.2%) 

10     
(1%) 

Permutation Importance Rank 
(Permutation Importance %) 

4     
(1%) 

19     
(0%) 

15     
(0%) 

19     
(0%) 

19     
(0%) 

7     
(0.2%) 

11     
(0%) 

3     
(2.9%) 

19     
(0%) 

10     
(0%) 

5     
(0.7%) 

9     
(0%) 

13     
(0%) 

8     
(0.1%) 

6     
(0.2%) 

14     
(0%) 

16     
(0%) 

17     
(0%) 

12     
(0%) 

19     
(0%) 

18     
(0%) 

1     
(75.1%) 

2     
(19.7%) 

7210 

Contribution Rank 
 (Contribution %) 

9     
(1.8%) 

20     
(0.1%) 

3     
(8.9%) 

17     
(0.5%) 

7     
(2.5%) 

23     
(0%) 

2     
(10.3%) 

1     
(48.5%) 

21     
(0.1%) 

15     
(0.8%) 

10     
(1.7%) 

4     
(6.6%) 

6     
(3.6%) 

19     
(0.2%) 

18     
(0.2%) 

5     
(6.2%) 

14     
(1%) 

13     
(1.1%) 

12     
(1.3%) 

8     
(2.5%) 

16     
(0.5%) 

11     
(1.3%) 

22     
(0%) 

Permutation Importance Rank 
(Permutation Importance %) 

15     
(0%) 

18     
(0%) 

9     
(0.9%) 

18     
(0%) 

18     
(0%) 

18     
(0%) 

4     
(2.1%) 

1     
(76.8%) 

18     
(0%) 

11     
(0.6%) 

8     
(1.3%) 

12     
(0.3%) 

10     
(0.8%) 

13     
(0.1%) 

18     
(0%) 

3     
(5.6%) 

16     
(0%) 

7     
(1.4%) 

6     
(1.5%) 

5     
(1.8%) 

2     
(6.8%) 

14     
(0.1%) 

17     
(0%) 

8100 

Contribution Rank 
 (Contribution %) 

10     
(1.1%) 

16     
(0.6%) 

5     
(1.4%) 

12     
(0.9%) 

19     
(0.3%) 

13     
(0.6%) 

7     
(1.3%) 

1     
(71.6%) 

20     
(0.1%) 

2     
(9.2%) 

21     
(0.1%) 

6     
(1.3%) 

22     
(0.1%) 

16     
(0.6%) 

8     
(1.2%) 

11     
(1.1%) 

14     
(0.6%) 

18     
(0.5%) 

3     
(3.5%) 

9     
(1.2%) 

15     
(0.6%) 

4     
(1.9%) 

23     
(0.1%) 

Permutation Importance Rank 
(Permutation Importance %) 

10     
(0.3%) 

15     
(0.1%) 

14     
(0.2%) 

21     
(0%) 

13     
(0.2%) 

7     
(0.8%) 

5     
(2.9%) 

1     
(66.9%) 

21     
(0%) 

2     
(11.7%) 

8     
(0.6%) 

11     
(0.3%) 

16     
(0.1%) 

17     
(0.1%) 

12     
(0.2%) 

4     
(4.8%) 

20     
(0%) 

19     
(0%) 

3     
(8.8%) 

9     
(0.6%) 

18     
(0%) 

6     
(1.5%) 

21     
(0%) 
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8120 

Contribution Rank 
 (Contribution %) 

18     
(1.1%) 

7     
(4.3%) 

8     
(3.5%) 

15     
(1.6%) 

6     
(4.6%) 

23     
(0.2%) 

13     
(2.4%) 

12     
(2.5%) 

11     
(2.9%) 

1     
(29.9%) 

22     
(0.2%) 

16     
(1.5%) 

17     
(1.4%) 

14     
(1.7%) 

3     
(10.6%) 

19     
(1.1%) 

20     
(1%) 

21     
(1%) 

5     
(4.8%) 

9     
(3.2%) 

2     
(11.9%) 

4     
(5.7%) 

10     
(3%) 

Permutation Importance Rank 
(Permutation Importance %) 

19     
(0.7%) 

5     
(6%) 

23     
(0.1%) 

11     
(3.3%) 

14     
(1.7%) 

20     
(0.5%) 

15     
(1.4%) 

2     
(16.1%) 

7     
(5.1%) 

1     
(21.8%) 

13     
(1.9%) 

17     
(1.2%) 

18     
(0.8%) 

6     
(5.9%) 

12     
(2.7%) 

22     
(0.2%) 

21     
(0.5%) 

8     
(4.1%) 

4     
(7.2%) 

3     
(10.1%) 

16     
(1.3%) 

9     
(4%) 

10     
(3.4%) 

8210 

Contribution Rank 
 (Contribution %) 

22     
(0%) 

23     
(0%) 

17     
(0.6%) 

1     
(37.1%) 

15     
(0.7%) 

11     
(0.8%) 

21     
(0.1%) 

18     
(0.4%) 

4     
(1.9%) 

5     
(1.7%) 

9     
(1.1%) 

3     
(20.7%) 

12     
(0.7%) 

16     
(0.6%) 

2     
(26.7%) 

7     
(1.1%) 

20     
(0.3%) 

13     
(0.7%) 

19     
(0.3%) 

6     
(1.7%) 

14     
(0.7%) 

8     
(1.1%) 

10     
(0.9%) 

Permutation Importance Rank 
(Permutation Importance %) 

10     
(1.7%) 

23     
(0%) 

22     
(0.1%) 

6     
(2.1%) 

5     
(3.4%) 

9     
(1.9%) 

20     
(0.1%) 

14     
(1%) 

12     
(1.3%) 

7     
(2.1%) 

2     
(5.5%) 

8     
(2%) 

15     
(0.9%) 

19     
(0.1%) 

4     
(3.7%) 

1     
(64.9%) 

13     
(1.3%) 

21     
(0.1%) 

18     
(0.2%) 

3     
(5.1%) 

11     
(1.6%) 

16     
(0.5%) 

17     
(0.5%) 

 
  



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix A—Ecological Niche Modeling of Vegetation Alliances—Supplemental Data 
 

 Page 16 of 74 

Table A-7 Average Jackknife Test of Variable Importance of Test Gain for the Average MaxEnt Model of Each Vegetation Type (n=10).  
 Heat map shading by each row depicts variables that contributed the most to the model in warm colors (e.g. red) and those that contributed the least in cool colors (e.g. blue). 
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1120 

Rank 
(Test gain without variable) 

13 
(1.2717) 

8 
(1.2635) 

22 
(1.275) 

11 
(1.2687) 

4 
(1.2516) 

1 
(1.2163) 

18 
(1.2744) 

7 
(1.2633) 

23 
(1.2753) 

9 
(1.2656) 

17 
(1.2742) 

14 
(1.2722) 

16 
(1.2727) 

15 
(1.2725) 

21 
(1.2747) 

3 
(1.2506) 

2 
(1.2414) 

10 
(1.2673) 

5 
(1.2557) 

6 
(1.2594) 

18 
(1.2744) 

12 
(1.2702) 

20 
(1.2746) 

Rank   
(Test gain with only variable) 

13 
(0.1862) 

9 
(0.2253) 

15 
(0.173) 

2 
(0.5083) 

5 
(0.4155) 

11 
(0.1948) 

21 
(0.0743) 

1 
(0.5133) 

23 
(0.0089) 

17 
(0.1181) 

12 
(0.1929) 

16 
(0.1627) 

20 
(0.0804) 

22 
(0.0176) 

19 
(0.091) 6 (0.392) 14 

(0.1774) 
4 

(0.4349) 
10 

(0.2012) 
7 

(0.3063) 
8 

(0.2286) 
3 

(0.4574) 
18 

(0.1057) 

1121 

Rank 
(Test gain without variable) 

10 
(1.5194) 

21 
(1.5262) 

17 
(1.5218) 

3 
(1.4912) 

8 
(1.5136) 

1 
(1.4151) 

7 
(1.5127) 

19 
(1.5222) 

5 
(1.4965) 4 (1.496) 15 

(1.5212) 
23 

(1.528) 
22 

(1.5274) 
12 

(1.5205) 
14 

(1.5207) 
2 

(1.4846) 
16 

(1.5214) 
20 

(1.5234) 
18 

(1.5221) 
6 

(1.5113) 
12 

(1.5205) 
11 

(1.5195) 
9 

(1.5177) 

Rank   
(Test gain with only variable) 

12 
(0.1911) 

13 
(0.1899) 

14 
(0.189) 

2 
(0.5533) 

4 
(0.4887) 

1 
(0.6085) 

23 
(0.0445) 

3 
 (0.495) 

22 
(0.048) 

10 
(0.2157) 

9 
(0.2271) 

11 
(0.198) 

18 
(0.1157) 

19 
(0.1047) 

17 
(0.1272) 

6 
(0.4081) 

15 
(0.1844) 

5 
(0.4485) 

16 
(0.1638) 

7 
(0.3206) 

20 
(0.0838) 

8 
(0.3131) 

21 
(0.0679) 

1210 

Rank 
(Test gain without variable) 

9 
(2.9358) 

15 
(2.9387) 

18 
(2.9394) 

1 
(2.9102) 

7 
(2.9351) 

4 
(2.9339) 

8 
(2.9352) 

19 
(2.9398) 

17 
(2.9389) 

10 
(2.9366) 

13 
(2.9379) 

14 
(2.9381) 

23 
(2.9404) 

19 
(2.9398) 

5 
(2.9342) 

6 
(2.9343) 

19 
(2.9398) 

22 
(2.9401) 

11 
(2.937) 

12 
(2.9377) 

15 
(2.9387) 

2 
(2.9324) 

3 
(2.9332) 

Rank   
(Test gain with only variable) 

21 
(0.1998) 

15 
(0.6796) 

20 
(0.2431) 

7 
(1.6193) 

2 
(2.2381) 

23 
(0.0859) 

22 
(0.1761) 

4 
(1.7232) 

19 
(0.3863) 

17 
(0.5034) 

6 
(1.6732) 

14 
(0.7481) 

18 
(0.4719) 

3 
(1.7731) 

8 
(1.5356) 

1 
(2.3159) 

12 
(0.8507) 

9 
(1.3899) 

16 
(0.547) 

5 
(1.7059) 

10 
(1.2048) 

13 
(0.8051) 

11 
(0.9349) 

1700 

Rank 
(Test gain without variable) 

16 
(2.0143) 

17 
(2.0144) 

14 
(2.0103) 

9 
(2.0031) 

23 
(2.0175) 

8  
(1.998) 

21 
(2.0166) 

3 
(1.9731) 

7 
(1.9963) 

6  
(1.994) 

11 
(2.0063) 

4 
(1.9733) 

20 
(2.0158) 

10 
(2.0046) 

13 
(2.0098) 

15 
(2.0116) 

1 
(1.9438) 

5 
(1.9932) 

2 
(1.9625) 

22 
(2.0172) 

12 
(2.008) 

19 
(2.0155) 

18 
(2.0151) 

Rank   
(Test gain with only variable) 

21 
(0.0962) 

18 
(0.1162) 

22 
(0.0575) 

19 
(0.1065) 

16 
(0.1475) 

14 
(0.2508) 

23 
(0.0089) 

7 
(0.4917) 

20 
(0.1033) 

17 
(0.1231) 

2 
(0.5642) 

1 
 (0.853) 

5 
(0.5088) 

11 
(0.3889) 

3 
(0.5592) 

9 
(0.4405) 

4 
(0.5368) 

13 
(0.3069) 

12 
(0.3791) 

15 
(0.2128) 

8 
(0.4585) 

10 
(0.395) 

6 
(0.5021) 

1710 

Rank 
(Test gain without variable) 

3 
(1.6684) 

20 
(1.6978) 

22 
(1.6983) 

6 
(1.6857) 

14 
(1.691) 

1 
(1.6255) 

13 
(1.6893) 

15 
(1.6928) 

16 
(1.6936) 

2 
(1.6471) 

8 
(1.6876) 

18 
(1.6942) 

19 
(1.6961) 

9 
 (1.688) 

23 
(1.6985) 7 (1.687) 12 

(1.6887) 
21 

(1.6981) 4 (1.672) 10 
(1.6882) 

17 
(1.6941) 

5 
(1.6842) 

11 
(1.6884) 

Rank   
(Test gain with only variable) 

20 
(0.1015) 

16 
(0.1437) 

14 
(0.1449) 

10 
(0.2612) 

7 
(0.2979) 

2 
(0.5048) 

23  
(-

0.0009) 

12 
(0.2001) 

22 
(0.0257) 

19 
(0.1032) 

8 
(0.2966) 

1 
(0.7267) 

4 
(0.3589) 

5 
(0.3316) 

3 
(0.4531) 

11 
(0.2299) 

18 
(0.1169) 

9 
(0.2759) 

6 
(0.3019) 

13 
(0.1505) 

17 
(0.1337) 

15 
(0.144) 

21 
(0.0916) 

1720 

Rank 
(Test gain without variable) 

1 
(1.9091) 

6 
(1.9364) 

23 
(1.9646) 

19 
(1.9611) 

22 
(1.9642) 

8 
(1.9434) 

21 
(1.9629) 

7 
(1.9414) 

15 
(1.9591) 

4 
(1.9322) 

2 
(1.9188) 

9 
(1.9446) 

18 
(1.9608) 

14 
(1.954) 

5 
(1.9332) 

13 
(1.9533) 

3 
(1.9238) 

17 
(1.9607) 

11 
(1.9522) 

20 
(1.9615) 

12 
(1.9532) 

16 
(1.9598) 

10 
(1.9521) 

Rank   
(Test gain with only variable) 

21 
(0.076) 

15 
(0.2203) 

22 
(0.0337) 

17 
(0.1702) 

20 
(0.1125) 

10 
(0.3279) 

23 
(0.022) 

8 
(0.4111) 

19 
(0.1215) 

13 
(0.2928) 

7 
(0.4228) 

1 
(0.8574) 

5 
(0.4811) 

4 
(0.5713) 

3 
(0.6694) 

11 
(0.3006) 

2 
(0.7142) 

6 
(0.4727) 

9 
(0.3377) 

14 
(0.2712) 

18 
(0.1239) 

16 
(0.1967) 

12 
(0.2992) 

1730 

Rank 
(Test gain without variable) 

13 
(2.2418) 

20 
(2.2513) 

19 
(2.2512) 

6 
(2.2336) 

12 
(2.2416) 

3  
(2.216) 

16 
(2.244) 

7 
(2.2344) 

15 
(2.2427) 

14 
(2.2421) 

18 
(2.2464) 

21 
(2.2515) 

22 
(2.2527) 

23 
(2.253) 

1 
 (2.21) 

4 
(2.2274) 

9 
(2.2388) 

2 
(2.2108) 

5 
(2.2302) 

8 
(2.2365) 

17 
(2.2452) 

9 
(2.2388) 

11 
(2.2404) 

Rank   
(Test gain with only variable) 

20 
(0.1377) 

16 
(0.2275) 

15 
(0.2521) 

21 
(0.1349) 

19 
(0.1585) 

5 
(0.5112) 

23 
(0.0026) 

10 
(0.4229) 

22 
(0.0904) 

18 
(0.1722) 

11 
(0.3785) 

1 
(0.7905) 

7 
(0.4872) 

6 
(0.5087) 

2 
(0.7442) 

4 
(0.5312) 

13 
(0.3119) 

17 
(0.2252) 

3 
(0.5838) 

8 
(0.4593) 

9 
(0.4569) 

12 
(0.3375) 

14 
(0.2746) 
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1740 

Rank 
(Test gain without variable) 

20 
(2.6812) 

19 
(2.6811) 

9 
(2.6774) 

16 
 (2.68) 

3 
(2.6676) 

18 
(2.6809) 

12 
(2.6785) 

4 
(2.6695) 

2 
(2.6673) 

22 
(2.6814) 

9 
(2.6774) 

8 
 (2.676) 

11 
(2.678) 

17 
(2.6804) 

14 
(2.6795) 

1 
(2.6613) 

6 
(2.6746) 

13 
(2.6786) 

5 
(2.6737) 

23 
(2.6818) 

15 
(2.6799) 

7 
(2.6759) 

20 
(2.6812) 

Rank   
(Test gain with only variable) 

16 
(0.4297) 

17 
(0.3975) 

22 
(0.1522) 

18 
(0.3389) 

10 
(0.7395) 

19 
(0.2635) 

23 
(0.016) 

1 
(1.3397) 

21 
(0.233) 

20 
(0.2391) 

7 
(0.8248) 

12 
(0.6903) 

15 
(0.4425) 

14 
(0.5669) 

11 
(0.6943) 

3 
(1.2371) 

2 
 (1.248) 

4 
(1.1637) 

5 
(0.9653) 

8 
(0.7698) 

13 
(0.6286) 

6 
(0.8257) 

9 
(0.7456) 

1810 

Rank 
(Test gain without variable) 

14 
(1.4765) 

20 
(1.4841) 

19 
(1.4839) 

15 
(1.4778) 

7 
(1.4681) 

1 
 (1.419) 

23 
 (1.49) 

4 
(1.4608) 

13 
(1.476) 

3 
(1.4574) 

8 
(1.4715) 

18 
(1.4829) 

22 
(1.4875) 

21 
(1.4856) 

6 
(1.4678) 

5 
(1.4651) 

11 
(1.4745) 

16 
(1.4788) 

12 
(1.4754) 

16 
(1.4788) 

9 
 (1.473) 

2 
(1.4527) 

10 
(1.4739) 

Rank   
(Test gain with only variable) 

22 
(0.0344) 

14 
(0.1791) 

17 
(0.1032) 

19 
(0.0874) 

21 
(0.0457) 

3 
(0.3759) 

23 
(0.0019) 

9 
(0.2065) 

20 
(0.084) 

15 
(0.1779) 

13 
(0.1928) 

2 
(0.5309) 

6 
(0.2485) 

4 
(0.3225) 

1 
(0.5328) 

5 
(0.2495) 

18 
(0.0974) 

8 
(0.2077) 

11 
 (0.2) 

12 
(0.1945) 

10 
(0.2062) 

7 
(0.2157) 

16 
(0.1514) 

1820 

Rank 
(Test gain without variable) 

12 
(1.4725) 

23 
(1.4825) 

22 
(1.4824) 

9 
(1.4703) 

12 
(1.4725) 

1 
(1.2791) 

16 
(1.4787) 

8 
(1.4656) 

16 
(1.4787) 

3 
(1.4385) 

18 
(1.4792) 

4 
(1.4526) 

5 
(1.4613) 

6 
(1.4645) 

21 
(1.4821) 

10 
(1.4714) 

14 
(1.4761) 

15 
(1.4768) 

7 
(1.4655) 

19 
(1.4804) 

20 
(1.481) 

2 
(1.4139) 

11 
(1.4724) 

Rank   
(Test gain with only variable) 

22 
(0.0075) 

18 
(0.0597) 

21 
(0.0202) 

20 
(0.0464) 

17 
(0.0931) 

1 
(0.5772) 

23 
(0.0034) 

2 
(0.3494) 

10 
(0.1508) 

19 
(0.0492) 

15 
(0.1228) 

5 
(0.2425) 

11 
(0.1442) 

16 
(0.1099) 

14 
(0.1371) 

6 
(0.1876) 

7 
(0.1868) 

8  
(0.178) 

12 
(0.143) 

3 
(0.2712) 

9 
(0.1635) 

4 
(0.2462) 

13 
 (0.14) 

1830 

Rank 
(Test gain without variable) 

9 
(1.4989) 

11 
(1.5011) 

20 
(1.5089) 

1 
(1.4468) 

2 
(1.4768) 

4  
(1.489) 

23 
(1.5148) 

19 
(1.5077) 

5 
(1.4898) 

8 
(1.4975) 

3 
(1.4838) 

18 
(1.5074) 

12 
(1.503) 

7 
 (1.497) 

17 
(1.5066) 

13 
(1.5031) 

14 
(1.5042) 

15 
(1.5059) 

10 
(1.5005) 

22 
(1.5108) 

21 
(1.509) 

16 
(1.506) 

6 
(1.4911) 

Rank   
(Test gain with only variable) 

11 
(0.2212) 

18 
(0.1178) 

15 
(0.1369) 

4 
 (0.425) 

2  
(0.501) 

19 
(0.0701) 

23 
(0.0212) 

1 
(0.5448) 

13 
(0.1871) 

17 
 (0.12) 

8 
(0.2576) 

16 
(0.1273) 

22 
(0.0459) 

20 
(0.0683) 

21  
(0.06) 

9 
(0.2529) 

12 
(0.1923) 

10 
(0.2481) 

7 
(0.2618) 

14 
(0.1394) 

3 
(0.4943) 

6 
(0.2894) 

5 
(0.3837) 

1910 

Rank 
(Test gain without variable) 

10 
(2.7201) 

15 
(2.7232) 

21 
(2.7253) 

7 
(2.7175) 

5 
(2.7152) 

22 
(2.7254) 

16 
(2.7237) 

2 
(2.6847) 

1  
(2.684) 

8 
(2.7196) 

9 
(2.7197) 

19 
(2.7248) 

6 
(2.7171) 

4 
(2.7055) 

13 
(2.7226) 

14 
(2.723) 

3 
(2.6998) 

12 
(2.7217) 

18 
(2.7241) 

23 
(2.7255) 

20 
(2.7252) 

17 
(2.7238) 

11 
(2.7213) 

Rank   
(Test gain with only variable) 

17 
(0.4504) 

21 
(0.1366) 

22 
(0.083) 

16 
(0.4715) 

15 
(0.4875) 

19 
(0.2424) 

23 
(0.0429) 

6 
(1.1574) 

18 
(0.3072) 

20 
(0.1967) 

2 
(1.4264) 

1 
(1.7208) 

5 
(1.2386) 

4 
(1.2821) 

3 
(1.3226) 

11 
(0.7655) 

8 
(0.9008) 

12 
(0.6423) 

13 
(0.5264) 

14 
(0.4986) 

9 
(0.8362) 

7 
(0.9669) 

10 
(0.8146) 

2110 

Rank 
(Test gain without variable) 

21 
(1.7118) 

19 
(1.7104) 

17 
(1.7094) 

1 
(1.6812) 

2  
(1.683) 

3 
(1.7008) 

23 
(1.7137) 

15 
(1.7092) 

11 
(1.7086) 

22 
(1.7129) 

18 
(1.7097) 

4 
(1.7024) 

5 
(1.7045) 

15 
(1.7092) 

6 
(1.7047) 

7 
(1.7064) 

10 
(1.7084) 

8 
(1.7074) 

12 
(1.7089) 

20 
(1.7105) 

14 
(1.7091) 

13 
(1.709) 

9 
(1.7083) 

Rank   
(Test gain with only variable) 

20 
(0.1249) 

18 
(0.2698) 

22 
(0.0791) 

5 
(0.9782) 

6 
(0.9698) 

21 
(0.1086) 

23 
(0.0566) 

2 
(1.1739) 

12 
(0.4987) 

15 
(0.4379) 

9 
(0.7565) 

10 
(0.5081) 

13 
(0.4491) 

8 
(0.8469) 

11 
(0.504) 

3 
(1.0556) 7 (0.865) 4 

(1.0047) 
16 

(0.3264) 
1 

(1.2528) 
17 

(0.3167) 
19 

(0.131) 
14 

(0.445) 

2120 

Rank 
(Test gain without variable) 

6 
(2.0265) 

20 
(2.0329) 

22 
(2.0334) 

2 
 (2.013) 

1 
(1.9957) 

11 
(2.0308) 

23 
(2.036) 

18 
(2.0328) 

9 
(2.0305) 

21 
(2.0331) 

18 
(2.0328) 

12 
(2.0314) 

17 
(2.0326) 

4 
(2.0224) 

5 
(2.0231) 

3  
(2.021) 

14 
(2.0316) 

9 
(2.0305) 

16 
(2.032) 

15 
(2.0318) 

7 
(2.0288) 

8 
 (2.029) 

12 
(2.0314) 

Rank   
(Test gain with only variable) 

20 
(0.1932) 

18 
(0.3702) 

21 
(0.1125) 

10 
(0.6575) 

11 
(0.5632) 

22 
(0.1114) 

23 
(0.0808) 

2 
(1.2395) 

8 
(0.7245) 

13 
(0.5317) 

5 
(0.9431) 

9 
(0.6852) 

12 
(0.5609) 

4 
(1.0421) 

14 
(0.4898) 

3 
(1.1376) 

6 
(0.9129) 

7 
(0.7812) 

16 
(0.4197) 

1 
(1.2402) 

19  
(0.2) 

17 
(0.3985) 

15 
(0.4661) 
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2130 

Rank 
(Test gain without variable) 

4 
(2.2522) 

19 
(2.2658) 

17 
(2.265) 

16 
(2.2649) 

5 
(2.2531) 

21 
(2.2664) 

23 
(2.2677) 

13 
(2.2617) 

3 
(2.2481) 

11 
(2.2601) 

13 
(2.2617) 

18 
(2.2657) 

15 
(2.2624) 

20 
(2.266) 

10 
(2.2581) 

1 
(2.1818) 

7 
(2.2553) 

6 
(2.2542) 

8 
(2.2557) 

2 
(2.2462) 

9 
(2.2564) 

21 
(2.2664) 

12 
(2.2611) 

Rank   
(Test gain with only variable) 

20 
(0.1705) 

17 
(0.2931) 

22 
(0.0553) 

9 
(0.6251) 

2 
(0.9862) 

19 
(0.2131) 

23  
(-0.001) 

5 
(0.7192) 

13 
(0.4185) 

8 
(0.6327) 

6 
(0.6485) 

11 
(0.5378) 

14 
(0.4036) 

3 
(0.8053) 

4 
(0.7952) 

1 
(1.3861) 

16 
(0.2952) 

7 
(0.6357) 

21 
(0.1339) 

10 
(0.5748) 

15 
(0.3241) 

12 
(0.4206) 

18 
(0.2168) 

2140 

Rank 
(Test gain without variable) 

18 
(1.7811) 

8 
(1.7735) 

20 
(1.7817) 

5 
(1.7699) 

7 
(1.7715) 

21 
(1.7819) 

6 
(1.7705) 

18 
(1.7811) 

10 
(1.775) 

3 
(1.7627) 

11 
(1.7751) 

17 
(1.7808) 

16 
(1.7806) 

13 
(1.7792) 

23 
(1.7848) 

1 
(1.7377) 

22 
(1.782) 

15 
 (1.78) 

14 
(1.7798) 

9 
(1.7742) 

12 
(1.7781) 

2 
(1.7586) 

4 
(1.7695) 

Rank   
(Test gain with only variable) 

21 
(0.0829) 

15 
(0.3097) 

22 
(0.0327) 

5 
(0.8537) 

7 
(0.6721) 

20 
(0.0849) 

23 
(0.032) 

2  
(1.253) 

18 
(0.1909) 

12 
(0.4822) 

10 
(0.5303) 

11 
(0.5132) 

17 
(0.2647) 

9 
(0.5322) 

16 
(0.3023) 

4 
(0.8694) 

8 
(0.6101) 

3 
(1.1071) 

14 
(0.328) 

1  
(1.304) 

19 
(0.1357) 

6 
(0.6895) 

13 
(0.4512) 

2210 

Rank 
(Test gain without variable) 

7 
(1.1375) 

19 
(1.1436) 

16 
(1.1425) 

5 
(1.1368) 

1 
(1.0761) 

14 
(1.1423) 

23 
(1.1463) 

12 
(1.1418) 

9 
(1.1386) 

2 
(1.1245) 

4 
(1.1354) 

22 
(1.1454) 

18 
(1.1429) 

14 
(1.1423) 

20 
(1.1442) 

3 
(1.1268) 

21 
(1.1447) 

17 
(1.1426) 

5 
(1.1368) 

13 
(1.1422) 

8 
(1.1376) 

10 
(1.139) 

11 
(1.1413) 

Rank   
(Test gain with only variable) 

20 
(0.0678) 

16 
(0.1042) 

21 
(0.0479) 

2 
(0.5345) 

1 
(0.7241) 

19 
(0.0755) 

23 (-
0.0011) 

6 
(0.2995) 

22 
(0.0114) 

7 
(0.2747) 

4 
(0.3145) 

12 
(0.2173) 

15 
(0.1517) 

8 
(0.2539) 

14 
(0.1838) 

13 
(0.2048) 

11 
(0.2298) 

3 
(0.5058) 

10 
(0.2458) 

17 
(0.0994) 

18 
(0.0973) 

9 
(0.2469) 

5 
(0.3101) 

2220 

Rank 
(Test gain without variable) 

5 
(1.6293) 

7 
(1.6366) 

22 
(1.6488) 

8 
(1.6392) 

6 
(1.6323) 

14 
(1.6424) 

20 
(1.6482) 

9 
(1.6398) 

1 
(1.6207) 

2 
(1.6243) 

10 
(1.6399) 

12 
(1.6417) 

23 
(1.6501) 

17 
(1.6448) 

18 
(1.645) 

16 
(1.6439) 

13 
(1.642) 

21 
(1.6485) 

11 
(1.6416) 

19 
(1.6471) 

15 
(1.6436) 

4 
(1.6289) 

3 
(1.6273) 

Rank   
(Test gain with only variable) 

20 
(0.075) 

18 
(0.1453) 

22 
(0.0369) 

17 
(0.1666) 

11 
(0.3356) 

23 
(0.0219) 

21 
(0.0493) 

10 
(0.3903) 

6 
(0.5455) 

14 
(0.2261) 

15 
(0.2031) 

9 
(0.4153) 19 (0.12) 8 

(0.4262) 
12 

(0.2489) 
2 

(0.7325) 
4 

(0.6628) 
1 

(0.9272) 
7 

(0.4709) 
13 

(0.2281) 5 (0.621) 16 
(0.1898) 

3 
(0.7095) 

2230 

Rank 
(Test gain without variable) 

11 
(2.6185) 

17 
(2.6225) 

23 
(2.6236) 

8 
(2.6148) 

19 
(2.6231) 

3 
(2.6017) 

2 
(2.5995) 

13 
(2.6215) 

9 
(2.6166) 

5 
(2.6073) 

21 
(2.6233) 

7 
(2.6128) 

14 
(2.6219) 

10 
(2.6178) 

6 
(2.6119) 

4 
(2.6071) 

18 
(2.6226) 

21 
(2.6233) 

1 
(2.5698) 

20 
(2.6232) 

16 
(2.6221) 

15 
(2.622) 

12 
(2.6188) 

Rank   
(Test gain with only variable) 

22 
(0.1887) 

5 
 (0.807) 

23 
(0.1822) 

18 
(0.3781) 

17 
(0.395) 

21 
(0.2455) 

13 
(0.5121) 

7 
(0.7896) 

19 
(0.3698) 

9 
(0.7057) 

6 
(0.7953) 

14 
(0.458) 

20 
(0.246) 

16 
(0.4047) 

11 
(0.5672) 

2 
(1.1184) 

8 
(0.7854) 

1 
(1.2513) 

3 
(1.0856) 

12 
(0.5439) 

4 
(0.8217) 

15 
(0.439) 

10 
(0.6599) 

2310 

Rank 
(Test gain without variable) 

14 
(2.5694) 

22 
(2.5721) 

19 
(2.5712) 

1 
(2.5378) 

2 
(2.5417) 

4 
(2.5587) 

5 
 (2.559) 

11 
(2.5661) 

15 
(2.5695) 

23 
(2.574) 

16 
(2.5706) 

8 
(2.5633) 

6 
(2.5617) 

10 
(2.5645) 

12 
(2.5666) 

9 
(2.5638) 

3 
(2.5562) 

21 
(2.5715) 

18 
(2.5711) 

19 
(2.5712) 

7 
(2.5627) 

17 
(2.5709) 

13 
(2.568) 

Rank   
(Test gain with only variable) 

20 
(0.2588) 

13 
(0.656) 

22 
(0.1899) 

7 
(0.9369) 

6 
(0.9859) 

23 
(0.0623) 

19 
(0.3117) 

2 
(1.5981) 

8 
(0.8689) 

15 
(0.5328) 

10 
(0.8106) 

16 
(0.5217) 

21 
(0.2442) 

14 
(0.6422) 

17 
(0.4503) 

3 
(1.5364) 

5 
(1.3039) 

4 
(1.4136) 

12 
(0.6583) 

1 
(1.6433) 

11 
(0.7032) 

18 
(0.3525) 

9 
(0.8562) 

2320 

Rank 
(Test gain without variable) 

21 
(3.2488) 

5 
(3.2478) 

11 
(3.248) 

1 
(3.2446) 

22 
(3.2489) 

4 
(3.2477) 

20 
(3.2484) 

18 
(3.2483) 

6 
(3.2479) 

6 
(3.2479) 

12 
(3.2481) 

12 
(3.2481) 

15 
(3.2482) 

15 
(3.2482) 

3 
(3.2468) 

2 
(3.2451) 

6 
(3.2479) 

12 
(3.2481) 

15 
(3.2482) 

6 
(3.2479) 

6 
(3.2479) 

18 
(3.2483) 

23 
(3.2496) 

Rank   
(Test gain with only variable) 

10 
(1.7778) 

11 
(1.502) 

23 
(0.3123) 

6 
(2.0681) 

2 
(2.2804) 

20 
(0.4087) 

14 
(0.9195) 

7 
(1.9679) 

22 
(0.3127) 

12 
(1.4737) 

5 
(2.1472) 

18 
(0.7915) 

15 
(0.8546) 

3 
(2.2042) 

4  
(2.148) 

1 
(2.9052) 

19 
(0.7181) 

9 
(1.8481) 

21 
(0.3763) 

8 
(1.8507) 

16 
(0.8507) 

13 
(1.0765) 

17 
(0.8374) 
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2330 

Rank 
(Test gain without variable) 

14 
(2.2134) 

20 
(2.2213) 

21 
(2.2216) 

1 
(2.1786) 

19 
(2.2197) 

16 
(2.2157) 

8 
(2.1996) 

4 
(2.1883) 

3 
(2.1882) 

5 
(2.1895) 

6 
(2.1922) 

21 
(2.2216) 

12 
(2.2115) 

13 
(2.213) 

23 
(2.2226) 

2 
(2.1842) 

9 
(2.2062) 

7 
(2.1943) 

17 
(2.2171) 

11 
(2.2105) 

18 
(2.2189) 

15 
(2.214) 

10 
(2.2102) 

Rank   
(Test gain with only variable) 

3 
(0.5947) 

1  
(0.912) 

17 
(0.2469) 

15 
(0.2576) 

4 
(0.5826) 

22 
(0.1447) 

7 
(0.4387) 

16 
(0.2526) 

18 
(0.2447) 

5 
(0.5712) 

10 
(0.3359) 

9 
(0.3475) 

23 
(0.0884) 

20 
 (0.19) 

21 
(0.1873) 

2 
(0.7366) 

14 
(0.2625) 

6 
(0.4601) 

8 
(0.3785) 

12 
(0.2934) 

19 
(0.1951) 

13 
(0.2843) 

11 
(0.2979) 

2340 

Rank 
(Test gain without variable) 

10 
(1.6456) 

11 
(1.6466) 

20 
(1.6555) 

6 
(1.6367) 

2 
(1.6104) 

1 
(1.5932) 

15 
(1.6512) 

16 
(1.6515) 

5 
(1.6361) 

4 
(1.6237) 

17 
(1.6516) 

9 
 (1.643) 

14 
(1.651) 

23 
(1.6612) 

22 
(1.6571) 3 (1.616) 21 

(1.6558) 
8 

(1.6386) 
19 

(1.6535) 
12 

(1.6478) 
18 

(1.6527) 
7 

(1.6376) 
13 

(1.6509) 

Rank   
(Test gain with only variable) 

9 
(0.3827) 

3 
(0.6999) 

22 
(0.2023) 

10 
(0.3669) 

5 
(0.5134) 

21 
(0.2048) 

17 
(0.2474) 

1 
 (0.774) 

23 
(0.1688) 

7  
(0.493) 

13 
(0.296) 

14 
(0.2953) 

16 
(0.2601) 

11 
(0.3634) 

19 
(0.2193) 

8 
(0.4714) 

6 
(0.5115) 

4 
(0.6451) 

20 
(0.2052) 

2 
(0.7233) 

18 
(0.241) 

15 
(0.2768) 

12 
(0.3381) 

2350 

Rank 
(Test gain without variable) 

11 
(2.279) 

8 
(2.2741) 

20 
(2.2889) 

5 
(2.2714) 

4  
(2.265) 

1 
(2.2353) 

12 
(2.2814) 

10 
(2.2789) 

17 
(2.285) 

18 
(2.2856) 

23 
(2.2902) 

3 
(2.2636) 

14 
(2.2826) 

19 
(2.2872) 

9 
(2.2776) 

2 
(2.2594) 

13 
(2.282) 

14 
(2.2826) 

5 
(2.2714) 

14 
(2.2826) 

7 
 (2.274) 

22 
(2.2899) 

21 
(2.2893) 

Rank   
(Test gain with only variable) 

15 
(0.411) 

13 
(0.5163) 

22 
(0.1909) 

5 
(0.8786) 

11 
(0.558) 

21 
(0.2954) 

23 
(0.0899) 

2 
(1.2419) 

19 
(0.3368) 

10 
(0.5775) 

12 
(0.5371) 

8 
(0.6796) 

16 
(0.3855) 

6 
(0.6883) 

14 
(0.4779) 

3 
(1.1408) 

7 
(0.6844) 

4 
(0.9659) 

17 
(0.3558) 

1 
(1.2599) 

20 
(0.311) 

9 
(0.5844) 

18 
(0.3507) 

2410 

Rank 
(Test gain without variable) 

5 
(2.6268) 

9 
(2.6277) 

12 
(2.6284) 

4 
 (2.625) 

19 
(2.6289) 

7 
(2.6272) 

10 
(2.6279) 

18 
(2.6288) 

17 
(2.6287) 

23 
(2.6296) 

5 
(2.6268) 

12 
(2.6284) 

19 
(2.6289) 

22 
(2.6291) 

3 
(2.6245) 

1 
(2.6131) 

15 
(2.6286) 

21 
(2.629) 

8 
(2.6274) 

15 
(2.6286) 

11 
(2.6282) 

2 
(2.6204) 

12 
(2.6284) 

Rank   
(Test gain with only variable) 

21 
(0.113) 

20 
(0.2102) 

22 
(0.0506) 

12 
(1.1654) 

5 
(1.9052) 

19 
(0.2692) 

23 (-
0.0017) 

3 
(2.0407) 

15 
(0.7751) 

18 
(0.4918) 

8 
(1.5895) 

16 
(0.7609) 

17 
(0.541) 

7 
(1.6278) 

10 
(1.3475) 

1 
(2.1484) 

11 
(1.279) 

6 
(1.7328) 

14 
(0.9368) 

2 
(2.1138) 

4 
(1.9653) 

13 
(1.1273) 

9 
(1.4684) 

3110 

Rank 
(Test gain without variable) 

21 
(0.8292) 

7 
(0.8133) 

20 
(0.8285) 

2 
(0.8009) 

19 
(0.828) 

23 
(0.8299) 

12 
(0.8232) 

3 
(0.8063) 

4 
(0.8065) 

1  
(0.775) 

16 
(0.8266) 

8 
(0.8149) 

22 
(0.8297) 

13 
(0.8239) 

11 
(0.8228) 

6 
(0.8106) 

16 
(0.8266) 

10 
(0.8223) 

15 
(0.8258) 

14 
(0.8246) 

18 
(0.8268) 

5 
(0.8083) 

9 
(0.8217) 

Rank   
(Test gain with only variable) 

20 
(0.0416) 

2 
(0.2124) 

21 
(0.0381) 

17 
(0.0604) 

14 
(0.1148) 

22 
(0.0318) 

18 
(0.0591) 

8 
(0.1294) 

15 
(0.0863) 

3 
(0.1862) 

12 
(0.1161) 

10 
(0.1239) 

23 
(0.0264) 

19 
(0.0427) 

16 
(0.0619) 

13 
(0.1154) 

1 
(0.2199) 

4 
(0.1784) 

5 
(0.1648) 

11 
(0.1238) 

6 
(0.1647) 

9 
(0.1272) 

7 
(0.1366) 

3120 

Rank 
(Test gain without variable) 

22 
(0.7442) 

5 
(0.7364) 

4 
(0.7355) 

6 
 (0.737) 

3 
(0.7329) 

16 
(0.742) 

13 
(0.7405) 

9 
(0.7388) 

18 
(0.7422) 

1 
(0.7106) 

19 
(0.7432) 

21 
(0.7438) 

23 
(0.7447) 

12 
(0.7403) 

11 
(0.7402) 

10 
(0.7398) 

15 
(0.7418) 

7 
(0.7383) 

2 
(0.7316) 

14 
(0.7414) 

7 
(0.7383) 

20 
(0.7434) 

17 
(0.7421) 

Rank   
(Test gain with only variable) 

20 
(0.074) 

8 
(0.1872) 

22 
(0.0703) 

4 
(0.2256) 

6 
(0.2157) 

19 
(0.0745) 

17 
(0.0818) 

9 
(0.1852) 

23 
(0.0454) 

3 
(0.2291) 

5 
(0.2236) 

11 
(0.1443) 

16 
(0.0929) 

12 
(0.1184) 

13 
(0.1161) 

14 
(0.1098) 

7 
(0.2121) 

2 
(0.2377) 

15 
(0.0972) 

10 
(0.1502) 

18 
(0.0761) 

1 
(0.2402) 

21 
(0.0707) 

3130 

Rank 
(Test gain without variable) 

15 
(0.8731) 

9  
(0.867) 

16 
(0.8738) 

1 
(0.8307) 

22 
(0.8761) 

23 
(0.8783) 

19 
(0.8754) 

4 
(0.8616) 

13 
(0.8704) 

2 
(0.8369) 

17 
(0.8741) 

21 
(0.876) 

12 
(0.8697) 

3 
(0.8553) 

11 
(0.8691) 

7 
(0.8664) 

14 
(0.8707) 

6 
(0.8658) 

17 
(0.8741) 

20 
(0.8756) 

5 
(0.8654) 

8 
(0.8665) 

10 
(0.8682) 

Rank   
(Test gain with only variable) 

21 
(0.0181) 

15 
(0.1032) 

22 
(0.0161) 

2 
(0.3874) 

5 
(0.3076) 

20 
(0.064) 

23 
(0.0051) 

7 
(0.2916) 

18 
(0.0822) 

4 
(0.3292) 

11 
(0.1579) 

10 
(0.1936) 

19 
(0.0782) 

13 
(0.1491) 

17 
(0.0909) 

9 
(0.2114) 

8 
(0.2664) 

3 
(0.3475) 

12 
(0.1549) 

6  
(0.292) 

14 
(0.1187) 

1 
(0.3901) 

16 
(0.0948) 
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3140 

Rank 
(Test gain without variable) 

13 
(2.391) 

15 
(2.3922) 

18 
(2.3952) 

6 
(2.3796) 

1 
(2.3689) 

7 
(2.3797) 

19 
(2.3954) 

3 
(2.3715) 

17 
(2.395) 

4 
(2.3718) 

8 
(2.3817) 

9 
(2.3849) 

23 
(2.3958) 

16 
(2.3938) 

11 
(2.3889) 

4 
(2.3718) 

19 
(2.3954) 

19 
(2.3954) 

14 
(2.3913) 

10 
(2.3882) 

12 
(2.3909) 

2 
 (2.369) 

19 
(2.3954) 

Rank   
(Test gain with only variable) 

12 
(0.5573) 

21 
(0.1349) 

15 
(0.364) 

16 
(0.3255) 

19 
(0.2532) 

23 
(0.0493) 

20 
(0.1394) 

1 
(1.7395) 

10 
(0.7423) 

22 
(0.1145) 

11 
(0.6077) 

13 
(0.521) 

14 
(0.4767) 

18 
(0.2905) 

17 
(0.293) 

2 
(1.4976) 

8 
(0.8988) 

9 
 (0.82) 

3 
(1.4847) 

5 
(1.1338) 

6 
(1.0691) 

4 
(1.4015) 

7 
(0.9092) 

3150 

Rank 
(Test gain without variable) 

13 
(1.3569) 

19 
(1.3629) 

22 
(1.3669) 

3 
(1.3336) 

2 
(1.3306) 

5 
(1.3442) 

16 
(1.3593) 

17 
(1.3603) 

6 
(1.3452) 

8 
(1.3487) 

21 
(1.3668) 

12 
(1.3566) 

9 
(1.3494) 

18 
(1.3614) 

4 
 (1.342) 

20 
(1.3644) 

14 
(1.3587) 

23 
(1.3694) 

11 
(1.3554) 

10 
(1.3495) 

1 
(1.3231) 

7 
(1.3483) 

15 
(1.3592) 

Rank   
(Test gain with only variable) 

19 
(0.1673) 

15 
(0.2641) 

21 
(0.1334) 

3 
(0.3993) 

1 
(0.5841) 

22 
(0.1257) 

20 
(0.1479) 

6 
(0.3673) 

23 
(0.0257) 

18 
(0.1934) 

12 
(0.2768) 

14 
(0.2681) 

9 
(0.3219) 

4 
(0.3703) 

10 
(0.3152) 

17 
(0.2425) 

8 
(0.3266) 

2 
(0.5358) 

11 
(0.279) 

16 
(0.2429) 

5 
(0.3679) 

13 
(0.2719) 

7 
(0.3555) 

3180 

Rank 
(Test gain without variable) 

8 
(2.1891) 

5 
(2.1869) 

23 
(2.1965) 

1 
(2.1595) 

10 
(2.1906) 

4 
(2.1858) 

12 
(2.1922) 

7 
(2.1889) 

6 
(2.1876) 

20 
(2.1957) 

2 
(2.1837) 

19 
(2.1955) 

22 
(2.1961) 

11 
(2.1918) 

3 
 (2.185) 

16 
(2.1939) 

18 
(2.1942) 

21 
(2.196) 

14 
(2.1927) 

9 
(2.1899) 

15 
(2.1935) 

17 
(2.1941) 

13 
(2.1926) 

Rank   
(Test gain with only variable) 

20 
(0.1971) 

18 
(0.2537) 

23 
(0.0279) 

1 
(1.5781) 

2 
(1.3045) 

21 
(0.1861) 

22 
(0.0785) 

4 
(1.2214) 

12 
(0.6447) 

15 
(0.4645) 

10 
(0.7039) 

8 
(0.8278) 

17 
(0.3589) 

7 
(0.8856) 

9 
(0.7476) 

6 
(1.0259) 

11 
(0.6989) 

3 
(1.2232) 

16 
(0.4605) 

5 
(1.1962) 

19 
(0.2467) 

13 
(0.5975) 

14 
(0.5436) 

3190 

Rank 
(Test gain without variable) 

10 
(2.4702) 

12 
(2.4711) 

20 
(2.476) 

3 
(2.4625) 

4 
(2.4637) 

9 
 (2.47) 

7 
(2.4694) 

13 
(2.4713) 

2 
(2.4413) 

11 
(2.4705) 

6 
(2.4679) 

14 
(2.4738) 

22 
(2.4771) 

8 
(2.4696) 

21 
(2.4767) 

1 
(2.4378) 

14 
(2.4738) 

18 
(2.4757) 

5 
(2.4673) 

16 
(2.4752) 

18 
(2.4757) 

23 
(2.4772) 

17 
(2.4756) 

Rank   
(Test gain with only variable) 

11 
(0.7918) 

20 
(0.1806) 

23 
(0.0284) 

7 
(1.0267) 

9 
(0.9944) 

21 
(0.1389) 

22 
(0.0297) 

5 
(1.1081) 

10 
(0.854) 

14 
(0.625) 

1 
(1.4501) 

15 
(0.602) 

13 
(0.641) 

3 
(1.2292) 

12 
(0.7475) 

2 
(1.4341) 

6  
(1.028) 

17 
(0.5589) 

16 
(0.575) 

4 
(1.1287) 

19 
(0.4042) 

18 
(0.4299) 

8 
(1.0046) 

3210 

Rank 
(Test gain without variable) 

12 
(1.4519) 

6 
(1.4446) 

13 
(1.4525) 

10 
(1.4515) 

2 
(1.4292) 

23 
(1.4579) 

16 
(1.4539) 

21 
(1.4572) 

14 
(1.4526) 

1 
(1.4166) 

19 
(1.4562) 

7 
(1.4461) 

5 
(1.4415) 

17 
(1.4551) 

4 
(1.4369) 

22 
(1.4574) 

8 
(1.4478) 

18 
(1.4553) 

15 
(1.4531) 

10 
(1.4515) 

20 
(1.4571) 

9 
(1.4513) 

3 
(1.4346) 

Rank   
(Test gain with only variable) 

15 
(0.3183) 

16 
(0.2741) 

23 
(0.0364) 

5 
(0.5991) 

1 
(0.9969) 

22 
(0.0824) 

21 
(0.0909) 

18 
(0.2153) 

20 
(0.1265) 

8 
(0.4869) 

6  
(0.554) 

12 
(0.4116) 

14 
(0.3676) 

4 
(0.6207) 

9 
(0.4578) 

13 
(0.3748) 

11 
(0.4253) 

2 
(0.8685) 

10 
(0.4464) 

17 
(0.2566) 

7 
(0.5248) 

19 
(0.1875) 

3 
(0.6661) 

3220 

Rank 
(Test gain without variable) 

5  
(2.515) 

1 
(2.4859) 

23 
(2.5229) 

8 
(2.5161) 

14 
(2.5194) 

16 
(2.5197) 

11 
(2.5191) 

13 
(2.5192) 

3 
(2.5108) 

4 
(2.5118) 

5  
(2.515) 

20 
(2.5208) 

11 
(2.5191) 

22 
(2.5215) 

7 
(2.5157) 

2 
(2.5011) 

9 
(2.5184) 

17 
(2.5204) 

10 
(2.5188) 

20 
(2.5208) 

15 
(2.5196) 

19 
(2.5207) 

18 
(2.5205) 

Rank   
(Test gain with only variable) 

21 
(0.1649) 

9 
(0.9475) 

18 
(0.3553) 

6 
(1.2167) 

1 
(1.7022) 

22 
(0.0707) 

16 
(0.4201) 

12 
(0.6145) 

11 
(0.6903) 

13 
(0.5034) 

14 
(0.4347) 

15 
(0.4231) 

23 
(0.0285) 

19 
(0.3472) 

17 
(0.362) 

4 
(1.4056) 

7 
(1.0879) 

2 
 (1.566) 

8 
(1.0326) 

10 
(0.6954) 

5  
(1.281) 

20 
(0.2611) 

3 
(1.4183) 

3310 

Rank 
(Test gain without variable) 

20 
(2.4251) 

11 
(2.4186) 

22 
(2.4276) 

6 
(2.4083) 

9 
(2.4169) 

8 
(2.4168) 

17 
(2.422) 

10 
(2.4177) 

14 
 (2.42) 

5 
(2.4065) 

3 
(2.3969) 

23 
(2.4292) 

19 
(2.4248) 

15 
(2.4216) 

18 
(2.4242) 

2 
(2.3893) 

7 
(2.4125) 

1 
(2.3885) 

21 
(2.4254) 

13 
(2.4198) 

16 
(2.4219) 

12 
(2.4188) 

4 
(2.4017) 

Rank   
(Test gain with only variable) 

9 
(0.5809) 

19 
(0.2339) 

20 
(0.2215) 

13 
(0.4871) 

15 
(0.4144) 

21 
(0.1988) 

23 
(0.0348) 

1 
(0.9154) 

22 
(0.127) 

6 
(0.6254) 

4 
(0.7567) 

14 
(0.4343) 

18 
(0.2873) 8 (0.599) 17 

(0.3019) 
5 

(0.7277) 
16 

(0.3181) 
12 

(0.5285) 
7 

(0.6122) 
10 

(0.5707) 
11 

(0.568) 
2 

(0.9077) 
3 

(0.8103) 
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3330 

Rank 
(Test gain without variable) 

22 
(2.8624) 

18 
(2.8561) 

20 
(2.857) 

9 
(2.8461) 

2 
(2.8321) 

14 
(2.8522) 

12 
(2.8493) 

4 
(2.8368) 

11 
(2.8489) 

17 
(2.8558) 

13 
(2.8512) 

3 
(2.8335) 

15 
(2.8524) 

23 
(2.8708) 

21 
(2.8582) 

8 
(2.8453) 

6 
(2.8418) 

10 
(2.8486) 

19 
(2.8562) 

16 
(2.855) 

7 
(2.8448) 

1 
(2.8133) 

5  
(2.841) 

Rank   
(Test gain with only variable) 

14 
(0.3995) 

18 
(0.2869) 

22 
(0.0525) 

16 
(0.3134) 

17 
(0.2905) 

19 
(0.2601) 

23 
(0.0129) 

1 
(1.0416) 

20 
(0.1606) 

15 
(0.3708) 

8 
(0.7573) 

4 
(0.9395) 

21 
(0.1431) 

5 
(0.8892) 

13 
(0.5378) 

3 
(0.9591) 

7 
(0.8096) 

9 
(0.7537) 

10 
(0.7485) 

12 
(0.6228) 

6 
(0.8859) 

2 
(1.0253) 

11 
(0.642) 

3340 

Rank 
(Test gain without variable) 

12 
(1.8169) 

17 
(1.8189) 

9 
(1.8153) 

3 
(1.8089) 

1 
(1.7213) 

6 
(1.8121) 

20 
(1.8192) 

2 
(1.7988) 

7 
(1.8132) 

11 
(1.8167) 

22 
(1.8198) 

21 
(1.8195) 

23 
(1.8206) 

14 
(1.8181) 

8 
(1.8148) 

4 
(1.8101) 

16 
(1.8188) 

19 
(1.8191) 

17 
(1.8189) 

13 
(1.8172) 

15 
(1.8185) 

10 
(1.8164) 

5 
(1.8111) 

Rank   
(Test gain with only variable) 

22 
(0.051) 

19 
(0.0887) 

23 
(0.0111) 

5 
(0.5456) 

1 
(1.3428) 

20 
(0.0634) 

21 
(0.0535) 

3 
(0.7246) 

10 
(0.392) 

17 
(0.1368) 

15 
(0.209) 

13 
(0.2279) 

18 
(0.1192) 

16 
(0.1846) 

11 
(0.306) 

2 
(0.7304) 

12 
(0.2721) 

6 
(0.5303) 

7 
(0.5118) 

14 
(0.2093) 

4 
(0.6056) 

9 
(0.4126) 

8 
(0.4695) 

3350 

Rank 
(Test gain without variable) 

19 
(1.9259) 

16 
(1.9228) 

19 
(1.9259) 

2 
(1.8969) 

1 
(1.8625) 

17 
(1.9242) 

5  
(1.912) 

8  
(1.916) 

3 
(1.8986) 

4 
(1.9024) 

21 
(1.926) 

7 
(1.9157) 

11 
(1.9193) 

22 
(1.9266) 

10 
(1.9172) 

14 
(1.9224) 

23 
(1.9292) 

18 
(1.9247) 

14 
(1.9224) 

6 
(1.9133) 

12 
(1.9218) 

12 
(1.9218) 

9 
(1.9167) 

Rank   
(Test gain with only variable) 

11 
(0.2922) 

20 
(0.1058) 

23 
(0.0122) 

4 
 (0.723) 

1 
(1.3256) 

21 
(0.0411) 

22 
(0.0362) 

2 
(0.8151) 

14 
 (0.24) 

16 
(0.2215) 

15 
(0.2285) 

13 
(0.2713) 

18 
(0.1951) 

17 
(0.2175) 

9 
(0.3804) 

3 
 (0.75) 

12 
(0.2718) 

5 
(0.6051) 

7 
(0.4925) 

19 
(0.1685) 

6 
(0.5703) 

8 
(0.4291) 

10 
(0.3395) 

4120 

Rank 
(Test gain without variable) 

7 
(2.3641) 

16 
(2.3697) 

14 
(2.3691) 

2 
(2.3566) 

9 
(2.3658) 

21 
(2.3704) 

4 
(2.3605) 

17 
(2.3698) 

19 
(2.3702) 

5 
(2.3606) 

23 
(2.371) 

3 
(2.3572) 

19 
(2.3702) 

10 
(2.367) 

8 
(2.3647) 

1 
(2.3554) 

13 
(2.369) 

11 
(2.3672) 

6 
(2.3623) 

21 
(2.3704) 

12 
(2.3674) 

17 
(2.3698) 

15 
(2.3693) 

Rank   
(Test gain with only variable) 

15 
(0.3135) 

19 
(0.1916) 

21 
(0.1154) 

1 
(1.7033) 

4 
(1.1988) 

22 
(0.0659) 

23 
(0.0429) 

5 
(1.1407) 

9 
(0.6612) 

17 
(0.2559) 

8 
(0.7595) 

10 
(0.6555) 

18 
(0.2137) 

16 
(0.3048) 

20 
(0.1364) 

2 
(1.3629) 

12 
(0.5937) 

3 
(1.2129) 

13 
(0.586) 

7 
(0.8938) 

11 
(0.6108) 

6 
(1.0004) 

14 
(0.3847) 

4130 

Rank 
(Test gain without variable) 

16 
(2.1437) 

18 
(2.1468) 

6 
(2.1203) 

19 
(2.1527) 

20 
(2.1535) 

5 
(2.1135) 

14 
(2.1419) 

10 
(2.1383) 

15 
(2.1433) 

1 
(1.9886) 

12 
(2.1401) 

22 
(2.1656) 

4 
(2.0916) 

12 
(2.1401) 

21 
(2.1574) 

3 
(2.0743) 

8 
(2.1344) 

9 
(2.1382) 

11 
(2.1399) 

7 
(2.1343) 

17 
(2.1455) 

23 
(2.1718) 

2 
(2.0288) 

Rank   
(Test gain with only variable) 

15 
(0.2929) 

14 
(0.3272) 

16 
(0.2887) 

1 
(0.7319) 

7 
(0.5022) 

23 
(0.0191) 

22 
(0.178) 

2 
(0.6577) 

21 
(0.2387) 

3 
(0.6259) 

12 
(0.346) 

20 
(0.2536) 

13 
(0.3425) 

11 
(0.3649) 

19 
(0.2825) 

6 
(0.5291) 

9 
(0.3732) 

10 
(0.3681) 

8 
(0.4202) 

5 
(0.5781) 

17 
(0.2877) 

4 
(0.6091) 

18 
(0.2873) 

4200 

Rank 
(Test gain without variable) 

11 
 (0.6) 

21 
(0.6112) 

20 
(0.6072) 

12 
(0.6004) 

6 
(0.5926) 

4 
(0.5827) 

23 
(0.6124) 

5 
(0.5924) 

1 
(0.5749) 

2 
(0.5781) 

3 
(0.5826) 

21 
(0.6112) 

18 
(0.6065) 

14 
(0.6014) 

19 
(0.6071) 

7 
(0.5935) 

17 
(0.6045) 

16 
(0.6043) 

13 
(0.6011) 

15 
(0.6016) 

10 
(0.5973) 

8 
(0.5956) 

9 
(0.5965) 

Rank   
(Test gain with only variable) 

18 
(0.0527) 

21 
(0.0376) 

22 
(0.0234) 

9 
(0.0768) 

1 
(0.1668) 

19 
(0.0475) 

23 
(0.0047) 

7 
(0.0851) 

11 
(0.0737) 

5 
(0.1168) 

16 
(0.0575) 

10 
(0.075) 

20 
(0.0387) 

8 
(0.0801) 

13 
(0.0656) 

3 
(0.1184) 

17 
(0.0565) 

12 
(0.0698) 

4  
(0.117) 

6 
(0.1128) 

14 
(0.0638) 

2 
(0.1226) 

15 
(0.0594) 

5210 

Rank 
(Test gain without variable) 

18 
(2.3884) 

13 
(2.3839) 

22 
(2.3902) 

8 
(2.3798) 

1 
(2.3567) 

2 
(2.3639) 

19 
(2.3891) 

17 
(2.3872) 

5 
(2.3683) 

4 
(2.3674) 

9 
(2.3814) 

11 
(2.3828) 

7 
(2.3777) 

14 
(2.3846) 

14 
(2.3846) 

3 
(2.3667) 

20 
(2.3892) 

21 
(2.3898) 

23 
(2.391) 

10 
(2.3827) 

12 
(2.3835) 

16 
(2.3857) 

6 
(2.3717) 

Rank   
(Test gain with only variable) 

23 
(0.0785) 

2 
 (0.898) 

17 
(0.2888) 

22 
(0.1804) 

20 
(0.2568) 

19 
(0.2569) 

8 
 (0.579) 

9 
(0.5785) 

6 
(0.6287) 

13 
(0.4932) 

10 
(0.5443) 

15 
(0.4184) 

21 
(0.2553) 

14 
(0.4329) 

18 
(0.2734) 

4 
(0.8271) 

5 
(0.7356) 

1 
(0.9428) 

12 
(0.4992) 

11 
(0.5084) 

3 
(0.8311) 

16 
(0.3538) 

7 
(0.6066) 
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5310 

Rank 
(Test gain without variable) 

9 
(1.5872) 

17 
(1.593) 

14 
(1.5888) 

13 
(1.5879) 

3 
(1.5671) 

12 
(1.5877) 

20 
(1.5947) 

4 
(1.5757) 

9 
(1.5872) 

6 
(1.5816) 

9 
(1.5872) 

7 
(1.5828) 

15 
(1.591) 

21 
(1.5954) 

19 
(1.5943) 

5 
(1.5806) 

8 
(1.5864) 

23 
(1.5962) 

1 
(1.5555) 

22 
(1.5956) 

16 
(1.5913) 

18 
(1.5934) 

2 
(1.5586) 

Rank   
(Test gain with only variable) 

17 
(0.0901) 

19 
(0.0775) 

21 
(0.0576) 

9 
(0.2389) 

15 
(0.1358) 

22 
(0.0425) 

23 
(0.0179) 

2 
 (0.43) 

18 
(0.084) 

20 
(0.0673) 

8 
(0.2498) 

11 
(0.2098) 

12 
(0.1946) 

14 
(0.1451) 

16 
(0.0978) 

1 
(0.5779) 

13 
(0.1879) 

7  
(0.255) 

3 
(0.3605) 

6 
(0.2703) 

5 
(0.3117) 

4 
(0.3301) 

10 
(0.2101) 

6100 

Rank 
(Test gain without variable) 

15 
(2.7052) 

18 
(2.7096) 

19 
(2.7101) 

11 
(2.7033) 

4 
(2.6751) 

14 
(2.705) 

20 
(2.7102) 

3 
(2.6641) 

10 
(2.7016) 

9 
(2.7008) 

22 
(2.7113) 

7 
(2.6926) 

17 
(2.7086) 

13 
(2.7045) 

8 
(2.6958) 

2 
(2.6581) 

23 
(2.7163) 

21 
(2.711) 

1 
(2.6439) 

6 
(2.6887) 

12 
(2.7036) 

16 
(2.7083) 

5 
(2.6862) 

Rank   
(Test gain with only variable) 

13 
(0.5571) 

20 
(0.3136) 

22 
(0.1694) 

14 
(0.4823) 

16  
(0.46) 

19 
(0.3328) 

23 
(0.0022) 

4 
(0.9694) 

21 
(0.2895) 

17 
(0.4406) 

3 
(1.0726) 

1 
(1.3816) 

15 
(0.4632) 

18 
(0.3956) 

7 
 (0.838) 

6 
(0.8506) 

12 
(0.5656) 

8 
(0.8152) 

11 
(0.6722) 

10 
(0.7114) 

9 
(0.7216) 

2 
(1.2785) 

5 
(0.8927) 

6101 

Rank 
(Test gain without variable) 

22 
(2.9463) 

19 
(2.9443) 

21 
(2.9454) 

13 
(2.9385) 

2 
(2.9101) 

1 
(2.9056) 

18 
(2.9429) 

8 
(2.9286) 

3 
(2.9134) 

10 
(2.9356) 

9 
(2.9346) 

5 
(2.9262) 

20 
(2.9453) 

16 
(2.9425) 

14 
(2.9408) 

17 
(2.9427) 

6  
(2.927) 

7 
(2.9272) 

4 
(2.9163) 

23 
(2.9469) 

12 
(2.9361) 

15 
(2.941) 

11 
(2.9357) 

Rank   
(Test gain with only variable) 

19 
(0.5252) 

12 
(0.6225) 

21 
(0.2389) 

17 
(0.5571) 

7  
(0.763) 

16 
(0.6079) 

23 
(0.0134) 

3 
(1.0979) 

22 
(0.184) 

15 
(0.613) 

5 
(0.9145) 

1 
(1.3998) 

20 
(0.4887) 

9 
(0.7515) 

11 
(0.6811) 

6 
(0.7709) 

2 
(1.2023) 

14 
(0.6138) 

4 
(0.9408) 

18 
(0.5445) 

13 
(0.6213) 

8 
(0.7599) 

10 
(0.6968) 

7100 

Rank 
(Test gain without variable) 

19 
(2.788) 

12 
(2.7874) 

20 
(2.7882) 

16 
(2.7877) 

15 
(2.7876) 

14 
(2.7875) 

9 
(2.7859) 

1 
(2.7697) 

12 
(2.7874) 

5 
(2.7826) 

11 
(2.7861) 

6 
(2.7835) 

21 
(2.7884) 

3 
(2.7811) 

4 
(2.7819) 

23 
(2.7922) 

8 
(2.7856) 

18 
(2.7879) 

22 
(2.7902) 

17 
(2.7878) 

10 
(2.786) 

7 
(2.7848) 

2 
(2.7786) 

Rank   
(Test gain with only variable) 

8 
(1.2513) 

22 
(0.3791) 

14 
(0.6435) 

15 
(0.6374) 

18 
(0.5729) 

21 
(0.4491) 

23 
(0.0367) 

2 
(2.1061) 

10 
(0.7983) 

20 
(0.4615) 

11 
(0.6764) 

16 
(0.6343) 

17 
(0.6264) 

12 
(0.675) 

13 
(0.6617) 

4 
(1.4886) 

19 
(0.542) 

9 
(1.1662) 

6 
(1.3694) 

5 
(1.4006) 

3 
(1.9328) 

1 
(2.4367) 

7 
(1.2673) 

7120 

Rank 
(Test gain without variable) 

4 
(3.1329) 

12 
(3.135) 

13 
(3.1351) 

19 
(3.1356) 

10 
(3.1347) 

8 
(3.1341) 

16 
(3.1353) 

2 
(3.1218) 

20 
(3.1358) 

9 
(3.1346) 

5 
(3.1335) 

23 
(3.1364) 

13 
(3.1351) 

21 
(3.1359) 

16 
(3.1353) 

5 
(3.1335) 

11 
(3.1349) 

15 
(3.1352) 

7 
(3.1338) 

22 
(3.136) 

16 
(3.1353) 

1 
(3.1168) 

3 
(3.1304) 

Rank   
(Test gain with only variable) 

6 
(1.5881) 

22 
(0.513) 

16 
(0.9205) 

19 
(0.6576) 

20 
(0.586) 

21 
(0.5312) 

23 
(0.1666) 

2 
(2.5008) 

13 
(1.0156) 

15 
(0.9623) 

8 
(1.4714) 

12 
(1.1235) 

10 
(1.2153) 

17 
(0.9002) 

11 
(1.1994) 

4 
(1.9335) 

14 
(0.987) 

18 
(0.8943) 

5 
(1.8507) 

7 
(1.5611) 

3 
(2.1852) 

1 
(2.7688) 

9 
(1.2533) 

7210 

Rank 
(Test gain without variable) 

10 
(3.7844) 

14 
(3.7854) 

23 
(3.7875) 

18 
(3.7858) 

12 
(3.7851) 

16 
(3.7855) 

8 
(3.7836) 

1  
(3.765) 

18 
(3.7858) 

5 
 (3.781) 

3  
(3.778) 

20 
(3.7859) 

9 
 (3.784) 

14 
(3.7854) 

12 
(3.7851) 

2  
(3.766) 

11 
(3.7847) 

22 
(3.7867) 

4 
(3.7789) 

7  
(3.783) 

6 
(3.7822) 

17 
(3.7857) 

20 
(3.7859) 

Rank   
(Test gain with only variable) 

9 
(1.7956) 

13 
(1.4496) 

15 
(1.2807) 

20 
(0.6738) 

21 
(0.5996) 

23 
(0.2914) 

18 
(1.0298) 

1 
(3.0743) 

17 
(1.0448) 

22 
(0.4838) 

12 
(1.6054) 

7 
(2.1334) 

8 
(1.8831) 

19 
(1.0287) 

14 
(1.323) 

3 
(2.4166) 

10 
(1.6337) 

16 
(1.2413) 

2 
(2.7942) 

6 
(2.2812) 

5 
(2.2995) 

4 
(2.3548) 

11 
(1.6234) 

8100 

Rank 
(Test gain without variable) 

15 
(2.8261) 

14 
(2.826) 

10 
(2.825) 

22 
(2.8269) 

13 
(2.8259) 

4 
(2.8131) 

6 
(2.8229) 

3 
(2.8123) 

17 
(2.8264) 

1 
(2.8049) 

7 
(2.8239) 

11 
(2.8257) 

16 
(2.8262) 

19 
(2.8266) 

9 
(2.8244) 

5 
 (2.819) 

21 
(2.8267) 

19 
(2.8266) 

2 
(2.8116) 

8 
(2.8242) 

22 
(2.8269) 

11 
(2.8257) 

18 
(2.8265) 

Rank   
(Test gain with only variable) 

17 
(0.9027) 

18 
(0.7007) 

13 
(1.0432) 

20 
(0.596) 

21 
(0.5276) 

23 
(0.1556) 

22 
(0.5076) 

1  
(2.523) 

15 
(0.9965) 

19 
(0.6048) 

7 
(1.4105) 

8 
(1.3591) 

9 
(1.3051) 

14 
(1.0324) 

11 
(1.285) 

3 
(2.0228) 

12 
(1.1422) 

16 
(0.9078) 

2 
(2.0947) 

5 
(1.5397) 

6 
(1.5007) 

4 
(1.8715) 

10 
(1.2909) 
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8120 

Rank 
(Test gain without variable) 

18 
(1.3807) 

8 
(1.3663) 

21 
(1.3832) 

5 
(1.3608) 

3 
(1.3568) 

14 
(1.3769) 

12 
(1.3766) 

7 
(1.3654) 

2 
(1.3426) 

1 
(1.2969) 

22 
(1.3839) 

10 
(1.3682) 

15 
(1.3791) 

9 
(1.3677) 

4 
(1.3597) 

23 
(1.3843) 

19 
(1.3813) 

17 
(1.3806) 

6 
(1.3611) 

16 
(1.3804) 

19 
(1.3813) 

11 
(1.3701) 

13 
(1.3767) 

Rank   
(Test gain with only variable) 

16 
(0.1267) 

7 
(0.2717) 

15  
(0.14) 

21 
(0.0771) 

18 
(0.1079) 

22 
(0.0748) 

20 
(0.0893) 

2 
(0.4653) 

23 
(0.0737) 

3 
(0.3917) 

6 
(0.2833) 

12 
(0.1782) 

19 
(0.0943) 

10 
(0.2276) 

8 
(0.2646) 

11 
(0.1993) 

14 
(0.1432) 

13 
(0.1721) 

1 
(0.4729) 

17 
(0.1086) 

4 
(0.3696) 

5 
(0.3558) 

9 
 (0.248) 

8210 

Rank 
(Test gain without variable) 

14 
(2.4753) 

18 
(2.4768) 

22 
(2.4777) 

1  
(2.465) 

5 
(2.4705) 

3 
(2.4687) 

19 
(2.477) 

15 
(2.4756) 

7 
(2.4714) 

6 
(2.4709) 

9 
(2.4727) 

16 
(2.4758) 

8 
(2.4719) 

20 
(2.4772) 

11 
(2.4732) 

2 
(2.4654) 

13 
(2.4744) 

23 
(2.4778) 

12 
(2.4736) 

4 
(2.4696) 

9 
(2.4727) 

20 
(2.4772) 

17 
(2.4767) 

Rank   
(Test gain with only variable) 

20 
(0.3231) 

16 
(0.4862) 

21 
(0.3052) 

6 
(1.1081) 

14 
(0.7939) 

19 
(0.3366) 

23 
(0.0777) 

2 
(1.4399) 

22 
(0.1542) 

18 
(0.3785) 

3 
(1.4269) 

4 
(1.4135) 

10 
(0.9354) 

9 
(0.9457) 

1 
(1.6774) 

5 
(1.3596) 

13 
(0.7967) 

7 
(1.0688) 

15 
(0.6184) 

11 
(0.9182) 

12 
(0.909) 

8 
(0.9496) 

17 
(0.4843) 
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VegCode 1120 – Quercus agrifolia Alliance 
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VegCode 1121 – Quercus agrifolia Riparian Alliance 
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VegCode 1210 – Hesperocyparis forbesii Alliance 
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VegCode 1700 – Southwest North American Riparian Woodland Group 
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VegCode 1710 – Platanus racemosa Alliance 
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VegCode 1720 – Salix gooddingii Alliance 
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VegCode 1730 – Salix laevigata Alliance 
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VegCode 1740 – Populus fremontii Alliance 
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VegCode 1810 – Baccharis salicifolia Alliance 
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VegCode 1820 – Salix lasiolepis Alliance 
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VegCode 1830 – Sambucus nigra Alliance 
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VegCode 1910 – Arundo donax Semi-natural Stands 
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VegCode 2110 – Adenostoma fasciculatum Alliance 
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VegCode 2120 – Ceanothus crassifolius Alliance 
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VegCode 2130 – Ceanothus megacarpus Alliance 
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VegCode 2140 – Adenostoma fasciculatum - Salvia mellifera Alliance 
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VegCode 2210 – Malosma laurina Alliance 
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VegCode 2220 – Rhus integrifolia Alliance 
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VegCode 2230 – Quercus dumosa Alliance 
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VegCode 2310 – Ceanothus tomentosus Alliance 
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VegCode 2320 – Cercocarpus montanus Alliance 
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VegCode 2330 – Heteromeles arbutifolia Alliance 
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VegCode 2340 – Quercus berberidifolia Alliance 
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VegCode 2350 – Quercus berberidifolia - Adenostoma fasciculatum Alliance 
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VegCode 2410 – Arctostaphylos glandulosa Alliance 
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VegCode 3110 – Artemisia californica Alliance 
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VegCode 3120 – Artemisia californica - Eriogonum fasciculatum Alliance 
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VegCode 3130 – Artemisia californica - Salvia mellifera Alliance 
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VegCode 3140 – Encelia californica Alliance 
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VegCode 3150 – Eriogonum fasciculatum Alliance 
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VegCode 3180 – Salvia apiana Alliance 
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VegCode 3190 – Salvia leucophylla Alliance 
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VegCode 3210 – Salvia mellifera Alliance 
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VegCode 3220 – Diplacus aurantiacus Alliance 

 

 

 

 

 
 
 
  



Habitat	Restoration	and	Enhancement	Plan	for	the	County	of	Orange	Central/Coastal	Subregion	NCCP/HCP	
Appendix	A—Ecological	Niche	Modeling	of	Vegetation	Alliances—Supplemental	Data	
 

 Page 58 of 74 
 

VegCode	3310	–	Ericameria	palmeri	Alliance	
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VegCode 3330 – Isocoma menziesii Alliance 
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VegCode 3340 – Acmispon glaber Alliance 
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VegCode 3350 – Malacothamnus fasciculatus Alliance 
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VegCode 4120 – Stipa lepida Alliance 
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VegCode 4130 – Stipa pulchra Alliance 
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VegCode 4200 – Mediterranean California Naturalized Annual and Perennial 
Grassland Group 
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VegCode 5210 – Toxicodendron diversilobum Alliance 

 

 

 

 

 
 

 

 
 
 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix A—Ecological Niche Modeling of Vegetation Alliances—Supplemental Data 
 

 Page 66 of 74 
 

VegCode 5310 – Baccharis pilularis Alliance 
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VegCode 6100– Arid West Freshwater Emergent Marsh Group 
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VegCode 6101 – Fresh Water Marsh (bulrush - cattail) Mapping Unit 
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VegCode 7100 – Temperate Pacific Tidal Salt and Brackish Marsh Group 
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VegCode 7120 – Spartina foliosa Alliance 
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VegCode 7210 – Atriplex lentiformis Alliance 
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VegCode 8100 – Coastal Baja California Norte Maritime Succulent Scrub Group 
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VegCode 8120 – Opuntia littoralis Alliance 
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VegCode 8210 – Lepidospartum squamatum Alliance 
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1. Introduction 
The landscape-scale Adaptive Weed Management and Habitat Restoration Plan presented in 
Section 6.4 of the of the Habitat Restoration and Enhancement Plan (HREP) Update document 
is a general roadmap that can be used by land managers and restoration specialists to develop 
site-specific habitat restoration plans for projects in southern California. This document 
provides an outline, refinements, and supplementary guidance, including habitat restoration 
hypotheses and guidelines for best practices, to develop project-level habitat restoration plans 
for the following vegetation types: 

• Scrub and Chaparral 
• Native Perennial Grassland 
• Forbland 
• Woodland 
• Riparian 
• Freshwater Wetland 

The management hypotheses state our best evidence-based ideas of what interventions will 
restore the desired habitat. Explicitly stating these habitat restoration hypotheses allows us to 
test, evaluate and iteratively improve the restoration approaches that are implemented so that 
we can adaptively and strategically improve habitat restoration outcomes over time. 

The guidelines for best practices for adaptive weed management, planting and seeding 
methods are based on review of current practices in the Reserve, technical references and our 
professional experience throughout southern California. The methods presented are the most 
cost-effective and practical methods for typical site conditions within the Reserve; however, 
they are not intended to be comprehensive or exclude other innovative approaches. While a 
good start, project-specific weed management and habitat restoration specifications should be 
ultimately refined by considering land owner/manager and site-specific factors, including the 
following: 

• Resource management goals and objectives 
• Existing site conditions 
• Physical constraints to access of the site by equipment or staff 
• Biological constraints to safe implementation of methods, including potential impacts to 

sensitive species 
• Availability and experience of project staff 
• Past experience working in the local management area 
• Project budget 
• Temporal impacts to resources 
• Adaptive management of the site, including biological monitoring and review of the 

effectiveness of methods in use 
• Existing native cover and diversity 
• Evidence of native natural recruitment from the existing soil seed bank or adjacent 

natural areas 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans 

 Page 2 of 144 

• Opportunities to use community volunteer labor in part of the project 
• New information 

Appendix C of the HREP Update document provides general weed management and habitat 
restoration specifications that can also be used by land managers and restoration specialists for 
developing project-specific habitat restoration plans. 

1.1 Planning 
Project design begins with the Planning step. The six-part planning procedure for the design of 
a project-specific habitat restoration plan (shown in Figure 1-1) and the relationship of those six 
parts in the context of the HREP process (shown in Figure 1-2) are included in this section from 
the main HREP document for ease of reference. 

A. Wildlife Management Goals and Priorities 

In the Planning step, the wildlife management goals and priorities of the land owner are 
identified for the project (see part A in Figure 1-1 and Figure 1-2). The goals and priorities of 
each project depend on the nexus of landowner, local stakeholders, restoration opportunities, 
threats to wildlife, environmental laws, and funding opportunities—combined with 
coordination and consultation with the landowners and managers of adjacent conserved open 
space, the wildlife agencies, and NCC during the planning process to confirm that the project 
design is consistent with regional conservation goals.  

Wildlife management in the Reserve occurs in a complex and dynamic setting, involving the 
interaction of social, political, economic, cultural and environmental factors. Given these 
complexities, we recommend using conceptual models to understand and logically illustrate 
circumstances impacting wildlife. Conceptual models are easy-to-use and create tools that 
explicitly show the interrelatedness among factors affecting wildlife health with a diagram.  

The diagram can be as simple as a series of boxes that represent factors and arrows that show 
the relationships between factors and the focus of conservation (e.g., species or vegetation 
community). For an example of how to construct a conceptual model see “Using Conceptual 
Models to Document a Situation Analysis” (FOS 2009). The model should be based on the best 
available existing knowledge, and it can be updated with new information as it becomes 
available. Conceptual models are useful to understand threats to wildlife health and help 
identify factors that can be strategically influenced with management actions, including the 
implementation of habitat restoration and enhancement projects. 
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Figure 1-1. Planning Procedure for the Design of a Project-Specific Habitat Restoration Plan 
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Figure 1-2. Procedure for Designing a Project-Specific Habitat Restoration Plan in Context of the HREP Update Document 
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B. Landscape-Scale Habitat Restoration Opportunities 

With the goals and priorities of the project identified, habitat restoration opportunities within 
the local land management area should be reviewed (see part B in Figure 1-1 and Figure 1-2), 
including the potential habitat restoration areas and priorities identified in Chapter 5 (see 
Figure 1-2), which prioritize degraded areas that are less likely to recover without intervention 
effort, and put less priority on degraded areas that may have potential to increase in native 
habitat value over long time periods. For each degraded area, which are mapped as polygons in 
the geospatial database described in Chapter 5, there are ranked vegetation communities 
(classified primarily at the Alliance or Group level) that are predicted to be suitable within the 
degraded areas. 

Predictions are provided in the geospatial database under current conditions, as presented in 
Chapter 3 (see Figure 1-2). The highest ranked predicted vegetation communities serve as a 
“rough draft” of habitat restoration targets for restoration priorities 1a, 1b and 1c, which are 
currently dominated by nonnative vegetation. Restoration priorities 2a, 2b and 3 had sufficient 
native cover in the 2012 Vegetation Map to be classified into a native vegetation alliance, which 
can be used to guide habitat restoration targets in these areas. Restoration priorities 4 and 5 
are generally not considered candidates for habitat restoration because they already have a 
high native cover and low nonnative cover, however they may be monitored as part of an early 
detection and rapid response (EDRR) program for invasive plant species. 

Additionally, the model outputs can be reviewed for a single vegetation alliance of interest to 
see where it is predicted to be most suitable in the landscape under current conditions. For 
example, if the expansion of cactus wren habitat is planned, the cactus scrub (Opuntia littoralis 
Alliance) model prediction may be reviewed to identify the most suitable habitat restoration 
opportunities in the management area. The other model predictions for the same areas of 
interest should also be reviewed, and field investigations conducted to ultimately determine 
the suitability of the cactus scrub habitat restoration target. 

C. Field Assessment 

Once potential habitat restoration areas and vegetation alliance targets have been selected for 
a project, conduct a field assessment to get to “know your site” (see part C in Figure 1-1 and 
Figure 1-2). While the predictive modeling of vegetation alliances in degraded areas provides a 
Reserve-wide replicable analysis of suitability and the ability to conduct regional planning, field 
assessments are essential to validate and refine habitat restoration targets for a specific site. 

Field assessments are conducted to collect information about site accessibility, environmental 
data to characterize the growing conditions at the site and botanical data to document the 
existing weed and native populations observable at the time of the visit. It is important to 
determine what constraints there may be to access for equipment or restoration crews because 
it will influence the selection of viable weed management and seeding methods. Environmental 
data may include soil samples, descriptions of the microtopography, geomorphology, or any 
other factor that is important for the ecology of the habitat of interest. Botanical data may 
include species lists, maps of plant populations and photo points (photographs at fixed 
locations) to establish a visual time series for the project. 
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A visit to the field site provides more detailed and nuanced environmental and botanical 
information than is available in the geospatial database, which is invaluable for the 
development of project-specific habitat restoration plans. Field assessments can help reveal 
microsite heterogeneity, such as clay inclusions that are not mapped in the USDA soil survey, 
which may suggest opportunities for native perennial grassland (e.g., Stipa pulchra Alliance) 
restoration within a larger area of Californian coastal scrub vegetation alliances.  

The pattern of existing weed and native plants may also inform us about their surrounding 
growing environment (e.g., Pfieffer 2013) by serving as habitat proxy indicators, and can be 
used to help refine weed management approaches and habitat restoration targets. For 
example, high densities of wild oat, a nonnative grass with deep roots that tends to be located 
in more mesic soil conditions in southern California, that is located within a larger stand of 
annual grass dominated by nonnative bromes, may suggest opportunities for native perennial 
grassland restoration or an increase in native perennial grass (e.g., purple needlegrass) seeding 
rates in this area (EARTHWORKS Restoration 2006; and 2009; Land IQ 2011, and 2014). 
Similarly, the presence of existing native goldenbush shrubs (e.g., Palmer’s goldenbush 
[Ericameria palmeri]) in nonnative annual grassland may be indicators of suitable conditions for 
native perennial grassland with a low to moderate shrub component. This contrasts with the 
presence of other native shrubs such as California buckwheat (Eriogonum fasciculatum) or the 
true native sage species (e.g., white sage [Salvia apiana], purple sage [S. leucophylla], black 
sage [S. mellifera]) in nonnative annual grassland, which may indicate suitability for a native 
shrub dominated vegetation alliance. Regardless, native perennial grasses (e.g., foothill 
needlegrass [Stipa lepida], purple needlegrass) are common understory plants in the native 
shrublands, and if included in sufficient rates in the restoration seed mix, then the microsite 
conditions can help sort which species are most suitable within the microsites of the landscape. 
This would result in a mosaic of habitat types of native shrub and grassland, where native 
perennial grasses are dominant in the appropriate site conditions. Furthermore, native grasses 
incorporated in the seed mix can serve as a component of the “nurse crop” that germinates 
more readily after seeding and that will provide weed suppression in the early stages of the 
restoration process. 

Observations of nearby extant stands of vegetation communities that occur in similar 
environmental conditions may also help inform the development of habitat restoration targets 
in the project area. Additionally, these extant stands may be useful reference sites for 
evaluating performance criteria during project implementation to help determine if project 
goals and/or permit requirements have been met. 

While field assessments during the planning step may be limited in scope to observations 
during one season, these same types of observations should be continuously made by the 
restoration specialist throughout implementation of the project, especially during the weed 
management phase, to provide feedback for adaptive adjustments to weeding methods, seed 
mixes and resource protection. 

In addition to collecting information to help inform appropriate habitat restoration targets and 
implementation methods, the occurrence, or potential to occur, of sensitive or protected 
species need to be documented by a qualified biologist. Prior to going into the field, existing 
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records of rare plants and animals should be reviewed, including the California Natural Diversity 
Database (CNDDB) (www.wildlife.ca.gov/Data/CNDDB). Some species require permits to 
conduct activities that may affect sensitive species and/or conduct standard protocol surveys 
including: 

• USFWS guidelines: www.fws.gov/sacramento/es/Survey-Protocols-Guideline 
• CDFW guidelines: www.wildlife.ca.gov/Conservation/Survey-Protocols 

If sensitive or protected species are detected—or have the potential to occur—in the project 
area or surrounding area (e.g., 500-foot survey buffer around the proposed project area), then 
approaches shall be developed to avoid or minimize impacts to these species in consultation 
with NCC and the regulatory agencies. Consultation with species experts for guidance, as 
appropriate, is also recommended. 

Other sources of data accessible in the office may be helpful to review prior to field 
assessments, including the following: 

• Historical aerials 
• Current aerials to help identify access points 
• USDA soil survey database: websoilsurvey.sc.egov.usda.gov 
• Terrain visualized in geospatial software systems (e.g., Google Earth, ArcGIS, QGIS) 
• Landowner policies (e.g., bans on the use of synthetic herbicides) 

D. Local Restoration Opportunities and Constraints 

Based on review of the landscape-scale habitat restoration opportunities (part B in Figure 1-1 
and Figure 1-2) and data from the field assessment (part C in Figure 1-1 and Figure 1-2), refine 
the scope of the habitat restoration project to reflect the local opportunities, constraints and 
management priorities (see part D in Figure 1-1 and Figure 1-2). 

For example, as seen in part C and D of Figure 1-1, field assessment may determine that one of 
the predicted vegetation alliances is not suitable for the habitat restoration site, in which case it 
is removed from the plan. And, another more suitable vegetation alliance that was not 
predicted by the model may be added to the plan based on the field assessment. The 
refinement of habitat restoration targets helps manage implementation costs and improves the 
quality of the project by focusing weed management and seed collection effort on the most 
suitable species for the site. 

E. Hypothesis-Based Habitat Restoration 

With the final selection of habitat restoration targets made, we recommend explicitly stating 
habitat restoration hypotheses for the vegetation types being restored (part E in Figure 1-1 and 
Figure 1-2). General hypotheses for habitat restoration by vegetation type are presented in 
Appendix B, which can be replicated, adapted or replaced by new hypotheses that are 
appropriate for the habitat restoration project goals and site in question. 

Habitat restoration hypotheses explicitly state our current and best, evidenced-based idea of 
what interventions will restore the desired native habitat. The goals and methods of habitat 
restoration continue to change over time in response to the introduction of new conceptual 

http://www.fws.gov/sacramento/es/Survey-Protocols-Guideline
http://www.wildlife.ca.gov/Conservation/Survey-Protocols
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frameworks for understanding how nature works (e.g., plant trait-environment relationships, 
community assembly), technological advancements (e.g., geospatial technology, improved 
seeding methods), inter-disciplinary efforts to address environmental challenges (e.g., climate 
change) and shifting societal environmental priorities (see review by Perring et al. 2015). As 
such, in an adaptive management context (e.g., see Stankey et al., 2005), we can iteratively 
evaluate projects during, and after, implementation to test and adjust restoration hypotheses 
to improve habitat restoration outcomes.  

Feedback from monitoring efforts can inform the design of habitat restoration projects, at least, 
at two scales: 

• At the scale of the individual habitat restoration project, as conducted by biological 
monitors and/or restoration specialists during implementation to inform weed 
management steps (e.g., type and timing of weeding methods) and seed addition (e.g., 
adjustments to seed mixes based on field assessments of the seed bank expression 
during the weed management period); and, 

• At the scale of regional monitoring programs, such as the vegetation monitoring 
program sponsored by NCC and conservation easement holders (e.g., The Nature 
Conservancy) that may inform habitat restoration trajectories based on surveys of 
vegetation stands across environmental gradients from the coast to the inland. 

F. Project-Specific Habitat Restoration Plan 

With site and vegetation community restoration targets selected, knowledge about site-specific 
implementation opportunities and constraints, and explicitly-stated restoration hypotheses to 
help strategically guide plan development, there is enough information to develop a project-
specific habitat restoration plan. 

Follow the generalized adaptive weed management and habitat restoration plan guidelines in 
Section 6.4 of the HREP, combined with vegetation-type specific plans and guidelines presented 
in this document and other expert guidance (e.g., species experts), as appropriate, to develop a 
project-specific habitat restoration plan. Appendix C of the HREP includes general habitat 
restoration specifications and guidelines to help develop site-specific implementation methods 
for habitat restoration and/or enhancement project(s). Land managers should select the most 
appropriate methods for their project based on site-specific constraints and opportunities, 
budget, available equipment, site access, and staff. 

Success Criteria for Habitat Restoration Projects 

Success criteria should be tailored to each habitat restoration project, based on factors such as 
wildlife management goals, regulatory requirements, vegetation alliances and the presence of 
rare, sensitive or protected species. For vegetation related success criteria, due to the 
significant effect of site and year (e.g., variable rainfall between years) on vegetation response, 
including diversity, cover and phenology (e.g., flowering, germination), we recommend that 
reference habitat samples (where available) be considered for inclusion in success criteria. 
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2. Scrub and Chaparral 
Californian coastal scrub (CCS) and California chaparral are the two most common shrubland 
groups found in the Reserve.  

The characteristic species of the CCS group are shrubs that form an open to closed canopy, with 
an herbaceous layer of grasses and forbs, many of which are annual. CCS shrubs are typically 
drought-deciduous, which tolerate the warm and dry summer weather and are commonly 
found in the lower elevation foothills and valleys of the Reserve. The dominant CCS shrubs vary 
with aspect, soil type (e.g., clay, sandy loam) landscape position (e.g., ridgetop, middle slope, 
valley) and slope steepness. Typically, CCS occurs on sandy loam to clay loam soils on any 
aspect or slope steepness. 

Cactus scrub (Opuntia littoralis Alliance) is classified in a different vegetation group than CCS, 
the coastal Baja California Norte maritime succulent scrub group; however, for the purposes of 
habitat restoration in this Plan, it is grouped with the CCS scrub vegetation type. Cactus scrub 
shares many of the same characteristic CCS species, has an open to intermittent canopy and 
typically occurs where cactus species (e.g., Cylindropuntia prolifera, Opuntia littoralis, O. 
oricola) can persist in spite of challenging growing conditions that exclude a competing shrub 
canopy from other species. Cactus scrub is typically found on sandy loam to clay soils, on any 
slope steepness and with a southerly and westerly aspect. 

The characteristic species of chaparral are taller shrubs with evergreen leaves that typically 
form closed canopies, with a mid-story of drought-deciduous shrubs that are also found in CCS, 
and an understory of herbaceous vegetation. Chaparral is generally found in more mesic site 
conditions than the CCS group. Chaparral typically occurs on sandy loam to loam soil at higher 
elevations with more orographic1 rainfall, at lower elevations on northerly and easterly-facing 
coastal slopes, or on coastal bluffs.  

The most common chaparral floristic alliance in the Reserve is chamise (Adenostoma 
faciculatum Alliance), which is primarily found on the lower montane slopes in the Central 
Reserve. The chamise alliance is an example of the xeric chaparral group. Alliances classified 
within the maritime chaparral group occur within the Reserve along coastal slopes and bluffs. 

Many of the species that occur within CCS and chaparral have fire-adaptive traits that allow 
them to recover from wildfire events. These traits include re-sprouting, serotiny (i.e., release of 
seeds from plant with heat from fire) and germination by heat and smoke (Keeley et al. 2011). 
Fire is an active part of the Reserve however, due to an increase in ignition sources at the 
urban-wildlands interface, fire frequency has increased in parts of the Reserve, especially in the 
Central Reserve, to the point that it threatens the persistence of some shrub species and favors 
the expansion of nonnative grasses and forbs. 

                                                      
1 (Of clouds or rainfall) resulting from the effects of mountains in forcing moist air to rise 
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CCS and chaparral have a seral2 relationship (Hanes 1988). Following disturbance (e.g., fire, 
clearing), CCS can be a seral stage in the recovery of chaparral, with the eventual transition in 
the dominance of the canopy to evergreen chaparral species (Harrison et al. 1971). 

2.1 Scrub and Chaparral Habitat Restoration Hypotheses 

Californian Coastal Scrub and Cactus Scrub 

1. We can increase native species cover and diversity by depleting the weed seed bank, and 
restoring passively from an existing native seed bank or actively through seed addition. 

2. When working in large habitat restoration areas (e.g., 10+ acres), we can establish a 
mosaic of upland vegetation communities (e.g., CCS alliances, native perennial 
grassland, forbland)—the precise boundaries of which are not predetermined—by the 
addition of a diverse seed mix, which includes species representative of more than one 
vegetation community alliance that is ecologically suitable for the site. 

3. Habitat restoration of cactus scrub for the benefit of cactus wren (Campylorhynchus 
brunneicapillus), even in small “stepping stone” patches that provide connectivity 
between existing high-quality habitat, will function to facilitate juvenile dispersal and 
genetic exchange among subpopulations. 

4. Adaptive weed management that is implemented to deplete the weed seed bank (e.g., 
nonnative annual grasses) of fuel management zones will decrease the rate of ignition 
and spread of wildfire by “flashy fuels” into adjacent shrublands. 

Chaparral 

5. We can restore California chaparral in small habitat restoration areas (e.g., <10 acre) by 
the addition of a seed mix that mimics a natural post-disturbance seral stage of CCS and 
allowing for passive recruitment of evergreen chaparral species from adjacent high-
quality habitat. 

2.2 Scrub and Chaparral Weed Management and Habitat 
Restoration Plan 

See Figure 2-1 for the Adaptive Weed Management and Habitat Restoration Plan for scrub and 
chaparral habitats. 

 

                                                      
2 intermediate stage found in ecological succession in an ecosystem advancing towards its climax community 
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Figure 2-1. Scrub and Chaparral Adaptive Weed Management and Habitat Restoration Plan. 
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2.3 Scrub and Chaparral Restoration Guidelines 
The following are guidelines for the restoration of scrub and chaparral vegetation types. 

2.3.1 Weed Management 

Initial Dethatch 

Dethatching is the initial stage of weed management, and is implemented in fall (prior to the 
first significant rainfall), if needed. Thatch removal exposes bare ground and maximizes weed 
germination from the seed bank for the grow-and-kill treatments. There are several potential 
methods of dethatching described below. The most appropriate and feasible clearing method 
should be selected. For example, grazing or prescribed fires may not be allowed in certain sites. 
In general, for larger restoration sites, managed livestock grazing (e.g., goats) or the use of 
mechanical equipment, such as mowing and windrowing to remove thatch is recommended. In 
smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed.  

The initial site clearing activity should be timed outside of the breeding season for all sensitive 
species present at the site, if feasible. A qualified biologist shall conduct pre-clearing surveys to 
document the location of occupied areas, and determine if any buffers or mitigation measures 
are necessary to avoid impacts to sensitive or protected species. If protected species are known 
or expected to occur in the restoration site, or are detected during implementation, then 
appropriate measures shall be taken, including the documentation of occupied areas, 
applicable protocol surveys by a permitted biologist, and consultation with the resource 
agencies. A qualified biologist shall monitor restoration activity, as needed, to avoid and 
minimize impacts. 

Grazing 

Grazing can be an effective method for dethatching. Goats are the preferred livestock for 
dethatching, as they do not pull plants up by the roots, create little ground disturbance and eat 
a wider variety of weed species. Grazing eliminates the need for mechanical thatch removal 
and provides soil fertilization. A disadvantage of grazing is the indiscriminate consumption of 
desirable native species. Herders experienced with grazing in habitats with a native component, 
can manage grazing to limit impacts to native plants by moving the herd slowly through an area 
to clear weed material instead of holding them for longer periods in a corral. 

Goats and fire are inappropriate dethatching methods for restoration areas that are relatively 
small in size, patchy in distribution, or do not have sufficient density of material for feed (goats) 
and fuel (wildfire). 

Most native species can tolerate minimal grazing by goats and some species may even benefit 
from a limited amount of grazing which can encourage new growth and expansion. However, 
the degree of grazing on native species should be carefully monitored and managed by the 
herder and restoration specialist.  

Another consideration for the use of goats is having to supply potable drinking water for the 
herd daily, which may not be feasible in all locations because of lack of nearby water supply or 
access by water truck. 
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Mowing 

Mowing is an effective method to break down the thatch and can be accomplished with large 
equipment such as a flail or rotary mower attached to a tractor or other mechanical equipment. 
Mechanical mowing may not be feasible in all areas, such as sites with limited access or rocky 
sites that pose a fire threat (i.e., if mower blades strike rocks creating sparks that may start a 
fire). Hand-held tools such as line trimmers or hedge trimmers can be used in these instances 
however, mechanical mowing is more cost-effective. Following mowing, the cut material should 
be raked using mechanized hay rakes and gathered into windrows to be collected into mulch 
piles and/or removed from the site or raked by hand if equipment access is limited. Leaving the 
thatch material onsite in mulch piles or in adjacent buffer areas is more cost-effective than 
removing it due to high transport and dumping costs (as discussed in more detail below). 

Fire 

Prescribed fire (subject to burn permits) can be used to remove thatch where natural fire 
events are infrequent compared to the natural return interval for that habitat. Alternatively, a 
wildfire event can be used as the initial dethatching treatment on a site if there is little or no 
subsequent thatch buildup before the first subsequent grow-and-kill treatment. In some cases, 
opportunistically using a wildfire event as the dethatching event is not effective because either 
the burn wasn’t intense enough to consume enough thatch, or a nonnative annual grass thatch 
may build up again before the site can be accessed for subsequent weeding treatments—in 
which case, a second dethatching event will still be necessary. 

Hand Methods for Small Areas 

In smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed. 

Exceptions 

Dethatching may not be necessary in restoration areas that have a naturally low weed load. For 
example, habitat restoration sites that have limited weeds may not require dethatching prior to 
the first grow-and-kill treatment. 

Adaptive Weed Management 

Implement the grow-and-kill method using natural rainfall for a minimum of three years for 
effective control of the weed seed bank. With good rainfall in both years, it may be possible to 
adequately control the weed seed bank in two years, but this is not common. 

Apply at Least Two Weed Treatments per Year 

Typically, weed treatments are applied at least twice per year: once in winter to maximize 
control of nonnative annual grasses and early germinating forb species such as black mustard 
(Brassica nigra); and, again in spring to control nonnative forbs that germinate and mature later 
in the growing season. Depending on the year and site, apply a third treatment in late spring or 
summer for later emerging species, such as Russian thistle (Salsola tragus). Ultimately, the total 
number of treatments in a year will depend on weather conditions and weed species present at 
the site. 
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In general, one herbicide treatment event controls weeds better than one mowing event; 
however, both treatments reduce weed populations in the seed bank effectively. Mowing may 
require more years of management to achieve the same effective control as the application of 
herbicide.  

Weed treatment options include: 

• Apply herbicide at least 2x/year (winter post-emergent grass-specific or non-selective 
herbicide and spring post-emergent broad-spectrum herbicide). Damage to mature 
purple needlegrass plants when sprayed with Fusilade® DX to control nonnative grasses 
is minimal if applied in early winter; thus, this herbicide is appropriate for use in 
management areas with existing S. pulchra cover. 

• Mow at least 2x/year (winter and spring), prior to seed set. Individual purple 
needlegrass plants tolerate mowing, particularly after seeds mature (Tilley et al. 2009). 

• Use a combination of herbicide and mowing at least 2x/year (winter and spring), such as 
a winter post-emergent grass-specific herbicide followed by spring mowing. 

In drought years with low weed loads, fewer treatments per year may be required. In this case, 
reserve weed management budgets for future treatments such as may be necessary in wetter 
years. Conversely, higher rainfall years with greater weed productivity may require additional 
treatments per season in that year (e.g., late spring or summer). 

Assess the need for a third, summer treatment for summer flowering weeds, depending on 
their density or productivity, especially as bare ground increases over time with increasing 
control of winter and spring flowering weeds in the seed bank. 

Choice of Methods is Site Specific 

Select the most effective weed management method that is feasible for the specific site and 
habitat management objective. Select the appropriate weed treatment method to address 
target habitat(s), focal weed species, land manager constraints, site accessibility, and soil 
surface conditions. Control methods can include the following, as appropriate: 

• Physical Control Methods: 

o Mow (e.g., flail or rotary mower attached to a tractor or skid steer) 

o Line trim (e.g., hand operated line trimer with a string) 

o Hand pulling or cutting, where appropriate (e.g., hand cut with a blade) 

• Chemical Control Methods: 

o Post-emergent herbicide broadcast foliar spray application (e.g., truck mounted 
spray system)  

o Post-emergent herbicide spot spray foliar application (e.g., backpack sprayer) 

o Stump cut and herbicide treatment, as needed 

Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
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access for equipment. Nonnative seedlings and flowering plants shall be controlled prior to the 
production of viable weed seeds in order to reduce contributions back to the weed seed bank. 
Soil disruption should be kept to a minimum to reduce the germination of new weed 
individuals, injury to native species, and disturbance to biological soil crusts. However, during 
the site preparation phase, in instances in areas with no biological crusts and low native cover, 
limited soil disturbance, such as from mowing equipment can be beneficial to promote weed 
seed germination and increase weed control efficiency. 

Use only post-emergent herbicides. Do not use pre-emergent herbicides, which will prevent 
native seedlings from developing. Adjust herbicide application rates based on the focal weed 
species. See Appendix C for sample specifications for weed management control methods. 

Careful weeding needs to be done by trained crews to avoid damage to native species in areas 
with significant native cover or sensitive species. Adaptive management is key to success and 
includes regular monitoring by the project biologist or restoration specialist to guide the 
scheduling and selection of control methods. 

Mechanized Methods are More Cost-Effective than Hand Methods 

Mechanized weed control methods cost less, are as effective as hand weed control methods 
and are more time efficient, particularly in larger restoration sites with less native cover: 

• Mowing is less expensive than line trimming. 
• Truck mounted herbicide spray system applications are less expensive than backpack 

sprayer application. 

Line trimming can effectively replace tractor mowing for smaller restoration sites (e.g., <1–2 
acres) or sites that are inaccessible by mechanized equipment however, line trimming is costlier 
because of the increase in labor time. 

Restoration crews should substitute line trimmers or backpack sprayers for mechanized 
methods and larger equipment when working around dense native plants or in smaller project 
areas. 

Timing is Critical 

Observe the focal weed species onsite closely to determine the optimal time for treatment. If 
there is significant variation in conditions throughout a site, then the application of treatments 
may need to be timed differently to control weeds. Treatment often occurs earlier in warm, dry 
locations and later in cool, moist locations, depending on the phenology of plant species and 
their response to soil moisture stress (e.g., timing of flowering).  

For example, treat nonnative annual grass prior to seed set, because viable seed can still form if 
seeds reach the “milk stage”. In general, grass needs to be tall enough to cut the grass to the 
desired height, which can be a challenge in areas with uneven terrain. If the grass is cut too late 
(e.g., at the milk stage or after), then viable seed will replenish the weed seed bank even after it 
has been cut. If nonnative annual grass is cut too early, there is a greater chance for re-growth 
and flowering following subsequent rain events. 
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Consistent and Thorough Weed Treatment is Key 

Manage weeds as consistently and thoroughly as possible between years during the weed 
management step. Gaps in treatments within and between years can significantly lengthen the 
time to reach weed management objectives and thresholds prior to seeding. 

Adjust Methods and Timing Yearly, as Needed 

Adjust weed control methods and timing each year, as needed, based on weed phenology and 
weather conditions. For example, a rotary mower may be used to cut nonnative annual grasses 
initially, but may be replaced later by a flail mower, which can cut closer to the ground, as 
nonnative grasses decrease in stature and abundance in response to weed management 
efforts. Over time, as the weed seed bank is depleted and weed cover decreases during the 
growing season, the increased amount of bare ground results in higher rates of evaporative loss 
of soil moisture. Many annual grasses respond to the increased water stress by growing shorter 
stems and flowering earlier in the season and thus, may require subsequent adjustments in 
weed management methods and timing. 

Tailor Treatment Method to Focal Weeds 

In some cases, it may be necessary to tailor the treatment method to the focal weed species 
because of growth habit. For example, controlling purple false brome (Brachypodium 
distachyon) can be difficult because it can have a low or prostrate stature when flowering 
making it impossible to cut the flowering parts with a rotary mower. In this case, flail mowing is 
an effective option as it allows cutting closer to the ground (except on rocky sites). In winter, 
post-emergent grass-specific herbicide is the preferred treatment for purple false brome. 

High Priority Invasive Plants 

It may be necessary to control high priority invasive species with additional targeted weeding 
treatments, up to several times a year. Use species-specific BMPs or treatment methods on 
these species if common weed treatment methods don’t work. See Appendix C for sample 
specifications for control of common invasive weed species, or consult weed management 
guides or experts, such as Invasive Plants of California’s Wildlands (Bossard et al. 2000), Weed 
Control in Natural Areas in the Western United States (DiTomaso et al. 2013) or the University 
of California Cooperative Extension and Agricultural Experiment Station, Weed Research and 
Information Center (wric.ucdavis.edu). 

Leave Cut Material Onsite 

In general, leave mowed or line trimmed material in-place to decompose, unless a substantial 
amount of nonnative biomass accumulates and inhibits germination of the native seed bank. 
Leaving cut weed material (without viable seed) in place reduces or eliminates disposal costs 
and provides wildlife habitat. The material will decompose over time; however, it is important 
to continue weed treatments to avoid significant thatch build up. 

Place cut weed material with viable seed in mulch piles outside sensitive areas. If weed seeds 
germinate in the piles in subsequent seasons, treat them with herbicide or cut flowers prior to 
seed set.  Costs to control germination from mulch piles are typically minimal. Alternatively, cut 
material with viable seed may be properly disposed of offsite if preferred. 
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An exception to leaving cut biomass in place is when an herbicide that retains the active 
ingredient in the dead plant material (e.g., clopyralid) is used. In this case, collect and mulch the 
biomass in a buffer area or remove and properly dispose of the material off-site. 

Consider a Weed Management Buffer 

Consider creating a weed management buffer outside and adjacent to the restoration area if 
weeds in the adjacent, unrestored area are a significant source of weed seed. Mowing the 
buffer twice per year (winter and spring) prior to seed set is a cost-effective method of 
managing the weed seed bank in the buffer. A grazing program may also be effective if it is 
designed to achieve weed management objectives and is consistent with wildlife management 
goals for the Reserve. 

Consider Phasing of Large Projects 

For large restoration areas, consider phased implementation of the weed management 
program to (1) ensure consistent, well-timed and thorough treatment with available resources, 
and (2) retain some local wildlife habitat during project implementation (e.g., raptor hunting 
grounds within existing nonnative annual grasslands). 

Allow for “Stuck” Sites in Restoration Area 

We recommend allowing for inclusions of weedy/nonnative “stuck” sites (smaller problematic 
areas within a larger habitat restoration project) that are not cost-efficient to restore, but may 
have some wildlife habitat value. This would involve increasing the gross total project area 
under adaptive weed management to allow for some amount of “stuck” sites, such that the 
remaining net area of habitat restoration and enhancement still meets project goals, NCC 
wildlife management priorities and/or any applicable mitigation requirements. “Stuck” sites 
may be prioritized for more intensive management in the future, if warranted. 

Part of successful habitat restoration projects is planning for potential failure. Consideration 
should be given to allowing “stuck” sites to remain as isolated nonnative dominated vegetation 
communities. Assuming that the larger project area has been adequately managed and best 
practices applied to planning and implementation of the habitat restoration project—as 
evidenced by successful achievement of habitat restoration goals and performance criteria for 
the rest of the project area—relatively small areas that are resistant to habitat restoration 
efforts may be best left alone. However, it is advised to treat and eradicate highly invasive plant 
species that could readily invade the restoration area.  

For example, some nonnative annual grasslands or upland mustard fields may require 
significant levels of intervention to restore. Given the sometimes-limited resources available for 
habitat restoration, if these areas become apparent during the course of implementation and 
prove extraordinarily difficult to restore, then resources may be best directed to management 
of other areas where they will have a greater impact on ecosystem health. Nonnative annual 
grasslands currently occur in the landscape of the Reserve alongside native vegetation 
communities with stable boundaries; and, while they are not high-quality habitat, they still 
provide important habitat for raptors and snakes that may not be available elsewhere in the 
Reserve. Therefore, it can be more cost-effective to allow small “stuck” sites to remain within 
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the context of the restoration of a large area, recognizing their existing habitat value and 
redistributing management resources elsewhere. 

It is recommended that the potential for “stuck” sites be incorporated upfront into the 
development of project-specific habitat restoration plans, when it is appropriate for the 
ecosystem and the goals of project. This is especially salient when habitat restoration is being 
conducted as compensatory mitigation for impacts according to environmental law and 
regulation. For example, if 10 acres of habitat restoration are required, and there is potential 
for a combined area of 1 acre that may be difficult to restore, then the permittee and/or other 
regulated entities, should consider increasing the habitat restoration area to at least 11 acres. 
This approach allows the permittee to manage risk by accepting the known, up-front cost of 
implementing adaptive weed management and seed addition for 11 acres, with the 
understanding that only 10 acres are required to meet their obligations for mitigation. Thereby, 
the permittee reduces the risk of incurring a significant unknown expense for intensive 
remediation of “stuck” sites and the potential risk of not achieving acceptance for the total 
required restoration acreage. Since the site preparation weed control phase for a natural 
rainfall driven grow-and-kill program is a minimum of three years, the “stuck” sites can 
potentially be established prior to the seed addition step (i.e., active restoration) of the project 
and the final seeding areas can be pre-determined and delineated prior to seed installation to 
reduce the amount of “wasted” limited seed resources. 

Not every habitat restoration project would be appropriate for this approach, but if accepted by 
the applicable regulatory agencies, landowner and the NCC, it would provide the opportunity to 
increase the health of the Reserve over a larger area than would otherwise be achieved; and 
enable the permittee to manage the risk of unanticipated, higher project costs than was 
originally budgeted. 

Wildlife Protection 

Restoration activities and other disturbances such as grazing, mowing or herbicide application 
should take place to the extent possible outside of the bird breeding season (generally February 
15 to September 15 or as determined by applicable project specific permit conditions) and 
raptor breeding season (January 1 to September 15), as applicable for a project site. 

Prior to the start of restoration activity during the bird breeding season, a qualified biologist 
shall conduct pre-work surveys to document the location of occupied areas, and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 
species. If protected species are known or suspected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Often, after the initial dethatching event and during the implementation of weed management, 
there is little usable habitat for nesting birds and other wildlife as the nonnative vegetation is 
being actively controlled. Hence, risk to wildlife is minimized. However, depending on the size 
of the applicable buffer to protect sensitive nesting bird species established by the biologist, 
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required by permit conditions and/or after consultation with resource agencies, adjacent 
existing habitats to the restoration area should also be included in the surveys to determine if 
the necessary buffers include portions of the active restoration area and protection is required 
during restoration activities. After the site is revegetated with native material, either through 
seeding at the end of the weed management step and/or through natural recruitment, the 
opportunities for wildlife use of the habitat restoration area will increase. 

Monitoring for Weed Management  

Monitoring is an essential part of the adaptive management process because it provides critical 
feedback for management decisions during all phases of restoration. During the weed 
management (i.e., site preparation) step and the subsequent establishment of seeded native 
material, monitoring consists of regular site visits to assess the entire restoration area and 
observe plant health and general site conditions. Based upon the monitoring observations, 
weeding schedules are created and adaptive management measures prescribed, as necessary. 
Qualitative monitoring of the restoration site at the appropriate time of year (based on target 
habitat type) following installation provides feedback on site development, progress towards 
reaching the final goals of the project, and identification of remedial measures, as necessary.  

Monitor restoration areas to inform: 

• Selection of restoration targets, seed mixes, and weed treatment methods 

• Strategies to avoid and minimize impacts to sensitive biological resources 

• Optimal timing and frequency of weed treatments, based on phenology and weed 
cover 

• Weed control methods, based on within-site and between-year variation in weed 
phenology and any native plant recruitment 

• Seed addition needs, based on native species recruitment from the soil seed bank 

• Seed mix composition and seeding rates, based on field observations of microsite 
conditions and native species recruitment from the seed bank 

Monitoring methods that are practical for managing large areas may include a combination of 
the following: photo points, qualitative vegetation cover estimates (e.g., relevé samples), 
species lists and mapping of high priority invasive species.  

Qualitative monitoring should take place each year in mid-spring to capture the majority of 
annuals as well as perennial species and the full year of growth and development of the habitat. 
Qualitative vegetation cover can be assessed by estimating cover from a walk-over survey or at 
discrete points throughout the restoration site to determine overall cover for native, nonnative, 
and non-vegetated areas (bare ground and/or plant litter) for the restoration site. Species 
richness can be determined by generating a species list of all observed species within the 
restoration area to provide information on the community structure of the site and the change 
in species overtime. Photo documentation at permanent photo points can be established for 
photographic documentation on the development of the restoration site for year-to-year 
comparison. These methods of estimating vegetation cover and distribution are cost-effective 
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over large management areas, and provide enough detail to inform adaptive management 
decisions (e.g., timing of weed treatments). 

Weed Management Thresholds 

Adequate weed management prior to seeding reduces total effort and cost, therefore it is 
important to determine at what point weed management can end and native plant material can 
be installed. Manage weeds in treatment areas for at least three years, including two years of 
average or greater than average rainfall, to ensure that any native seed in the existing seed 
bank can respond to managed site conditions. As a rule-of-thumb, the site is ready for seeding 
when absolute weed cover is approximately ≤10 %, as determined by qualitative monitoring 
prior to treatment in the season with the greatest weed production for the site (e.g., winter, 
spring or summer weeding periods). 

Assessment of the site includes native and nonnative cover, species list of native and nonnative 
species present, and the amount of successful natural recruitment. If a restoration site has low 
cover and/or diversity of native species, the addition of native propagules will likely be 
necessary to achieve the objectives and goals of the habitat restoration project.  

Where weed cover is variable across a project area, add seed into areas with low weed cover 
(≤10% cover) and continue to treat areas with high weed cover (≥10% cover). In some cases, 
seed addition may not be necessary if there is sufficient native species recruitment from an 
existing seed bank. The decision to adjust seed mixes, or to not add any native seed, should be 
made by the land manager or restoration specialist based on monitoring observations during 
the weed management program, including native seed diversity and cover, compared with 
habitat restoration goals for the site. 

For areas with high weed cover, continue weed management until achieving the target 
threshold (≤10% cover) for focal weed species. This threshold may be refined in the future with 
additional monitoring data. 

Less frequently, a restoration site may have a large existing native seed bank. In this case, weed 
management will necessarily become more labor intensive, as more effort is spent avoiding 
natives to control weeds. While there will be an increase in labor, time and cost for weed 
management, there is a corresponding cost savings in the number of species and total amount 
of seed material needed for the site—which should help to balance the total cost of the 
restoration project. 

High priority invasive species should generally be controlled to less than 5% cover prior to 
seeding or planting, depending on what is feasible, the habitat restoration goals of the project, 
and the resource management priorities of the land manager. The success criteria for a project 
may require lower cover values by the end of the project for specific high priority invasive 
species. 

2.3.2 Seed and Plant Addition 
Native plant material will be primarily added to the habitat restoration area by seed after it has 
achieved weed management thresholds (discussed above). Restoration success is in large part 
dependent upon proper site preparation during the weed management step. It is very 
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important to gain adequate control of nonnative species prior to installation. Weed 
management should continue until the weed management threshold is achieved rather than 
installing plant material too soon. 

Seed installation can be achieved by several methods, including drill seeding, imprint seeding, 
broadcast seeding and hydroseeding. The determination of seeding method will be dependent 
upon site conditions and accessibility. Larger sites that are accessible by equipment can be 
efficiently seeded mechanically with a drill seeder, imprint seeder, hydroseeder or broadcast 
seeder. Smaller sites, sites with a high density of native species or with unavoidable populations 
of sensitive species can be seeded (optimally during the fall season) by hand broadcast. 

Cuttings and/or container plants typically require some form of temporary irrigation to help 
establish the transplanted material, as discussed below. 

Plant Palette Design 

Californian Coastal Scrub Seed Mix 

The following presents the seed mix design target ranges by plant functional group for CCS (see 
Table 2-1). The target ranges can be used as a guide for developing site specific seed mixes. The 
seed mix can vary based on seed availability, cost, germination rates, and amount of natural 
recruitment that occurs within a restoration site during the site preparation phase. The amount 
of pure live seed must take into account seed loss to predators and various time for 
germination of types of seed.  

A detailed discussion of how to design a seed mix, along with review of seed collection, 
processing and storage is found in Section 6.4.3 of the HREP document. 
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Table 2-1. Californian Coastal Scrub Seed Mix Design Target Ranges. 

Plant Functional Groups Number of 
Species 

Abundance1 PLS/sqft2 
PLS/sqft3 

+dormant seed 

1. Early Establishment 
Nurse Crop & Erosion 
Control Annuals 

2 or more Common in First Year, 
Occasional in Future 
Years 

75-125 75-150 

2. Early Successional 
Shrub Species 

1-2 or more Common in Second 
Year, Occasional in 
Future Years 

5-10 5-25 

3. Mid-story Mature Shrub 
Canopy 

5 or more Common 
10-25 10-50 

4. Native Grasses 3 or more Occasional to Common 
10-25 10-35 

5. Native Herbaceous Species 
(Annuals and Perennials) 

4 or more Common in First Two 
Years, Occasional in 
Future Years 

50-75 50-100 

TOTAL4 15-20 or more  150-260 150-350 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected 

seed species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. Final seed mix amount depends on factors such as species availability, collection cost, seed 

germination rates, site conditions and weather during the collection period. Poor seed collections 
can increase costs significantly. 

 
Cactus Scrub Restoration Plant Palette 

Cactus scrub restoration can be achieved in a similar way to scrub restoration with the addition 
of harvested and hardened-off prickly pear cactus pad material and without the need for 
supplemental irrigation. Typically, cactus pads can be installed in patches of varying extents and 
number of plants according to conditions within the site, at 3 to 5 foot on-center. Timing for 
cactus pad installation is critical and installation should occur during the rainy season for 
establishment of the cactus pad material to prevent desiccation. Supplemental irrigation, if 
provided, will help the cactus grow faster than possible with natural rainfall alone. 

If large salvaged cactus material (i.e., whole plants) is available and desired, limited irrigation 
for a minimum of one year is necessary for establishment (1 to 3 watering events during the 
spring/early summer season). Depending on drought conditions, irrigation may be required for 
two years. Cactus planting basins can be hand watered by hose connected to a water truck or 
connected to a lateral line of a temporary irrigation system. 

Detailed specifications for cactus salvage, planting and irrigation are provided below. 

The following presents the seed mix design target ranges by plant functional group for cactus 
scrub (see Table 2-2). The seed mix can vary based on seed availability, cost, germination rates, 
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and amount of natural recruitment that occurs within a restoration site during the site 
preparation phase. The amount of pure live seed must take into account seed loss to predators 
and various time for germination of types of seed. A detailed discussion of how to design a seed 
mix, along with review of seed collection, processing and storage is found in Section 6.4.3 of the 
HREP document.  

 

Table 2-2. Cactus Scrub Seed Mix Design Target Ranges 

Plant Functional Groups Number of 
Species 

Abundance1 PLS/sqft2 
PLS/sqft3 

+dormant seed 

1. Early Establishment 
Nurse Crop & Erosion 
Control Annuals 

1-2 or more Common in First Year, 
Occasional in Future 
Years 

50-100 50-125 

2. Early Successional 
Shrub Species 

1-2 or more Common in Second 
Year, Occasional in 
Future Years 

10-25 10-35 

3. Mid-story Mature Shrub 
Canopy 

4 or more Common 
10-20 10-40 

4. Native Grasses 2 or more Occasional to Common 
15-30 15-40 

5. Native Herbaceous Species 
(Annuals and Perennials) 

2-3 or more Common in First Two 
Years, Occasional in 
Future Years 

50-75 50-100 

TOTAL4 10-13 or more  135-250 135-340 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected 

seed species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. Final seed mix amount depends on factors such as species availability, collection cost, seed 

germination rates, site conditions and weather during the collection period. Poor seed collections 
can increase costs significantly. 

 

California Chaparral Plant Palette 

Some California chaparral plant species do not readily establish from seed addition because 
they require specific germination cues (e.g., smoke, ash from fire), and therefore, require 
establishment from container plant and some form of supplemental irrigation. Often, 
supplemental irrigation can be impractical or financially infeasible in some chaparral restoration 
sites. More recent information indicates some chaparral species such as big pod ceanothus 
(Ceanothus megacarpus) rely on light such as after a fire, rather than the other fire related 
cues. Therefore, we can restore California chaparral by addition of a seed mix that mimics a 
natural post-disturbance seral stage of CSS (see   



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans  

 Page 24 of 144 

Table 2-1), while allowing for passive recruitment of the evergreen chaparral species from 
adjacent high-quality habitat that would otherwise be difficult to establish from seed or 
container plant. 

Seed Mix Adjustments 

Seed mix species and/or application rates can be adjusted based on the results of seed testing 
and/or seed availability, as appropriate, to achieve the desired seed mix performance. 

Adjustments to the seed mix and the seed collection/production program can be made, as 
necessary, throughout the weed management implementation period to best match the 
conditions in the restoration area. This information comes from the monitoring program that is 
conducted as part of the feedback loop in the adaptive management process. Other 
adjustments that will need to be made to the seed mix will be based on the following: 

• Seed test results, which indicate the actual percent PLS of the seed lots, versus the 
estimated PLS rates from the initial planned seed mix; and, 

• Seed availability. 

Often not all of the specified seed material is available, and adjustments must be made with 
available seed. The seed collector may have collected additional suitable seed material that was 
not included in the specified seed mix that can be used to replace or augment shortfalls in the 
required seed amounts. Or, for species that are in the same plant functional group in the seed 
mix design, it may be appropriate to increase the rate of one species to supplement shortfalls in 
the collection of another species. 

Timing of Seed Installation 

Seed installation should occur in the fall after sites have met the appropriate focal weed 
thresholds to take advantage of the entire rainy season which is particularly important for non-
irrigated restoration sites and at the beginning of the active growing season for scrub 
communities in Southern California. For non-irrigated restoration sites, if seed installation 
cannot occur by the end of December, then it is recommended to postpone seeding until the 
following fall, unless significant late winter rainfall is predicted. While the applied seed mix can 
remain viable in the soil for several years for most species, it is important to time seeding to 
capture the majority of rainfall in the first season to allow for germination of the seed mix and a 
sufficient establishment period prior to dry hot summer conditions. 

Sites that are ready to be seeded should have little to no thatch. If significant thatch is present, 
land managers should rake, collect, and remove it prior to seeding because it will inhibit seed-
to-soil contact, required for optimal germination rates. 

The installation of native plant material will generally be accomplished by seeding the habitat 
restoration area following adequate control of weed populations through the weed 
management phase (i.e., site preparation). Restoration success is, in large part, dependent on 
adequate weed management prior to the addition of native plant material. Weed management 
should continue until the weed management threshold is achieved rather than installing plant 
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material too soon because weed management after the addition of seed is much more difficult 
and labor intensive.  

Select Appropriate Seeding Method 

We recommend drill seeding restoration sites, if possible. Cross-drilling in two directions that 
are perpendicular to each other results in better coverage than a single pass in one direction. If 
drill seeding is not feasible, then broadcast seeding (by hand or PTO-driven seed spinner) 
followed by tamping with a cultipacker is effective. Both drill seeding and broadcast seeding are 
cost-effective and minimize soil disturbance. Other methods including imprinting and 
hydroseeding may be appropriate in specific situations. 

Drill Seeding 

Range drill seeding is the optimum seeding method for many restoration areas, where the 
equipment is able to maneuver, which is dependent on the steepness of the slope, and there is 
a low occurrence of native species that would be negatively impacted by the method. Drill 
seeding is efficient, has the highest reliability for applying the seed mix at the desired rate with 
proper calibration of the equipment and provides good seed to soil contact. With a rangeland 
drill seeder, seed material can be installed with minimal soil disturbance, can be implemented 
over thatch, if necessary, and equipment can be maneuvered around existing native species to 
avoid impacts. Thatch should not be so thick such that it limits the ability for creation of the 
planting furrows, inhibits good seed-to-soil contact, or eliminates the possibility for the press 
wheels to cover the seed with soil.  

Drill seeding is better than other seeding methods in a few ways. Drill seeding provides better 
seed to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand seeding methods thus reducing seed costs and less “waste” of 
seed. 

Depending on the terrain of the restoration area, drill seeding can be accomplished in two 
passes or in a single pass. Drill seeding in two passes, or two-way drill seeding, is the preferred 
installation method. For drill seeding in two passes, divide the seed mix in two equal parts and 
apply each half of the seed mix in perpendicular passes across the site, forming a grid 
pattern. Drill seeding with two passes is generally used on flat to moderate slopes. For steeper 
slopes, the one pass method should be used and seeding direction done parallel to the contours 
of the slope such that erosion rills are not as likely to develop from the furrows formed when 
seeding. Seeding depth should be not less than ¼ inch and no greater than ½ inch.  

Alternatively, if seed material is limited for a project, and it is desirable to maximize the area 
seeded, one approach is to seed in alternating single pass strips. This is called the modified 
DeSimone method and the use of unseeded strips allows for natural recruitment over time 
from the seeded strips. For example, if the range drill seeder has a width of 6 feet, then a 6-foot 
strip can be seeded in one pass, followed by a 6-foot strip of no seeding, and so on. The width 
of unseeded strip should be wide enough to allow mechanized methods of weed management, 
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if needed, but not so wide that natural recruitment from the seeded strips into the non-seeded 
strip is limited. 

However, drill seeding may not be practical in all restoration areas due to size of the site, high 
density of native or sensitive species, access limitations for equipment, and site conditions. For 
example, if a restoration site has many large rocks on the soil surface, it may not be possible to 
maneuver the drill seeding equipment within the site to seed at a uniform rate. The equipment 
may not properly create the planting furrows or bouncing of the equipment from running over 
rocks may cause uneven seeding rates. In which case, mechanical broadcast seeding may be the 
more appropriate method. 

Mechanical Broadcast Seeding 

In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Mechanical broadcast 
seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, higher density of seeds or overcrowding in 
one location, and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment.  

Prior to seeding, thick plant thatch should be removed, and if necessary, the ground scarified to 
incorporate seed into the soil. Following seed broadcast, the seed material shall be tamped into 
the soil at less than ½ inch deep with a cultipacker pulled by a tractor, ATV or similar 
equipment. This will increase seed-to-soil contact and provide soil cover over the applied seed 
to improve germination success and reduce loss of seed to wind, erosion and seed predation. 

Hand Broadcast Seeding 

Hand broadcast seeding is an all-purpose seeding method that can be used in relatively small 
areas with limited access or areas with a high density of natives and/or sensitive species. Hand 
broadcast seeding is the best option in areas where other seeding methods may disturb 
sensitive resources. 

The disadvantages of this method are that hand broadcast seeding will result in the greatest 
potential for loss of seed due to wind, runoff, and seed predators, a higher potential for uneven 
seed distribution, greater potential for poor seed-to-soil contact and is inefficient in large areas 
(e.g., greater than one or two acres in size). To compensate for seed loss, it is recommended to 
double the rate of seed for each species of the specified seed mix. 

Similar to mechanical broadcast seeding, thick plant thatch should be removed prior to seeding, 
and if necessary, the ground should be scarified to incorporate seed into the soil. Following 
hand seeding, the seeds shall be raked-in to the soil with hand-held rakes or tamped in with a 
6-foot-wide cultipacker attached to an ATV, crawler type dozer, or tractor. 
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Raking and/or tamping of the soil following seeding will aid in seed-to-soil contact and provide 
a thin covering of soil over the applied seed mix. Seeds should be incorporated into the topsoil 
less than ½ inch deep. 

Hydroseeding 

Hydroseeding can be used in areas that are not accessible by a drill seeder, mechanical 
broadcast seeder or imprinter. It is a planting process that uses a hydraulically-applied slurry of 
cellulose wood fiber, the specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and 
any amendments to be added (e.g., slow release fertilizer, arbuscular mycorrhizal [AM] fungi). 
Hydroseeding equipment also has some access constraints since the hydroseeder for the most 
part is restricted to roads or trails for access and cannot be driven on an area with more than a 
gentle slope. Furthermore, access is limited by the allowable extent of the hose used to apply 
the mixture while still having enough pressure to apply the seed mix with an even spray, and 
the availability of a source of water for the preparation of batches of slurry. The water source 
may be near the equipment, or water can be transported to the equipment (e.g., by water 
truck). The slurry can be applied by a spray nozzle mounted to the equipment or by a nozzle 
attached to a hose for direct application. Long lengths of hose and/or hard pipe can be 
designed to allow application at a distance of up to 700 feet or more, depending conditions 
such as pump pressure and the viscosity of the slurry. Prior to hydroseed application, the site 
should be cleared of plant thatch to provide good seed-to-soil contact. 

Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding the remaining cellulose wood fiber and organic M-binder. 
The advantage of the two-step method is the increased seed-to-soil contact. In steep areas, it is 
recommended to use a one-step method to limit the amount of disturbance of the applied seed 
mix from foot traffic since in a two-step method, the entire seed area from the first step has to 
be walked through again to apply the second step. 

Imprint Seeding 

Imprint seeding is best used in areas with few to no native species already present. Steep 
topography, areas of shallow soil, and the presence of medium size rocks will limit the use of 
imprinting. Imprinters consist of a metal roller with teeth that create v-shaped imprints in the 
soil (Dixon and Carr 2000). The seed is applied at the same time the imprints are made thereby 
pressing the seed into the soil for better seed-to-soil contact. The imprints should be at a 
specified depth and stable so that erosion of the imprints or collapse does not occur. Imprint 
seeding generally requires the soil to be cleared of thatch and ripping or disking prior to 
imprinting to allow the imprinter to make the specified imprints in the soil. The specified 
imprints can be made in areas with “soft” soil without the need for disking or ripping. However, 
if the soil is too soft, such as areas with coarse soils with a high sand content, the imprints can 
be too unstable. In these instances, imprinting should not be the seeding method utilized. An 
unstable imprint is subject to erosion of the imprint or collapse burying the seed too deep.  
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The purpose of the imprint is to provide a “safe” microclimate protecting the seeds from wind, 
providing shade to prevent desiccation, and serves to collect water to provide moisture for 
germination. Imprinting is best done in the fall since rain can help to stabilize the imprints and 
prevent erosion and/or collapse of the imprint. While imprinting works best if soils are moist, 
imprinting should not be done in wet soils as the soil can stick to the imprinting teeth and 
resulting in improper imprints. Imprints can generally last for a couple of years and continue to 
provide moisture for germinated seedlings and provide wind protection from evaporation. It is 
important to note, that in instances where the soil requires ripping or disking, this will 
encourage the germination of weed seed that would not otherwise have germinated. Hence, 
disking is more appropriate in a condition where there is a limited weed seed bank and few 
native plants. Disking can also result in collateral death to ground dwelling wildlife (e.g., snakes, 
gophers). Drill seeding is generally the more appropriate method in settings where imprint 
seeding may also be an option.  

Temporary Irrigation System 

If supplemental irrigation is needed to establish transplanted nursery plants, then the 
recommended temporary irrigation system design is an overhead system with impact heads. 
The system can also be used to germinate and establish the seed mix, as appropriate. Irrigation 
controllers or timers should not be used and a maintenance person should be onsite during all 
hours of operation of the irrigation system. The maintenance person should check for proper 
operation of the irrigation system and leaks. The temporary irrigation system should be 
removed when it is no longer needed. 

Nursery Grown Container Plants 

For desirable plant species that do not readily establish from seed in restoration projects, for 
instance certain chaparral species, these can be installed by transplanting nursery-grown 
container plants.   

Contract growing of all container plants should be by a local nursery with at least three years of 
experience growing native plants for the target vegetation communities of the project, and who 
adhere to nursery practices to limit the possibility of introducing non-site specific Phytophthora 
spp. to the restoration area. The plants shall have a well-developed root system and 
conditioned prior to planting. AM inoculum should be incorporated with the greenhouse soil 
mix according to the label at the time of transplantation to containers. 

The container plants should be inspected by the restoration specialist during the growing stage 
and upon delivery for planting to verify the plants are the correct species and quantities, are 
free of weeds, pests, and disease and showing signs of healthy growth. Plants should be grown 
in the specified container long enough to develop a root system that reaches the bottom of the 
container and forms a healthy root ball without becoming root bound. Any container plants 
that are not within these standards should be rejected. Substitution of plant material at the 
time of planting depends solely upon the discretion of the project restoration specialist. 
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Container Planting 

Planting locations for container plants should be marked on the site using different colored pin 
flags under the supervision of the project biologist/ecologist.   

The following are recommended guidelines for container plant installation:  

• Planting holes should be made with the minimum disturbance to accommodate the 
rootballs.  

• Prior to planting, the planting hole should be filled with water and allowed to drain. 

• A specially-formulated, slow release fertilizer provided in planting packets (e.g., Bio-
pac™ from Reforestation Technologies, Inc.) can be planted with container plants to aid 
establishment of the nursery grown stock. The packets should be buried below the 
container plant, and therefore their nutrients are available only to the plants and not 
weedy seedlings that may develop at the soil surface. 

• Plants should be set in the planting hole so that the crown of the root ball is 
approximately at or slightly above finished grade.  

• A watering basin from 18 – 24 inches in diameter should be provided around each 
installed plant. 

• Watering basins should be filled with water after planting. 

Habitat Restoration on Steep Slopes 

Scrub and chaparral restoration on steep slopes, slopes greater than 1 ½:1 slope factor, require 
erosion control measures to slow the velocity of water running down the slope. Methods 
include wattle installation, flexible erosion control blanket, and surface conditioning prior to 
seeding.  

Biodegradable natural wattles of straw or coir rolls should be used. The netting of wattles 
should be biodegradable and preferably made of plant fiber that will break down in the 
environment over time. Wattles should be placed along the contours of the slope at intervals of 
approximately 10 feet in-between the rows of wattles and adjusted accordingly based on slope 
and soil type. The wattles should be trenched into the ground. Depth of trenching/keying-in the 
wattles is dependent on soil type: 3-5 inches in deep soft loamy soils; and 2-3 inches deep in 
hard rocky soils. The ends of the wattles should be butted together and not overlapped to 
prevent rill erosion. Wood stakes that are 2 feet by 2 feet by 3 inches should be placed every 4 
feet along the center of the wattle. 

Another erosion control option is the use of a flexible erosion control blanket such as Flexterra® 
High Performance-Flexible Growth Medium™ (HP-FGM™) that can be applied using a two-step 
hydroseed method with the specified seed mix. 

Prior to seeding, sheet flow from rainfall can be reduced by surface conditioning to slow down 
the water. On steep slopes that are accessible with large equipment, the slope can be 
roughened with “track walking” perpendicular to the contour of the slope (i.e., up and down 
the slope). This creates divots that will aid the establishment of vegetative cover from seed, 
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reduce runoff velocity and increase infiltration, reduce erosion and provide for sediment 
trapping. 

The seed mix for restoration on steep slopes should include early successional and erosion 
control species that germinate quickly. These species provide protection from rain drop impact 
and the root development creates soil pore space allowing for deeper infiltration of surface 
water from rain events. Over time, the early establishing plants increase soil infiltration rates 
and water retention of the soil until the later germinating species in the seed mix develop. 

While weed management prior to seeding may be appropriate for a steep slope with a high 
weed load, the slope should be evaluated to determine if access is feasible and if weeding may 
cause unnecessary erosion. It may be best to simply remove surface thatch and then apply an 
appropriate native seed mix and flexible erosion control blanket by the two-step hydroseed 
method, without any weed management. 

Cactus Salvage and Planting 

Cactus Salvage and Transport  

Cactus salvage can be done when opportunities arise to obtain whole prickly pear cactus (e.g., 
Opuntia littoralis, O. oricola) plants or pads (cuttings), or stems of cholla (Cylindropuntia 
prolifera) from an available donor site to transplant or reserve for cactus scrub restoration 
projects. Cactus salvage should be done by a restoration contractor that has the equipment and 
experience in digging up large cactus plants, cutting pads, moving and transplanting cactus 
material. 

Within the donor site, select and delineate areas for cactus salvage based on density and health 
of the cactus and accessibility. The species used are based on what can be salvaged. Collection 
of all cactus material should be conducted after August 30 and prior to February 15, which is 
outside of the breeding season for sensitive bird species. During salvage activities, a biological 
monitor shall be present on site to flush out cactus wrens (and other wildlife) ahead of the 
equipment and personnel.  

Cactus material to salvage can consist of cactus plants (called clumps, pads and stems). Clumps 
consist of large multi-stemmed cactus material with intact developed root balls attached. Pad 
or stem material consists of green stems and can be collected as single, double, or triple 
pads/stems. 

Cactus clumps can be harvested at the donor site using a backhoe and a skid-steer loader (such 
as a Bobcat®) to carefully excavate the large cactus plants keeping as much of the root ball 
intact as possible with soil attached. The harvested cactus material should then be placed on a 
bobtail dump truck or flatbed with removable rails/sides for transport to the restoration site. At 
the restoration site, the equipment to be used for unloading the cactus material can include a 
skid-steer loader and front-end loader. Cactus pads and stems shall be harvested using hand 
tools to cut the pads from the donor cactus or pick up the stems that break off of salvaged 
cactus. The pads and stems shall be collected in large buckets or boxes to transport to the 
restoration site.   
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If the cactus material (primarily clumps) is being salvaged for long-term storage/holding for 
future cactus restoration projects then a storage/holding site should be identified and arranged 
for prior to commencing the salvage. Cactus clumps and pads/stems should be planted and 
irrigated as needed at the storage/holding site until they can be moved and transplanted at a 
later time.  

Spacing and Placement  

The following are general spacing guidelines for planted cactus material. Spacing should be 10 
feet on-center for cactus clumps and 3 to 5 feet on center for cactus pads, depending on how 
quickly you want the cactus plants to grow together. However, for most sites we recommend 5 
feet on-center, which is optimal to allow room for access to weed (if required) during 
establishment years. With a five-foot spacing, the cactus will grow and fill in the interspaces 
over time, even in a non-irrigated situation.  

As a general guideline for placement, cactus can be planted in groups consisting of available 
planting material. Cactus material shall be planted together in groups to resemble the natural 
mosaic of cactus patches within cactus scrub habitat. If cactus clumps are available, the general 
guideline is to plant approximately one to three large plants in the center of a cactus group with 
cactus pads planted around the central clumps. The guideline for the diameter of a cactus 
group is approximately 50 to 60 feet and the spacing between the cactus groups should be 
approximately 50 to 60 feet apart, or as site conditions dictate.  

Planting  

Planting should follow the final site preparation event including installation of a temporary 
irrigation line or system, if planned for the restoration. Delivery of the cactus clumps should be 
with a bobtail dump truck. Equipment used at the receiving site to unload the large cactus 
material can include a skid-steer loader and front-end loader. Cactus clumps should be planted 
on the same day that delivery to the restoration site occurs. If short-term storage (2 to 3 days) 
of the cactus clumps is necessary, soil must be placed over the root material to protect the 
roots from drying out. A backhoe can be used to dig the planting holes for the cactus clumps. 
The planting holes for the cactus clumps shall be large enough so that the entire root structure 
can be accommodated. The planting hole shall be backfilled in and the soil tamped down to 
secure the clump in place. A shallow watering basin shall be formed around the planted cactus 
with the excavated soil. Tree stakes may also be installed to hold large clumps in place. Planted 
cactus clumps shall be watered-in after installation. Cactus plants can be watered-in with a 
temporary irrigation system, if installed, or using a water truck with a hose attached. 

The cactus pads/stems should be allowed to harden in place at the restoration site after 
delivery for at least two weeks prior to planting. To plant the pads/stems, holes can be dug by 
hand or a mechanized (gas-powered) auger. The hardened-off cut end shall be planted just 
deep enough to bury approximately one inch of the pad/stem to avoid rotting. A small, shallow 
depression, or watering basin, should be formed around the planted pad/stem. Ideally all 
planted pad and stem material should be watered-in after planting. Single cactus pads can be 
planted without being watered-in or any supplemental irrigation. If water is not available for 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans  

 Page 32 of 144 

watering in the cactus pads, then the cactus pads should be planted at the beginning of the 
rainy season to allow for establishment prior to hot-dry summer conditions.   

Temporary Irrigation System 

To promote cactus growth, a temporary irrigation system can be installed to aid with irrigation 
of the planted cactus material. However, supplementary irrigation is not required for 
transplanted cactus pads. Supplemental irrigation will be required for planted large cactus 
clumps. A temporary irrigation system should consist of lateral lines with a point(s) of 
connection to either a water truck or water tank for water delivery to the cactus groups. Lateral 
lines from the point(s) of connection shall be installed through the restoration areas to deliver 
water to each cactus group. On/off ball valves shall be installed along the lateral lines where 
necessary to allow for hose connections for hand watering of the cactus material. 

Irrigation of Cactus Transplants 

Without irrigation, transplanted cactus pads and stems will obtain sufficient density and height 
to become potential nesting locations for cactus wren with time. However, when 
supplementary irrigation is feasible and/or creating potential nesting locations faster is a 
management goal, then irrigation will help cactus to grown faster and taller. 

Two subsequent irrigation events, as necessary, during the first two years following cactus 
planting are recommended to supplement rainfall and establish and increase the height of the 
cactus. Irrigation in the first two seasons is especially important for planted large cactus clumps 
and will be required if drought conditions occur during the first two establishment years.  

If a temporary irrigation is not installed, water can be supplied from a water truck or water tank 
and cactus material can be watered with a hose. However, this method of irrigation is limited 
by access of the water trunk or water tank and the length of hose required to reach the cactus. 
Especially in steep areas, watering cannot take place too far from the watering truck because of 
lack of pressure for water delivery.  

Seeding Between Cactus 

Seeding between cactus can be accomplished by hand using a hand spreader or belly grinder 
and the seed raked-in following cactus planting. If hydroseeding is the seeding method selected 
for the restoration area, hydroseeding should not be done within the clouds of cactus so as not 
to coat the cactus material with the hydroseed mulch and binder. 

2.3.3 On-Going Management 
To achieve habitat restoration goals, some level of on-going management of the restoration 
project is generally necessary after weed management (i.e., site preparation) and seed 
addition. Monitoring is essential after seed or plant additions for a minimum of two years to 
assess weed growth and establishment of the installed plant material. Monitoring plant 
material installation includes the following:  

• Biological monitoring of the establishment of the native material seeded or planted 

• Monitoring, evaluation and treatment of any parts of the project that may require post-
seeding weed maintenance to facilitate the establishment of the native vegetation 
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• Monitoring and evaluation of the project that may require post-installation 
supplemental irrigation 

Monitoring of the restoration area will guide any necessary on-going management activities 
that may need to be implemented. On-going management activities may include the following: 

• Treating or eradicating the population of a recurring high priority invasive plant species  

• Pest management 

• Remedial seeding in areas where germination of the native seed mix was limited or 
failed after at least one season of adequate rainfall  

• Remedial planting in areas where container plants or cuttings had limited survivorship 
or failed in the first season  

• Supplemental irrigation scheduling for installed container/cuttings plants 

• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 

• Conservation activities for sensitive species 

Establishment Monitoring 

In general, monitor habitat restoration sites for at least two years after seeding, or after the 
end of the initial weed management program if seeding is not required, to monitor native seed 
establishment and evaluate the need for additional weeding (including high priority invasive 
plant control), remedial seeding, pest management, or any necessary remedial actions as 
described above. 

Seed Establishment 

In the first establishment year following seed addition, a low to moderate absolute cover of the 
seeded material and a moderate amount of bare ground is expected.  

The actual cover values each year will depend on the effects of site and year on germination 
and growing conditions (e.g., rainfall events, temperature and humidity) at the site. Of the total 
absolute cover of native seeded material, the perennial species will initially constitute a 
relatively low proportion of cover. In the first few years, early successional herbaceous species, 
including native annuals and native plant species that may be added at high rates to provide 
topsoil erosion control, will dominate the relative native cover. In the following years, the 
dominance of cover will shift to perennial species as individual plants grow and mature. 

The actual target cover values for seed establishment for a particular restoration project will 
depend on project goals and factors, such as vegetation community restoration targets, site 
conditions and weather. 

Remedial Weeding 

Remedial weeding refers to weeding that occurs after the weed management program ends 
and after seed application and/or native species recruitment from the existing seed bank. If the 
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weed management program adequately controlled the weed seed bank, remedial weeding 
efforts will be minimal.  

Remedial weeding is recommended where nonnative plants inhibit native plant germination 
and/or growth and to continue control of highly invasive species that can readily re-establish in 
the restoration area. The amount of any remedial weeding required each year will depend on 
weather conditions, development of the native habitat(s), and the density and type of weed 
species in the restoration area. The objective of remedial weeding is to reduce nonnative plants 
to a threshold level that allows desirable native species to establish and thrive. Weeding itself 
disturbs the soil and can promote weed establishment; therefore, minimize remedial weeding 
to the level necessary to achieve restoration objectives. Remember that weeds generally thrive 
in disturbance; therefore, monitoring can determine when remedial weeding might not be 
advisable if the site is at or near threshold levels for target weeds. 

Where remedial weeding is necessary, select the most appropriate method for the site and 
management objectives (presented in order of preference): 

1. Hand weed. Avoid soil disturbance by using cutting tools (e.g., sickle to cut grass 
flowering heads prior to the milk stage) for annual weeds. Treat perennial weeds by 
extracting the taproot by hand or with tools. 

2. Spot spray. Spot spray herbicide using a low-pressure nozzle with a non-selective post-
emergent herbicide (e.g., glyphosate) with the nozzle touching the target weed. This will 
reduce overspray on desirable native plants, but is more time-intensive than broadcast 
application. Use trained and experienced herbicide applicators to minimize damage to 
native species. Herbicide use should be limited and only used when no other method is 
feasible for control, such as for perennial weedy species with long tap root in which 
enough of the root system cannot be extracted by hand methods for effective control. 

Weeded material should be removed from the site if seeds have set prior to removal, otherwise 
some weeded material can be left onsite to mulch and provide organic material for soil 
development, but not so much that it prevents germination or native recruitment.  

The use of mechanical cutting with mowers or line trimmers and broadcast foliar spray of 
herbicides should generally not be used, due to the significant collateral damage that could 
occur to the establishment of the seeded native species. These methods should be reserved for 
remedial weed management in larger areas that fail to develop native vegetation cover after 
one or two years of monitoring, with the understanding that such intensive intervention will 
likely require the application of a remedial seed mix after the site is released from weed 
management again. 

Careful weeding shall be done by trained crews in order to avoid damage to the establishment 
of the native vegetation. Weeds should be removed on a regular basis, as necessary and if 
possible, before they set seed and/or reach approximately 12 inches in height. Adaptive 
management is key to success and includes regular monitoring to guide the scheduling and 
selection of control methods. Care should be taken to limit the amount of soil disturbance and 
trampling of native seedlings from weeding activities. The management of weeds must be 
balanced with the negative side effects on native plant development (i.e., not all weeds in a site 
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need to be treated). It is important to train the crews to weed by sweeping through a site and 
target weed control for the weeds that need to be weeded at the stage described above. Other 
weeds that have not reached the desired control stage should be left to weed later. This will 
limit the amount of disturbance in a given area during a weed control event. 

Supplemental Irrigation Water and Volume Frequency Container Plants 

Supplemental irrigation should be timed to mimic natural rainfall patterns to extend the rainy 
season in the fall and spring. Upon completion of plant installation, irrigation should occur 
weekly for about the first month in the absence of adequate rainfall to prevent desiccation of 
the container plants and then as needed based on soil moisture observations, plant needs, and 
rainfall amounts.  

The timing of irrigation events will depend on evapotranspiration between events and soil 
moisture. There are only guidelines to follow, and no cookbook formula, for successful water 
management of native vegetation.  

The following is a sample irrigation management scheme: 

• Irrigate soil to full field capacity to the desired depth (approximately 18 inches during 
germination and seedling/cutting/plant establishment; and 18-24 inches during 
subsequent establishment). 

• Initially keep seeded areas moist until seeded material has germinated (if applicable). 

• Allow soil to dry down to approximately 50-60 percent of field capacity (in the top 6-10 
inches after germination and during seedling and plant establishment; and 8-12 inches 
during plant establishment) before the next irrigation cycle. 

Wetting of the full root zone and drying of the soil between irrigation events is essential to the 
maintenance of the plants and the promotion of a deep root system that will support the 
vegetation in the years after establishment.  A soil probe or shovel should be used to examine 
soil moisture and rooting depth directly.  

Control of High Priority Invasive Species 

Use species-specific BMPs (where available) to treat high priority invasive species that may not 
be controlled with routine weed management methods. High priority invasive species vary by 
habitat, climate, and management objectives. Refer to regional Early Detection Rapid Response 
(EDDR) lists (e.g., Cal IPC EDDR) or species experts for appropriate and effective methods to 
control high priority invasive species of concern. 

If herbicides are used, great caution should be used with foliar spray application to avoid any 
drift or overspray to establishing native plants. To limit herbicide drift or overspray, the stump-
cut method should be used when possible and appropriate. See Appendix C for detailed 
specifications for control of select invasive species. 
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Evaluation and Management of “Stuck” Sites 

Smaller problematic areas or patches of land within a restoration site that are resistant to 
habitat restoration efforts should be monitored and evaluated by the restoration specialist to 
determine if they warrant additional intervention, or if they are “stuck” sites. As discussed in 
Chapter 2 of the HREP, “stuck” sites may have the opportunity to achieve project success 
criteria (e.g., for native and nonnative cover), but would require extraordinary levels of 
intervention to restore. If it is consistent with the goals of the habitat restoration project, and 
approved by the responsible regulatory agencies, landowner and NCC, “stuck” sites can be left 
in their current condition. The “stuck” sites may become targeted for future management when 
it becomes a priority for resource managers. 

Remedial Seeding 

The need for remedial seeding during the establishment period for seeded and planted native 
material will be determined for each project based on the project goals, what is suitable for the 
vegetation type, site conditions, growing conditions (e.g., seasonal rainfall, temperature) and 
any regulatory vegetation cover requirements. For example, if the target native vegetation 
coverage in the first year of seed establishment is 20%, then the restoration specialist shall 
evaluate if re-seeding is warranted if native cover is significantly less than 20% over a 
contiguous area of a meaningful size (e.g., 5,000 square feet). However, it may be determined 
that a smaller area for remedial seeding may be required if there are stringent cover 
requirements for the project. 

Areas of significant erosion onsite that are not consistent with project goals and/or imperils 
protection of natural resources and adjacent infrastructure, should be repaired, as appropriate, 
and re-seeded in the first fall season after damage. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g., less than one acre). Larger areas of remedial seeding 
can be accomplished with one of the mechanized seeding techniques, such as mechanical 
broadcast seeding or drill seeding. Care shall be taken to avoid damage to existing native plants.  

Pest Management 

Pest management is often not necessary in restoration sites. If it is determined that the habitat 
is being jeopardized by wildlife, corrective measures such as organic, non-toxic deterrents and 
fencing/plant cages may be used. Invertebrate pests are rarely a serious problem to restored 
habitats if site conditions are appropriate to the desired habitat. If there is a concern regarding 
natural environment pests, consult topic experts and resources, such as those provided by the 
University of California, Agriculture and Natural Resources, Statewide Integrated Pest 
Management Program (UC-IPM).  

Long Term Management 

Long term management of the restoration area will be determined by the land manager, and 
could be considered for incorporation into regional vegetation monitoring programs to track 
the long-term trajectory and health of the restored habitat. 
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3. Native Perennial Grassland 
Native perennial grasslands occur in any topographic position, generally on deep soils with high 
clay content, such as clay loam to clay soils. Most of the extant native perennial grassland 
populations in the reserve are associated with clay soils, most of which have high shrink-swell 
potential that are classified in the Vertisols Order of Soil Taxonomy. These types of soils have 
been repeatedly documented as favoring native bunchgrasses in southern California (Knecht, 
1971). 

Native perennial grassland stands typically occur in the lower foothills and coastal terraces of 
the Reserve in stands within a mosaic of adjacent scrub or woodland vegetation. Purple 
needlegrass (Stipa pulchra) or other native perennial grassland species (e.g., Melica imperfecta) 
are dominant or characteristic in the herbaceous layer and include forbs and geophytes, with 
an open to intermittent shrub or tree canopy. Additionally, giant wild rye (Elymus condensatus) 
may develop as dense grassland areas on clayey north- or east-facing slopes. Foothill 
needlegrass (Stipa lepida) is a similar perennial grass that tends to occur in more xeric sites as 
part of the herbaceous layer in CCS. 

Appropriate habitat restoration sites typically have clay to clay loam soils, and often support 
nonnative annual grasses and forbs. Weed densities are typically very high in the deeper, 
nutrient-rich, clay soils. 

3.1 Native Perennial Grassland Habitat Restoration Hypotheses 
1. We can increase native species cover and diversity by depleting the weed seed bank, and 

restoring passively from an existing native seed bank or actively through seed addition. 
2. Native perennial grasslands include an open to intermittent shrub canopy, which is 

dynamic over time in response to conditions that either promote shrub encroachment 
(e.g., shrub recruitment during drier rainfall years) or depress shrub populations (e.g., 
parasitism from Phytophthora fungus during wet, warm, seasonal weather). 

3.2 Native Perennial Grassland Weed Management and Habitat 
Restoration Plan 

See Figure 3-1 for the Weed Management and Habitat Restoration Plan for Native Perennial 
Grasslands. 
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Figure 3-1. Native Perennial Grassland Adaptive Weed Management and Habitat Restoration Plan 
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3.3 Native Perennial Grassland Restoration Guidelines 
The following are guidelines for the restoration of Native Perennial Grassland. 

3.3.1 Weed Management 

Initial Dethatch 

Dethatching is the initial stage of weed management, and is implemented in fall (prior to the 
first significant rainfall), if needed. Thatch removal exposes bare ground and maximizes weed 
germination from the seed bank for the grow-and-kill treatments. There are several potential 
methods of dethatching described below. The most appropriate and feasible clearing method 
should be selected. For example, grazing or prescribed fires may not be allowed in certain sites. 
In general, for larger restoration sites, managed livestock grazing (e.g., goats) or the use of 
mechanical equipment, such as mowing and windrowing to remove thatch is recommended. In 
smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed.  

The initial site clearing activity should be timed outside of the breeding season for all sensitive 
species present at the site, if feasible. A qualified biologist shall conduct pre-clearing surveys to 
document the location of occupied areas, and determine if any buffers or mitigation measures 
are necessary to avoid impacts to sensitive or protected species. If protected species are known 
or expected to occur in the restoration site, or are detected during implementation, then 
appropriate measures shall be taken, including the documentation of occupied areas, 
applicable protocol surveys by a permitted biologist, and consultation with the resource 
agencies. A qualified biologist shall monitor restoration activity, as needed, to avoid and 
minimize impacts. 

Grazing 

Grazing can be an effective method for dethatching. Goats are the preferred livestock for 
dethatching, as they do not pull plants up by the roots, create little ground disturbance and eat 
a wider variety of weed species. Grazing eliminates the need for mechanical thatch removal 
and provides soil fertilization. A disadvantage of grazing is the indiscriminate consumption of 
desirable native species. Herders experienced with grazing in habitats with a native component, 
can manage grazing to limit impacts to native plants by moving the herd slowly through an area 
to clear weed material instead of holding them for longer periods in a corral. 

Goats and fire are inappropriate dethatching methods for restoration areas that are relatively 
small in size, patchy in distribution, or do not have sufficient density of material for feed (goats) 
and fuel (wildfire). 

Most native species can tolerate minimal grazing by goats and some species may even benefit 
from a limited amount of grazing which can encourage new growth and expansion. However, 
the degree of grazing on native species should be carefully monitored and managed by the 
herder and restoration specialist.  

Another consideration for the use of goats is having to supply potable drinking water for the 
herd daily, which may not be feasible in all locations because of lack of nearby water supply or 
access by water truck. 
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Mowing 

Mowing is an effective method to break down the thatch and can be accomplished with large 
equipment such as a flail or rotary mower attached to a tractor or other mechanical equipment. 
Mechanical mowing may not be feasible in all areas, such as sites with limited access or rocky 
sites that pose a fire threat (i.e., if mower blades strike rocks creating sparks that may start a 
fire). Hand-held tools such as line trimmers or hedge trimmers can be used in these instances 
however, mechanical mowing is more cost-effective. Following mowing, the cut material should 
be raked using mechanized hay rakes and gathered into windrows to be collected into mulch 
piles and/or removed from the site or raked by hand if equipment access is limited. Leaving the 
thatch material onsite in mulch piles or in adjacent buffer areas is more cost-effective than 
removing it due to high transport and dumping costs (as discussed in more detail below). 

Fire 

Prescribed fire (subject to burn permits) can be used to remove thatch where natural fire 
events are infrequent compared to the natural return interval for that habitat. Alternatively, a 
wildfire event can be used as the initial dethatching treatment on a site if there is little or no 
subsequent thatch buildup before the first subsequent grow-and-kill treatment. In some cases, 
opportunistically using a wildfire event as the dethatching event is not effective because either 
the burn wasn’t intense enough to consume enough thatch, or a nonnative annual grass thatch 
may build up again before the site can be accessed for subsequent weeding treatments—in 
which case, a second dethatching event will still be necessary. 

Hand Methods for Small Areas 

In smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed. 

Adaptive Weed Management 

Implement the grow-and-kill method using natural rainfall for a minimum of three years for 
effective control of the weed seed bank. With good rainfall in both years, it may be possible to 
adequately control the weed seed bank in two years, but this is not common. 

Apply at Least Two Weed Treatments per Year 

Typically, weed treatments are applied at least twice per year: once in winter to maximize 
control of nonnative annual grasses and early germinating forb species such as black mustard 
(Brassica nigra); and, again in spring to control nonnative forbs that germinate and mature later 
in the growing season. Depending on the year and site, apply a third treatment in late spring or 
summer for later emerging species, such as Russian thistle (Salsola tragus). Ultimately, the total 
number of treatments in a year will depend on weather conditions and weed species present at 
the site. 

In general, one herbicide treatment event controls weeds better than one mowing event; 
however, both treatments reduce weed populations in the seed bank effectively. Mowing may 
require more years of management to achieve the same effective control as the application of 
herbicide.  
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Weed treatment options include: 

• Apply herbicide at least 2x/year (winter post-emergent grass-specific herbicide and 
spring post-emergent broad-spectrum herbicide). Damage to mature purple needlegrass 
plants when sprayed with Fusilade® DX to control nonnative grasses is minimal if applied 
in early winter; thus, this herbicide is appropriate for use in management areas with 
existing S. pulchra cover. 

• Mow at least 2x/year (winter and spring), prior to seed set. Individual purple 
needlegrass plants tolerate mowing, particularly after seeds mature (Tilley et al. 2009). 

• Use a combination of herbicide and mowing at least 2x/year (winter and spring), such as 
a winter post-emergent grass-specific herbicide followed by spring mowing. 

In drought years with low weed loads, fewer treatments per year may be required. In this case, 
reserve weed management budgets for future treatments such as may be necessary in wetter 
years. Conversely, higher rainfall years with greater weed productivity may require additional 
treatments per season in that year (e.g., late spring or summer). 

Assess the need for a third, summer treatment for summer flowering weeds, depending on 
their density or productivity, especially as bare ground increases over time with increasing 
control of winter and spring flowering weeds in the seed bank. 

Choice of Methods is Site Specific 

Select the most effective weed management method that is feasible for the specific site and 
habitat management objective. Select the appropriate weed treatment method to address 
target habitat(s), focal weed species, land manager constraints, site accessibility, and soil 
surface conditions. Control methods can include the following, as appropriate: 

• Physical Control Methods: 

o Mow (e.g., flail or rotary mower attached to a tractor or skid steer) 

o Line trim (e.g., hand operated line trimer with a string) 

o Hand pulling or cutting, where appropriate (e.g., hand cut with a blade) 

• Chemical Control Methods: 

o Post-emergent herbicide broadcast foliar spray application (e.g., truck mounted 
spray system)  

o Post-emergent herbicide spot spray foliar application (e.g., backpack sprayer) 

o Stump cut and herbicide treatment, as needed 

Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
access for equipment. Nonnative seedlings and flowering plants shall be controlled prior to the 
production of viable weed seeds in order to reduce contributions back to the weed seed bank. 
Soil disruption should be kept to a minimum to reduce the germination of new weed 
individuals, injury to native species, and disturbance to biological soil crusts. However, during 
the site preparation phase, in instances in areas with no biological crusts and low native cover, 
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limited soil disturbance, such as from mowing equipment can be beneficial to promote weed 
seed germination and increase weed control efficiency. 

Use only post-emergent herbicides. Do not use pre-emergent herbicides, which will prevent 
native seedlings from developing. Adjust herbicide application rates based on the focal weed 
species. See Appendix C for sample specifications for weed management control methods. 

Careful weeding needs to be done by trained crews to avoid damage to native species in areas 
with significant native cover or sensitive species. Adaptive management is key to success and 
includes regular monitoring by the project biologist or restoration specialist to guide the 
scheduling and selection of control methods. 

Mechanized Methods are More Cost-Effective than Hand Methods 

Mechanized weed control methods cost less, are as effective as hand weed control methods 
and are more time efficient, particularly in larger restoration sites with less native cover: 

• Mowing is less expensive than line trimming. 
• Truck mounted herbicide spray system applications are less expensive than backpack 

sprayer application. 

Line trimming can effectively replace tractor mowing for smaller restoration sites (e.g., <1–2 
acres) or sites that are inaccessible by mechanized equipment however, line trimming is costlier 
because of the increase in labor time. 

Restoration crews should substitute line trimmers or backpack sprayers for mechanized 
methods and larger equipment when working around dense native plants or in smaller project 
areas. 

Timing is Critical 

Observe the focal weed species onsite closely to determine the optimal time for treatment. If 
there is significant variation in conditions throughout a site, then the application of treatments 
may need to be timed differently to control weeds. Treatment often occurs earlier in warm, dry 
locations and later in cool, moist locations, depending on the phenology of plant species and 
their response to soil moisture stress (e.g., timing of flowering).  

For example, treat nonnative annual grass prior to seed set, because viable seed can still form if 
seeds reach the “milk stage”. In general, grass needs to be tall enough to cut the grass to the 
desired height, which can be a challenge in areas with uneven terrain. If the grass is cut too late 
(e.g., at the milk stage or after), then viable seed will replenish the weed seed bank even after it 
has been cut. If nonnative annual grass is cut too early, there is a greater chance for re-growth 
and flowering following subsequent rain events. 

Consistent and Thorough Weed Treatment is Key 

Manage weeds as consistently and thoroughly as possible between years during the weed 
management step. Gaps in treatments within and between years can significantly lengthen the 
time to reach weed management objectives and thresholds prior to seeding. 
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Adjust Methods and Timing Yearly, as Needed 

Adjust weed control methods and timing each year, as needed, based on weed phenology and 
weather conditions. For example, a rotary mower may be used to cut nonnative annual grasses 
initially, but may be replaced later by a flail mower, which can cut closer to the ground, as 
nonnative grasses decrease in stature and abundance in response to weed management 
efforts. Over time, as the weed seed bank is depleted and weed cover decreases during the 
growing season, the increased amount of bare ground results in higher rates of evaporative loss 
of soil moisture. Many annual grasses respond to the increased water stress by growing shorter 
stems and flowering earlier in the season and thus, may require subsequent adjustments in 
weed management methods and timing. 

Tailor Treatment Method to Focal Weeds 

In some cases, it may be necessary to tailor the treatment method to the focal weed species 
because of growth habit. For example, controlling purple false brome (Brachypodium 
distachyon) can be difficult because it can have a low or prostrate stature when flowering 
making it impossible to cut the flowering parts with a rotary mower. In this case, flail mowing is 
an effective option as it allows cutting closer to the ground (except on rocky sites). In winter, 
post-emergent grass-specific herbicide is the preferred treatment for purple false brome. 

High Priority Invasive Plants 

It may be necessary to control high priority invasive species with additional targeted weeding 
treatments, up to several times a year. Use species-specific BMPs or treatment methods on 
these species if common weed treatment methods don’t work. See Appendix C for sample 
specifications for control of common invasive weed species, or consult weed management 
guides or experts, such as Invasive Plants of California’s Wildlands (Bossard et al. 2000), Weed 
Control in Natural Areas in the Western United States (DiTomaso et al. 2013) or the University 
of California Cooperative Extension and Agricultural Experiment Station, Weed Research and 
Information Center (wric.ucdavis.edu). 

Leave Cut Material Onsite 

In general, leave mowed or line trimmed material in-place to decompose, unless a substantial 
amount of nonnative biomass accumulates and inhibits germination of the native seed bank. 
Leaving cut weed material (without viable seed) in place reduces or eliminates disposal costs 
and provides wildlife habitat. The material will decompose over time; however, it is important 
to continue weed treatments to avoid significant thatch build up. 

Place cut weed material with viable seed in mulch piles outside sensitive areas. If weed seeds 
germinate in the piles in subsequent seasons, treat them with herbicide or cut flowers prior to 
seed set.  Costs to control germination from mulch piles are typically minimal. Alternatively, cut 
material with viable seed may be properly disposed of offsite if preferred. 

An exception to leaving cut biomass in place is when an herbicide that retains the active 
ingredient in the dead plant material (e.g., clopyralid) is used. In this case, collect and mulch the 
biomass in a buffer area or remove and properly dispose of the material off-site. 
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Consider a Weed Management Buffer 

Consider creating a weed management buffer outside and adjacent to the restoration area if 
weeds in the adjacent, unrestored area are a significant source of weed seed. Mowing the 
buffer twice per year (winter and spring) prior to seed set is a cost-effective method of 
managing the weed seed bank in the buffer. A grazing program may also be effective if it is 
designed to achieve weed management objectives and is consistent with wildlife management 
goals for the Reserve. 

Consider Phasing of Large Projects 

For large restoration areas, consider phased implementation of the weed management 
program to (1) ensure consistent, well-timed and thorough treatment with available resources, 
and (2) retain some local wildlife habitat during project implementation (e.g., raptor hunting 
grounds within existing nonnative annual grasslands). 

Allow for “Stuck” Sites in Restoration Area 

We recommend allowing for inclusions of weedy/nonnative “stuck” sites (smaller problematic 
areas within a larger habitat restoration project) that are not cost-efficient to restore, but may 
have some wildlife habitat value. This would involve increasing the gross total project area 
under adaptive weed management to allow for some amount of “stuck” sites, such that the 
remaining net area of habitat restoration and enhancement still meets project goals, NCC 
wildlife management priorities and/or any applicable mitigation requirements. “Stuck” sites 
may be prioritized for more intensive management in the future, if warranted. 

Part of successful habitat restoration projects is planning for potential failure. Consideration 
should be given to allowing “stuck” sites to remain as isolated nonnative dominated vegetation 
communities. Assuming that the larger project area has been adequately managed and best 
practices applied to planning and implementation of the habitat restoration project—as 
evidenced by successful achievement of habitat restoration goals and performance criteria for 
the rest of the project area—relatively small areas that are resistant to habitat restoration 
efforts may be best left alone. However, it is advised to treat and eradicate highly invasive plant 
species that could readily invade the restoration area.  

For example, some nonnative annual grasslands or upland mustard fields may require 
significant levels of intervention to restore. Given the sometimes-limited resources available for 
habitat restoration, if these areas become apparent during the course of implementation and 
prove extraordinarily difficult to restore, then resources may be best directed to management 
of other areas where they will have a greater impact on ecosystem health. Nonnative annual 
grasslands currently occur in the landscape of the Reserve alongside native vegetation 
communities with stable boundaries; and, while they are not high-quality habitat, they still 
provide important habitat for raptors and snakes that may not be available elsewhere in the 
Reserve. Therefore, it can be more cost-effective to allow small “stuck” sites to remain within 
the context of the restoration of a large area, recognizing their existing habitat value and 
redistributing management resources elsewhere. 
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It is recommended that the potential for “stuck” sites be incorporated upfront into the 
development of project-specific habitat restoration plans, when it is appropriate for the 
ecosystem and the goals of project. This is especially salient when habitat restoration is being 
conducted as compensatory mitigation for impacts according to environmental law and 
regulation. For example, if 10 acres of habitat restoration are required, and there is potential 
for a combined area of 1 acre that may be difficult to restore, then the permittee and/or other 
regulated entities, should consider increasing the habitat restoration area to at least 11 acres. 
This approach allows the permittee to manage risk by accepting the known, up-front cost of 
implementing adaptive weed management and seed addition for 11 acres, with the 
understanding that only 10 acres are required to meet their obligations for mitigation. Thereby, 
the permittee reduces the risk of incurring a significant unknown expense for intensive 
remediation of “stuck” sites and the potential risk of not achieving acceptance for the total 
required restoration acreage. Since the site preparation weed control phase for a natural 
rainfall driven grow-and-kill program is a minimum of three years, the “stuck” sites can 
potentially be established prior to the seed addition step (i.e., active restoration) of the project 
and the final seeding areas can be pre-determined and delineated prior to seed installation to 
reduce the amount of “wasted” limited seed resources. 

Not every habitat restoration project would be appropriate for this approach, but if accepted by 
the applicable regulatory agencies, landowner and the NCC, it would provide the opportunity to 
increase the health of the Reserve over a larger area than would otherwise be achieved; and 
enable the permittee to manage the risk of unanticipated, higher project costs than was 
originally budgeted. 

Wildlife Protection 

Restoration activities and other disturbances such as grazing, mowing or herbicide application 
should take place to the extent possible outside of the bird breeding season (generally February 
15 to September 15 or as determined by applicable project specific permit conditions) and 
raptor breeding season (January 1 to September 15), as applicable for a project site. 

Prior to the start of restoration activity during the bird breeding season, a qualified biologist 
shall conduct pre-work surveys to document the location of occupied areas, and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 
species. If protected species are known or suspected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Often, after the initial dethatching event and during the implementation of weed management, 
there is little usable habitat for nesting birds and other wildlife as the nonnative vegetation is 
being actively controlled. Hence, risk to wildlife is minimized. However, depending on the size 
of the applicable buffer to protect sensitive nesting bird species established by the biologist, 
required by permit conditions and/or after consultation with resource agencies, adjacent 
existing habitats to the restoration area should also be included in the surveys to determine if 
the necessary buffers include portions of the active restoration area and protection is required 
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during restoration activities. After the site is revegetated with native material, either through 
seeding at the end of the weed management step and/or through natural recruitment, the 
opportunities for wildlife use of the habitat restoration area will increase. 

Monitoring for Weed Management  

Monitoring is an essential part of the adaptive management process because it provides critical 
feedback for management decisions during all phases of restoration. During the weed 
management (i.e., site preparation) step and the subsequent establishment of seeded native 
material, monitoring consists of regular site visits to assess the entire restoration area and 
observe plant health and general site conditions. Based upon the monitoring observations, 
weeding schedules are created and adaptive management measures prescribed, as necessary. 
Qualitative monitoring of the restoration site at the appropriate time of year (based on target 
habitat type) following installation provides feedback on site development, progress towards 
reaching the final goals of the project, and identification of remedial measures, as necessary.  

Monitor restoration areas to inform: 

• Selection of restoration targets, seed mixes, and weed treatment methods 

• Strategies to avoid and minimize impacts to sensitive biological resources 

• Optimal timing and frequency of weed treatments, based on phenology and weed 
cover 

• Weed control methods, based on within-site and between-year variation in weed 
phenology and any native plant recruitment 

• Seed addition needs, based on native species recruitment from the soil seed bank 

• Seed mix composition and seeding rates, based on field observations of microsite 
conditions and native species recruitment from the seed bank 

Monitoring methods that are practical for managing large areas may include a combination of 
the following: photo points, qualitative vegetation cover estimates (e.g., relevé samples), 
species lists and mapping of high priority invasive species.  

Qualitative monitoring should take place each year in mid-spring for most vegetation types to 
capture the majority of annuals as well as perennial species and the full year of growth and 
development of the habitat. Qualitative vegetation cover can be assessed by estimating cover 
from a walk-over survey or at discrete points throughout the restoration site to determine 
overall cover for native, nonnative, and non-vegetated areas (bare ground and/or plant litter) 
for the restoration site. Species richness can be determined by generating a species list of all 
observed species within the restoration area to provide information on the community 
structure of the site and the change in species overtime. Photo documentation at permanent 
photo points can be established for photographic documentation on the development of the 
restoration site for year-to-year comparison. These methods of estimating vegetation cover and 
distribution are cost-effective over large management areas, and provide enough detail to 
inform adaptive management decisions (e.g., timing of weed treatments). 
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Weed Management Thresholds 

Adequate weed management prior to seeding reduces total effort and cost, therefore it is 
important to determine at what point weed management can end and native plant material can 
be installed. Manage weeds in treatment areas for at least three years, including two years of 
average or greater than average rainfall, to ensure that any native seed in the existing seed 
bank can respond to managed site conditions. As a rule-of-thumb, the site is ready for seeding 
when absolute weed cover is approximately ≤10 %, as determined by qualitative monitoring 
prior to treatment in the season with the greatest weed production for the site (e.g., winter, 
spring or summer weeding periods). 

Assessment of the site includes native and nonnative cover, species list of native and nonnative 
species present, and the amount of successful natural recruitment. If a restoration site has low 
cover and/or diversity of native species, the addition of native propagules will likely be 
necessary to achieve the objectives and goals of the habitat restoration project.  

Where weed cover is variable across a project area, add seed into areas with low weed cover 
(≤10% cover) and continue to treat areas with high weed cover (≥10% cover). In some cases, 
seed addition may not be necessary if there is sufficient native species recruitment from an 
existing seed bank. The decision to adjust seed mixes, or to not add any native seed, should be 
made by the land manager or restoration specialist based on monitoring observations during 
the weed management program, including native seed diversity and cover, compared with 
habitat restoration goals for the site. 

For areas with high weed cover, continue weed management until achieving the target 
threshold (≤10% cover) for focal weed species. This threshold may be refined in the future with 
additional monitoring data. 

Less frequently, a restoration site may have a large existing native seed bank. In this case, weed 
management will necessarily become more labor intensive, as more effort is spent avoiding 
natives to control weeds. While there will be an increase in labor, time and cost for weed 
management, there is a corresponding cost savings in the number of species and total amount 
of seed material needed for the site—which should help to balance the total cost of the 
restoration project. 

High priority invasive species should generally be controlled to less than 5% cover prior to 
seeding or planting, depending on what is feasible, the habitat restoration goals of the project, 
and the resource management priorities of the land manager. The success criteria for a project 
may require lower cover values by the end of the project for specific high priority invasive 
species. 

3.3.2 Seed Addition 
Native plant material will be primarily added to the habitat restoration area by seed after it has 
achieved weed management thresholds (discussed above). Restoration success is in large part 
dependent upon proper site preparation during the weed management step. It is very 
important to gain adequate control of nonnative species prior to installation. Weed 
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management should continue until the weed management threshold is achieved rather than 
installing plant material too soon. 

Seed installation can be achieved by several methods, including drill seeding, imprint seeding, 
broadcast seeding and hydroseeding. The determination of seeding method will be dependent 
upon site conditions and accessibility. Larger sites that are accessible by equipment can be 
efficiently seeded mechanically with a drill seeder, imprint seeder, hydroseeder or broadcast 
seeder. Smaller sites, sites with a high density of native species or with unavoidable populations 
of sensitive species can be seeded (optimally during the fall season) by hand broadcast.  

Design of Native Perennial Grassland Seed Mix 

The following presents the seed mix design target ranges by plant functional group for native 
grassland habitat ( 

Table 3-1). The target ranges can be used as a guide for developing site specific seed mixes. The 
seed mix can vary based on seed availability, cost, germination rates, and amount of natural 
recruitment that occurs within a restoration site during the site preparation phase. The amount 
of pure live seed must take into account seed loss to predators and various time for 
germination of types of seed. 

A detailed discussion of how to design a seed mix, along with review of seed collection, 
processing and storage is found in Section 6.4.3 of the HREP document. 

 
Table 3-1. Native Perennial Grassland Seed Mix Design Target Ranges. 

Plant Functional Groups Number of 
Species Abundance1 PLS/sqft2 PLS/sqft3 

+dormant seed 

1. Native Annual Forbs 3 or more Occasional to 
Common 30-50 30-75 

2. Native Annual Forb,  
Seedling Nurse Plant(s)4 

1-3 or more Common in First Year, 
Occasional in Future 
Years 

25-75 25-100 

3. Native Perennial Grass5 1-2 or more Common 10-25 10-40 
4. Native Perennial Shrub6 1-2 or more Occasional 1-10 10-20 

TOTAL7 5-10 or more  70-150 70-200 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected seed 

species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. For example, Amsinckia intermedia, Layia platyglossa, Lasthenia californica, Plagiobothrys canescens, 

Pseudognaphalium californicum, and Lupinus sp. 
5. For example, Stipa pulchra. 
6. Incorporate native perennial shrubs that are suitable for occasional cover, as based on reference habitat 

and occurrence in adjacent native habitat with similar soil conditions. 
7. Final seed mix amount depends on factors such as species availability, collection cost, seed germination 

rates, site conditions and weather during the collection period. Poor seed collections can increase costs 
significantly. 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans  

 Page 49 of 144 

Consider Adding Native Shrub Species 

Add native shrub species to the seed mix, especially if the project area includes areas of 
nonnative annual grasslands that could be type-converted native scrub, or if scrub occurs 
naturally in an ecotonal gradient or mosaic with native perennial grassland. These native shrubs 
will germinate in favorable microsites to establish a mosaic of native perennial grassland and 
scrub. 

Select appropriate shrub species for the seed mix based on occurrence in adjacent shrub 
communities that are ecologically similar to the restoration site with respect to soil and 
topography (i.e., reference sites). 

Seed Mix Adjustments 

Seed mix species and/or application rates can be adjusted based on the results of seed testing 
and/or seed availability, as appropriate, to achieve the desired seed mix performance. 

Adjustments to the seed mix and the seed collection/production program can be made, as 
necessary, throughout the weed management implementation period to best match the 
conditions in the restoration area. This information comes from the monitoring program that is 
conducted as part of the feedback loop in the adaptive management process. Other 
adjustments that will need to be made to the seed mix will be based on the following: 

• Seed test results, which indicate the actual percent PLS of the seed lots, versus the 
estimated PLS rates from the initial planned seed mix; and, 

• Seed availability. 

Often not all of the specified seed material is available, and adjustments must be made with 
available seed. The seed collector may have collected additional suitable seed material that was 
not included in the specified seed mix that can be used to replace or augment shortfalls in the 
required seed amounts. Or, for species that are in the same plant functional group in the seed 
mix design, it may be appropriate to increase the rate of one species to supplement shortfalls in 
the collection of another species. 

Timing of Seed Installation 

Seed installation should occur in the fall after sites have met the appropriate focal weed 
thresholds to take advantage of the entire rainy season which is particularly important for non-
irrigated restoration sites and at the beginning of the active growing season for grassland 
communities in Southern California. For non-irrigated restoration sites, if seed installation 
cannot occur by the end of December, then it is recommended to postpone seeding until the 
following fall, unless significant late winter rainfall is predicted. While the applied seed mix can 
remain viable in the soil for several years for most species, it is important to time seeding to 
capture the majority of rainfall in the first season to allow for germination of the seed mix and a 
sufficient establishment period prior to dry hot summer conditions. 

Sites that are ready to be seeded should have little to no thatch. If significant thatch is present, 
land managers should rake, collect, and remove it prior to seeding because it will inhibit seed-
to-soil contact, required for optimal germination rates. 
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The installation of native plant material will generally be accomplished by seeding the habitat 
restoration area following adequate control of weed populations through the weed 
management phase (i.e., site preparation). Restoration success is, in large part, dependent on 
adequate weed management prior to the addition of native plant material. Weed management 
should continue until the weed management threshold is achieved rather than installing plant 
material too soon because weed management after the addition of seed is much more difficult 
and labor intensive.  

Select Appropriate Seeding Method 

We recommend drill seeding restoration sites, if possible. Cross-drilling in two directions that 
are perpendicular to each other results in better coverage than a single pass in one direction. 

If drill seeding is not feasible, then broadcast seeding (by hand or PTO-driven seed spinner) 
followed by tamping with a cultipacker is effective. 

Both drill seeding and broadcast seeding are cost-effective and minimize soil disturbance. 

When seed is limited and it is preferable to distribute seed across the maximum area possible, 
while maintaining the specified seeding rates for areas that are seeded, consider the modified 
DeSimone strip method, with seeded and unseeded strips. Seeded strips at the width of the 
drill seeding equipment (e.g., 6 feet wide) are alternated with an unseeded strip that should be 
wide enough for remedial weed management, as necessary, but narrow enough to facilitate 
recruitment from adjacent seeded strips as the native vegetation reaches reproductive 
maturity. 

Other seeding methods that may be appropriate for a particular habitat restoration project, 
include hydroseeding and imprint seeding and are also described below. Hydroseeding requires 
a water source and is a significantly more expensive method than drill seeding, but may be the 
best method for very steep slopes that preclude the use of other methods. Imprint seeding is 
best used in areas with few to no native species already present, and with little to no weed 
seed bank that can be stimulated by the disking step in the method. 

Drill Seeding 

Range drill seeding is the optimum seeding method for many restoration areas, where the 
equipment is able to maneuver, which is dependent on the steepness of the slope, and there is 
a low occurrence of native species that would be negatively impacted by the method. Drill 
seeding is efficient, has the highest reliability for applying the seed mix at the desired rate with 
proper calibration of the equipment and provides good seed to soil contact. With a rangeland 
drill seeder, seed material can be installed with minimal soil disturbance, can be implemented 
over thatch, if necessary, and equipment can be maneuvered around existing native species to 
avoid impacts. Thatch should not be so thick such that it limits the ability for creation of the 
planting furrows, inhibits good seed-to-soil contact, or eliminates the possibility for the press 
wheels to cover the seed with soil.  

Drill seeding is better than other seeding methods in a few ways. Drill seeding provides better 
seed to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
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seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand seeding methods thus reducing seed costs and less “waste” of 
seed. 

Depending on the terrain of the restoration area, drill seeding can be accomplished in two 
passes or in a single pass. Drill seeding in two passes, or two-way drill seeding, is the preferred 
installation method. For drill seeding in two passes, divide the seed mix in two equal parts and 
apply each half of the seed mix in perpendicular passes across the site, forming a grid 
pattern. Drill seeding with two passes is generally used on flat to moderate slopes. For steeper 
slopes, the one pass method should be used and seeding direction done parallel to the contours 
of the slope such that erosion rills are not as likely to develop from the furrows formed when 
seeding. Seeding depth should be not less than ¼ inch and no greater than ½ inch.  

Alternatively, if seed material is limited for a project, and it is desirable to maximize the area 
seeded, one approach is to seed in alternating single pass strips. This is called the modified 
DeSimone method and the use of unseeded strips allows for natural recruitment over time 
from the seeded strips. For example, if the range drill seeder has a width of 6 feet, then a 6-foot 
strip can be seeded in one pass, followed by a 6-foot strip of no seeding, and so on. The width 
of unseeded strip should be wide enough to allow mechanized methods of weed management, 
if needed, but not so wide that natural recruitment from the seeded strips into the non-seeded 
strip is limited. 

However, drill seeding may not be practical in all restoration areas due to size of the site, high 
density of native or sensitive species, access limitations for equipment, and site conditions. For 
example, if a restoration site has many large rocks on the soil surface, it may not be possible to 
maneuver the drill seeding equipment within the site to seed at a uniform rate. The equipment 
may not properly create the planting furrows or bouncing of the equipment from running over 
rocks may cause uneven seeding rates. In which case, mechanical broadcast seeding may be the 
more appropriate method. 

Mechanical Broadcast Seeding 

In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Mechanical broadcast 
seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, higher density of seeds or overcrowding in 
one location, and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment.  

Prior to seeding, thick plant thatch should be removed, and if necessary, the ground scarified to 
incorporate seed into the soil. Following seed broadcast, the seed material shall be tamped into 
the soil at less than ½ inch deep with a cultipacker pulled by a tractor, ATV or similar 
equipment. This will increase seed-to-soil contact and provide soil cover over the applied seed 
to improve germination success and reduce loss of seed to wind, erosion and seed predation. 
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Hydroseeding 

Hydroseeding can be used in areas that are not accessible by a drill seeder, mechanical 
broadcast seeder or imprinter. It is a planting process that uses a hydraulically-applied slurry of 
cellulose wood fiber, the specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and 
any amendments to be added (e.g., slow release fertilizer, arbuscular mycorrhizal [AM] fungi). 
Hydroseeding equipment also has some access constraints since the hydroseeder for the most 
part is restricted to roads or trails for access and cannot be driven on an area with more than a 
gentle slope. Furthermore, access is limited by the allowable extent of the hose used to apply 
the mixture while still having enough pressure to apply the seed mix with an even spray, and 
the availability of a source of water for the preparation of batches of slurry. The water source 
may be near the equipment, or water can be transported to the equipment (e.g., by water 
truck). The slurry can be applied by a spray nozzle mounted to the equipment or by a nozzle 
attached to a hose for direct application. Long lengths of hose and/or hard pipe can be 
designed to allow application at a distance of up to 700 feet or more, depending conditions 
such as pump pressure and the viscosity of the slurry. Prior to hydroseed application, the site 
should be cleared of plant thatch to provide good seed-to-soil contact. 

Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding the remaining cellulose wood fiber and organic M-binder. 
The advantage of the two-step method is the increased seed-to-soil contact. In steep areas, it is 
recommended to use a one-step method to limit the amount of disturbance of the applied seed 
mix from foot traffic since in a two-step method, the entire seed area from the first step has to 
be walked through again to apply the second step. 

Imprint Seeding 

Imprint seeding is best used in areas with few to no native species already present. Steep 
topography, areas of shallow soil, and the presence of medium size rocks will limit the use of 
imprinting. Imprinters consist of a metal roller with teeth that create v-shaped imprints in the 
soil (Dixon and Carr 2000). The seed is applied at the same time the imprints are made thereby 
pressing the seed into the soil for better seed-to-soil contact. The imprints should be at a 
specified depth and stable so that erosion of the imprints or collapse does not occur. Imprint 
seeding generally requires the soil to be cleared of thatch and ripping or disking prior to 
imprinting to allow the imprinter to make the specified imprints in the soil. The specified 
imprints can be made in areas with “soft” soil without the need for disking or ripping. However, 
if the soil is too soft, such as areas with coarse soils with a high sand content, the imprints can 
be too unstable. In these instances, imprinting should not be the seeding method utilized. An 
unstable imprint is subject to erosion of the imprint or collapse burying the seed too deep.  

The purpose of the imprint is to provide a “safe” microclimate protecting the seeds from wind, 
providing shade to prevent desiccation, and serves to collect water to provide moisture for 
germination. Imprinting is best done in the fall since rain can help to stabilize the imprints and 
prevent erosion and/or collapse of the imprint. While imprinting works best if soils are moist, 
imprinting should not be done in wet soils as the soil can stick to the imprinting teeth and 
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resulting in improper imprints. Imprints can generally last for a couple of years and continue to 
provide moisture for germinated seedlings and provide wind protection from evaporation. It is 
important to note, that in instances where the soil requires ripping or disking, this will 
encourage the germination of weed seed that would not otherwise have germinated. Hence, 
disking is more appropriate in a condition where there is a limited weed seed bank and few 
native plants. Disking can also result in collateral death to ground dwelling wildlife (e.g., snakes, 
gophers). Drill seeding is generally the more appropriate method in settings where imprint 
seeding may also be an option.  

3.3.3 On-Going Management 
To achieve habitat restoration goals, some level of on-going management of the restoration 
project is generally necessary after weed management (i.e., site preparation) and seed 
addition. Monitoring is essential after seed or plant additions for a minimum of two years to 
assess weed growth and establishment of the installed plant material. Monitoring plant 
material installation includes the following:  

• Biological monitoring of the establishment of the native material seeded or planted 

• Monitoring, evaluation and treatment of any parts of the project that may require post-
seeding weed maintenance to facilitate the establishment of the native vegetation 

• Monitoring and evaluation of the project that may require post-installation 
supplemental irrigation 

Monitoring of the restoration area will guide any necessary on-going management activities 
that may need to be implemented. On-going management activities may include the following: 

• Treating or eradicating the population of a recurring high priority invasive plant species  

• Pest management 

• Remedial seeding in areas where germination of the native seed mix was limited or 
failed after at least one season of adequate rainfall  

• Remedial planting in areas where container plants or cuttings had limited survivorship 
or failed in the first season  

• Supplemental irrigation scheduling for installed container plants 

• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 

• Conservation activities for sensitive species 

Establishment Monitoring 

In general, monitor habitat restoration sites for at least two years after seeding, or after the 
end of the initial weed management program if seeding is not required, to monitor native seed 
establishment and evaluate the need for additional weeding (including high priority invasive 
plant control), remedial seeding, pest management, or any necessary remedial actions as 
described above. 
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Seed Establishment 

In the first establishment year following seed addition, a low to moderate absolute cover of the 
seeded material and a moderate amount of bare ground is expected.  

The actual cover values each year will depend on the effects of site and year on germination 
and growing conditions (e.g., rainfall events, temperature and humidity) at the site. Of the total 
absolute cover of native seeded material, the perennial species will initially constitute a 
relatively low proportion of cover. In the first few years, early successional herbaceous species, 
including native annuals and native plant species that may be added at high rates to provide 
topsoil erosion control, will dominate the relative native cover. In the following years, the 
dominance of cover will shift to perennial species as individual plants grow and mature. 

The actual target cover values for seed establishment for a particular restoration project will 
depend on project goals and factors, such as vegetation community restoration targets, site 
conditions and weather. 

Remedial Weeding 

Remedial weeding refers to weeding that occurs after the weed management program ends 
and after seed application and/or native species recruitment from the existing seed bank. If the 
weed management program adequately controlled the weed seed bank, remedial weeding 
efforts will be minimal.  

Remedial weeding is recommended where nonnative plants inhibit native plant germination 
and/or growth and to continue control of highly invasive species that can readily re-establish in 
the restoration area. The amount of any remedial weeding required each year will depend on 
weather conditions, development of the native habitat(s), and the density and type of weed 
species in the restoration area. The objective of remedial weeding is to reduce nonnative plants 
to a threshold level that allows desirable native species to establish and thrive. Weeding itself 
disturbs the soil and can promote weed establishment; therefore, minimize remedial weeding 
to the level necessary to achieve restoration objectives. Remember that weeds generally thrive 
in disturbance; therefore, monitoring can determine when remedial weeding might not be 
advisable if the site is at or near threshold levels for target weeds. 

Where remedial weeding is necessary, select the most appropriate method for the site and 
management objectives (presented in order of preference): 

1. Hand weed. Avoid soil disturbance by using cutting tools (e.g., sickle to cut grass 
flowering heads prior to the milk stage) for annual weeds. Treat perennial weeds by 
extracting the taproot by hand or with tools. 

2. Spot spray. Spot spray herbicide using a low-pressure nozzle with a non-selective post-
emergent herbicide (e.g., glyphosate) with the nozzle touching the target weed. This will 
reduce overspray on desirable native plants, but is more time-intensive than broadcast 
application. Use trained and experienced herbicide applicators to minimize damage to 
native species. Herbicide use should be limited and only used when no other method is 
feasible for control, such as for perennial weedy species with long tap root in which 
enough of the root system cannot be extracted by hand methods for effective control. 
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Weeded material should be removed from the site if seeds have set prior to removal, otherwise 
some weeded material can be left onsite to mulch and provide organic material for soil 
development, but not so much that it prevents germination or native recruitment.  

The use of mechanical cutting with mowers or line trimmers and broadcast foliar spray of 
herbicides should generally not be used, due to the significant collateral damage that could 
occur to the establishment of the seeded native species. These methods should be reserved for 
remedial weed management in larger areas that fail to develop native vegetation cover after 
one or two years of monitoring, with the understanding that such intensive intervention will 
likely require the application of a remedial seed mix after the site is released from weed 
management again. 

Careful weeding shall be done by trained crews in order to avoid damage to the establishment 
of the native vegetation. Weeds should be removed on a regular basis, as necessary and if 
possible, before they set seed and/or reach approximately 12 inches in height. Adaptive 
management is key to success and includes regular monitoring to guide the scheduling and 
selection of control methods. Care should be taken to limit the amount of soil disturbance and 
trampling of native seedlings from weeding activities. The management of weeds must be 
balanced with the negative side effects on native plant development (i.e., not all weeds in a site 
need to be treated). It is important to train the crews to weed by sweeping through a site and 
target weed control for the weeds that need to be weeded at the stage described above. Other 
weeds that have not reached the desired control stage should be left to weed later. This will 
limit the amount of disturbance in a given area during a weed control event. 

Control of High Priority Invasive Species 

Use species-specific BMPs (where available) to treat high priority invasive species that may not 
be controlled with routine weed management methods. High priority invasive species vary by 
habitat, climate, and management objectives. Refer to regional Early Detection Rapid Response 
(EDDR) lists (e.g., Cal IPC EDDR) or species experts for appropriate and effective methods to 
control high priority invasive species of concern. 

If herbicides are used, great caution should be used with foliar spray application to avoid any 
drift or overspray to establishing native plants. To limit herbicide drift or overspray, the stump-
cut method should be used when possible and appropriate. See Appendix C for detailed 
specifications for control of select invasive species. 

Evaluation and Management of “Stuck” Sites 

Smaller problematic areas or patches of land within a restoration site that are resistant to 
habitat restoration efforts should be monitored and evaluated by the restoration specialist to 
determine if they warrant additional intervention, or if they are “stuck” sites. As discussed in 
Chapter 2 of the HREP, “stuck” sites may have the opportunity to achieve project success 
criteria (e.g., for native and nonnative cover), but would require extraordinary levels of 
intervention to restore. If it is consistent with the goals of the habitat restoration project, and 
approved by the responsible regulatory agencies, landowner and NCC, “stuck” sites can be left 
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in their current condition. The “stuck” sites may become targeted for future management when 
it becomes a priority for resource managers. 

Remedial Seeding 

The need for remedial seeding during the establishment period for seeded and planted native 
material will be determined for each project based on the project goals, what is suitable for the 
vegetation type, site conditions, growing conditions (e.g., seasonal rainfall, temperature) and 
any regulatory vegetation cover requirements. For example, if the target native vegetation 
coverage in the first year of seed establishment is 20%, then the restoration specialist shall 
evaluate if re-seeding is warranted if native cover is significantly less than 20% over a 
contiguous area of a meaningful size (e.g., 5,000 square feet). However, it may be determined 
that a smaller area for remedial seeding may be required if there are stringent cover 
requirements for the project. 

Areas of significant erosion onsite that are not consistent with project goals and/or imperils 
protection of natural resources and adjacent infrastructure, should be repaired, as appropriate, 
and re-seeded in the first fall season after damage. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g., less than one acre). Larger areas of remedial seeding 
can be accomplished with one of the mechanized seeding techniques, such as mechanical 
broadcast seeding or drill seeding. Care shall be taken to avoid damage to existing native plants.  

Pest Management 

Pest management is often not necessary in restoration sites. If it is determined that the habitat 
is being jeopardized by wildlife, corrective measures such as organic, non-toxic deterrents and 
fencing/plant cages may be used. Invertebrate pests are rarely a serious problem to restored 
habitats if site conditions are appropriate to the desired habitat. If there is a concern regarding 
natural environment pests, consult topic experts and resources, such as those provided by the 
University of California, Agriculture and Natural Resources, Statewide Integrated Pest 
Management Program (UC-IPM).  

Long Term Management 

Long term management of the restoration area will be determined by the land manager, and 
could be considered for incorporation into regional vegetation monitoring programs to track 
the long-term trajectory and health of the restored habitat. 
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4. Forbland 
Forblands consist of small patches of forb species, often in open areas between shrubs in scrub 
habitats, but also across more extensive areas (Schiffman 1997, Allen et al. 2005). Appropriate 
restoration sites are generally small in size with shallow loamy soils dominated by nonnative 
forbs such as filaree (e.g., broadleaf filaree [Erodium botrys], white-stemmed filaree [E. 
brachycarpum], and red-stemmed filaree [E. cicutarium]). Nonnative annual grass densities are 
typically low because of the nutrient-poor, shallow soils. 

4.1 Forbland Habitat Restoration Hypotheses 
1. We can increase native species cover and diversity by depleting the weed seed bank, and 

restoring passively from an existing native seed bank or actively through seed addition. 
2. We can establish native plant species in forbland restoration sites without controlling 

filaree. 

4.2 Forbland Weed Management and Habitat Restoration Plan 
See Figure 4-1 for the Weed Management and Habitat Restoration Plan for Forbland Habitat.  

4.3 Forbland Restoration Guidelines 
The following are guidelines for the restoration of Forbland Habitat. 
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Figure 4-1. Forbland Adaptive Weed Management and Habitat Restoration Plan 
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4.3.1 Weed Management 

Initial Dethatch 

Dethatching is the initial stage of weed management, and is implemented in fall (prior to the 
first significant rainfall), if needed. Thatch removal exposes bare ground and maximizes weed 
germination from the seed bank for the grow-and-kill treatments. There are several potential 
methods of dethatching described below. The most appropriate and feasible clearing method 
should be selected. For example, grazing or prescribed fires may not be allowed in certain sites. 
In general, for larger restoration sites, managed livestock grazing (e.g., goats) or the use of 
mechanical equipment, such as mowing and windrowing to remove thatch is recommended. In 
smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed.  

Biological soil crusts are often present in forbland habitat and perform several valuable 
ecological functions including holding soil in place, providing a favorable microclimate for 
insects and other soil organisms and inhibiting nonnative species. Restoration activities should 
avoid disturbing soils crusts to the extent possible, particularly since they are very slow to 
recover. 

The initial site clearing activity should be timed outside of the breeding season for all sensitive 
species present at the site, if feasible. A qualified biologist shall conduct pre-clearing surveys to 
document the location of occupied areas, and determine if any buffers or mitigation measures 
are necessary to avoid impacts to sensitive or protected species. If protected species are known 
or expected to occur in the restoration site, or are detected during implementation, then 
appropriate measures shall be taken, including the documentation of occupied areas, 
applicable protocol surveys by a permitted biologist, and consultation with the resource 
agencies. A qualified biologist shall monitor restoration activity, as needed, to avoid and 
minimize impacts. 

Grazing 

Grazing can be an effective method for dethatching. Goats are the preferred livestock for 
dethatching, as they do not pull plants up by the roots, create little ground disturbance and eat 
a wider variety of weed species. Grazing eliminates the need for mechanical thatch removal 
and provides soil fertilization. A disadvantage of grazing is the indiscriminate consumption of 
desirable native species. Herders experienced with grazing in habitats with a native component, 
can manage grazing to limit impacts to native plants by moving the herd slowly through an area 
to clear weed material instead of holding them for longer periods in a corral. 

Goats and fire are inappropriate dethatching methods for restoration areas that are relatively 
small in size, patchy in distribution, or do not have sufficient density of material for feed (goats) 
and fuel (wildfire). 

Most native species can tolerate minimal grazing by goats and some species may even benefit 
from a limited amount of grazing which can encourage new growth and expansion. However, 
the degree of grazing on native species should be carefully monitored and managed by the 
herder and restoration specialist.  
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Another consideration for the use of goats is having to supply potable drinking water for the 
herd daily, which may not be feasible in all locations because of lack of nearby water supply or 
access by water truck. 

Mowing 

Mowing is an effective method to break down the thatch and can be accomplished with large 
equipment such as a flail or rotary mower attached to a tractor or other mechanical equipment. 
Mechanical mowing may not be feasible in all areas, such as sites with limited access or rocky 
sites that pose a fire threat (i.e., if mower blades strike rocks creating sparks that may start a 
fire). Hand-held tools such as line trimmers or hedge trimmers can be used in these instances 
however, mechanical mowing is more cost-effective. Following mowing, the cut material should 
be raked using mechanized hay rakes and gathered into windrows to be collected into mulch 
piles and/or removed from the site or raked by hand if equipment access is limited. Leaving the 
thatch material onsite in mulch piles or in adjacent buffer areas is more cost-effective than 
removing it due to high transport and dumping costs (as discussed in more detail below). 

Fire 

Prescribed fire (subject to burn permits) can be used to remove thatch where natural fire 
events are infrequent compared to the natural return interval for that habitat. Alternatively, a 
wildfire event can be used as the initial dethatching treatment on a site if there is little or no 
subsequent thatch buildup before the first subsequent grow-and-kill treatment. In some cases, 
opportunistically using a wildfire event as the dethatching event is not effective because either 
the burn wasn’t intense enough to consume enough thatch, or a nonnative annual grass thatch 
may build up again before the site can be accessed for subsequent weeding treatments—in 
which case, a second dethatching event will still be necessary. 

Hand Methods for Small Areas 

In smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed. 

Exceptions 

Dethatching may not be necessary in restoration areas that have a naturally low weed load. For 
example, a forbland habitat restoration site with shallow soils lain over bedrock that has limited 
weeds would not require dethatching prior to the first grow-and-kill treatment. 

Adaptive Weed Management 

Implement the grow-and-kill method using natural rainfall for a minimum of three years for 
effective control of the weed seed bank. With good rainfall in both years, it may be possible to 
adequately control the weed seed bank in two years, but this is not common. 

Avoid Biological Soil Crusts 

Biological soil crusts are often present in forbland habitat and perform several valuable 
ecological functions including holding soil in place, providing a favorable microclimate for 
insects and other soil organisms and inhibiting nonnative species. Restoration activities should 
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avoid disturbing soils crusts to the extent possible, particularly since they are very slow to 
recover. 

Apply at Least Two Weed Treatments per Year 

Typically, weed treatments are applied at least twice per year: once in winter to maximize 
control of nonnative annual grasses and early germinating forb species such as red stemmed 
filaree (Erodium cicutarium) or broad leaf filaree (Erodium botrys); and, again in spring to 
control nonnative forbs that germinate and mature later in the growing season. Depending on 
the year and site, apply a third treatment in late spring or summer for later emerging species, 
such as Russian thistle (Salsola tragus). Ultimately, the total number of treatments in a year will 
depend on weather conditions and weed species present at the site. 

In general, one herbicide treatment event controls weeds better than one mowing event; 
however, both treatments reduce weed populations in the seed bank effectively. Mowing may 
require more years of management to achieve the same effective control as the application of 
herbicide.  

Weed treatment options include: 

• Apply herbicide at least 2x/year (winter and spring). Do not use a grass-selective post-
emergent herbicide for the winter treatment, if grasses are generally less dominant in 
the forbland restoration site.  

• Mow/line or hedge trim weeds at least 2x/ year (winter and spring). Avoid striking the 
ground with line trimmers to prevent damaging biological soil crusts and native 
seedlings if present. 

• Use a combination of herbicide and mowing at least 2x/year (winter and spring), such as 
a post-emergent, non-selective herbicide followed by spring mowing. 

In drought years with low weed loads, fewer treatments per year may be required. In this case, 
reserve weed management budgets for future treatments such as may be necessary in wetter 
years. Conversely, higher rainfall years with greater weed productivity may require additional 
treatments per season in that year (e.g., late spring or summer). 

Assess the need for a third, summer treatment for summer flowering weeds, depending on 
their density or productivity, especially as bare ground increases over time with increasing 
control of winter and spring flowering weeds in the seed bank. 

One or more species of filaree often dominate potential forbland restoration sites. In contrast 
to nonnative annual grasses, these filaree species do not appear to inhibit germination or 
growth of seeded native species (Allen et al. 2005). Therefore, there is the possibility to limit 
the amount of filaree control prior to introducing native seed to forbland restoration sites and 
depending on monitoring observations, filaree control may not be necessary. The degree of 
filaree control is dependent on the level filaree species suppress native species germination or 
growth.  

Choice of Methods is Site Specific 

Select the most effective weed management method that is feasible for the specific site and 
habitat management objective. Select the appropriate weed treatment method to address 
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target habitat(s), focal weed species, land manager constraints, site accessibility, and soil 
surface conditions. Control methods can include the following, as appropriate: 

• Physical Control Methods: 

o Mow (e.g., flail or rotary mower attached to a tractor or skid steer) 

o Line trim (e.g., hand operated line trimer with a string) 

o Hand pulling or cutting, where appropriate (e.g., hand cut with a blade) 

• Chemical Control Methods: 

o Post-emergent herbicide broadcast foliar spray application (e.g., truck mounted 
spray system)  

o Post-emergent herbicide spot spray foliar application (e.g., backpack sprayer) 

o Stump cut and herbicide treatment, as needed 

Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
access for equipment. Nonnative seedlings and flowering plants shall be controlled prior to the 
production of viable weed seeds in order to reduce contributions back to the weed seed bank. 
Soil disruption should be kept to a minimum to reduce the germination of new weed 
individuals, injury to native species, and disturbance to biological soil crusts. However, during 
the site preparation phase, in instances in areas with no biological crusts and low native cover, 
limited soil disturbance, such as from mowing equipment can be beneficial to promote weed 
seed germination and increase weed control efficiency. 

Use only post-emergent herbicides. Do not use pre-emergent herbicides, which will prevent 
native seedlings from developing. Adjust herbicide application rates based on the focal weed 
species. See Appendix C for sample specifications for weed management control methods. 

Careful weeding needs to be done by trained crews to avoid damage to native species in areas 
with significant native cover or sensitive species. Adaptive management is key to success and 
includes regular monitoring by the project biologist or restoration specialist to guide the 
scheduling and selection of control methods. 

Mechanized Methods are More Cost-Effective than Hand Methods 

Mechanized weed control methods cost less, are as effective as hand weed control methods 
and are more time efficient, particularly in larger restoration sites with less native cover: 

• Mowing is less expensive than line trimming. 
• Truck mounted herbicide spray system applications are less expensive than backpack 

sprayer application. 

Line trimming can effectively replace tractor mowing for smaller restoration sites (e.g., <1–2 
acres) or sites that are inaccessible by mechanized equipment however, line trimming is costlier 
because of the increase in labor time. 
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Restoration crews should substitute line trimmers or backpack sprayers for mechanized 
methods and larger equipment when working around dense native plants or in smaller project 
areas. 

Timing is Critical 

Observe the focal weed species onsite closely to determine the optimal time for treatment. If 
there is significant variation in conditions throughout a site, then the application of treatments 
may need to be timed differently to control weeds. Treatment often occurs earlier in warm, dry 
locations and later in cool, moist locations, depending on the phenology of plant species and 
their response to soil moisture stress (e.g., timing of flowering).  

For example, treat nonnative annual grass prior to seed set, because viable seed can still form if 
seeds reach the “milk stage”. In general, grass needs to be tall enough to cut the grass to the 
desired height, which can be a challenge in areas with uneven terrain. If the grass is cut too late 
(e.g., at the milk stage or after), then viable seed will replenish the weed seed bank even after it 
has been cut. If nonnative annual grass is cut too early, there is a greater chance for re-growth 
and flowering following subsequent rain events. 

Consistent and Thorough Weed Treatment is Key 

Manage weeds as consistently and thoroughly as possible between years during the weed 
management step. Gaps in treatments within and between years can significantly lengthen the 
time to reach weed management objectives and thresholds prior to seeding. 

Adjust Methods and Timing Yearly, as Needed 

Adjust weed control methods and timing each year, as needed, based on weed phenology and 
weather conditions. For example, a rotary mower may be used to cut nonnative annual grasses 
initially, but may be replaced later by a flail mower, which can cut closer to the ground, as 
nonnative grasses decrease in stature and abundance in response to weed management 
efforts. Over time, as the weed seed bank is depleted and weed cover decreases during the 
growing season, the increased amount of bare ground results in higher rates of evaporative loss 
of soil moisture. Many annual grasses respond to the increased water stress by growing shorter 
stems and flowering earlier in the season and thus, may require subsequent adjustments in 
weed management methods and timing. 

Tailor Treatment Method to Focal Weeds 

In some cases, it may be necessary to tailor the treatment method to the focal weed species 
because of growth habit. For example, controlling purple false brome (Brachypodium 
distachyon) can be difficult because it can have a low or prostrate stature when flowering 
making it impossible to cut the flowering parts with a rotary mower. In this case, flail mowing is 
an effective option as it allows cutting closer to the ground (except on rocky sites). In winter, 
post-emergent grass-specific herbicide is the preferred treatment for purple false brome. 

High Priority Invasive Plants 

It may be necessary to control high priority invasive species with additional targeted weeding 
treatments, up to several times a year. Use species-specific BMPs or treatment methods on 
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these species if common weed treatment methods don’t work. See Appendix C for sample 
specifications for control of common invasive weed species, or consult weed management 
guides or experts, such as Invasive Plants of California’s Wildlands (Bossard et al. 2000), Weed 
Control in Natural Areas in the Western United States (DiTomaso et al. 2013) or the University 
of California Cooperative Extension and Agricultural Experiment Station, Weed Research and 
Information Center (wric.ucdavis.edu). 

Leave Cut Material Onsite 

In general, leave mowed or line trimmed material in-place to decompose, unless a substantial 
amount of nonnative biomass accumulates and inhibits germination of the native seed bank. 
Leaving cut weed material (without viable seed) in place reduces or eliminates disposal costs 
and provides wildlife habitat. The material will decompose over time; however, it is important 
to continue weed treatments to avoid significant thatch build up. 

Place cut weed material with viable seed in mulch piles outside sensitive areas. If weed seeds 
germinate in the piles in subsequent seasons, treat them with herbicide or cut flowers prior to 
seed set.  Costs to control germination from mulch piles are typically minimal. Alternatively, cut 
material with viable seed may be properly disposed of offsite if preferred. 

An exception to leaving cut biomass in place is when an herbicide that retains the active 
ingredient in the dead plant material (e.g., clopyralid) is used. In this case, collect and mulch the 
biomass in a buffer area or remove and properly dispose of the material off-site. 

Consider a Weed Management Buffer 

Consider creating a weed management buffer outside and adjacent to the restoration area if 
weeds in the adjacent, unrestored area are a significant source of weed seed. Mowing the 
buffer twice per year (winter and spring) prior to seed set is a cost-effective method of 
managing the weed seed bank in the buffer. A grazing program may also be effective if it is 
designed to achieve weed management objectives and is consistent with wildlife management 
goals for the Reserve. 

Consider Phasing of Large Projects 

For large restoration areas, consider phased implementation of the weed management 
program to (1) ensure consistent, well-timed and thorough treatment with available resources, 
and (2) retain some local wildlife habitat during project implementation (e.g., raptor hunting 
grounds within existing nonnative annual grasslands). 

Wildlife Protection 

Restoration activities and other disturbances such as grazing, mowing or herbicide application 
should take place to the extent possible outside of the bird breeding season (generally February 
15 to September 15 or as determined by applicable project specific permit conditions) and 
raptor breeding season (January 1 to September 15), as applicable for a project site. 

Prior to the start of restoration activity during the bird breeding season, a qualified biologist 
shall conduct pre-work surveys to document the location of occupied areas, and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans  

 Page 65 of 144 

species. If protected species are known or suspected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Often, after the initial dethatching event and during the implementation of weed management, 
there is little usable habitat for nesting birds and other wildlife as the nonnative vegetation is 
being actively controlled. Hence, risk to wildlife is minimized. However, depending on the size 
of the applicable buffer to protect sensitive nesting bird species established by the biologist, 
required by permit conditions and/or after consultation with resource agencies, adjacent 
existing habitats to the restoration area should also be included in the surveys to determine if 
the necessary buffers include portions of the active restoration area and protection is required 
during restoration activities. After the site is revegetated with native material, either through 
seeding at the end of the weed management step and/or through natural recruitment, the 
opportunities for wildlife use of the habitat restoration area will increase. 

Monitoring for Weed Management  

Monitoring is an essential part of the adaptive management process because it provides critical 
feedback for management decisions during all phases of restoration. During the weed 
management (i.e., site preparation) step and the subsequent establishment of seeded native 
material, monitoring consists of regular site visits to assess the entire restoration area and 
observe plant health and general site conditions. Based upon the monitoring observations, 
weeding schedules are created and adaptive management measures prescribed, as necessary. 
Qualitative monitoring of the restoration site at the appropriate time of year (based on target 
habitat type) following installation provides feedback on site development, progress towards 
reaching the final goals of the project, and identification of remedial measures, as necessary.  

Monitor restoration areas to inform: 

• Selection of restoration targets, seed mixes, and weed treatment methods 

• Strategies to avoid and minimize impacts to sensitive biological resources 

• Optimal timing and frequency of weed treatments, based on phenology and weed 
cover 

• Weed control methods, based on within-site and between-year variation in weed 
phenology and any native plant recruitment 

• Seed addition needs, based on native species recruitment from the soil seed bank 

• Seed mix composition and seeding rates, based on field observations of microsite 
conditions and native species recruitment from the seed bank 

Monitoring methods that are practical for managing large areas may include a combination of 
the following: photo points, qualitative vegetation cover estimates (e.g., relevé samples), 
species lists and mapping of high priority invasive species.  
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Qualitative monitoring should take place each year in mid-spring for most vegetation types to 
capture the majority of annuals as well as perennial species and the full year of growth and 
development of the habitat. Qualitative vegetation cover can be assessed by estimating cover 
from a walk-over survey or at discrete points throughout the restoration site to determine 
overall cover for native, nonnative, and non-vegetated areas (bare ground and/or plant litter) 
for the restoration site. Species richness can be determined by generating a species list of all 
observed species within the restoration area to provide information on the community 
structure of the site and the change in species overtime. Photo documentation at permanent 
photo points can be established for photographic documentation on the development of the 
restoration site for year-to-year comparison. These methods of estimating vegetation cover and 
distribution are cost-effective over large management areas, and provide enough detail to 
inform adaptive management decisions (e.g., timing of weed treatments). 

Weed Management Thresholds 

Adequate weed management prior to seeding reduces total effort and cost, therefore it is 
important to determine at what point weed management can end and native plant material can 
be installed. Manage weeds in treatment areas for at least three years, including two years of 
average or greater than average rainfall, to ensure that any native seed in the existing seed 
bank can respond to managed site conditions. As a rule-of-thumb, the site is ready for seeding 
when absolute weed cover is approximately ≤10 %, as determined by qualitative monitoring 
prior to treatment in the season with the greatest weed production for the site (e.g., winter, 
spring or summer weeding periods). 

Assessment of the site includes native and nonnative cover, species list of native and nonnative 
species present, and the amount of successful natural recruitment. If a restoration site has low 
cover and/or diversity of native species, the addition of native propagules will likely be 
necessary to achieve the objectives and goals of the habitat restoration project.  

Where weed cover is variable across a project area, add seed into areas with low weed cover 
(≤10% cover) and continue to treat areas with high weed cover (≥10% cover). In some cases, 
seed addition may not be necessary if there is sufficient native species recruitment from an 
existing seed bank. The decision to adjust seed mixes, or to not add any native seed, should be 
made by the land manager or restoration specialist based on monitoring observations during 
the weed management program, including native seed diversity and cover, compared with 
habitat restoration goals for the site. 

For areas with high weed cover, continue weed management until achieving the target 
threshold (≤10% cover) for focal weed species. This threshold may be refined in the future with 
additional monitoring data. 

Less frequently, a restoration site may have a large existing native seed bank. In this case, weed 
management will necessarily become more labor intensive, as more effort is spent avoiding 
natives to control weeds. While there will be an increase in labor, time and cost for weed 
management, there is a corresponding cost savings in the number of species and total amount 
of seed material needed for the site—which should help to balance the total cost of the 
restoration project. 
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High priority invasive species should generally be controlled to less than 5% cover prior to 
seeding or planting, depending on what is feasible, the habitat restoration goals of the project, 
and the resource management priorities of the land manager. The success criteria for a project 
may require lower cover values by the end of the project for specific high priority invasive 
species. 

4.3.2 Seed Addition 
Native plant material will be primarily added to the habitat restoration area by seed after it has 
achieved weed management thresholds (discussed above). Restoration success is in large part 
dependent upon proper site preparation during the weed management step. It is very 
important to gain adequate control of nonnative species prior to installation. Weed 
management should continue until the weed management threshold is achieved rather than 
installing plant material too soon. 

Seed installation can be achieved by several methods, including broadcast seeding, drill 
seeding, hydroseeding and the seed ball technique. The determination of seeding method will 
be dependent upon site conditions and accessibility. Larger sites that are accessible by 
equipment can be efficiently seeded mechanically with a drill seeder, hydroseeder or broadcast 
seeder. Smaller sites, sites with a high density of native species or with unavoidable populations 
of sensitive species can be seeded (optimally during the fall season) by hand broadcast or the 
seed ball technique.  

Design of Forbland Seed Mix 

The following presents the seed mix design target ranges by plant functional group for forbland 
habitat (Table 4-1). The target ranges can be used as a guide for developing site specific seed 
mixes. The seed mix can vary based on seed availability, cost, germination rates, and amount of 
natural recruitment that occurs within a restoration site during the site preparation phase. The 
amount of pure live seed must take into account seed loss to predators and various time for 
germination of types of seed. 

A detailed discussion of how to design a seed mix, along with review of seed collection, 
processing and storage is found in Section 6.4.3 of the HREP document. 
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Table 4-1. Forbland Seed Mix Design Target Ranges. 

Plant Functional Groups Number of 
Species Abundance1 PLS/sqft2 PLS/sqft3 

+dormant seed 

1. Butterfly Food Plants4 1 or more Common to 
Dominant 

10-40 10-60 

2. Native Annual Forbs 3 or more Occasional to 
Common 

15-40 15-60 

3. Native Annual Forbs,  
Seedling Nurse Plant(s)5 

1-3 or more Common in First Year, 
Occasional in Future 
Years 

20-50 20-75 

4. Native Perennial Grass6 1-2 or more Occasional 5-15 5-20 

TOTAL7 6-11 or more  50-125 70-200 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected seed 

species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. For example, Plantago erecta and Castilleja exserta. 
5. For example, Layia platyglossa, Lasthenia californica and Lepidium virginicum sp. menziesii. 
6. For example, Stipa pulchra and S. lepida. 
7. Final seed mix amount depends on factors such as species availability, collection cost, seed germination 

rates, site conditions and weather during the collection period. Poor seed collections can increase costs 
significantly. 

 

Timing of Seed Installation 

Seed installation should occur in the fall after sites have met the appropriate focal weed 
thresholds to take advantage of the entire rainy season which is particularly important for non-
irrigated restoration sites and at the beginning of the active growing season for vegetation 
communities in Southern California. For non-irrigated restoration sites, if seed installation 
cannot occur by the end of December, then it is recommended to postpone seeding until the 
following fall, unless significant late winter rainfall is predicted. While the applied seed mix can 
remain viable in the soil for several years for most species, it is important to time seeding to 
capture the majority of rainfall in the first season to allow for germination of the seed mix and a 
sufficient establishment period prior to dry hot summer conditions. 

Sites that are ready to be seeded should have little to no thatch. If significant thatch is present, 
land managers should rake, collect, and remove it prior to seeding because it will inhibit seed-
to-soil contact, required for optimal germination rates. 

The installation of native plant material will generally be accomplished by seeding the habitat 
restoration area following adequate control of weed populations through the weed 
management phase (i.e., site preparation). Restoration success is, in large part, dependent on 
adequate weed management prior to the addition of native plant material. Weed management 
should continue until the weed management threshold is achieved rather than installing plant 
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material too soon because weed management after the addition of seed is much more difficult 
and labor intensive.  

Select Appropriate Seeding Method 

Native seed establishes readily by broadcast seeding followed by tamping. The shallow, rocky 
forbland soils often preclude the use of a drill seeder. However, if drill seeding is possible, it is a 
viable alternative to broadcast seeding. 

Broadcast seed in fall by one of the following two methods. Method selection will depend on 
the size of the area and time needed to calibrate the seed application rate: 

• Hand Broadcast. Broadcast by hand with a belly grinder. 
• Mechanical Broadcast. Broadcast by PTO-driven seed spin broadcast seeder mounted on 

a tractor. 

For smaller areas (<2 acres), hand broadcasting with a belly grinder is generally more time-
efficient than the tractor-mounted seeder because of the time required to calibrate seed 
application rate for the latter equipment. 

After broadcasting, tamp seed in by using one of the following methods to ensure good seed-
soil contact for germination: 

• Rake. Lightly rake the seed into the topsoil by hand for smaller areas, areas with 
significant existing biological soil crusts, or in very rocky areas where the cultipacker is 
ineffective. 

• Cultipacker. A cultipacker pulled by a tractor or skid steer is faster, less expensive, and 
equally effective to hand raking in the seed. 

Avoid disturbing the biological soil crust while seeding and tamping, to the extent possible. 
Likewise, do not seed intact biological soil crusts, so that the soil is not disturbed. 

If biological soil crusts are common, then seed can effectively be installed by seed balls. 
Installation is fast which minimizes time in the field. Place seed balls 1-2 foot on-center to 
achieve good cover. 

Hand seeding results in more uniform seed establishment during the first growing year than 
seed balls. However, seed balls are expected to establish similar levels of native species 
diversity and density as hand seeding over multiple years. Hand seeding is more labor intensive 
in the field than seed ball installation. Using volunteer labor to make seed balls can reduce 
overall costs. 

Alternatively, if broadcast seeding is not suitable and the site is large enough to make it 
economical, and it is accessible by equipment, then, the site can be drill seeded or 
hydroseeded. 

Drill Seeding 

Range drill seeding is the optimum seeding method for many restoration areas, where the 
equipment is able to maneuver, which is dependent on the steepness of the slope, and there is 
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a low occurrence of native species that would be negatively impacted by the method. Drill 
seeding is efficient, has the highest reliability for applying the seed mix at the desired rate with 
proper calibration of the equipment and provides good seed to soil contact. With a rangeland 
drill seeder, seed material can be installed with minimal soil disturbance, can be implemented 
over thatch, if necessary, and equipment can be maneuvered around existing native species to 
avoid impacts. Thatch should not be so thick such that it limits the ability for creation of the 
planting furrows, inhibits good seed-to-soil contact, or eliminates the possibility for the press 
wheels to cover the seed with soil.  

Drill seeding is better than other seeding methods in a few ways. Drill seeding provides better 
seed to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand seeding methods thus reducing seed costs and less “waste” of 
seed. 

Depending on the terrain of the restoration area, drill seeding can be accomplished in two 
passes or in a single pass. Drill seeding in two passes, or two-way drill seeding, is the preferred 
installation method. For drill seeding in two passes, divide the seed mix in two equal parts and 
apply each half of the seed mix in perpendicular passes across the site, forming a grid 
pattern. Drill seeding with two passes is generally used on flat to moderate slopes. For steeper 
slopes, the one pass method should be used and seeding direction done parallel to the contours 
of the slope such that erosion rills are not as likely to develop from the furrows formed when 
seeding. Seeding depth should be not less than ¼ inch and no greater than ½ inch.  

Alternatively, if seed material is limited for a project, and it is desirable to maximize the area 
seeded, one approach is to seed in alternating single pass strips. This is called the modified 
DeSimone method and the use of unseeded strips allows for natural recruitment over time 
from the seeded strips. For example, if the range drill seeder has a width of 6 feet, then a 6-foot 
strip can be seeded in one pass, followed by a 6-foot strip of no seeding, and so on. The width 
of unseeded strip should be wide enough to allow mechanized methods of weed management, 
if needed, but not so wide that natural recruitment from the seeded strips into the non-seeded 
strip is limited. 

However, drill seeding may not be practical in all restoration areas due to size of the site, high 
density of native or sensitive species, access limitations for equipment, and site conditions. For 
example, if a restoration site has many large rocks on the soil surface, it may not be possible to 
maneuver the drill seeding equipment within the site to seed at a uniform rate. The equipment 
may not properly create the planting furrows or bouncing of the equipment from running over 
rocks may cause uneven seeding rates. In which case, mechanical broadcast seeding may be the 
more appropriate method. 

Mechanical Broadcast Seeding 

In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Mechanical broadcast 
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seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, higher density of seeds or overcrowding in 
one location, and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment.  

Prior to seeding, thick plant thatch should be removed, and if necessary, the ground scarified to 
incorporate seed into the soil. Following seed broadcast, the seed material shall be tamped into 
the soil at less than ½ inch deep with a cultipacker pulled by a tractor, ATV or similar 
equipment. This will increase seed-to-soil contact and provide soil cover over the applied seed 
to improve germination success and reduce loss of seed to wind, erosion and seed predation. 

Hand Broadcast Seeding 

Hand broadcast seeding is an all-purpose seeding method that can be used in relatively small 
areas with limited access or areas with a high density of natives and/or sensitive species. Hand 
broadcast seeding is the best option in areas where other seeding methods may disturb 
sensitive resources. 

The disadvantages of this method are that hand broadcast seeding will result in the greatest 
potential for loss of seed due to wind, runoff, and seed predators, a higher potential for uneven 
seed distribution, greater potential for poor seed-to-soil contact and is inefficient in large areas 
(e.g., greater than one or two acres in size). To compensate for seed loss, it is recommended to 
double the rate of seed for each species of the specified seed mix. 

Similar to mechanical broadcast seeding, thick plant thatch should be removed prior to seeding, 
and if necessary, the ground should be scarified to incorporate seed into the soil. Following 
hand seeding, the seeds shall be raked-in to the soil with hand-held rakes or tamped in with a 
6-foot-wide cultipacker attached to an ATV, crawler type dozer, or tractor. 

Raking and/or tamping of the soil following seeding will aid in seed-to-soil contact and provide 
a thin covering of soil over the applied seed mix. Seeds should be incorporated into the topsoil 
soil less than ½ inch deep. 

Seed Ball Broadcast Seeding 

An alternative method to hand broadcast seeding is the use of seed balls. Seed balls are a 
mixture of clay, compost, seed material and water formed into small balls. The benefit of using 
the seed ball method is the reduction in loss of seed from wind and herbivory and the clay 
combined with the compost provides a growing medium and nutrients for germinating seeds. 
Seed balls are generally placed at a spacing of 1-2 feet on-center to ensure good coverage.  

Seed balls are effective in smaller sites, sites where it is important to avoid the scarification of 
existing cryptobiotic soil crust (e.g., enhancement of forbland habitat) and sites that are difficult 
to reach. At difficult to access sites, limited time is needed to place the seed balls, compared 
with the amount of time it would take to hand broadcast and rake-in seed. 
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Hydroseeding 

Hydroseeding can be used in areas that are not accessible by a drill seeder, mechanical 
broadcast seeder or imprinter. It is a planting process that uses a hydraulically-applied slurry of 
cellulose wood fiber, the specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and 
any amendments to be added (e.g., slow release fertilizer, arbuscular mycorrhizal [AM] fungi). 
Hydroseeding equipment also has some access constraints since the hydroseeder for the most 
part is restricted to roads or trails for access and cannot be driven on an area with more than a 
gentle slope. Furthermore, access is limited by the allowable extent of the hose used to apply 
the mixture while still having enough pressure to apply the seed mix with an even spray, and 
the availability of a source of water for the preparation of batches of slurry. The water source 
may be near the equipment, or water can be transported to the equipment (e.g., by water 
truck). The slurry can be applied by a spray nozzle mounted to the equipment or by a nozzle 
attached to a hose for direct application. Long lengths of hose and/or hard pipe can be 
designed to allow application at a distance of up to 700 feet or more, depending conditions 
such as pump pressure and the viscosity of the slurry. Prior to hydroseed application, the site 
should be cleared of plant thatch to provide good seed-to-soil contact. 

Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding the remaining cellulose wood fiber and organic M-binder. 
The advantage of the two-step method is the increased seed-to-soil contact. In steep areas, it is 
recommended to use a one-step method to limit the amount of disturbance of the applied seed 
mix from foot traffic since in a two-step method, the entire seed area from the first step has to 
be walked through again to apply the second step. 

4.3.3 On-Going Management 
To achieve habitat restoration goals, some level of on-going management of the restoration 
project is generally necessary after weed management (i.e., site preparation) and seed 
addition. Monitoring is essential after seed or plant additions for a minimum of two years to 
assess weed growth and establishment of the installed plant material. Monitoring plant 
material installation includes the following:  

• Biological monitoring of the establishment of the native material seeded or planted 

• Monitoring, evaluation and treatment of any parts of the project that may require post-
seeding weed maintenance to facilitate the establishment of the native vegetation 

• Monitoring and evaluation of the project that may require post-installation 
supplemental irrigation 

Monitoring of the restoration area will guide any necessary on-going management activities 
that may need to be implemented. On-going management activities may include the following: 

• Treating or eradicating the population of a recurring high priority invasive plant species  

• Pest management 
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• Remedial seeding in areas where germination of the native seed mix was limited or 
failed after at least one season of adequate rainfall  

• Remedial planting in areas where container plants or cuttings had limited survivorship 
or failed in the first season  

• Supplemental irrigation scheduling for installed container plants 

• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 

• Conservation activities for sensitive species 

Establishment Monitoring 

In general, monitor habitat restoration sites for at least two years after seeding, or after the 
end of the initial weed management program if seeding is not required, to monitor native seed 
establishment and evaluate the need for additional weeding (including high priority invasive 
plant control), remedial seeding, pest management, or any necessary remedial actions as 
described above. 

Seed Establishment 

In the first establishment year following seed addition, a low to moderate absolute cover of the 
seeded material and a moderate amount of bare ground is expected.  

The actual cover values each year will depend on the effects of site and year on germination 
and growing conditions (e.g., rainfall events, temperature and humidity) at the site. Of the total 
absolute cover of native seeded material, the perennial species will initially constitute a 
relatively low proportion of cover. In the first few years, early successional herbaceous species, 
including native annuals and native plant species that may be added at high rates to provide 
topsoil erosion control, will dominate the relative native cover. In the following years, the 
dominance of cover will shift to perennial species as individual plants grow and mature. 

The actual target cover values for seed establishment for a particular restoration project will 
depend on project goals and factors, such as vegetation community restoration targets, site 
conditions and weather. 

Remedial Weeding 

Remedial weeding refers to weeding that occurs after the weed management program ends 
and after seed application and/or native species recruitment from the existing seed bank. If the 
weed management program adequately controlled the weed seed bank, remedial weeding 
efforts will be minimal.  

Remedial weeding is recommended where nonnative plants inhibit native plant germination 
and/or growth and to continue control of highly invasive species that can readily re-establish in 
the restoration area. The amount of any remedial weeding required each year will depend on 
weather conditions, development of the native habitat(s), and the density and type of weed 
species in the restoration area. The objective of remedial weeding is to reduce nonnative plants 
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to a threshold level that allows desirable native species to establish and thrive. Weeding itself 
disturbs the soil and can promote weed establishment; therefore, minimize remedial weeding 
to the level necessary to achieve restoration objectives. Remember that weeds generally thrive 
in disturbance; therefore, monitoring can determine when remedial weeding might not be 
advisable if the site is at or near threshold levels for target weeds. 

Conduct remedial weeding as needed to maintain bare ground for native forbs. Focus on 
removing or reducing nonnative annual grass and thatch. Where remedial weeding is 
necessary, select the most appropriate method for the site and management objectives 
(presented in order of preference): 

1. Hand weed. Avoid soil disturbance by using cutting tools (e.g., sickle to cut grass 
flowering heads prior to the milk stage) for annual weeds. Treat perennial weeds by 
extracting the taproot by hand or with tools. 

2. Spot spray. Spot spray herbicide using a low-pressure nozzle with a non-selective post-
emergent herbicide (e.g., glyphosate) with the nozzle touching the target weed. This will 
reduce overspray on desirable native plants, but is more time-intensive than broadcast 
application. Use trained and experienced herbicide applicators to minimize damage to 
native species. Herbicide use should be limited and only used when no other method is 
feasible for control, such as for perennial weedy species with long tap root in which 
enough of the root system cannot be extracted by hand methods for effective control. 

Weeded material should be removed from the site if seeds have set prior to removal, otherwise 
some weeded material can be left onsite to mulch and provide organic material for soil 
development, but not so much that it prevents germination or native recruitment.  

The use of mechanical cutting with mowers or line trimmers and broadcast foliar spray of 
herbicides should generally not be used, due to the significant collateral damage that could 
occur to the establishment of the seeded native species. These methods should be reserved for 
remedial weed management in larger areas that fail to develop native vegetation cover after 
one or two years of monitoring, with the understanding that such intensive intervention will 
likely require the application of a remedial seed mix after the site is released from weed 
management again. 

Careful weeding shall be done by trained crews in order to avoid damage to the establishment 
of the native vegetation. Weeds should be removed on a regular basis, as necessary and if 
possible, before they set seed and/or reach approximately 12 inches in height. Adaptive 
management is key to success and includes regular monitoring to guide the scheduling and 
selection of control methods. Care should be taken to limit the amount of soil disturbance and 
trampling of native seedlings from weeding activities. The management of weeds must be 
balanced with the negative side effects on native plant development (i.e., not all weeds in a site 
need to be treated). It is important to train the crews to weed by sweeping through a site and 
target weed control for the weeds that need to be weeded at the stage described above. Other 
weeds that have not reached the desired control stage should be left to weed later. This will 
limit the amount of disturbance in a given area during a weed control event. 
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Control of High Priority Invasive Species 

Use species-specific BMPs (where available) to treat high priority invasive species that may not 
be controlled with routine weed management methods. High priority invasive species vary by 
habitat, climate, and management objectives. Refer to regional Early Detection Rapid Response 
(EDDR) lists (e.g., Cal IPC EDDR) or species experts for appropriate and effective methods to 
control high priority invasive species of concern. 

If herbicides are used, great caution should be used with foliar spray application to avoid any 
drift or overspray to establishing native plants. To limit herbicide drift or overspray, the stump-
cut method should be used when possible and appropriate. See Appendix C for detailed 
specifications for control of select invasive species. 

Evaluation and Management of “Stuck” Sites 

Smaller problematic areas or patches of land within a restoration site that are resistant to 
habitat restoration efforts should be monitored and evaluated by the restoration specialist to 
determine if they warrant additional intervention, or if they are “stuck” sites. As discussed in 
Chapter 2 of the HREP, “stuck” sites may have the opportunity to achieve project success 
criteria (e.g., for native and nonnative cover), but would require extraordinary levels of 
intervention to restore. If it is consistent with the goals of the habitat restoration project, and 
approved by the responsible regulatory agencies, landowner and NCC, “stuck” sites can be left 
in their current condition. The “stuck” sites may become targeted for future management when 
it becomes a priority for resource managers. 

Remedial Seeding 

The need for remedial seeding during the establishment period for seeded and planted native 
material will be determined for each project based on the project goals, what is suitable for the 
vegetation type, site conditions, growing conditions (e.g., seasonal rainfall, temperature) and 
any regulatory vegetation cover requirements. For example, if the target native vegetation 
coverage in the first year of seed establishment is 20%, then the restoration specialist shall 
evaluate if re-seeding is warranted if native cover is significantly less than 20% over a 
contiguous area of a meaningful size (e.g., 5,000 square feet). However, it may be determined 
that a smaller area for remedial seeding may be required if there are stringent cover 
requirements for the project. 

Areas of significant erosion onsite that are not consistent with project goals and/or imperils 
protection of natural resources and adjacent infrastructure, should be repaired, as appropriate, 
and re-seeded in the first fall season after damage. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g., less than one acre). If biological soil crusts are 
common, then consider remedial seeding by installing seed balls to limit disturbance.  

 Larger areas of remedial seeding can be accomplished with one of the mechanized seeding 
techniques, such as mechanical broadcast seeding or drill seeding. Care shall be taken to avoid 
damage to existing native plants.  
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Pest Management 

Pest management is often not necessary in restoration sites. If it is determined that the habitat 
is being jeopardized by wildlife, corrective measures such as organic, non-toxic deterrents and 
fencing/plant cages may be used. Invertebrate pests are rarely a serious problem to restored 
habitats if site conditions are appropriate to the desired habitat. If there is a concern regarding 
natural environment pests, consult topic experts and resources, such as those provided by the 
University of California, Agriculture and Natural Resources, Statewide Integrated Pest 
Management Program (UC-IPM).  

Long Term Management 

Long term management of the restoration area will be determined by the land manager, and 
could be considered for incorporation into regional vegetation monitoring programs to track 
the long-term trajectory and health of the restored habitat. 
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5. Woodland 
Oak woodlands can have an open or closed canopy with a sparse shrub and/or herbaceous 
understory. Occurrence of oak woodlands is varied from gentle to steep slopes, flats, along 
stream banks or canyon bottoms, and alluvial terraces. On slopes, oak woodlands tend to occur 
on north and east facing aspects that are more mesic. Soil type is variable but typically 
woodlands occur in loam soils that are usually moderately to well-drained and deep. Fire 
resistance is high for larger more mature trees and burn recovery is favorable unless the burn is 
severe. Fire resistance decreases with size and even low severity fires can kill saplings or 
seedlings. 

Walnut woodlands can have an open or closed canopy with an understory of shrubs and 
herbaceous species. Shrub cover varies from low to medium and the herbaceous layer tends to 
be low or can be dominated by grass species. Typically, walnut woodlands occur along 
drainages or riparian corridors but can be found on all hillslopes and do not tend to have a 
preferential aspect. Resprouting is vigorous after a fire even if the majority of the upper tree is 
killed, however, walnut seed does not survive fire.  

5.1 Woodland Habitat Restoration Hypotheses 
1. We can establish woodland trees from seed (acorns and walnuts) without the need for 

supplemental irrigation and rely on natural rainfall. 
2. We can establish woodland trees through the use of a nurse crop by applying a seed mix 

comprised of appropriate shrub and herbaceous species that will suppress weeds and 
provide “safe” sites for tree establishment and that will become part of the understory or 
diminish over time as the tree canopy develops 

5.2 Woodland Weed Management and Habitat Restoration Plan 
See Figure 5-1 for the Weed Management and Habitat Restoration Plan for Woodland Habitat.  
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Figure 5-1. Woodland Adaptive Weed Management and Habitat Restoration Plan 
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5.3 Woodland Restoration Guidelines 
The following are guidelines for the restoration of Woodland Habitat.  

5.3.1 Weed Management 

Initial Dethatch 

Dethatching is the initial stage of weed management, and is implemented in fall (prior to the 
first significant rainfall), if needed. Thatch removal exposes bare ground and maximizes weed 
germination from the seed bank for the grow-and-kill treatments. There are several potential 
methods of dethatching described below. The most appropriate and feasible clearing method 
should be selected. For example, grazing or prescribed fires may not be allowed in certain sites. 
In general, for larger restoration sites, managed livestock grazing (e.g., goats) or the use of 
mechanical equipment, such as mowing and windrowing to remove thatch is recommended. In 
smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed.  

The initial site clearing activity should be timed outside of the breeding season for all sensitive 
species present at the site, if feasible. A qualified biologist shall conduct pre-clearing surveys to 
document the location of occupied areas, and determine if any buffers or mitigation measures 
are necessary to avoid impacts to sensitive or protected species. If protected species are known 
or expected to occur in the restoration site, or are detected during implementation, then 
appropriate measures shall be taken, including the documentation of occupied areas, 
applicable protocol surveys by a permitted biologist, and consultation with the resource 
agencies. A qualified biologist shall monitor restoration activity, as needed, to avoid and 
minimize impacts. 

Grazing 

Grazing can be an effective method for dethatching. Goats are the preferred livestock for 
dethatching, as they do not pull plants up by the roots, create little ground disturbance and eat 
a wider variety of weed species. Grazing eliminates the need for mechanical thatch removal 
and provides soil fertilization. A disadvantage of grazing is the indiscriminate consumption of 
desirable native species. Herders experienced with grazing in habitats with a native component, 
can manage grazing to limit impacts to native plants by moving the herd slowly through an area 
to clear weed material instead of holding them for longer periods in a corral. 

Goats and fire are inappropriate dethatching methods for restoration areas that are relatively 
small in size, patchy in distribution, or do not have sufficient density of material for feed (goats) 
and fuel (wildfire). 

Most native species can tolerate minimal grazing by goats and some species may even benefit 
from a limited amount of grazing which can encourage new growth and expansion. However, 
the degree of grazing on native species should be carefully monitored and managed by the 
herder and restoration specialist.  

Another consideration for the use of goats is having to supply potable drinking water for the 
herd daily, which may not be feasible in all locations because of lack of nearby water supply or 
access by water truck. 
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Mowing 

Mowing is an effective method to break down the thatch and can be accomplished with large 
equipment such as a flail or rotary mower attached to a tractor or other mechanical equipment. 
Mechanical mowing may not be feasible in all areas, such as sites with limited access or rocky 
sites that pose a fire threat (i.e., if mower blades strike rocks creating sparks that may start a 
fire). Hand-held tools such as line trimmers or hedge trimmers can be used in these instances 
however, mechanical mowing is more cost-effective. Following mowing, the cut material should 
be raked using mechanized hay rakes and gathered into windrows to be collected into mulch 
piles and/or removed from the site or raked by hand if equipment access is limited. Leaving the 
thatch material onsite in mulch piles or in adjacent buffer areas is more cost-effective than 
removing it due to high transport and dumping costs (as discussed in more detail below). 

Fire 

A wildfire event can be used as the initial dethatching treatment on a site if there is little or no 
subsequent thatch buildup before the first subsequent grow-and-kill treatment. In some cases, 
opportunistically using a wildfire event as the dethatching event is not effective because either 
the burn wasn’t intense enough to consume enough thatch, or a nonnative annual grass thatch 
may build up again before the site can be accessed for subsequent weeding treatments—in 
which case, a second dethatching event will still be necessary. 

Hand Methods for Small Areas 

In smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed. 

Adaptive Weed Management 

Implement the grow-and-kill method using natural rainfall for a minimum of three years for 
effective control of the weed seed bank. With good rainfall in both years, it may be possible to 
adequately control the weed seed bank in two years, but this is not common. 

Apply at Least Two Weed Treatments per Year 

Typically, weed treatments are applied at least twice per year: once in winter to maximize 
control of nonnative annual grasses and early germinating forb species such as black mustard 
(Brassica nigra); and, again in spring to control nonnative forbs that germinate and mature later 
in the growing season. Depending on the year and site, apply a third treatment in late spring or 
summer for later emerging species, such as Russian thistle (Salsola tragus). Ultimately, the total 
number of treatments in a year will depend on weather conditions and weed species present at 
the site. 

In general, one herbicide treatment event controls weeds better than one mowing event; 
however, both treatments reduce weed populations in the seed bank effectively. Mowing may 
require more years of management to achieve the same effective control as the application of 
herbicide.  
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Weed treatment options include: 

• Apply herbicide at least 2x/year (winter post-emergent grass-specific or non-selective 
herbicide and spring post-emergent broad-spectrum herbicide). Damage to mature 
purple needlegrass plants when sprayed with Fusilade® DX to control nonnative grasses 
is minimal if applied in early winter; thus, this herbicide is appropriate for use in 
management areas with existing S. pulchra cover. 

• Mow at least 2x/year (winter and spring), prior to seed set. Individual purple 
needlegrass plants tolerate mowing, particularly after seeds mature (Tilley et al. 2009). 

• Use a combination of herbicide and mowing at least 2x/year (winter and spring), such as 
a winter post-emergent grass-specific herbicide followed by spring mowing. 

In drought years with low weed loads, fewer treatments per year may be required. In this case, 
reserve weed management budgets for future treatments such as may be necessary in wetter 
years. Conversely, higher rainfall years with greater weed productivity may require additional 
treatments per season in that year (e.g., late spring or summer). 

Assess the need for a third, summer treatment for summer flowering weeds, depending on 
their density or productivity, especially as bare ground increases over time with increasing 
control of winter and spring flowering weeds in the seed bank. 

Choice of Methods is Site Specific 

Select the most effective weed management method that is feasible for the specific site and 
habitat management objective. Select the appropriate weed treatment method to address 
target habitat(s), focal weed species, land manager constraints, site accessibility, and soil 
surface conditions. Control methods can include the following, as appropriate: 

• Physical Control Methods: 

o Mow (e.g., flail or rotary mower attached to a tractor or skid steer) 

o Line trim (e.g., hand operated line trimer with a string) 

o Hand pulling or cutting, where appropriate (e.g., hand cut with a blade) 

• Chemical Control Methods: 

o Post-emergent herbicide broadcast foliar spray application (e.g., truck mounted 
spray system)  

o Post-emergent herbicide spot spray foliar application (e.g., backpack sprayer) 

o Stump cut and herbicide treatment, as needed 

Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
access for equipment. Nonnative seedlings and flowering plants shall be controlled prior to the 
production of viable weed seeds in order to reduce contributions back to the weed seed bank. 
Soil disruption should be kept to a minimum to reduce the germination of new weed 
individuals, injury to native species, and disturbance to biological soil crusts. However, during 
the site preparation phase, in instances in areas with no biological crusts and low native cover, 
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limited soil disturbance, such as from mowing equipment can be beneficial to promote weed 
seed germination and increase weed control efficiency. 

Use only post-emergent herbicides. Do not use pre-emergent herbicides, which will prevent 
native seedlings from developing. Adjust herbicide application rates based on the focal weed 
species. See Appendix C for sample specifications for weed management control methods. 

Careful weeding needs to be done by trained crews to avoid damage to native species in areas 
with significant native cover or sensitive species. Adaptive management is key to success and 
includes regular monitoring by the project biologist or restoration specialist to guide the 
scheduling and selection of control methods. 

Mechanized Methods are More Cost-Effective than Hand Methods 

Mechanized weed control methods cost less, are as effective as hand weed control methods 
and are more time efficient, particularly in larger restoration sites with less native cover: 

• Mowing is less expensive than line trimming. 
• Truck mounted herbicide spray system applications are less expensive than backpack 

sprayer application. 

Line trimming can effectively replace tractor mowing for smaller restoration sites (e.g., <1–2 
acres) or sites that are inaccessible by mechanized equipment however, line trimming is costlier 
because of the increase in labor time. 

Restoration crews should substitute line trimmers or backpack sprayers for mechanized 
methods and larger equipment when working around dense native plants or in smaller project 
areas. 

Timing is Critical 

Observe the focal weed species onsite closely to determine the optimal time for treatment. If 
there is significant variation in conditions throughout a site, then the application of treatments 
may need to be timed differently to control weeds. Treatment often occurs earlier in warm, dry 
locations and later in cool, moist locations, depending on the phenology of plant species and 
their response to soil moisture stress (e.g., timing of flowering).  

For example, treat nonnative annual grass prior to seed set, because viable seed can still form if 
seeds reach the “milk stage”. In general, grass needs to be tall enough to cut the grass to the 
desired height, which can be a challenge in areas with uneven terrain. If the grass is cut too late 
(e.g., at the milk stage or after), then viable seed will replenish the weed seed bank even after it 
has been cut. If nonnative annual grass is cut too early, there is a greater chance for re-growth 
and flowering following subsequent rain events. 

Consistent and Thorough Weed Treatment is Key 

Manage weeds as consistently and thoroughly as possible between years during the weed 
management step. Gaps in treatments within and between years can significantly lengthen the 
time to reach weed management objectives and thresholds prior to seeding. 
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Adjust Methods and Timing Yearly, as Needed 

Adjust weed control methods and timing each year, as needed, based on weed phenology and 
weather conditions. For example, a rotary mower may be used to cut nonnative annual grasses 
initially, but may be replaced later by a flail mower, which can cut closer to the ground, as 
nonnative grasses decrease in stature and abundance in response to weed management 
efforts. Over time, as the weed seed bank is depleted and weed cover decreases during the 
growing season, the increased amount of bare ground results in higher rates of evaporative loss 
of soil moisture. Many annual grasses respond to the increased water stress by growing shorter 
stems and flowering earlier in the season and thus, may require subsequent adjustments in 
weed management methods and timing. 

Tailor Treatment Method to Focal Weeds 

In some cases, it may be necessary to tailor the treatment method to the focal weed species 
because of growth habit. For example, controlling purple false brome (Brachypodium 
distachyon) can be difficult because it can have a low or prostrate stature when flowering 
making it impossible to cut the flowering parts with a rotary mower. In this case, flail mowing is 
an effective option as it allows cutting closer to the ground (except on rocky sites). In winter, 
post-emergent grass-specific herbicide is the preferred treatment for purple false brome. 

High Priority Invasive Plants 

It may be necessary to control high priority invasive species with additional targeted weeding 
treatments, up to several times a year. Use species-specific BMPs or treatment methods on 
these species if common weed treatment methods don’t work. See Appendix C for sample 
specifications for control of common invasive weed species, or consult weed management 
guides or experts, such as Invasive Plants of California’s Wildlands (Bossard et al. 2000), Weed 
Control in Natural Areas in the Western United States (DiTomaso et al. 2013) or the University 
of California Cooperative Extension and Agricultural Experiment Station, Weed Research and 
Information Center (wric.ucdavis.edu). 

Leave Cut Material Onsite 

In general, leave mowed or line trimmed material in-place to decompose, unless a substantial 
amount of nonnative biomass accumulates and inhibits germination of the native seed bank. 
Leaving cut weed material (without viable seed) in place reduces or eliminates disposal costs 
and provides wildlife habitat. The material will decompose over time; however, it is important 
to continue weed treatments to avoid significant thatch build up. 

Place cut weed material with viable seed in mulch piles outside sensitive areas. If weed seeds 
germinate in the piles in subsequent seasons, treat them with herbicide or cut flowers prior to 
seed set.  Costs to control germination from mulch piles are typically minimal. Alternatively, cut 
material with viable seed may be properly disposed of offsite if preferred. 

An exception to leaving cut biomass in place is when an herbicide that retains the active 
ingredient in the dead plant material (e.g., clopyralid) is used. In this case, collect and mulch the 
biomass in a buffer area or remove and properly dispose of the material off-site. 
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Consider a Weed Management Buffer 

Consider creating a weed management buffer outside and adjacent to the restoration area if 
weeds in the adjacent, unrestored area are a significant source of weed seed. Mowing the 
buffer twice per year (winter and spring) prior to seed set is a cost-effective method of 
managing the weed seed bank in the buffer. A grazing program may also be effective if it is 
designed to achieve weed management objectives and is consistent with wildlife management 
goals for the Reserve. 

Consider Phasing of Large Projects 

For large restoration areas, consider phased implementation of the weed management 
program to (1) ensure consistent, well-timed and thorough treatment with available resources, 
and (2) retain some local wildlife habitat during project implementation (e.g., raptor hunting 
grounds within existing nonnative annual grasslands). 

Allow for “Stuck” Sites in Restoration Area 

We recommend allowing for inclusions of weedy/nonnative “stuck” sites (smaller problematic 
areas within a larger habitat restoration project) that are not cost-efficient to restore, but may 
have some wildlife habitat value. This would involve increasing the gross total project area 
under adaptive weed management to allow for some amount of “stuck” sites, such that the 
remaining net area of habitat restoration and enhancement still meets project goals, NCC 
wildlife management priorities and/or any applicable mitigation requirements. “Stuck” sites 
may be prioritized for more intensive management in the future, if warranted. 

Part of successful habitat restoration projects is planning for potential failure. Consideration 
should be given to allowing “stuck” sites to remain as isolated nonnative dominated vegetation 
communities. Assuming that the larger project area has been adequately managed and best 
practices applied to planning and implementation of the habitat restoration project—as 
evidenced by successful achievement of habitat restoration goals and performance criteria for 
the rest of the project area—relatively small areas that are resistant to habitat restoration 
efforts may be best left alone. However, it is advised to treat and eradicate highly invasive plant 
species that could readily invade the restoration area.  

For example, some nonnative annual grasslands or upland mustard fields may require 
significant levels of intervention to restore. Given the sometimes-limited resources available for 
habitat restoration, if these areas become apparent during the course of implementation and 
prove extraordinarily difficult to restore, then resources may be best directed to management 
of other areas where they will have a greater impact on ecosystem health. Nonnative annual 
grasslands currently occur in the landscape of the Reserve alongside native vegetation 
communities with stable boundaries; and, while they are not high-quality habitat, they still 
provide important habitat for raptors and snakes that may not be available elsewhere in the 
Reserve. Therefore, it can be more cost-effective to allow small “stuck” sites to remain within 
the context of the restoration of a large area, recognizing their existing habitat value and 
redistributing management resources elsewhere. 
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It is recommended that the potential for “stuck” sites be incorporated upfront into the 
development of project-specific habitat restoration plans, when it is appropriate for the 
ecosystem and the goals of project. This is especially salient when habitat restoration is being 
conducted as compensatory mitigation for impacts according to environmental law and 
regulation. For example, if 10 acres of habitat restoration are required, and there is potential 
for a combined area of 1 acre that may be difficult to restore, then the permittee and/or other 
regulated entities, should consider increasing the habitat restoration area to at least 11 acres. 
This approach allows the permittee to manage risk by accepting the known, up-front cost of 
implementing adaptive weed management and seed addition for 11 acres, with the 
understanding that only 10 acres are required to meet their obligations for mitigation. Thereby, 
the permittee reduces the risk of incurring a significant unknown expense for intensive 
remediation of “stuck” sites and the potential risk of not achieving acceptance for the total 
required restoration acreage. Since the site preparation weed control phase for a natural 
rainfall driven grow-and-kill program is a minimum of three years, the “stuck” sites can 
potentially be established prior to the seed addition step (i.e., active restoration) of the project 
and the final seeding areas can be pre-determined and delineated prior to seed installation to 
reduce the amount of “wasted” limited seed resources. 

Not every habitat restoration project would be appropriate for this approach, but if accepted by 
the applicable regulatory agencies, landowner and the NCC, it would provide the opportunity to 
increase the health of the Reserve over a larger area than would otherwise be achieved; and 
enable the permittee to manage the risk of unanticipated, higher project costs than was 
originally budgeted. 

Wildlife Protection 

Restoration activities and other disturbances such as grazing, mowing or herbicide application 
should take place to the extent possible outside of the bird breeding season (generally February 
15 to September 15 or as determined by applicable project specific permit conditions) and 
raptor breeding season (January 1 to September 15), as applicable for a project site. 

Prior to the start of restoration activity during the bird breeding season, a qualified biologist 
shall conduct pre-work surveys to document the location of occupied areas, and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 
species. If protected species are known or suspected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Often, after the initial dethatching event and during the implementation of weed management, 
there is little usable habitat for nesting birds and other wildlife as the nonnative vegetation is 
being actively controlled. Hence, risk to wildlife is minimized. However, depending on the size 
of the applicable buffer to protect sensitive nesting bird species established by the biologist, 
required by permit conditions and/or after consultation with resource agencies, adjacent 
existing habitats to the restoration area should also be included in the surveys to determine if 
the necessary buffers include portions of the active restoration area and protection is required 
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during restoration activities. After the site is revegetated with native material, either through 
seeding at the end of the weed management step and/or through natural recruitment, the 
opportunities for wildlife use of the habitat restoration area will increase. 

Monitoring for Weed Management  

Monitoring is an essential part of the adaptive management process because it provides critical 
feedback for management decisions during all phases of restoration. During the weed 
management (i.e., site preparation) step and the subsequent establishment of seeded native 
material, monitoring consists of regular site visits to assess the entire restoration area and 
observe plant health and general site conditions. Based upon the monitoring observations, 
weeding schedules are created and adaptive management measures prescribed, as necessary. 
Qualitative monitoring of the restoration site at the appropriate time of year (based on target 
habitat type) following installation provides feedback on site development, progress towards 
reaching the final goals of the project, and identification of remedial measures, as necessary.  

Monitor restoration areas to inform: 

• Selection of restoration targets, seed mixes, and weed treatment methods 

• Strategies to avoid and minimize impacts to sensitive biological resources 

• Optimal timing and frequency of weed treatments, based on phenology and weed 
cover 

• Weed control methods, based on within-site and between-year variation in weed 
phenology and any native plant recruitment 

• Seed addition needs, based on native species recruitment from the soil seed bank 

• Seed mix composition and seeding rates, based on field observations of microsite 
conditions and native species recruitment from the seed bank 

Monitoring methods that are practical for managing large areas may include a combination of 
the following: photo points, qualitative vegetation cover estimates (e.g., relevé samples), 
species lists and mapping of high priority invasive species.  

Qualitative monitoring should take place each year in mid-spring for most woodland types to 
capture the majority of annuals as well as perennial species and the full year of growth and 
development of the habitat. Qualitative vegetation cover can be assessed by estimating cover 
from a walk-over survey or at discrete points throughout the restoration site to determine 
overall cover for native, nonnative, and non-vegetated areas (bare ground and/or plant litter) 
for the restoration site. Species richness can be determined by generating a species list of all 
observed species within the restoration area to provide information on the community 
structure of the site and the change in species overtime. Photo documentation at permanent 
photo points can be established for photographic documentation on the development of the 
restoration site for year-to-year comparison. These methods of estimating vegetation cover and 
distribution are cost-effective over large management areas, and provide enough detail to 
inform adaptive management decisions (e.g., timing of weed treatments). 
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Weed Management Thresholds 

Adequate weed management prior to seeding reduces total effort and cost, therefore it is 
important to determine at what point weed management can end and native plant material can 
be installed. Manage weeds in treatment areas for at least three years, including two years of 
average or greater than average rainfall, to ensure that any native seed in the existing seed 
bank can respond to managed site conditions. As a rule-of-thumb, the site is ready for seeding 
when absolute weed cover is approximately ≤10 %, as determined by qualitative monitoring 
prior to treatment in the season with the greatest weed production for the site (e.g., winter, 
spring or summer weeding periods). 

Assessment of the site includes native and nonnative cover, species list of native and nonnative 
species present, and the amount of successful natural recruitment. If a restoration site has low 
cover and/or diversity of native species, the addition of native propagules will likely be 
necessary to achieve the objectives and goals of the habitat restoration project.  

Where weed cover is variable across a project area, add seed into areas with low weed cover 
(≤10% cover) and continue to treat areas with high weed cover (≥10% cover). In some cases, 
seed addition may not be necessary if there is sufficient native species recruitment from an 
existing seed bank. The decision to adjust seed mixes, or to not add any native seed, should be 
made by the land manager or restoration specialist based on monitoring observations during 
the weed management program, including native seed diversity and cover, compared with 
habitat restoration goals for the site. 

For areas with high weed cover, continue weed management until achieving the target 
threshold (≤10% cover) for focal weed species. This threshold may be refined in the future with 
additional monitoring data. 

Less frequently, a restoration site may have a large existing native seed bank. In this case, weed 
management will necessarily become more labor intensive, as more effort is spent avoiding 
natives to control weeds. While there will be an increase in labor, time and cost for weed 
management, there is a corresponding cost savings in the number of species and total amount 
of seed material needed for the site—which should help to balance the total cost of the 
restoration project. 

High priority invasive species should generally be controlled to less than 5% cover prior to 
seeding or planting, depending on what is feasible, the habitat restoration goals of the project, 
and the resource management priorities of the land manager. The success criteria for a project 
may require lower cover values by the end of the project for specific high priority invasive 
species. 

5.3.2 Seed and Plant Addition 
Native plant material will be primarily added to the habitat restoration area by seed after it has 
achieved weed management thresholds (discussed above). Restoration success is in large part 
dependent upon proper site preparation during the weed management step. It is very 
important to gain adequate control of nonnative species prior to installation. Weed 
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management should continue until the weed management threshold is achieved rather than 
installing plant material too soon. 

Seed installation can be achieved by several methods, including drill seeding, imprint seeding, 
broadcast seeding and hydroseeding. The determination of seeding method will be dependent 
upon site conditions and accessibility. Larger sites that are accessible by equipment can be 
efficiently seeded mechanically with a drill seeder, imprint seeder, hydroseeder or broadcast 
seeder. Smaller sites, sites with a high density of native species or with unavoidable populations 
of sensitive species can be seeded (optimally during the fall season) by hand broadcast. 

Container plants typically require some form of temporary irrigation to help establish the 
transplanted material, as discussed below. 

Plant Palette Design 

The plant palette for the restoration area should be selected to ensure that the species are 
ecologically appropriate to the site based on site observations and local reference sites. 
Regionally native species that aid initial soil development and soil stabilization should also be 
included in the plant palette.  

Planting material may include seed and container plants. Seed material provides the basis for 
vegetative erosion control over the site. Container plants consist of the dominant tree species 
and provide three important functions in the restoration: (1) to allow establishment of plants 
that are past the vulnerable seedling stage to be introduced onsite, (2) to provide the means of 
introducing species that do not establish well from seed, and (3) to provide some diversity of 
plant age to promote natural regeneration earlier in the restoration process. Native oaks can 
also be established from acorns, with or without supplemental irrigation; however, germination 
rates are typically significantly lower without supplemental irrigation, which could be balanced 
in a planting plan with planting more acorns per planting hole and/or in the planting area, if 
sufficient acorns are available. Some type of below ground and above ground protection maybe 
necessary depending on site assessment for gophers (Thomomys sp.) and browsers (e.g., mule 
deer [Odocoileus hemionus]). 

A combination of native species should be specified with both above- and below-ground 
structural diversity to meet the goals and objectives of the project. The combination of species 
in the plant palettes will provide long-term soil stabilization. The above-ground diversity of 
structure and height will provide a range of habitats for wildlife that may be lacking at the site. 

Woodland Habitat Seed Mix 

The following presents the seed mix design target ranges by plant functional group for 
woodland habitat types (Table 5-1). The focus of the woodland habitat seed mix is the 
reintroduction of the mid-story shrub canopy and herbaceous understory, which may not 
naturally recruit following weed management. The woodland tree canopy can be established 
from planting acorns and/or nursery-grown container plants.  

The target ranges for pure live seed (PLS) can be used as a guide for developing site-specific 
seed mixes. The seed mix can vary based on seed availability, cost, germination rates and 
amount of natural recruitment that occurs within a restoration site during the site preparation 
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phase. The amount of pure live seed must take into account seed loss to predators and various 
time for germination of types of seed. 

A detailed discussion of how to design a seed mix, along with review of seed collection, 
processing and storage is found in Section 6.4.3 of the HREP document. 

 

Table 5-1. Woodland Habitat Seed Mix Design Target Ranges. 

Plant Functional Groups Number of 
Species 

Abundance1 PLS/sqft2 
PLS/sqft3 

+dormant seed 

1. Early Establishment 
Nurse Crop & Erosion 
Control Annuals 

5 or more Common in First Year, 
Occasional in Future 
Years 

100-125 100-150 

2. Early Successional 
Shrub Species 

2 or more Common in First Year, 
Occasional in Future 
Years 

5-10 5-25 

3. Mid-story Mature Shrub 
Canopy 

3-4 or more Occasional to Common 
10-25 10-50 

4. Native Grasses 5 or more Occasional to Common 10-25 10-40 
5. Native Herbaceous Species 
(Annuals and Perennials) 

5 or more Common in First Year, 
Occasional in Future 
Years 

50-75 50-100 

TOTAL4 20-21 or more  175-260 175-365 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected 

seed species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. Final seed mix amount depends on factors such as species availability, collection cost, seed 

germination rates, site conditions and weather during the collection period. Poor seed collections 
can increase costs significantly. 

 

Seed Mix Adjustments 

Seed mix species and/or application rates can be adjusted based on the results of seed testing 
and/or seed availability, as appropriate, to achieve the desired seed mix performance. 

Adjustments to the seed mix and the seed collection/production program can be made, as 
necessary, throughout the weed management implementation period to best match the 
conditions in the restoration area. This information comes from the monitoring program that is 
conducted as part of the feedback loop in the adaptive management process. Other 
adjustments that will need to be made to the seed mix will be based on the following: 

• Seed test results, which indicate the actual percent PLS of the seed lots, versus the 
estimated PLS rates from the initial planned seed mix; and, 

• Seed availability. 
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Often not all of the specified seed material is available, and adjustments must be made with 
available seed. The seed collector may have collected additional suitable seed material that was 
not included in the specified seed mix that can be used to replace or augment shortfalls in the 
required seed amounts. Or, for species that are in the same plant functional group in the seed 
mix design, it may be appropriate to increase the rate of one species to supplement shortfalls in 
the collection of another species. 

Timing of Seed and Plant Installation 

Seed and plant installation should occur in the fall after sites have met the appropriate focal 
weed thresholds to take advantage of the entire rainy season which is particularly important for 
non-irrigated restoration sites and at the beginning of the active growing season for vegetation 
communities in Southern California. For non-irrigated restoration sites, if seed installation 
cannot occur by the end of December, then it is recommended to postpone seeding until the 
following fall, unless significant late winter rainfall is predicted. While the applied seed mix can 
remain viable in the soil for several years for most species, it is important to time seeding to 
capture the majority of rainfall in the first season to allow for germination of the seed mix and a 
sufficient establishment period prior to dry hot summer conditions. 

Sites that are ready to be seeded should have little to no thatch. If significant thatch is present, 
land managers should rake, collect, and remove it prior to seeding because it will inhibit seed-
to-soil contact, required for optimal germination rates. 

The installation of native plant material will generally be accomplished by seeding the habitat 
restoration area following adequate control of weed populations through the weed 
management phase (i.e., site preparation). Restoration success is, in large part, dependent on 
adequate weed management prior to the addition of native plant material. Weed management 
should continue until the weed management threshold is achieved rather than installing plant 
material too soon because weed management after the addition of seed is much more difficult 
and labor intensive.  

Select Appropriate Seeding Method 

Where seed augmentation is warranted, we recommend drill seeding, if possible. Cross-drilling 
in two directions that are perpendicular to each other results in better coverage than a single 
pass in one direction. 

If drill seeding is not feasible, such as due to access constraints, thatch or density of native 
plants, then broadcast seeding (by hand or PTO-driven seed spinner) followed by tamping with 
a cultipacker or hand raking is effective. 

Both drill seeding and broadcast seeding are cost-effective and minimize soil disturbance. Other 
methods, including imprinting and hydroseeding, may be appropriate in specific situations. 

Drill Seeding 

Range drill seeding is the optimum seeding method for many restoration areas, where the 
equipment is able to maneuver, which is dependent on the steepness of the slope, and there is 
a low occurrence of native species that would be negatively impacted by the method. Drill 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans  

 Page 91 of 144 

seeding is efficient, has the highest reliability for applying the seed mix at the desired rate with 
proper calibration of the equipment and provides good seed to soil contact. With a rangeland 
drill seeder, seed material can be installed with minimal soil disturbance, can be implemented 
over thatch, if necessary, and equipment can be maneuvered around existing native species to 
avoid impacts. Thatch should not be so thick such that it limits the ability for creation of the 
planting furrows, inhibits good seed-to-soil contact, or eliminates the possibility for the press 
wheels to cover the seed with soil.  

Drill seeding is better than other seeding methods in a few ways. Drill seeding provides better 
seed to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand seeding methods thus reducing seed costs and less “waste” of 
seed. 

Depending on the terrain of the restoration area, drill seeding can be accomplished in two 
passes or in a single pass. Drill seeding in two passes, or two-way drill seeding, is the preferred 
installation method. For drill seeding in two passes, divide the seed mix in two equal parts and 
apply each half of the seed mix in perpendicular passes across the site, forming a grid 
pattern. Drill seeding with two passes is generally used on flat to moderate slopes. For steeper 
slopes, the one pass method should be used and seeding direction done parallel to the contours 
of the slope such that erosion rills are not as likely to develop from the furrows formed when 
seeding. Seeding depth should be not less than ¼ inch and no greater than ½ inch.  

Alternatively, if seed material is limited for a project, and it is desirable to maximize the area 
seeded, one approach is to seed in alternating single pass strips. This is called the modified 
DeSimone method and the use of unseeded strips allows for natural recruitment over time 
from the seeded strips. For example, if the range drill seeder has a width of 6 feet, then a 6-foot 
strip can be seeded in one pass, followed by a 6-foot strip of no seeding, and so on. The width 
of unseeded strip should be wide enough to allow mechanized methods of weed management, 
if needed, but not so wide that natural recruitment from the seeded strips into the non-seeded 
strip is limited. 

However, drill seeding may not be practical in all restoration areas due to size of the site, high 
density of native or sensitive species, access limitations for equipment, and site conditions. For 
example, if a restoration site has many large rocks on the soil surface, it may not be possible to 
maneuver the drill seeding equipment within the site to seed at a uniform rate. The equipment 
may not properly create the planting furrows or bouncing of the equipment from running over 
rocks may cause uneven seeding rates. In which case, mechanical broadcast seeding may be the 
more appropriate method. 

Mechanical Broadcast Seeding 

In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Mechanical broadcast 
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seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, higher density of seeds or overcrowding in 
one location, and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment.  

Prior to seeding, thick plant thatch should be removed, and if necessary, the ground scarified to 
incorporate seed into the soil. Following seed broadcast, the seed material shall be tamped into 
the soil at less than ½ inch deep with a cultipacker pulled by a tractor, ATV or similar 
equipment. This will increase seed-to-soil contact and provide soil cover over the applied seed 
to improve germination success and reduce loss of seed to wind, erosion and seed predation. 

Hand Broadcast Seeding 

Hand broadcast seeding is an all-purpose seeding method that can be used in relatively small 
areas with limited access or areas with a high density of natives and/or sensitive species. Hand 
broadcast seeding is the best option in areas where other seeding methods may disturb 
sensitive resources. 

The disadvantages of this method are that hand broadcast seeding will result in the greatest 
potential for loss of seed due to wind, runoff, and seed predators, a higher potential for uneven 
seed distribution, greater potential for poor seed-to-soil contact and is inefficient in large areas 
(e.g., greater than one or two acres in size). To compensate for seed loss, it is recommended to 
double the rate of seed for each species of the specified seed mix. 

Similar to mechanical broadcast seeding, thick plant thatch should be removed prior to seeding, 
and if necessary, the ground should be scarified to incorporate seed into the soil. Following 
hand seeding, the seeds shall be raked-in to the soil with hand-held rakes or tamped in with a 
6-foot-wide cultipacker attached to an ATV, crawler type dozer, or tractor. 

Raking and/or tamping of the soil following seeding will aid in seed-to-soil contact and provide 
a thin covering of soil over the applied seed mix. Seeds should be incorporated into the topsoil 
soil less than ½ inch deep. 

Hydroseeding 

Hydroseeding can be used in areas that are not accessible by a drill seeder, mechanical 
broadcast seeder or imprinter. It is a planting process that uses a hydraulically-applied slurry of 
cellulose wood fiber, the specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and 
any amendments to be added (e.g., slow release fertilizer, arbuscular mycorrhizal [AM] fungi). 
Hydroseeding equipment also has some access constraints since the hydroseeder for the most 
part is restricted to roads or trails for access and cannot be driven on an area with more than a 
gentle slope. Furthermore, access is limited by the allowable extent of the hose used to apply 
the mixture while still having enough pressure to apply the seed mix with an even spray, and 
the availability of a source of water for the preparation of batches of slurry. The water source 
may be near the equipment, or water can be transported to the equipment (e.g., by water 
truck). The slurry can be applied by a spray nozzle mounted to the equipment or by a nozzle 
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attached to a hose for direct application. Long lengths of hose and/or hard pipe can be 
designed to allow application at a distance of up to 700 feet or more, depending conditions 
such as pump pressure and the viscosity of the slurry. Prior to hydroseed application, the site 
should be cleared of plant thatch to provide good seed-to-soil contact. 

Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding the remaining cellulose wood fiber and organic M-binder. 
The advantage of the two-step method is the increased seed-to-soil contact. In steep areas, it is 
recommended to use a one-step method to limit the amount of disturbance of the applied seed 
mix from foot traffic since in a two-step method, the entire seed area from the first step has to 
be walked through again to apply the second step. 

Imprint Seeding 

Imprint seeding is best used in areas with few to no native species already present. Steep 
topography, areas of shallow soil, and the presence of medium size rocks will limit the use of 
imprinting. Imprinters consist of a metal roller with teeth that create v-shaped imprints in the 
soil (Dixon and Carr 2000). The seed is applied at the same time the imprints are made thereby 
pressing the seed into the soil for better seed-to-soil contact. The imprints should be at a 
specified depth and stable so that erosion of the imprints or collapse does not occur. Imprint 
seeding generally requires the soil to be cleared of thatch and ripping or disking prior to 
imprinting to allow the imprinter to make the specified imprints in the soil. The specified 
imprints can be made in areas with “soft” soil without the need for disking or ripping. However, 
if the soil is too soft, such as areas with coarse soils with a high sand content, the imprints can 
be too unstable. In these instances, imprinting should not be the seeding method utilized. An 
unstable imprint is subject to erosion of the imprint or collapse burying the seed too deep.  

The purpose of the imprint is to provide a “safe” microclimate protecting the seeds from wind, 
providing shade to prevent desiccation, and serves to collect water to provide moisture for 
germination. Imprinting is best done in the fall since rain can help to stabilize the imprints and 
prevent erosion and/or collapse of the imprint. While imprinting works best if soils are moist, 
imprinting should not be done in wet soils as the soil can stick to the imprinting teeth and 
resulting in improper imprints. Imprints can generally last for a couple of years and continue to 
provide moisture for germinated seedlings and provide wind protection from evaporation. It is 
important to note, that in instances where the soil requires ripping or disking, this will 
encourage the germination of weed seed that would not otherwise have germinated. Hence, 
disking is more appropriate in a condition where there is a limited weed seed bank and few 
native plants. Disking can also result in collateral death to ground dwelling wildlife (e.g., snakes, 
gophers). Drill seeding is generally the more appropriate method in settings where imprint 
seeding may also be an option.  

Temporary Irrigation System 

If supplemental irrigation is needed to establish transplanted nursery grown plants, then the 
recommended temporary irrigation system design is a bubbler system for irrigation of container 
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plants. Irrigation controllers or timers should not be used and a maintenance person should be 
onsite during all hours of operation of the irrigation system. The maintenance person should 
check for proper operation of the irrigation system and leaks. The temporary irrigation system 
should be removed when it is no longer needed. 

Nursery Grown Container Plants 

Contract growing of all container plants should be done by a local nursery with at least three 
years of experience growing native plants for the target vegetation communities of the project 
and demonstrates proper growing conditions to minimize the potential to introduce non-site 
specific Phytophthora spp. to the restoration area. The plants shall have a well-developed root 
system and conditioned prior to planting. Mycorrhizal inoculum should be incorporated with 
the greenhouse soil mix according to the label at the time of transplantation to containers. It is 
recommended to grow Quercus agrifolia in 1-gallon deep pots to allow for development of the 
tap root without damage. 

The container plants should be inspected by the restoration specialist during the growing stage 
and upon delivery for planting to verify the plants are the correct species and quantities, are 
free of weeds, pests, and disease and show signs of healthy growth. Plants should be grown in 
the specified container long enough to develop a root system that reaches the bottom of the 
container and forms a healthy root ball without becoming root bound. Any container plants 
that are not within these standards should be rejected. Substitution of plant material at the 
time of planting depends solely upon the discretion of the project restoration specialist. 

Acorn Collection and Planting 

Acorn collection is typically in early fall to early winter. The best time to collect acorns is when 
they are turning from green to brown and are starting to fall from the tree, usually early fall. 
The caps should be easy to remove. Ideally, acorns are collected from the tree since they are 
generally the healthiest acorns. 

Acorns can be planted beginning in November, after the first rains have soaked the soil, 
through March. Planting acorns as early as possible will allow for maximum root development 
before dry weather. Acorns planted late in the season, February or March, will need 
supplemental irrigation. Planting holes should be dug several inches deep and wide to loosen 
the soil to allow for root expansion and should be dug as deep as possible. The holes should be 
backfilled with excavated soil and tamped down firm to approximately one inch below grade. 
Tamping prevents the soil from settling and the acorn sinking deeper into the hole. Place the 
acorns on their side in the planting hole and cover with the remaining soil so that the acorn is 
approximately one inch below the soil surface. If the acorns have germinated, position the 
acorn so that the root is pointing downward, being careful not to break the tip.  

To increase the chances of producing the desired density of oak trees in an area, multiple 
acorns, as many as four, can be planted per planting hole. Multiple acorns planted in a planting 
hole should be spaced approximately six inches apart. It is recommended to place at least two 
acorns per planting hole to increase the success rate for each planting basin. Plant spacing 
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depends on the desired density of the oak trees. Spacing should be a minimum of five feet on 
center for acorn plantings and arranged in a natural mosaic and not in rows.  

Container Planting 

Planting locations for container plants should be marked on the site using different colored pin 
flags under the supervision of the project biologist/ecologist.   

The following are recommended guidelines for container plant installation:  

• Planting holes should be made with the minimum disturbance to accommodate the 
rootballs.  

• Prior to planting below ground root protection are recommended to be installed to 
protect against root herbivory/damage. 

o Root guards should be 18-guague wire with ¾ inch mesh. 

o The planting basin should be approximately 18 inches in diameter. 

o Bury the root guard approximately 24 inches below the ground and extend 
above the ground 2 to 4 inches. 

o The root guard shall have an open bottom so as not to inhibit plant roots. 

• Prior to planting, the planting hole should be filled with water and allowed to drain. 

• A specially-formulated, slow release fertilizer provided in planting packets (e.g., Bio-
pac™ from Reforestation Technologies, Inc.) can be planted with container plants to aid 
establishment of the nursery grown stock. The packets should be buried below the 
container plant, and therefore their nutrients are available only to the plants and not 
weedy seedlings that may develop at the soil surface. 

• Plants should be set in the planting hole so that the crown of the root ball is 
approximately at or slightly above finished grade.  

• A watering basin from 18 – 24 inches in diameter should be provided around each 
installed plant. 

• Watering basins should be filled with water after planting. 

5.3.3 On-Going Management 
To achieve habitat restoration goals, some level of on-going management of the restoration 
project is generally necessary after weed management (i.e., site preparation) and seed 
addition. Monitoring is essential after seed or plant additions for a minimum of two years to 
assess weed growth and establishment of the installed plant material. Monitoring plant 
material installation includes the following:  

• Biological monitoring of the establishment of the native material seeded or planted 

• Monitoring, evaluation and treatment of any parts of the project that may require post-
seeding weed maintenance to facilitate the establishment of the native vegetation 
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• Monitoring and evaluation of the project that may require post-installation 
supplemental irrigation 

Monitoring of the restoration area will guide any necessary on-going management activities 
that may need to be implemented. On-going management activities may include the following: 

• Treating or eradicating the population of a recurring high priority invasive plant species  

• Pest management 

• Remedial seeding in areas where germination of the native seed mix was limited or 
failed after at least one season of adequate rainfall  

• Remedial planting in areas where container plants or cuttings had limited survivorship 
or failed in the first season  

• Supplemental irrigation scheduling for installed container plants or acorns if necessary 

• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 

• Conservation activities for sensitive species 

Establishment Monitoring 

In general, monitor habitat restoration sites for at least two years after seeding, or after the 
end of the initial weed management program if seeding is not required, to monitor native seed 
establishment and evaluate the need for additional weeding (including high priority invasive 
plant control), remedial seeding, pest management, or any necessary remedial actions as 
described above. 

Seed Establishment 

In the first establishment year following seed addition, a low to moderate absolute cover of the 
seeded material and a moderate amount of bare ground is expected.  

The actual cover values each year will depend on the effects of site and year on germination 
and growing conditions (e.g., rainfall events, temperature and humidity) at the site. Of the total 
absolute cover of native seeded material, the perennial species will initially constitute a 
relatively low proportion of cover. In the first few years, early successional herbaceous species, 
including native annuals and native plant species that may be added at high rates to provide 
topsoil erosion control, will dominate the relative native cover. In the following years, the 
dominance of cover will shift to perennial species as individual plants grow and mature. 

The actual target cover values for seed establishment for a particular restoration project will 
depend on project goals and factors, such as vegetation community restoration targets, site 
conditions and weather. 

Remedial Weeding 

Remedial weeding refers to weeding that occurs after the weed management program ends 
and after seed application and/or native species recruitment from the existing seed bank. If the 
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weed management program adequately controlled the weed seed bank, remedial weeding 
efforts will be minimal.  

Remedial weeding is recommended where nonnative plants inhibit native plant germination 
and/or growth and to continue control of highly invasive species that can readily re-establish in 
the restoration area. The amount of any remedial weeding required each year will depend on 
weather conditions, development of the native habitat(s), and the density and type of weed 
species in the restoration area. The objective of remedial weeding is to reduce nonnative plants 
to a threshold level that allows desirable native species to establish and thrive. Weeding itself 
disturbs the soil and can promote weed establishment; therefore, minimize remedial weeding 
to the level necessary to achieve restoration objectives. Remember that weeds generally thrive 
in disturbance; therefore, monitoring can determine when remedial weeding might not be 
advisable if the site is at or near threshold levels for target weeds. 

Where remedial weeding is necessary, select the most appropriate method for the site and 
management objectives (presented in order of preference): 

1. Hand weed. Avoid soil disturbance by using cutting tools (e.g., sickle to cut grass 
flowering heads prior to the milk stage) for annual weeds. Treat perennial weeds by 
extracting the taproot by hand or with tools. 

2. Spot spray. Spot spray herbicide using a low-pressure nozzle with a non-selective post-
emergent herbicide (e.g., glyphosate) with the nozzle touching the target weed. This will 
reduce overspray on desirable native plants, but is more time-intensive than broadcast 
application. Use trained and experienced herbicide applicators to minimize damage to 
native species. Herbicide use should be limited and only used when no other method is 
feasible for control, such as for perennial weedy species with long tap root in which 
enough of the root system cannot be extracted by hand methods for effective control. 

Weeded material should be removed from the site if seeds have set prior to removal, otherwise 
some weeded material can be left onsite to mulch and provide organic material for soil 
development, but not so much that it prevents germination or native recruitment.  

The use of mechanical cutting with mowers or line trimmers and broadcast foliar spray of 
herbicides should generally not be used, due to the significant collateral damage that could 
occur to the establishment of the seeded native species. These methods should be reserved for 
remedial weed management in larger areas that fail to develop native vegetation cover after 
one or two years of monitoring, with the understanding that such intensive intervention will 
likely require the application of a remedial seed mix after the site is released from weed 
management again. 

Careful weeding shall be done by trained crews in order to avoid damage to the establishment 
of the native vegetation. Weeds should be removed on a regular basis, as necessary and if 
possible, before they set seed and/or reach approximately 12 inches in height. Adaptive 
management is key to success and includes regular monitoring to guide the scheduling and 
selection of control methods. Care should be taken to limit the amount of soil disturbance and 
trampling of native seedlings from weeding activities. The management of weeds must be 
balanced with the negative side effects on native plant development (i.e., not all weeds in a site 
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need to be treated). It is important to train the crews to weed by sweeping through a site and 
target weed control for the weeds that need to be weeded at the stage described above. Other 
weeds that have not reached the desired control stage should be left to weed later. This will 
limit the amount of disturbance in a given area during a weed control event. 

Control of High Priority Invasive Species 

Use species-specific BMPs (where available) to treat high priority invasive species that may not 
be controlled with routine weed management methods. High priority invasive species vary by 
habitat, climate, and management objectives. Refer to regional Early Detection Rapid Response 
(EDDR) lists (e.g., Cal IPC EDDR) or species experts for appropriate and effective methods to 
control high priority invasive species of concern. 

If herbicides are used, great caution should be used with foliar spray application to avoid any 
drift or overspray to establishing native plants. To limit herbicide drift or overspray, the stump-
cut method should be used when possible and appropriate. See Appendix C for detailed 
specifications for control of select invasive species. 

Supplemental Irrigation Water and Volume Frequency Container Plants 

The temporary irrigation system should be used for plant establishment, as necessary and may 
be necessary for several years for tree establishment. Supplemental irrigation should be timed 
to mimic natural rainfall patterns to extend the rainy season in the fall and spring. Summer 
irrigation of planted trees may be necessary during the first establishment year. Upon 
completion of installation, irrigation should occur weekly for about the first month in the 
absence of adequate rainfall to prevent desiccation of the container plants and approximately 
once per month for the first establishment year, or as needed. Monitoring of oak irrigation 
needs is crucial since too much or too little water can be injurious/detrimental to establishing 
oak plants. A soil probe or shovel should be used to examine soil moisture and rooting depth 
directly. The amount of applied irrigation should be adjusted as the trees develop to ensure 
deep penetration of the root system. 

The timing of irrigation events will depend on evapotranspiration between events and soil 
moisture. There are only guidelines to follow, and no cookbook formula, for successful water 
management of native vegetation. Wetting of the full root zone and drying of the soil between 
irrigation events is essential to the maintenance of the plants and the promotion of a deep root 
system that will support the vegetation in the years after establishment.  

Depending on the oak development and the annual rainfall, irrigation may need to continue for 
a second season following once a month irrigation events or as needed, or longer if drought 
conditions are severe during establishment years. It is best to avoid or limit the amount of 
irrigation applied in the summer and should only occur in the first planting season and only in 
the second season if necessary due to severe drought conditions.  

Care should be taken to avoid having the tree trunk and particularly the crown wet or moist for 
extended periods of time, especially in the summer. This leaves oaks susceptible to various 
diseases and pathogens. If possible apply the irrigation away from the base of the tree while 
still ensuring moisture is delivered to the root system. If mulch is applied around the oak tree, 
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ensure that moist mulch does not contact the crown or trunk of the tree for extended periods, 
particularly in the summer.  

Supplemental Irrigation Water and Volume Frequency Acorn Plantings 

Acorn success rate increases with the use of supplemental irrigation for at least the first couple 
of seasons. If irrigation is not possible, as stated above, the acorns should be installed at the 
start of the rainy season to maximize development time before dry weather starts. In drought 
years with significantly lower than average precipitation, acorn survivorship decreases without 
supplemental irrigation. 

If irrigation is possible, the acorns should be irrigated immediately after planting. Dependent on 
rainfall, the general guideline for irrigation is for weekly irrigation until germination, then 
weekly for the first month, every other week during the second month and once a month 
through to the next winter, or as needed and dependent on rainfall. Monitoring of oak 
irrigation needs is crucial since too much or too little water can be injurious/detrimental to 
establishing oak plants. A soil probe or shovel should be used to examine soil moisture and 
rooting depth directly. The amount of applied irrigation should be adjusted as the trees develop 
to ensure deep penetration of the root system. 

Depending on the oak development and the annual rainfall, irrigation may need to continue for 
a second season following once a month irrigation events or as needed or longer if drought 
conditions are severe during establishment years. It is best to avoid or limit the amount of 
irrigation applied in the summer and should only occur in the first planting season and only in 
the second season if necessary due to severe drought conditions. As with container plants, care 
should be taken to avoid having the tree trunk and particularly the crown wet or moist for 
extended periods of time, especially in the summer (see above). 

Evaluation and Management of “Stuck” Sites 

Smaller problematic areas or patches of land within a restoration site that are resistant to 
habitat restoration efforts should be monitored and evaluated by the restoration specialist to 
determine if they warrant additional intervention, or if they are “stuck” sites. As discussed in 
Chapter 2 of the HREP, “stuck” sites may have the opportunity to achieve project success 
criteria (e.g., for native and nonnative cover), but would require extraordinary levels of 
intervention to restore. If it is consistent with the goals of the habitat restoration project, and 
approved by the responsible regulatory agencies, landowner and NCC, “stuck” sites can be left 
in their current condition. The “stuck” sites may become targeted for future management when 
it becomes a priority for resource managers. 

Remedial Seeding 

The need for remedial seeding during the establishment period for seeded and planted native 
material will be determined for each project based on the project goals, what is suitable for the 
vegetation type, site conditions, growing conditions (e.g., seasonal rainfall, temperature) and 
any regulatory vegetation cover requirements. For example, if the target native vegetation 
coverage in the first year of seed establishment is 20%, then the restoration specialist shall 
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evaluate if re-seeding is warranted if native cover is significantly less than 20% over a 
contiguous area of a meaningful size (e.g., 5,000 square feet). However, it may be determined 
that a smaller area for remedial seeding may be required if there are stringent cover 
requirements for the project. 

Areas of significant erosion onsite that are not consistent with project goals and/or imperils 
protection of natural resources and adjacent infrastructure, should be repaired, as appropriate, 
and re-seeded in the first fall season after damage. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g., less than one acre). Larger areas of remedial seeding 
can be accomplished with one of the mechanized seeding techniques, such as mechanical 
broadcast seeding or drill seeding. Care shall be taken to avoid damage to existing native plants.  

Pest Management 

Pest management is often not necessary in restoration sites. If it is determined that the habitat 
is being jeopardized by wildlife, corrective measures such as organic, non-toxic deterrents and 
fencing/plant cages may be used. Invertebrate pests are rarely a serious problem to restored 
habitats if site conditions are appropriate to the desired habitat. If there is a concern regarding 
natural environment pests, consult topic experts and resources, such as those provided by the 
University of California, Agriculture and Natural Resources, Statewide Integrated Pest 
Management Program (UC-IPM).  

If browsing is detected on young oak tree saplings, above ground protection can be installed. 
Wire caging, similar to the root guards can be installed using 18-inch gauge wire with ¾ inch 
mesh, such as chicken wire. The recommended diameter of the cage is approximately four feet 
with a height of four feet so as to protect the sapling from browsing while not inhibiting 
growth. The wire can be “stitched” together with binding ties and anchored to the ground using 
two pieces of rebar on opposite sides of the cage. Inspect the planting cages regularly to ensure 
tree growth is not inhibited by the cage and damage/girdling is not occurring.   

Long Term Management 

Long term management of the restoration area will be determined by the land manager, and 
could be considered for incorporation into regional vegetation monitoring programs to track 
the long-term trajectory and health of the restored habitat. 

 
  



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans  

 Page 101 of 144 

6. Riparian 
Riparian habitats occur along bodies of water such as rivers, creeks, and lakes and are 
comprised of different vegetation layers including an understory of herbaceous and shrub 
species and an upper story tree canopy. Riparian habitats are dynamic and can change 
seasonally depending on winter flows and annual inundation. High flows following rainfall 
events can dramatically change the mosaic of riparian habitats through scouring flows that 
deposits materials, seed and debris creating new features within the landscape and allowing for 
natural recruitment and re-colonization. Higher groundwater levels can support large riparian 
tree species such as willow and cottonwood species. Surface water can be present for all or 
part of the year. Riparian forest typically occurs within or along the border of water bodies. 
Riparian scrub habitat typically occurs further from the edge of a body of water or in areas that 
have undergone recent scour. 

6.1 Riparian Habitat Restoration Hypotheses 
1. We can increase native species cover and diversity in the floodplain by depleting the 

weed seed bank, seeding native understory species as needed, and restoring the shrub 
and tree canopy passively by natural recruitment from adjacent higher quality riparian 
habitat. 

2. Where native propagules are not present or in drastically disturbed riparian sites, we can 
increase native species cover and diversity by depleting the weed seed bank, and a site-
specific planting plan that may include seeding, cuttings and/or nursery stock. 

3. We can increase habitat value for sensitive avian species (e.g., least Bell’s vireo) by 
increasing native plant diversity notwithstanding the relative nonnative cover. 

6.2 Riparian Weed Management and Habitat Restoration Plan 
See Figure 6-1 for the Weed Management and Habitat Restoration Plan for Riparian Habitat.  
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Figure 6-1. Riparian Adaptive Weed Management and Habitat Restoration Plan 
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6.3 Riparian Habitat Restoration Guidelines 
The following are guidelines for the restoration of Riparian Habitat. 

6.3.1 Weed Management 

Initial Dethatch 

Site preparation begins with initial dethatching of the site to remove accumulated weed thatch, 
expose bare ground and promote weed germination for the grow-and-kill weed treatments. 
Dethatching should be implemented in fall prior to significant rainfall. Thatch removal exposes 
bare ground and maximizes weed germination from the seed bank for the grow-and-kill 
treatments. There are several potential methods of dethatching described below. The most 
appropriate and feasible clearing method should be selected. Alternatively, unplanned events 
that remove the weed thatch from a restoration site can be leveraged to begin weed 
management and habitat restoration projects—such as wildfire, or an episodic flood flow that 
scours the active floodplain. 

The initial site clearing activity should be timed outside of the breeding season for all sensitive 
species present at the site. A qualified biologist shall conduct pre-clearing surveys to document 
the location of occupied areas, and determine if any buffers or mitigation measures are 
necessary to avoid impacts to sensitive or protected species. If protected species are known or 
expected to occur in the restoration site, or are detected during implementation, then 
appropriate measures shall be taken, including the documentation of occupied areas, 
applicable protocol surveys by a permitted biologist, and consultation with the resource 
agencies. A qualified biologist shall monitor restoration activity, as needed, to avoid and 
minimize impacts. Several sensitive wildlife species may be present within riparian habitats 
such as least Bell’s vireo and southwestern willow flycatcher therefore, the initial site clearing 
should be timed outside of the breeding season for all sensitive species and nesting birds. 

Mowing 

Mowing is an effective dethatching method to break down the thatch and can be accomplished 
with large equipment such as a hydro-ax with a mulcher attachment or mulcher attached to 
smaller equipment such as a skid steer (e.g., Bobcat®) to treat certain nonnative riparian 
species such as giant reed (Arundo donax) and saltcedar. Depending on the dominant weed 
species to control, mowing can also be accomplished by other mechanical equipment such as a 
flail or rotary mower attached to a tractor or other mechanical equipment. Mechanical 
mulching or shredding or mowing may not be feasible in all areas, such as sites with limited 
access or saturated ground. Brushcutters with blades or hand-held tools such as line trimmers 
can be used in these instances however, mechanical mowing with larger equipment is more 
cost-effective. Following mulching, the shredded material can be left onsite. In instances it is 
desired or required, the cut material can be raked using mechanized hay rakes if feasible or 
hand raked for removal off-site or in mulch piles on-site. Leaving the mulched material onsite is 
more cost-effective than removing it due to high transport and disposal costs. Shredding of the 
material of certain weed species, such as giant reed eliminates the possibility for resprouting to 
occur from cut material.  
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The shredded thatch material remaining from control of very dense giant reed patches is high in 
carbon:nitrogen ratios, which means that it will take longer to decompose than other plant 
matter. As a result, native recruitment will be limited in areas with a very thick thatch of giant 
reed until bare ground is exposed to allow for native establishment. To increase decomposition 
rates, nitrogen fertilizer can be applied to these areas or the thatch can be physically removed 
from the site. Alternatively, if the thatch is located in a portion of the floodplain that floods 
frequently enough for project goals, future floodwater events may be sufficient to disperse the 
material enough to allow native recruitment. 

Episodic Flood-Induced Scouring Flow 

While most of the streams and rivers in southern California have some form of flood control, it 
is possible for water flows from large storm events to generate the energy to scour the 
floodplain. In these cases, if an area that has been previously dominated by nonnative 
vegetation, like giant reed, it is an opportunity to begin a weed management program to 
prevent the reestablishment of the invasive weeds. Alternatively, scouring flows can strip an 
area of native vegetation and propagules from invasive plants, like giant reed, can establish in 
the bare areas of the post-event floodplain. In either case, with effective weed management (if 
required), there is the opportunity for native riparian plants to naturally recruit into the 
floodplain. After established following a disturbance, native riparian vegetation communities 
are effective competitors with many invasive plants. 

Fire 

A wildfire event can be used as the initial dethatching treatment on a site if there is little or no 
subsequent thatch buildup before the first subsequent grow-and-kill treatment. In some cases, 
opportunistically using a wildfire event as the dethatching event is not effective because either 
the burn wasn’t intense enough to consume enough thatch, or nonnative species may re-
sprout, such as giant reed, before the site can be accessed for subsequent weeding 
treatments—in which case, a second dethatching event will still be necessary. 

Hand Methods for Small Areas 

In smaller restoration sites, dethatching by hand or using line trimmers, brushcutters with blade 
attachments or loppers to cut nonnatives is suggested, as needed. 

Exceptions 

Dethatching may not be necessary in restoration areas that have a naturally low weed load. For 
example, if giant reed density is low, it may be more effective to implement the spray-in place 
method, where-by the standing material is repeatedly sprayed over several seasons for control 
and the dead material is left in place to decompose. 

Adaptive Weed Management 

Implement the grow-and-kill method using natural rainfall for a minimum of three years for 
effective control of the weed seed bank. 
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Apply at Least Three Weed Treatments per Year 

Typically, weed treatments are applied at least three times per year: fall, winter and during the 
spring and summer season as conditions allow and is dependent on the target weed species. In 
riparian areas, access to conduct weeding treatments during the growing season of certain 
nonnative species may be limited due to the presence and required protection of sensitive and 
protected species within the restoration area (e.g., avian nesting activity). While spring and 
particularly summer are the optimal times to treat certain invasive species, such as giant reed, 
the presence of nesting activity can limit access and make treatment difficult to impossible. As a 
result, treatment may only occur in fall.  While treatment of invasive plants like giant reed is 
possible with only fall treatments and limited treatments in other seasons, under these 
conditions it can take up to 8 or more years to control dense stands. 

In general, herbicide treatment is the most effective method for control of invasive species that 
occur in riparian habitats, such as giant reed and saltcedar (Tamarix sp.). Repeated mowing 
with multiple annual treatments over several years for control will likely require more years of 
management to achieve the same effective control as the application of herbicide. 
Furthermore, mechanical removal should not, and is usually restricted by permit conditions, 
occur during avian nesting seasons in occupied riparian habitat, so mowing for control may not 
be a viable option. 

Weed treatment options include: 

• Apply herbicide at least 3x/year with approved aquatic, post-emergent herbicide  
• Mow (mulcher, rotary, or flail) at least 3x/year prior to seed set, or during critical growth 

stages of species such as giant reed that don’t reproduce through seed.  
• Use a combination of herbicide and mowing at least 3x/year 

In drought years with low weed loads, fewer treatments per year may be required. In this case, 
reserve weed management budgets for future treatments such as may be necessary in wetter 
years. Conversely, higher rainfall years with greater weed productivity may require additional 
treatments per season in that year (e.g., late spring or summer). 

Assess the need for a fourth treatment depending on the weed density or productivity, 
especially as bare ground increases over time if there is not natural recruitment of native 
riparian species to outcompete the weed populations. 

Choice of Methods is Site Specific 

Select the most effective weed management method that is feasible for the specific site and 
habitat management objective. Select the appropriate weed treatment method to address 
target habitat(s), focal weed species, land manager constraints, site accessibility, and soil 
surface conditions. Control methods can include the following, as appropriate: 

• Physical Control Methods: 

o Mow (e.g., mulcher attached to a tractor or skid steer) 

o Brushcutter with blade 

o Hand pulling or cutting, where appropriate (e.g., hand cut with a blade) 
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• Chemical Control Methods: 

o Post-emergent herbicide spot spray foliar application (e.g., backpack sprayer) 

o Stump cut and herbicide treatment, as needed 

Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
access for equipment. Nonnative seedlings and flowering plants shall be controlled prior to the 
production of viable weed seeds in order to reduce contributions back to the weed seed bank. 
Soil disruption should be kept to a minimum to reduce the germination of new weed individuals 
and injury to native species.  

Use only post-emergent herbicides. Do not use pre-emergent herbicides, which will prevent 
native seedlings from developing. Adjust herbicide application rates based on the focal weed 
species. See Appendix C for sample specifications for weed management control methods. 

Careful weeding needs to be done by trained crews to avoid damage to native species in areas 
with significant native cover or sensitive species. Adaptive management is key to success and 
includes regular monitoring by the project biologist or restoration specialist to guide the 
scheduling and selection of control methods. 

Herbicides Approved for Aquatic Use 

Only herbicides and surfactants approved for aquatic use should be used in riparian habitats for 
treatment of weed species. It is important to note that permits may not allow for the use of a 
surfactant in riparian habitats. The purpose of a surfactant is to provide more uniform coverage 
and penetration of the herbicide into the plant. Approved aquatic herbicides include Round-
up® Custom (active ingredient glyphosate), Habitat® (active ingredient imazapyr), and 
Renovate® 3 (active ingredient triclopyr). Non-ionic surfactants approved for aquatic use 
include Liberate® and Rainier®. 

Caution should be taken to prevent overspray and herbicide drift onto the foliage of native 
species as they can damage or kill the plant(s). Prior to selection and use, the label of each 
herbicide should be read to determine if the active ingredient can translocate through the soil 
and cause potential damage to the root system of native species. For example, imazapyr 
translocates through the soil and its use should be limited to the stump cut treatment method 
to reduce the amount of herbicide introduced into the soil and prevent herbicide drift. 

Timing is Critical 

Observe the focal weed species onsite closely to determine the optimal time for treatment. If 
there is significant variation in conditions throughout a site, then the application of treatments 
may need to be timed differently to control weeds. Treatment often occurs earlier in warm, dry 
locations and later in cool, moist locations, depending on the phenology of plant species and 
their response to soil moisture stress (e.g., timing of flowering).  

For example, it is best to treat giant reed after sufficient re-sprout growth has occurred in 
between treatment events and during active growth periods when giant reed is actively 
translocating nutrients to the root system. Allowing for sufficient growth in between 
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treatments increases the leaf area to treat with herbicide thereby increasing the amount of 
herbicide taken up by the root system.  

Consistent and Thorough Weed Treatment is Key 

Manage weeds as consistently and thoroughly as possible between years during the weed 
management step. Gaps in treatments within and between years can significantly lengthen the 
time to reach weed management objectives and thresholds prior to seeding. 

Adjust Methods and Timing Yearly, as Needed 

Adjust weed control methods and timing each year, as needed, based on weed phenology and 
weather conditions. Over time, as the weed seed bank is depleted in riparian areas, natural 
recruitment of native species can outcompete many weeds species; however, as native plants 
establish, weed management methods may need to be adjusted to avoid injury of the new 
native recruits. For example, smaller equipment, such as brushcutters may need to be used to 
navigate around establishing native plants, instead of larger mowing equipment. 

Tailor Treatment Method to Focal Weeds 

In some cases, it may be necessary to tailor the treatment method to the focal weed species 
because of growth habit.  

High Priority Invasive Plants 

It may be necessary to control high priority invasive species with additional targeted weeding 
treatments, up to several times a year. Use species-specific BMPs or treatment methods on 
these species if common weed treatment methods don’t work. See Appendix C for sample 
specifications for control of common invasive weed species, or consult weed management 
guides or experts, such as Invasive Plants of California’s Wildlands (Bossard et al. 2000), Weed 
Control in Natural Areas in the Western United States (DiTomaso et al. 2013) or the University 
of California Cooperative Extension and Agricultural Experiment Station, Weed Research and 
Information Center (wric.ucdavis.edu). 

Sites that are dominated by very invasive weed species such as giant reed or saltcedar will 
require several treatments per year for several years for effective control. Control of invasive 
riparian species can be accomplished in a shorter time-frame at sites with a low density of 
weed species. 

Leave Cut Material Onsite 

In general, leave mulched material in-place to decompose, unless a substantial amount of 
nonnative biomass accumulates and inhibits germination of the native seed bank. Leaving cut 
weed material (without viable seed) in place reduces or eliminates disposal costs and provides 
wildlife habitat. The material will decompose over time; however, it is important to continue 
weed treatments to avoid significant thatch build up. 

Place cut weed material with viable seed in mulch piles outside sensitive areas. If weed seeds 
germinate in the piles in subsequent seasons, treat them with herbicide or cut flowers prior to 
seed set.  Costs to control germination from mulch piles are typically minimal. Alternatively, cut 
material with viable seed may be properly disposed of offsite if preferred. 
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Consider a Weed Management Buffer 

Consider creating a weed management buffer outside and adjacent to the restoration area if 
weeds in the adjacent, unrestored area are a significant source of weed seed. Mowing or 
herbicide treatment of the buffer twice per year (timing dependent on weeds to control) prior 
to seed set or other critical phenology stage of the nonnative species to control are cost-
effective methods of managing the weed sources in the buffer.  

Consider Phasing of Large Projects 

For large restoration areas, consider phased implementation of the weed management 
program to (1) ensure consistent, well-timed and thorough treatment with available resources, 
and (2) retain some local wildlife habitat during project implementation (e.g., raptor hunting 
grounds within existing nonnative annual grasslands). 

Wildlife Protection 

Restoration activities and other disturbances such as grazing, mowing or herbicide application 
should take place to the extent possible outside of the bird breeding season (generally February 
15 to September 15 or as determined by applicable project specific permit conditions) and 
raptor breeding season (January 1 to September 15), as applicable for a project site. 

Prior to the start of restoration activity during the bird breeding season, a qualified biologist 
shall conduct pre-work surveys to document the location of occupied areas, and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 
species. If protected species are known or suspected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Often, after the initial dethatching event and during the implementation of weed management, 
there is little usable habitat for nesting birds and other wildlife as the nonnative vegetation is 
being actively controlled. Hence, risk to wildlife is minimized. However, depending on the size 
of the applicable buffer to protect sensitive nesting bird species established by the biologist, 
required by permit conditions and/or after consultation with resource agencies, adjacent 
existing habitats to the restoration area should also be included in the surveys to determine if 
the necessary buffers include portions of the active restoration area and protection is required 
during restoration activities. After the site is revegetated with native material, either through 
seeding at the end of the weed management step and/or through natural recruitment, the 
opportunities for wildlife use of the habitat restoration area will increase. 

Monitoring for Weed Management  

Monitoring is an essential part of the adaptive management process because it provides critical 
feedback for management decisions during all phases of restoration. During the weed 
management (i.e., site preparation) step and the subsequent establishment of seeded native 
material, monitoring consists of regular site visits to assess the entire restoration area and 
observe plant health and general site conditions. Based upon the monitoring observations, 
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weeding schedules are created and adaptive management measures prescribed, as necessary. 
Qualitative monitoring of the restoration site at the appropriate time of year (based on target 
habitat type) following installation provides feedback on site development, progress towards 
reaching the final goals of the project, and identification of remedial measures, as necessary.  

Monitor restoration areas to inform: 

• Selection of restoration targets, seed mixes, and weed treatment methods 

• Strategies to avoid and minimize impacts to sensitive biological resources 

• Optimal timing and frequency of weed treatments, based on phenology and weed 
cover 

• Weed control methods, based on within-site and between-year variation in weed 
phenology and any native plant recruitment 

• Seed addition needs, based on native species recruitment from the soil seed bank 

• Seed mix composition and seeding rates, based on field observations of microsite 
conditions and native species recruitment from the seed bank 

Monitoring methods that are practical for managing large areas may include a combination of 
the following: photo points, qualitative vegetation cover estimates (e.g., relevé samples), 
species lists and mapping of high priority invasive species.  

Qualitative monitoring should take place each year in late summer or early fall, towards the end 
of the growing season, for most riparian types to capture the majority of annuals as well as 
perennial species and the full year of growth and development of the habitat. Qualitative 
vegetation cover can be assessed by estimating cover from a walk-over survey or at discrete 
points throughout the restoration site to determine overall cover for native, nonnative, and 
non-vegetated areas (bare ground and/or plant litter) for the restoration site. Species richness 
can be determined by generating a species list of all observed species within the restoration 
area to provide information on the community structure of the site and the change in species 
overtime. Photo documentation at permanent photo points can be established for 
photographic documentation on the development of the restoration site for year-to-year 
comparison. These methods of estimating vegetation cover and distribution are cost-effective 
over large management areas, and provide enough detail to inform adaptive management 
decisions (e.g., timing of weed treatments). 

Weed Management Thresholds 

Adequate weed management prior to seeding reduces total effort and cost, therefore it is 
important to determine at what point weed management can end and native plant material can 
be installed. Manage weeds in treatment areas for at least three years, including two years of 
average or greater than average rainfall, to ensure that any native seed in the existing seed 
bank can respond to managed site conditions. As a rule-of-thumb, the site is ready for seeding 
when absolute weed cover is approximately ≤10 %, as determined by qualitative monitoring 
prior to treatment in the season with the greatest weed production for the site (e.g., winter, 
spring or summer weeding periods). 
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Assessment of the site includes native and nonnative cover, species list of native and nonnative 
species present, and the amount of successful natural recruitment. If a restoration site has low 
cover and/or diversity of native species, the addition of native propagules will likely be 
necessary to achieve the objectives and goals of the habitat restoration project.  

Where weed cover is variable across a project area, add seed into areas with low weed cover 
(≤10% cover) and continue to treat areas with high weed cover (≥10% cover). In some cases, 
seed addition may not be necessary if there is sufficient native species recruitment from an 
existing seed bank. The decision to adjust seed mixes, or to not add any native seed, should be 
made by the land manager or restoration specialist based on monitoring observations during 
the weed management program, including native seed diversity and cover, compared with 
habitat restoration goals for the site. 

For areas with high weed cover, continue weed management until achieving the target 
threshold (≤10% cover) for focal weed species. This threshold may be refined in the future with 
additional monitoring data. 

In many riparian areas, while there may not be a large existing native seed bank, many of the 
key riparian species seeds are spread by wind and can quickly colonize bare ground in a 
restoration area that is created by successful weed management efforts. In this case, weed 
management will necessarily become more labor intensive, as more effort is spent avoiding 
natives to control weeds. While there will be an increase in labor, time and cost for weed 
management, there is a corresponding cost savings in the number of species and total amount 
of seed material needed for the site—which should help to balance the total cost of the 
restoration project. 

High priority invasive species should generally be controlled to less than 5% cover prior to 
seeding or planting, depending on what is feasible, the habitat restoration goals of the project, 
and the resource management priorities of the land manager. The success criteria for a project 
may require lower cover values by the end of the project for specific high priority invasive 
species. 

6.3.2 Seed and Plant Addition 
Native plant material will be primarily added to the habitat restoration area by seed after it has 
achieved weed management thresholds (discussed above). Often in riparian habitats, there are 
sufficient native propagules in the existing riparian habitat to restore with weed management 
alone, without the need for seed addition or planting. Field work and review of flood 
inundation maps can help determine the extent of areas that may be subject to periodic 
flooding or scouring flows that change the structure of the floodplain. Frequently-inundated 
areas may be best restored with weed management and natural recruitment. Higher floodplain 
terraces that flood less frequently may require more active restoration, including native 
material addition to achieve management goals. 

The seeding method for riparian areas is dependent upon site conditions, such as landscape 
position, topography, and soil saturation conditions. Larger sites that are accessible by 
equipment can be efficiently seeded mechanically with a drill, broadcast, imprint or 
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hydroseeder. Smaller sites, sites with a high density of native species, or with unavoidable 
populations of sensitive species can be seeded) by hand broadcast. 

Cuttings and/or container plants typically require some form of temporary irrigation to help 
establish the transplanted material, as discussed below. 

Plant Palette Design 

The plant palette for the restoration area should be selected to ensure that they are 
ecologically appropriate to the site based on observations and local reference sites. Regionally 
native species that aid initial soil development and soil stabilization should also be included in 
the plant palette.  

Planting material may include seed, cuttings and/or container plants. Seed material provides 
the basis for vegetative erosion control over the site. Container plants and cuttings consist of 
the dominant tree species or understory species and provide three important functions in the 
restoration: (1) to allow establishment of plants that are past the vulnerable seedling stage to 
be introduced onsite, (2) to provide the means of introducing species that do not establish well 
from seed, and (3) to provide some diversity of plant age to promote natural regeneration 
earlier in the restoration process.  

The container plant palette will consist primarily of riparian tree and herbaceous understory 
species such as cottonwoods (Populus spp.) and blackberry (Rubus spp.). Typical cutting 
material includes willow species (Salix spp.) and mulefat (Baccharis salicifolia). A combination of 
native species should be specified with both above- and below-ground structural diversity to 
meet the goals and objectives of the project. The combination of species in the plant palettes 
will provide long-term soil stabilization. The above-ground diversity of structure and height will 
provide a range of habitats for wildlife that may be lacking at the site. 

Riparian Forest and Riparian Scrub Seed Mix Design 

The following presents the seed mix design target ranges by plant functional group for riparian 
forest (Table 6-1) and riparian scrub (Table 6-2) habitat types. The focus of native plant material 
addition by seed in riparian habitat is the reintroduction of native grasses and forbs, which may 
not naturally recruit following weed management. The riparian tree canopy is best established 
passively, by natural recruitment, when possible, or by cutting and planting material, if needed. 

The target ranges for PLS can be used as a guide for developing site-specific seed mixes. The 
seed mix can vary based on seed availability, cost, germination rates and amount of natural 
recruitment that occurs within a restoration site during the site preparation phase. The amount 
of pure live seed must take into account seed loss to predators and various time for 
germination of types of seed. 

A detailed discussion of how to design a seed mix, along with review of seed collection, 
processing and storage is found in Section 6.4.3 of the HREP document. 
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Table 6-1. Riparian Forest Seed Mix Design Target Ranges. 

Plant Functional Groups Number of 
Species 

Abundance1 PLS/sqft2 
PLS/sqft3 

+dormant seed 

1. Native Grasses 1 or more Common 
40-50 40-60 

2. Native Forb Species 5 or more Common 
15-50 15-75 

TOTAL4 6-10 or more  55-100 55-135 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected 

seed species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. Final seed mix amount depends on factors such as species availability, collection cost, seed 

germination rates, site conditions and weather during the collection period. Poor seed collections 
can increase costs significantly. 

 
 
 
Table 6-2. Riparian Scrub Seed Mix Design Target Ranges. 

Plant Functional Groups Number of 
Species 

Abundance1 PLS/sqft2 
PLS/sqft3 

+dormant seed 

1. Native Grasses 3 or more Common 
40-60 40-70 

2. Native Forb Species 3 or more Common 
35-50 35-75 

TOTAL4 6 – 10 or more  75 - 110 75-145 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected 

seed species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. Final seed mix amount depends on factors such as species availability, collection cost, seed 

germination rates, site conditions and weather during the collection period. Poor seed collections 
can increase costs significantly. 
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Seed Mix Adjustments 

Seed mix species and/or application rates can be adjusted based on the results of seed testing 
and/or seed availability, as appropriate, to achieve the desired seed mix performance. 

Adjustments to the seed mix and the seed collection/production program can be made, as 
necessary, throughout the weed management implementation period to best match the 
conditions in the restoration area. This information comes from the monitoring program that is 
conducted as part of the feedback loop in the adaptive management process. Other 
adjustments that will need to be made to the seed mix will be based on the following: 

• Seed test results, which indicate the actual percent PLS of the seed lots, versus the 
estimated PLS rates from the initial planned seed mix; and, 

• Seed availability. 

Often not all of the specified seed material is available, and adjustments must be made with 
available seed. The seed collector may have collected additional suitable seed material that was 
not included in the specified seed mix that can be used to replace or augment shortfalls in the 
required seed amounts. Or, for species that are in the same plant functional group in the seed 
mix design, it may be appropriate to increase the rate of one species to supplement shortfalls in 
the collection of another species. 

Timing of Seed and Plant Installation 

The general guideline for installation of riparian habitat is in the fall or winter, depending on 
site conditions and predicted winter rainfall amounts, after sites have met the appropriate focal 
weed thresholds. Each site will be different and installation can occur at the best possible time 
based on site conditions and the predicted winter rainfall amounts. For example, if only seed 
will be installed, it may be best to seed before the winter rains to promote germination from 
rainfall; however, in elevated rainfall years, seed can be washed away during high flow events. 
In this case, seeding should be delayed until after high flow events. If installation of cuttings will 
occur and a temporary irrigation system is installed, it is best to install after the heavy flows 
that can occur during the winter to prevent damage to the irrigation system or loss of plantings 
through scour. Establishment of the cuttings is still feasible if installed later in the season with 
use of the temporary irrigation system for establishment of the cuttings. However, it may be 
possible for installation to occur earlier in the season if low winter rainfall levels are predicted, 
especially in an area that would likely be protected from scour events.  

If cuttings are installed without the use of a temporary irrigation system, then it is 
recommended to install the cuttings mid-to late winter, which is best to achieve establishment 
during the winter rains and when the groundwater is elevated. The cutting material should be 
long and planted deep enough in the ground to reach the groundwater if no irrigation is used 
for establishment. 

Sites that are ready to be seeded should have little to no thatch. If significant thatch is present, 
land managers should rake, collect, and remove it prior to seeding because it will inhibit seed-
to-soil contact, required for optimal germination rates. 
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The installation of native plant material will generally be accomplished by seeding the habitat 
restoration area following adequate control of weed populations through the weed 
management phase (i.e., site preparation). Restoration success is, in large part, dependent on 
adequate weed management prior to the addition of native plant material. Weed management 
should continue until the weed management threshold is achieved rather than installing plant 
material too soon because weed management after the addition of seed is much more difficult 
and labor intensive. Select Appropriate Seeding Method 

The seeding method for riparian areas is dependent upon site conditions, such as landscape 
position, topography, and soil saturation conditions. While all seeding methods should be 
considered for riparian areas to determine the best seeding approach access limitations and 
rough, uneven terrain can limit the feasible seeding method options. Mechanized equipment, 
such as a drill, imprint, or broadcast seeder, can be used for seed installation if sight conditions 
allow for the proper use of the equipment. As an example, when mechanized seeding methods 
may not be appropriate is if the topography of the soil is such that a drill seeder or broadcast 
seeder is unable to evenly apply the seed. Soil moisture levels and standing water may also 
preclude the use of any mechanized seeding method. If mechanized seeding methods are not 
an option, seed installation can be hand-broadcast. Alternatively, hydroseeding can be used, 
but requires a water source and is a significantly more expensive method than broadcast 
seeding, but may be the best method for certain sites.  

Drill Seeding 

Range drill seeding is the optimum seeding method for many restoration areas, where the 
equipment is able to maneuver and there is a low occurrence of native species that would be 
negatively impacted by the method. Drill seeding is efficient, has the highest reliability for 
applying the seed mix at the desired rate with proper calibration of the equipment and provides 
good seed to soil contact. With a rangeland drill seeder, seed material can be installed with 
minimal soil disturbance, can be implemented over thatch, if necessary, and equipment can be 
maneuvered around existing native species to avoid impacts. Thatch should not be so thick such 
that it limits the ability for creation of the planting furrows, inhibits good seed-to-soil contact, 
or eliminates the possibility for the press wheels to cover the seed with soil. However, drill 
seeding in many cases is not a feasible option in riparian restoration areas due to access 
limitations and uneven, rough terrain. 

Drill seeding is better than other seeding methods in a few ways. Drill seeding provides better 
seed to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand seeding methods thus reducing seed costs and less “waste” of 
seed. 

Depending on the terrain of the restoration area, drill seeding can be accomplished in two 
passes or in a single pass. Drill seeding in two passes, or two-way drill seeding, is the preferred 
installation method. For drill seeding in two passes, divide the seed mix in two equal parts and 
apply each half of the seed mix in perpendicular passes across the site, forming a grid 
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pattern. Drill seeding with two passes is generally used on flat to moderate slopes. Seeding 
depth should be not less than ¼ inch and no greater than ½ inch.  

Alternatively, if seed material is limited for a project, and it is desirable to maximize the area 
seeded, one approach is to seed in alternating single pass strips. This is called the modified 
DeSimone method and the use of unseeded strips allows for natural recruitment over time 
from the seeded strips. For example, if the range drill seeder has a width of 6 feet, then a 6-foot 
strip can be seeded in one pass, followed by a 6-foot strip of no seeding, and so on. The width 
of unseeded strip should be wide enough to allow mechanized methods of weed management, 
if needed, but not so wide that natural recruitment from the seeded strips into the non-seeded 
strip is limited. 

Mechanical Broadcast Seeding 

In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Mechanical broadcast 
seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, higher density of seeds or overcrowding in 
one location, and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment.  

Prior to seeding, thick plant thatch should be removed, and if necessary, the ground scarified to 
incorporate seed into the soil. Following seed broadcast, the seed material shall be tamped into 
the soil at less than ½ inch deep with a cultipacker pulled by a tractor, ATV or similar 
equipment. This will increase seed-to-soil contact and provide soil cover over the applied seed 
to improve germination success and reduce loss of seed to wind, erosion and seed predation. 

Hand Broadcast Seeding 

Hand broadcast seeding is an all-purpose seeding method that can be used in relatively small 
areas with limited access or areas with a high density of natives and/or sensitive species. Hand 
broadcast seeding is the best option in areas where other seeding methods may disturb 
sensitive resources or access is limited. 

The disadvantages of this method are that hand broadcast seeding will result in the greatest 
potential for loss of seed due to wind, runoff, and seed predators, a higher potential for uneven 
seed distribution, greater potential for poor seed-to-soil contact and is inefficient in large areas 
(e.g., greater than one or two acres in size). To compensate for seed loss, it is recommended to 
double the rate of seed for each species of the specified seed mix. 

Similar to mechanical broadcast seeding, thick plant thatch should be removed prior to seeding, 
and if necessary, the ground should be scarified to incorporate seed into the soil. Following 
hand seeding, the seeds shall be raked-in to the soil with hand-held rakes or tamped in with a 
6-foot-wide cultipacker attached to an ATV tractor, or skid-steer. 
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Raking and/or tamping of the soil following seeding will aid in seed-to-soil contact and provide 
a thin covering of soil over the applied seed mix. Seeds should be incorporated into the topsoil 
soil less than ½ inch deep. 

Hydroseeding 

Hydroseeding can be used in areas that are not accessible by a drill seeder, mechanical 
broadcast seeder or imprinter. It is a planting process that uses a hydraulically-applied slurry of 
cellulose wood fiber, the specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and 
any amendments to be added (e.g., slow release fertilizer, arbuscular mycorrhizal [AM] fungi). 
Hydroseeding equipment also has some access constraints since the hydroseeder for the most 
part is restricted to roads or trails for access and cannot be driven on an area with more than a 
gentle slope. Furthermore, access is limited by the allowable extent of the hose used to apply 
the mixture while still having enough pressure to apply the seed mix with an even spray, and 
the availability of a source of water for the preparation of batches of slurry. The water source 
may be near the equipment, or water can be transported to the equipment (e.g., by water 
truck). The slurry can be applied by a spray nozzle mounted to the equipment or by a nozzle 
attached to a hose for direct application. Long lengths of hose and/or hard pipe can be 
designed to allow application at a distance of up to 700 feet or more, depending conditions 
such as pump pressure and the viscosity of the slurry. Prior to hydroseed application, the site 
should be cleared of plant thatch to provide good seed-to-soil contact. 

Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding the remaining cellulose wood fiber and organic M-binder. 
The advantage of the two-step method is the increased seed-to-soil contact.  

Imprint Seeding 

Imprint seeding is best used in areas with few to no native species already present. Uneven 
terrain or saturated soil conditions will limit the use of imprinting. Imprinters consist of a metal 
roller with teeth that create v-shaped imprints in the soil (Dixon and Carr 2000). The seed is 
applied at the same time the imprints are made thereby pressing the seed into the soil for 
better seed-to-soil contact. The imprints should be at a specified depth and stable so that 
erosion of the imprints or collapse does not occur. Imprint seeding generally requires the soil to 
be cleared of thatch. The specified imprints can be made in areas with “soft” soil. However, if 
the soil is too soft, such as areas with coarse soils with a high sand content, the imprints can be 
too unstable. In these instances, imprinting should not be the seeding method utilized. An 
unstable imprint is subject to erosion of the imprint or collapse burying the seed too deep.  

The purpose of the imprint is to provide a “safe” microclimate protecting the seeds from wind, 
providing shade to prevent desiccation, and serves to collect water to provide moisture for 
germination. While imprinting works best if soils are moist, imprinting should not be done in 
wet soils as the soil can stick to the imprinting teeth and resulting in improper imprints. 
Imprints can generally last for a couple of years and continue to provide moisture for 
germinated seedlings and provide wind protection from evaporation.  
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Temporary Irrigation System 

If supplemental irrigation is needed to establish transplanted nursery plants or cuttings, then 
the recommended temporary irrigation system design is an overhead system with impact 
heads. The system can also be used to germinate and establish the seed mix, as appropriate. 
Irrigation controllers or timers should not be used and a maintenance person should be onsite 
during all hours of operation of the irrigation system. The maintenance person should check for 
proper operation of the irrigation system and leaks. 

The system should be flexible and easily disassembled when it runs across waterways for easy 
removal during periods of high flow. The temporary irrigation system shall be removed when it 
is no longer needed. 

Cuttings Harvest and Planting 

Cuttings should be collected from nearby, intact riparian habitat if feasible and ideally 
harvested no more than 12 hours prior to installation on the restoration site. For sites that will 
be irrigated, it is recommended cuttings for both willows and mulefat are made from branches 
between 3/8- and 5/8-inch in diameter and a minimum of 4 feet in length. Proximity to 
groundwater depth should be kept in mind when determining cutting length to be able to 
install the cuttings as close to groundwater depth as possible, particularly for willow species. 
Cuttings should be kept moist until installation and it is recommended to dip the cuttings in a 
rooting hormone and vitamin powder immediately prior to planting. No more than 1/3 of the 
cutting should be above ground once planted. For cuttings that will be installed with no 
supplemental irrigation, they should be tall enough (eight feet or greater or depending on 
groundwater depth) to reach the groundwater when planted. 

Nursery Grown Container Plants 

Contract growing of all container plants should be by a local nursery with at least three years of 
experience growing native plants for the target vegetation communities of the project and 
demonstrates proper growing conditions to minimize the potential to introduce non-site 
specific Phytophthora spp. to the restoration area. The plants shall have a well-developed root 
system and conditioned prior to planting. AM inoculum should be incorporated with the 
greenhouse soil mix according to the label at the time of transplantation to containers. 

The container plants should be inspected by the restoration specialist during the growing stage 
and upon delivery for planting to verify the plants are the correct species and quantities, are 
free of weeds, pests, and disease and showing signs of healthy growth. Plants should be grown 
in the specified container long enough to develop a root system that reaches the bottom of the 
container and forms a healthy root ball without becoming root bound. Any container plants 
that are not within these standards should be rejected. Substitution of plant material at the 
time of planting depends solely upon the discretion of the project restoration specialist. 

Container Planting 

Planting locations for container plants should be marked on the site using different colored pin 
flags under the supervision of the project biologist/ecologist.   
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The following are recommended guidelines for container plant installation:  

• Planting holes should be made with the minimum disturbance to accommodate the 
rootballs.  

• Prior to planting, the planting hole should be filled with water and allowed to drain. 

• A specially-formulated, slow release fertilizer provided in planting packets (e.g., Bio-
pac™ from Reforestation Technologies, Inc.) can be planted with container plants to aid 
establishment of the nursery grown stock. The packets should be buried below the 
container plant, and therefore their nutrients are available only to the plants and not 
weedy seedlings that may develop at the soil surface. 

• Plants should be set in the planting hole so that the crown of the root ball is 
approximately at or slightly above finished grade.  

• A watering basin from 18 – 24 inches in diameter should be provided around each 
installed plant. 

• Watering basins should be filled with water after planting. 

6.3.3 On-Going Management 
To achieve habitat restoration goals, some level of on-going management of the restoration 
project is generally necessary after weed management (i.e., site preparation) and seed 
addition. Monitoring is essential after seed or plant additions for a minimum of two years to 
assess weed growth and establishment of the installed plant material. Monitoring plant 
material installation includes the following:  

• Biological monitoring of the establishment of the native material seeded or planted 

• Monitoring, evaluation and treatment of any parts of the project that may require post-
seeding weed maintenance to facilitate the establishment of the native vegetation 

• Monitoring and evaluation of the project that may require post-installation 
supplemental irrigation 

Monitoring of the restoration area will guide any necessary on-going management activities 
that may need to be implemented. On-going management activities may include the following: 

• Treating or eradicating the population of a recurring high priority invasive plant species  

• Pest management 

• Remedial seeding in areas where germination of the native seed mix was limited or 
failed after at least one season of adequate rainfall  

• Remedial planting in areas where container plants or cuttings had limited survivorship 
or failed in the first season  

• Supplemental irrigation scheduling for installed cuttings/container plants 

• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 
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• Conservation activities for sensitive species 

Establishment Monitoring 

In general, monitor habitat restoration sites for at least two years after seeding, or after the 
end of the initial weed management program if seeding is not required, to monitor native seed 
establishment and evaluate the need for additional weeding (including high priority invasive 
plant control), remedial seeding, pest management, or any necessary remedial actions as 
described above. 

Seed Establishment 

In the first establishment year following seed addition, a low to moderate absolute cover of the 
seeded material and a moderate amount of bare ground is expected.  

The actual cover values each year will depend on the effects of site and year on germination 
and growing conditions (e.g., rainfall events, temperature and humidity) at the site. Of the total 
absolute cover of native seeded material, the perennial species will initially constitute a 
relatively low proportion of cover. In the first few years, early successional herbaceous species, 
including native annuals and native plant species that may be added at high rates to provide 
topsoil erosion control, will dominate the relative native cover. In the following years, the 
dominance of cover will shift to perennial species as individual plants grow and mature. 

The actual target cover values for seed establishment for a particular restoration project will 
depend on project goals and factors, such as vegetation community restoration targets, site 
conditions and weather. 

Remedial Weeding 

Remedial weeding refers to weeding that occurs after the weed management program ends 
and after seed application and/or native species recruitment from the existing seed bank. If the 
weed management program adequately controlled the weed seed bank, remedial weeding 
efforts will be minimal.  

Remedial weeding is recommended where nonnative plants inhibit native plant germination 
and/or growth and to continue control of highly invasive species that can readily re-establish in 
the restoration area. The amount of any remedial weeding required each year will depend on 
weather conditions, development of the native habitat(s), and the density and type of weed 
species in the restoration area. The objective of remedial weeding is to reduce nonnative plants 
to a threshold level that allows desirable native species to establish and thrive. Weeding itself 
disturbs the soil and can promote weed establishment; therefore, minimize remedial weeding 
to the level necessary to achieve restoration objectives. Remember that weeds generally thrive 
in disturbance; therefore, monitoring can determine when remedial weeding might not be 
advisable if the site is at or near threshold levels for target weeds. 

Where remedial weeding is necessary, select the most appropriate method for the site and 
management objectives (presented in order of preference): 
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1. Hand weed. Avoid soil disturbance by using cutting tools (e.g., sickle to cut grass 
flowering heads prior to the milk stage) for annual weeds. Treat perennial weeds by 
extracting the taproot by hand or with tools. 

2. Spot spray. Spot spray herbicide using a low-pressure nozzle with a non-selective post-
emergent herbicide (e.g., glyphosate) with the nozzle touching the target weed. This will 
reduce overspray on desirable native plants, but is more time-intensive than broadcast 
application. Use trained and experienced herbicide applicators to minimize damage to 
native species. Herbicide use should be limited and only used when no other method is 
feasible for control, such as for perennial weedy species with long tap root in which 
enough of the root system cannot be extracted by hand methods for effective control. 

Weeded material should be removed from the site if seeds have set prior to removal, otherwise 
some weeded material can be left onsite to mulch and provide organic material for soil 
development, but not so much that it prevents germination or native recruitment.  

The use of mechanical cutting with mowers or line trimmers and broadcast foliar spray of 
herbicides should generally not be used, due to the significant collateral damage that could 
occur to the establishment of the seeded native species. These methods should be reserved for 
remedial weed management in larger areas that fail to develop native vegetation cover after 
one or two years of monitoring, with the understanding that such intensive intervention will 
likely require the application of a remedial seed mix after the site is released from weed 
management again. 

Careful weeding shall be done by trained crews in order to avoid damage to the establishment 
of the native vegetation. Weeds should be removed on a regular basis, as necessary and if 
possible, before they set seed and/or reach approximately 12 inches in height. Adaptive 
management is key to success and includes regular monitoring to guide the scheduling and 
selection of control methods. Care should be taken to limit the amount of soil disturbance and 
trampling of native seedlings from weeding activities. The management of weeds must be 
balanced with the negative side effects on native plant development (i.e., not all weeds in a site 
need to be treated). It is important to train the crews to weed by sweeping through a site and 
target weed control for the weeds that need to be weeded at the stage described above. Other 
weeds that have not reached the desired control stage should be left to weed later. This will 
limit the amount of disturbance in a given area during a weed control event. 

Control of High Priority Invasive Species 

Use species-specific BMPs (where available) to treat high priority invasive species that may not 
be controlled with routine weed management methods. High priority invasive species vary by 
habitat, climate, and management objectives. Refer to regional Early Detection Rapid Response 
(EDDR) lists (e.g., Cal IPC EDDR) or species experts for appropriate and effective methods to 
control high priority invasive species of concern. 

If herbicides are used, great caution should be used with foliar spray application to avoid any 
drift or overspray to establishing native plants. To limit herbicide drift or overspray, the stump-
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cut method should be used when possible and appropriate. See Appendix C for detailed 
specifications for control of select invasive species. 

Supplemental Irrigation Water and Volume Frequency Container Plants 

The temporary irrigation system should be used for plant establishment as necessary. Upon 
completion of installation, irrigation should occur weekly for about the first month in the 
absence of adequate rainfall to prevent desiccation of the cuttings and container plants and 
approximately once per month thereafter. Native trees may require irrigation in the summer of 
the first year, as well as several subsequent seasons of irrigation for successful establishment, 
especially during periods of drought.  

The timing of irrigation events will depend on evapotranspiration between events and soil 
moisture. There are only guidelines to follow, and no cookbook formula, for successful water 
management of native vegetation.  

The following is a sample irrigation management scheme: 

• Irrigate soil to full field capacity to the desired depth (approximately 18 inches during 
germination and seedling/cutting/plant establishment; and 18-24 inches during 
subsequent establishment). 

• Initially keep seeded areas moist until seeded material has germinated (if applicable). 

• Allow soil to dry down to approximately 50-60 percent of field capacity (in the top 6-10 
inches after germination and during seedling and plant establishment; and 8-12 inches 
during plant establishment) before the next irrigation cycle. 

Wetting of the full root zone and drying of the soil between irrigation events is essential to the 
maintenance of the plants and the promotion of a deep root system that will support the 
vegetation in the years after establishment.  A soil probe or shovel should be used to examine 
soil moisture and rooting depth directly. The amount of applied irrigation should be adjusted as 
the trees develop to ensure deep penetration of the root system. 

Evaluation and Management of “Stuck” Sites 

Smaller problematic areas or patches of land within a restoration site that are resistant to 
habitat restoration efforts should be monitored and evaluated by the restoration specialist to 
determine if they warrant additional intervention, or if they are “stuck” sites. As discussed in 
Chapter 2 of the HREP, “stuck” sites may have the opportunity to achieve project success 
criteria (e.g., for native and nonnative cover), but would require extraordinary levels of 
intervention to restore. If it is consistent with the goals of the habitat restoration project, and 
approved by the responsible regulatory agencies, landowner and NCC, “stuck” sites can be left 
in their current condition. The “stuck” sites may become targeted for future management when 
it becomes a priority for resource managers. 

Remedial Seeding 

The need for remedial seeding during the establishment period for seeded and planted native 
material will be determined for each project based on the project goals, what is suitable for the 
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vegetation type, site conditions, growing conditions (e.g., seasonal rainfall, temperature) and 
any regulatory vegetation cover requirements. For example, if the target native vegetation 
coverage in the first year of seed establishment is 20%, then the restoration specialist shall 
evaluate if re-seeding is warranted if native cover is significantly less than 20% over a 
contiguous area of a meaningful size (e.g., 5,000 square feet). However, it may be determined 
that a smaller area for remedial seeding may be required if there are stringent cover 
requirements for the project. 

Areas of significant erosion onsite that are not consistent with project goals and/or imperils 
protection of natural resources and adjacent infrastructure, should be repaired, as appropriate, 
and re-seeded in the first fall season after damage. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g., less than one acre). Larger areas of remedial seeding 
can be accomplished with one of the mechanized seeding techniques, such as mechanical 
broadcast seeding or drill seeding, if the site is accessible with mechanized equipment. Care 
shall be taken to avoid damage to existing native plants.  

Pest Management 

Pest management is often not necessary in restoration sites. If it is determined that the habitat 
is being jeopardized by wildlife, corrective measures such as organic, non-toxic deterrents and 
fencing/plant cages may be used. Invertebrate pests are rarely a serious problem to restored 
habitats if site conditions are appropriate to the desired habitat. If there is a concern regarding 
natural environment pests, consult topic experts and resources, such as those provided by the 
University of California, Agriculture and Natural Resources, Statewide Integrated Pest 
Management Program (UC-IPM).  

Long Term Management 

Long term management of the restoration area will be determined by the land manager, and 
could be considered for incorporation into regional vegetation monitoring programs to track 
the long-term trajectory and health of the restored habitat. 
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7. Freshwater Wetland 
Wetlands are defined as areas of land where water saturation is the dominant factor 
determining the nature of soil development and the types of plant and animal communities it 
supports (Cowardin 1979). Classification of wetlands is usually determined by the length of 
annual inundation or may also be by the types of flora and fauna the area supports. As an 
example, wetlands can be seasonal, or inundated for a short period(s) during the year, or 
perennial. Groundwater levels are often high and are near or at the surface for at least a 
portion of the year. Wetlands are highly productive systems with high diversity and density of 
species. Plant species occurring in wetlands include hydrophytes which are plants that grow 
partly or totally submerged in water or in saturated soil conditions.  

7.1 Freshwater Wetland Habitat Restoration Hypotheses 
1. We can increase native species cover and diversity by depleting the weed seed bank, and 

restoring passively from an existing native seed bank or actively through seed addition. 
2. Where native propagules are not present or in drastically disturbed wetland sites, we 

can increase native species cover and diversity by depleting the weed seed bank, and a 
site-specific planting plan that may include seeding. 

7.2 Freshwater Wetland Weed Management and Habitat 
Restoration Plan 

See Figure 7-1 for the Weed Management and Habitat Restoration Plan for Freshwater Wetland 
Habitat. 
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Figure 7-1. Freshwater Wetland Adaptive Weed Management and Habitat Restoration Plan 
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7.3 Freshwater Wetland Habitat Restoration Guidelines. 
The following are guidelines for the restoration of Freshwater Wetland Habitat. 

7.3.1 Weed Management 

Initial Dethatch 

Site preparation begins with initial dethatching of the site to remove accumulated weed thatch, 
expose bare ground and promote weed germination for the grow-and-kill weed treatments. 
Dethatching should be implemented in fall prior to significant rainfall. Thatch removal exposes 
bare ground and maximizes weed germination from the seed bank for the grow-and-kill 
treatments. There are several potential methods of dethatching described below. The most 
appropriate and feasible clearing method should be selected. Alternatively, unplanned events 
that remove the weed thatch from a restoration site can be leveraged to begin weed 
management and habitat restoration projects—such as wildfire. 

Several sensitive wildlife species may be present within wetland habitats such as least Bell’s 
vireo and southwestern willow flycatcher therefore, the initial site clearing should be timed 
outside of the breeding season for all sensitive species and nesting birds. A qualified biologist 
shall conduct pre-clearing surveys to document the location of occupied areas, and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 
species. If protected species are known or expected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Mowing 

Mowing is an effective method to break down the thatch and can be accomplished with large 
equipment such as a flail or rotary mower or mulcher attached to a tractor, skid-steer or other 
mechanical equipment. Mechanical mowing may not be feasible in all areas, such as sites with 
limited access or saturated soils. Hand-held tools such as line trimmers, hedge trimmers, or 
brushcutters with blade attachments can be used in these instances however, mechanical 
mowing is more cost-effective. Following mulching, the shredded material can be left onsite. In 
instances it is desired or required, mowed material can be raked using mechanized hay rakes if 
feasible or hand raked for removal off-site or in mulch piles on-site. Leaving the mulched 
material onsite is more cost-effective than removing it due to high transport and disposal costs 
(as discussed in more detail below).  

Fire 

A wildfire event can be used as the initial dethatching treatment on a site if there is little or no 
subsequent thatch buildup before the first subsequent grow-and-kill treatment. In some cases, 
opportunistically using a wildfire event as the dethatching event is not effective because either 
the burn wasn’t intense enough to consume enough thatch, or a nonnative species can 
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germinate or re-sprout before the site can be accessed for subsequent weeding treatments—in 
which case, a second dethatching event will still be necessary. 

Hand Methods for Small Areas 

In smaller restoration sites, dethatching by hand or using line trimmers is suggested, as needed. 

Exceptions 

Dethatching may not be necessary in restoration areas that have a naturally low weed load. 

Adaptive Weed Management 

Implement the grow-and-kill method using natural rainfall for a minimum of three years for 
effective control of the weed seed bank. 

Apply at Least Three Weed Treatments per Year 

Typically, weed treatments are applied at least three times per year: fall, winter and during the 
spring and summer season as conditions allow. In wetland areas, access to conduct weeding 
treatments during the growing season may be limited due to the presence and required 
protection of sensitive and protected species within the restoration area (e.g., bird breeding 
nesting activity). While spring and particularly summer treatments are the optimal times to 
treat certain invasive species, the presence of nesting activity can limit access and make 
treatment difficult to impossible. As a result, treatment may be limited to fall and winter. In this 
case, time the third treatment to occur in fall or winter timed to regrowth of target weed 
species, if possible. 

In general, one herbicide treatment event controls weeds better than one mowing event; 
however, both treatments reduce weed populations in the seed bank effectively. Mowing may 
require more years of management to achieve the same effective control as the application of 
herbicide. Furthermore, mechanical removal should not, and is usually restricted by permit 
conditions, occur during avian nesting seasons in occupied wetland habitat, so mowing for 
control may not be a viable option. Depending on the soil moisture and ponding conditions, 
access with equipment may not be possible. 

Weed treatment options may include: 

• Apply herbicide at least 3x/year with approved aquatic, post-emergent herbicide  
• Mow (e.g., mulcher, rotary, or flail mower) at least 3x/year prior to seed set, or during 

critical growth stages of species to control.  
• Use a combination of herbicide and mowing at least 3x/year 

In drought years with low weed loads, fewer treatments per year may be required. In this case, 
reserve weed management budgets for future treatments such as may be necessary in wetter 
years. Conversely, higher rainfall years with greater weed productivity may require additional 
treatments per season in that year (e.g., late spring or summer). 

Assess the need for a fourth treatment depending on the weed density or productivity, 
especially as bare ground increases over time if there is not natural recruitment of native 
wetland species to outcompete the weed populations. 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix B— Guidelines for Vegetation Type-Specific Habitat Restoration Plans  

 Page 127 of 144 

Choice of Methods is Site Specific 

Select the most effective weed management method that is feasible for the specific site and 
habitat management objective. Select the appropriate weed treatment method to address 
target habitat(s), focal weed species, land manager constraints, site accessibility, and soil 
surface conditions. Control methods can include the following, as appropriate: 

• Physical Control Methods: 

o Mow (e.g., flail or rotary mower attached to a tractor or skid steer) 

o Line trim (e.g., hand operated line trimer with a string) 

o Hand pulling or cutting, where appropriate (e.g., hand cut with a blade) 

• Chemical Control Methods: 

o Post-emergent herbicide spot spray foliar application (e.g., backpack sprayer) 

o Stump cut and herbicide treatment, as needed 

Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
access for equipment. Nonnative seedlings and flowering plants shall be controlled prior to the 
production of viable weed seeds in order to reduce contributions back to the weed seed bank. 
Soil disruption should be kept to a minimum to reduce the germination of new weed individuals 
and injury to native species. 

Use only post-emergent herbicides. Do not use pre-emergent herbicides, which will prevent 
native seedlings from developing. Adjust herbicide application rates based on the focal weed 
species. See Appendix C for sample specifications for weed management control methods. 

Careful weeding needs to be done by trained crews to avoid damage to native species in areas 
with significant native cover or sensitive species. Adaptive management is key to success and 
includes regular monitoring by the project biologist or restoration specialist to guide the 
scheduling and selection of control methods. 

Herbicides Approved for Aquatic Use 

Only herbicides and surfactants approved for aquatic use should be used in wetland habitats for 
treatment of weed species. It is important to note that permits may not allow for the use of a 
surfactant in wetland habitats. The purpose of a surfactant is to provide more uniform coverage 
and penetration of the herbicide into the plant. Approved aquatic herbicides include Round-
up® Custom (active ingredient glyphosate), Habitat® (active ingredient imazapyr), and 
Renovate® 3 (active ingredient triclopyr). Non-ionic surfactants approved for aquatic use 
include Liberate® and Rainier®. 

Caution should be taken to prevent overspray and herbicide drift onto the foliage of native 
species as they can damage or kill the plant(s). Prior to selection and use, the label of each 
herbicide should be read to determine if the active ingredient can translocate through the soil 
and cause potential damage to the root system of native species. For example, imazapyr 
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translocates through the soil and its use should be limited to the stump cut treatment method 
to reduce the amount of herbicide introduced into the soil and prevent herbicide drift. 

Timing is Critical 

Observe the focal weed species onsite closely to determine the optimal time for treatment. If 
there is significant variation in conditions throughout a site, then the application of treatments 
may need to be timed differently to control weeds. Treatment often occurs earlier in warm, dry 
locations and later in cool, moist locations, depending on the phenology of plant species and 
their response to soil moisture stress (e.g., timing of flowering).  

Consistent and Thorough Weed Treatment is Key 

Manage weeds as consistently and thoroughly as possible between years during the weed 
management step. Gaps in treatments within and between years can significantly lengthen the 
time to reach weed management objectives and thresholds prior to seeding. 

Adjust Methods and Timing Yearly, as Needed 

Adjust weed control methods and timing each year, as needed, based on weed phenology and 
weather conditions. Over time, as the weed seed bank is depleted in wetland areas, natural 
recruitment of native species can outcompete many weeds species; however, as native plants 
establish, weed management methods may need to be adjusted to avoid injury of the new 
native recruits. For example, smaller equipment, such as line trimmers may need to be used to 
navigate around establishing native plants, instead of larger mowing equipment. 

Tailor Treatment Method to Focal Weeds 

In some cases, it may be necessary to tailor the treatment method to the focal weed species 
because of growth habit.  

High Priority Invasive Plants 

It may be necessary to control high priority invasive species with additional targeted weeding 
treatments, up to several times a year. Use species-specific BMPs or treatment methods on 
these species if common weed treatment methods don’t work. See Appendix C for sample 
specifications for control of common invasive weed species, or consult weed management 
guides or experts, such as Invasive Plants of California’s Wildlands (Bossard et al. 2000), Weed 
Control in Natural Areas in the Western United States (DiTomaso et al. 2013) or the University 
of California Cooperative Extension and Agricultural Experiment Station, Weed Research and 
Information Center (wric.ucdavis.edu). 

Leave Cut Material Onsite 

In general, leave mowed or line trimmed material in-place to decompose, unless a substantial 
amount of nonnative biomass accumulates and inhibits germination of the native seed bank, or 
thatch removal is required. Leaving cut weed material (without viable seed) in place reduces or 
eliminates disposal costs and provides wildlife habitat. The material will decompose over time; 
however, it is important to continue weed treatments to avoid significant thatch build up. 
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Place cut weed material with viable seed in mulch piles outside sensitive areas. If weed seeds 
germinate in the piles in subsequent seasons, treat them with herbicide or cut flowers prior to 
seed set.  Costs to control germination from mulch piles are typically minimal. Alternatively, cut 
material with viable seed may be properly disposed of offsite if preferred. 

Consider a Weed Management Buffer 

Consider creating a weed management buffer outside and adjacent to the restoration area if 
weeds in the adjacent, unrestored area are a significant source of weed seed. Mowing or 
herbicide treatment of the buffer twice per year (timing dependent on weeds to control) prior 
to seed set or other critical phenology stage of the nonnative species to control are cost-
effective methods of managing the weed sources in the buffer. 

Wildlife Protection 

Restoration activities and other disturbances such as grazing, mowing or herbicide application 
should take place to the extent possible outside of the bird breeding season (generally February 
15 to September 15 or as determined by applicable project specific permit conditions) and 
raptor breeding season (January 1 to September 15), as applicable for a project site. 

Prior to the start of restoration activity during the bird breeding season, a qualified biologist 
shall conduct pre-work surveys to document the location of occupied areas, and determine if 
any buffers or mitigation measures are necessary to avoid impacts to sensitive or protected 
species. If protected species are known or suspected to occur in the restoration site, or are 
detected during implementation, then appropriate measures shall be taken, including the 
documentation of occupied areas, applicable protocol surveys by a permitted biologist, and 
consultation with the resource agencies. A qualified biologist shall monitor restoration activity, 
as needed, to avoid and minimize impacts. 

Often, after the initial dethatching event and during the implementation of weed management, 
there is little usable habitat for nesting birds and other wildlife as the nonnative vegetation is 
being actively controlled. Hence, risk to wildlife is minimized. However, depending on the size 
of the applicable buffer to protect sensitive nesting bird species established by the biologist, 
required by permit conditions and/or after consultation with resource agencies, adjacent 
existing habitats to the restoration area should also be included in the surveys to determine if 
the necessary buffers include portions of the active restoration area and protection is required 
during restoration activities. After the site is revegetated with native material, either through 
seeding at the end of the weed management step and/or through natural recruitment, the 
opportunities for wildlife use of the habitat restoration area will increase. 

Monitoring for Weed Management  

Monitoring is an essential part of the adaptive management process because it provides critical 
feedback for management decisions during all phases of restoration. During the weed 
management (i.e., site preparation) step and the subsequent establishment of seeded native 
material, monitoring consists of regular site visits to assess the entire restoration area and 
observe plant health and general site conditions. Based upon the monitoring observations, 
weeding schedules are created and adaptive management measures prescribed, as necessary. 
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Qualitative monitoring of the restoration site at the appropriate time of year (based on target 
habitat type) following installation provides feedback on site development, progress towards 
reaching the final goals of the project, and identification of remedial measures, as necessary.  

Monitor restoration areas to inform: 

• Selection of restoration targets, seed mixes, and weed treatment methods 

• Strategies to avoid and minimize impacts to sensitive biological resources 

• Optimal timing and frequency of weed treatments, based on phenology and weed 
cover 

• Weed control methods, based on within-site and between-year variation in weed 
phenology and any native plant recruitment 

• Seed addition needs, based on native species recruitment from the soil seed bank 

• Seed mix composition and seeding rates, based on field observations of microsite 
conditions and native species recruitment from the seed bank 

Monitoring methods that are practical for managing large areas may include a combination of 
the following: photo points, qualitative vegetation cover estimates (e.g., relevé samples), 
species lists and mapping of high priority invasive species.  

Qualitative monitoring should take place each year in mid-spring for most wetland types to 
capture the majority of annuals as well as perennial species and the full year of growth and 
development of the habitat. Qualitative vegetation cover can be assessed by estimating cover 
from a walk-over survey or at discrete points throughout the restoration site to determine 
overall cover for native, nonnative, and non-vegetated areas (bare ground and/or plant litter) 
for the restoration site. Species richness can be determined by generating a species list of all 
observed species within the restoration area to provide information on the community 
structure of the site and the change in species overtime. Photo documentation at permanent 
photo points can be established for photographic documentation on the development of the 
restoration site for year-to-year comparison. These methods of estimating vegetation cover and 
distribution are cost-effective over large management areas, and provide enough detail to 
inform adaptive management decisions (e.g., timing of weed treatments). 

Weed Management Thresholds 

Adequate weed management prior to seeding reduces total effort and cost, therefore it is 
important to determine at what point weed management can end and native plant material can 
be installed. Manage weeds in treatment areas for at least three years, including two years of 
average or greater than average rainfall, to ensure that any native seed in the existing seed 
bank can respond to managed site conditions. As a rule-of-thumb, the site is ready for seeding 
when absolute weed cover is approximately ≤10 %, as determined by qualitative monitoring 
prior to treatment in the season with the greatest weed production for the site (e.g., winter, 
spring or summer weeding periods). 
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Assessment of the site includes native and nonnative cover, species list of native and nonnative 
species present, and the amount of successful natural recruitment. If a restoration site has low 
cover and/or diversity of native species, the addition of native propagules will likely be 
necessary to achieve the objectives and goals of the habitat restoration project.  

Where weed cover is variable across a project area, add seed into areas with low weed cover 
(≤10% cover) and continue to treat areas with high weed cover (≥10% cover). In some cases, 
seed addition may not be necessary if there is sufficient native species recruitment from an 
existing seed bank. The decision to adjust seed mixes, or to not add any native seed, should be 
made by the land manager or restoration specialist based on monitoring observations during 
the weed management program, including native seed diversity and cover, compared with 
habitat restoration goals for the site. 

For areas with high weed cover, continue weed management until achieving the target 
threshold (≤10% cover) for focal weed species. This threshold may be refined in the future with 
additional monitoring data. 

In many freshwater wetland areas, while there may not be a large existing native seed bank, 
many of the key wetland species seeds are spread by wind and can quickly colonize bare 
ground in a restoration area that is created by successful weed management efforts. In this 
case, weed management will necessarily become more labor intensive, as more effort is spent 
avoiding natives to control weeds. While there will be an increase in labor, time and cost for 
weed management, there is a corresponding cost savings in the number of species and total 
amount of seed material needed for the site—which should help to balance the total cost of the 
restoration project. 

High priority invasive species should generally be controlled to less than 5% cover prior to 
seeding or planting, depending on what is feasible, the habitat restoration goals of the project, 
and the resource management priorities of the land manager. The success criteria for a project 
may require lower cover values by the end of the project for specific high priority invasive 
species. 

7.3.2 Seed and Plant Addition 
Native plant material will be primarily added to the habitat restoration area by seed after it has 
achieved weed management thresholds (discussed above). Restoration success is in large part 
dependent upon proper site preparation during the weed management step. It is very 
important to gain adequate control of nonnative species prior to installation. Weed 
management should continue until the weed management threshold is achieved rather than 
installing plant material too soon. 

Seed installation can be achieved by several methods, including drill seeding, broadcast seeding 
and hydroseeding. The determination of seeding method will be dependent upon site 
conditions and accessibility. Larger sites that are accessible by equipment can be efficiently 
seeded mechanically with a drill seeder, hydroseeder or broadcast seeder. Smaller sites, sites 
with a high density of native species or with unavoidable populations of sensitive species can be 
seeded (optimally during the fall) by hand broadcast. 
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Container plantings of wetland species is an option for species that don’t readily reproduce 
from seed or for quicker establishment of rhizomatous wetland species. Container plants 
typically require some form of temporary irrigation to help establish the transplanted material, 
as discussed below. 

Plant Palette Design 

The plant palette for the restoration area should be selected to ensure that they are 
ecologically appropriate to the site based on observations and local reference sites. Regionally 
native species that aid initial soil development and soil stabilization should also be included in 
the plant palette.  

Planting material may include seed or container plants. The focus of native plant material 
addition by seed in seasonal freshwater wetland habitat is the reintroduction of native wetland 
species, which may not naturally recruit following weed management due to a lack of 
propagules. 

Seasonal Freshwater Habitat Seed Mix Design 

The following presents the seed mix design target ranges by plant functional group for seasonal 
freshwater wetland habitat types (Table 7-1). The target ranges for PLS can be used as a guide 
for developing site-specific seed mixes. The seed mix can vary based on seed availability, cost, 
germination rates and amount of natural recruitment that occurs within a restoration site 
during the site preparation phase. The amount of pure live seed must take into account seed 
loss to predators and various time for germination of types of seed. 

A detailed discussion of how to design a seed mix, along with review of seed collection, 
processing and storage is found in Section 6.4.3 of the HREP document. 

Table 7-1. Seasonal Freshwater Wetland Seed Mix Design Target Ranges. 

Plant Functional Groups Number of 
Species 

Abundance1 PLS/sqft2 

1. Native Grasses 1-2 or more Common to 
Occasional 15-30 

2. Native Monocots 
(sedges, rushes, etc.) 

3 or more Common 
115-130 

3. Native Forb Species 3 or more Common 
40-60 

TOTAL4 7-10 or more  170-220 

1. Target abundance in the habitat restoration site. 
2. PLS = Pure Live Seed, as determined by seed testing of purity and germination rate of collected 

seed species. 
3. The contribution of dormant and hard seed, as determined by seed testing. 
4. Final seed mix amount depends on factors such as species availability, collection cost, seed 

germination rates, site conditions and weather during the collection period. Poor seed collections 
can increase costs significantly. 
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Seed Mix Adjustments 

Seed mix species and/or application rates can be adjusted based on the results of seed testing 
and/or seed availability, as appropriate, to achieve the desired seed mix performance. 

Adjustments to the seed mix and the seed collection/production program can be made, as 
necessary, throughout the weed management implementation period to best match the 
conditions in the restoration area. This information comes from the monitoring program that is 
conducted as part of the feedback loop in the adaptive management process. Other 
adjustments that will need to be made to the seed mix will be based on the following: 

• Seed test results, which indicate the actual percent PLS of the seed lots, versus the 
estimated PLS rates from the initial planned seed mix; and, 

• Seed availability. 

Often not all of the specified seed material is available, and adjustments must be made with 
available seed. The seed collector may have collected additional suitable seed material that was 
not included in the specified seed mix that can be used to replace or augment shortfalls in the 
required seed amounts. Or, for species that are in the same plant functional group in the seed 
mix design, it may be appropriate to increase the rate of one species to supplement shortfalls in 
the collection of another species. 

Timing of Seed and Plant Installation 

The general guideline for installation of wetland habitat is in the fall or winter, depending on 
site conditions and predicted winter rainfall amounts, after sites have met the appropriate focal 
weed thresholds. Each site will be different and installation can occur at the best possible time 
based upon site conditions and the predicted winter rainfall amounts. For example, if only seed 
will be installed, it may be best to seed before the winter rains to promote germination from 
rainfall, however, in elevated rainfall years, seed can be washed away during high flow events. 
In this case, seeding should be delayed until after high flow events. If installation of container 
plants will occur and a temporary irrigation system is installed, it is best to install after the 
heavy flows that can occur during the winter to prevent damage to the irrigation system or loss 
of plantings through scour. However, it may be possible for installation to occur earlier in the 
season if low winter rainfall levels are predicted, especially in an area that would likely be 
protected from scour events. 

Sites that are ready to be seeded should have little to no thatch. If significant thatch is present, 
land managers should rake, collect, and remove it prior to seeding because it will inhibit seed-
to-soil contact, required for optimal germination rates. 

The installation of native plant material will generally be accomplished by seeding the habitat 
restoration area following adequate control of weed populations through the weed 
management phase (i.e., site preparation). Restoration success is, in large part, dependent on 
adequate weed management prior to the addition of native plant material. Weed management 
should continue until the weed management threshold is achieved rather than installing plant 
material too soon because weed management after the addition of seed is much more difficult 
and labor intensive.  
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Select Appropriate Seeding Method 

The seeding method for wetland areas is dependent upon site conditions, such as landscape 
position, topography, and soil saturation conditions. Mechanized equipment, such as a drill, 
imprint, or broadcast seeder, can be used for seed installation if sight conditions allow for the 
proper use of the equipment. As an example, when mechanized seeding methods may not be 
appropriate is if the topography of the soil is such that a drill seeder or broadcast seeder is 
unable to evenly apply the seed. Soil moisture levels and standing water may also preclude the 
use of any mechanized seeding method. If mechanized seeding methods are not an option, 
seed installation can be hand-broadcast. Alternatively, hydroseeding can be used, but requires 
a water source and is a significantly more expensive method than broadcast seeding, but may 
be the best method for certain sites.  

Drill Seeding 

Range drill seeding is the optimum seeding method for many restoration areas, where the 
equipment is able to maneuver and there is a low occurrence of native species that would be 
negatively impacted by the method. Drill seeding is efficient, has the highest reliability for 
applying the seed mix at the desired rate with proper calibration of the equipment and provides 
good seed to soil contact. With a rangeland drill seeder, seed material can be installed with 
minimal soil disturbance, can be implemented over thatch, if necessary, and equipment can be 
maneuvered around existing native species to avoid impacts. Thatch should not be so thick such 
that it limits the ability for creation of the planting furrows, inhibits good seed-to-soil contact, 
or eliminates the possibility for the press wheels to cover the seed with soil.  

Drill seeding is better than other seeding methods in a few ways. Drill seeding provides better 
seed to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand seeding methods thus reducing seed costs and less “waste” of 
seed. 

Depending on the terrain of the restoration area, drill seeding can be accomplished in two 
passes or in a single pass. Drill seeding in two passes, or two-way drill seeding, is the preferred 
installation method. For drill seeding in two passes, divide the seed mix in two equal parts and 
apply each half of the seed mix in perpendicular passes across the site, forming a grid 
pattern. Drill seeding with two passes is generally used on flat to moderate slopes. Seeding 
depth should be not less than ¼ inch and no greater than ½ inch.  

Alternatively, if seed material is limited for a project, and it is desirable to maximize the area 
seeded, one approach is to seed in alternating single pass strips. This is called the modified 
DeSimone method and the use of unseeded strips allows for natural recruitment over time 
from the seeded strips. For example, if the range drill seeder has a width of 6 feet, then a 6-foot 
strip can be seeded in one pass, followed by a 6-foot strip of no seeding, and so on. The width 
of unseeded strip should be wide enough to allow mechanized methods of weed management, 
if needed, but not so wide that natural recruitment from the seeded strips into the non-seeded 
strip is limited. 
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Mechanical Broadcast Seeding 

In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Mechanical broadcast 
seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, higher density of seeds or overcrowding in 
one location, and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment.  

Prior to seeding, thick plant thatch should be removed, and if necessary, the ground scarified to 
incorporate seed into the soil. Following seed broadcast, the seed material shall be tamped into 
the soil at less than ½ inch deep with a cultipacker pulled by a tractor, skid-steer, ATV or similar 
equipment. This will increase seed-to-soil contact and provide soil cover over the applied seed 
to improve germination success and reduce loss of seed to wind, erosion and seed predation. 

Hand Broadcast Seeding 

Hand broadcast seeding is an all-purpose seeding method that can be used in relatively small 
areas with limited access or areas with a high density of natives and/or sensitive species. Hand 
broadcast seeding is the best option in areas where other seeding methods may disturb 
sensitive resources. 

The disadvantages of this method are that hand broadcast seeding will result in the greatest 
potential for loss of seed due to wind, runoff, and seed predators, a higher potential for uneven 
seed distribution, greater potential for poor seed-to-soil contact and is inefficient in large areas 
(e.g., greater than one or two acres in size). To compensate for seed loss, it is recommended to 
double the rate of seed for each species of the specified seed mix. 

Similar to mechanical broadcast seeding, thick plant thatch should be removed prior to seeding, 
and if necessary, the ground should be scarified to incorporate seed into the soil. Following 
hand seeding, the seeds shall be raked-in to the soil with hand-held rakes or tamped in with a 
6-foot-wide cultipacker attached to an ATV, skid-steer, or tractor. 

Raking and/or tamping of the soil following seeding will aid in seed-to-soil contact and provide 
a thin covering of soil over the applied seed mix. Seeds should be incorporated into the topsoil 
soil less than ½ inch deep. 

Hydroseeding 

Hydroseeding can be used in areas that are not accessible by a drill seeder, mechanical 
broadcast seeder or imprinter. It is a planting process that uses a hydraulically-applied slurry of 
cellulose wood fiber, the specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and 
any amendments to be added (e.g., slow release fertilizer, arbuscular mycorrhizal [AM] fungi). 
Hydroseeding equipment also has some access constraints since the hydroseeder for the most 
part is restricted to roads or trails for access and cannot be driven on an area with more than a 
gentle slope. Furthermore, access is limited by the allowable extent of the hose used to apply 
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the mixture while still having enough pressure to apply the seed mix with an even spray, and 
the availability of a source of water for the preparation of batches of slurry. The water source 
may be near the equipment, or water can be transported to the equipment (e.g., by water 
truck). The slurry can be applied by a spray nozzle mounted to the equipment or by a nozzle 
attached to a hose for direct application. Long lengths of hose and/or hard pipe can be 
designed to allow application at a distance of up to 700 feet or more, depending conditions 
such as pump pressure and the viscosity of the slurry. Prior to hydroseed application, the site 
should be cleared of plant thatch to provide good seed-to-soil contact. 

Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding the remaining cellulose wood fiber and organic M-binder. 
The advantage of the two-step method is the increased seed-to-soil contact.  

Imprint Seeding 

Imprint seeding is best used in areas with few to no native species already present. Uneven 
terrain or saturated soil conditions will limit the use of imprinting. Imprinters consist of a metal 
roller with teeth that create v-shaped imprints in the soil (Dixon and Carr 2000). The seed is 
applied at the same time the imprints are made thereby pressing the seed into the soil for 
better seed-to-soil contact. The imprints should be at a specified depth and stable so that 
erosion of the imprints or collapse does not occur. Imprint seeding generally requires the soil to 
be cleared of thatch. The specified imprints can be made in areas with “soft” soil. However, if 
the soil is too soft, such as areas with coarse soils with a high sand content, the imprints can be 
too unstable. In these instances, imprinting should not be the seeding method utilized. An 
unstable imprint is subject to erosion of the imprint or collapse burying the seed too deep.  

The purpose of the imprint is to provide a “safe” microclimate protecting the seeds from wind, 
providing shade to prevent desiccation, and serves to collect water to provide moisture for 
germination. While imprinting works best if soils are moist, imprinting should not be done in 
wet soils as the soil can stick to the imprinting teeth and resulting in improper imprints. 
Imprints can generally last for a couple of years and continue to provide moisture for 
germinated seedlings and provide wind protection from evaporation.  

Temporary Irrigation System 

If supplemental irrigation is needed to establish transplanted nursery plants, then the 
recommended temporary irrigation system design is an overhead system with impact heads. 
The system can also be used to germinate and establish the seed mix, as appropriate. Irrigation 
controllers or timers should not be used and a maintenance person should be onsite during all 
hours of operation of the irrigation system. The maintenance person should check for proper 
operation of the irrigation system and leaks. 

The system should be flexible and easily disassembled when it runs across waterways for easy 
removal during periods of high flow. The temporary irrigation system shall be removed when it 
is no longer needed. 
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Nursery Grown Container Plants 

Contract growing of all container plants should be by a local nursery with at least three years of 
experience growing native plants for the target vegetation communities of the project and 
demonstrates proper growing conditions to minimize the potential to introduce non-site 
specific Phytophthora spp. to the restoration area. The plants shall have a well-developed root 
system and conditioned prior to planting. AM inoculum should be incorporated with the 
greenhouse soil mix according to the label at the time of transplantation to containers. 

The container plants should be inspected by the restoration specialist during the growing stage 
and upon delivery for planting to verify the plants are the correct species and quantities, are 
free of weeds, pests, and disease and showing signs of healthy growth. Plants should be grown 
in the specified container long enough to develop a root system that reaches the bottom of the 
container and forms a healthy root ball without becoming root bound. Any container plants 
that are not within these standards should be rejected. Substitution of plant material at the 
time of planting depends solely upon the discretion of the project restoration specialist. 

Container Planting 

Planting locations for container plants should be marked on the site using different colored pin 
flags under the supervision of the project biologist/ecologist.   

The following are recommended guidelines for container plant installation:  

• Planting holes should be made with the minimum disturbance to accommodate the 
rootballs.  

• Prior to planting, the planting hole should be filled with water and allowed to drain. 

• A specially-formulated, slow release fertilizer provided in planting packets (e.g., Bio-
pac™ from Reforestation Technologies, Inc.) can be planted with container plants to aid 
establishment of the nursery grown stock. The packets should be buried below the 
container plant, and therefore their nutrients are available only to the plants and not 
weedy seedlings that may develop at the soil surface. 

• Plants should be set in the planting hole so that the crown of the root ball is 
approximately at or slightly above finished grade.  

• A watering basin from 18 – 24 inches in diameter should be provided around each 
installed plant. 

• Watering basins should be filled with water after planting. 

7.3.3 On-Going Management 
To achieve habitat restoration goals, some level of on-going management of the restoration 
project is generally necessary after weed management (i.e., site preparation) and seed 
addition. Monitoring is essential after seed or plant additions for a minimum of two years to 
assess weed growth and establishment of the installed plant material. Monitoring plant 
material installation includes the following:  
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• Biological monitoring of the establishment of the native material seeded or planted 

• Monitoring, evaluation and treatment of any parts of the project that may require post-
seeding weed maintenance to facilitate the establishment of the native vegetation 

• Monitoring and evaluation of the project that may require post-installation 
supplemental irrigation 

Monitoring of the restoration area will guide any necessary on-going management activities 
that may need to be implemented. On-going management activities may include the following: 

• Treating or eradicating the population of a recurring high priority invasive plant species  

• Pest management 

• Remedial seeding in areas where germination of the native seed mix was limited or 
failed after at least one season of adequate rainfall  

• Remedial planting in areas where container plants or cuttings had limited survivorship 
or failed in the first season  

• Supplemental irrigation scheduling for installed container plants 

• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 

• Conservation activities for sensitive species 

Establishment Monitoring 

In general, monitor habitat restoration sites for at least two years after seeding, or after the 
end of the initial weed management program if seeding is not required, to monitor native seed 
establishment and evaluate the need for additional weeding (including high priority invasive 
plant control), remedial seeding, pest management, or any necessary remedial actions as 
described above. 

Seed Establishment 

In the first establishment year following seed addition, a low to moderate absolute cover of the 
seeded material and a moderate amount of bare ground is expected.  

The actual cover values each year will depend on the effects of site and year on germination 
and growing conditions (e.g., rainfall events, temperature and humidity) at the site. Of the total 
absolute cover of native seeded material, the perennial species will initially constitute a 
relatively low proportion of cover. In the first few years, early successional herbaceous species, 
including native annuals and native plant species that may be added at high rates to provide 
topsoil erosion control, will dominate the relative native cover. In the following years, the 
dominance of cover will shift to perennial species as individual plants grow and mature. 

The actual target cover values for seed establishment for a particular restoration project will 
depend on project goals and factors, such as vegetation community restoration targets, site 
conditions and weather. 
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Remedial Weeding 

Remedial weeding refers to weeding that occurs after the weed management program ends 
and after seed application and/or native species recruitment from the existing seed bank. If the 
weed management program adequately controlled the weed seed bank, remedial weeding 
efforts will be minimal.  

Remedial weeding is recommended where nonnative plants inhibit native plant germination 
and/or growth and to continue control of highly invasive species that can readily re-establish in 
the restoration area. The amount of any remedial weeding required each year will depend on 
weather conditions, development of the native habitat(s), and the density and type of weed 
species in the restoration area. The objective of remedial weeding is to reduce nonnative plants 
to a threshold level that allows desirable native species to establish and thrive. Weeding itself 
disturbs the soil and can promote weed establishment; therefore, minimize remedial weeding 
to the level necessary to achieve restoration objectives. Remember that weeds generally thrive 
in disturbance; therefore, monitoring can determine when remedial weeding might not be 
advisable if the site is at or near threshold levels for target weeds. 

Where remedial weeding is necessary, select the most appropriate method for the site and 
management objectives (presented in order of preference): 

1. Hand weed. Avoid soil disturbance by using cutting tools (e.g., sickle to cut grass 
flowering heads prior to the milk stage) for annual weeds. Treat perennial weeds by 
extracting the taproot by hand or with tools. 

2. Spot spray. Spot spray herbicide using a low-pressure nozzle with a non-selective post-
emergent herbicide (e.g., glyphosate) with the nozzle touching the target weed. This will 
reduce overspray on desirable native plants, but is more time-intensive than broadcast 
application. Use trained and experienced herbicide applicators to minimize damage to 
native species. Herbicide use should be limited and only used when no other method is 
feasible for control, such as for perennial weedy species with long tap root in which 
enough of the root system cannot be extracted by hand methods for effective control. 

Weeded material should be removed from the site if seeds have set prior to removal, otherwise 
some weeded material can be left onsite to mulch and provide organic material for soil 
development, but not so much that it prevents germination or native recruitment.  

The use of mechanical cutting with mowers or line trimmers and broadcast foliar spray of 
herbicides should generally not be used, due to the significant collateral damage that could 
occur to the establishment of the seeded native species. These methods should be reserved for 
remedial weed management in larger areas that fail to develop native vegetation cover after 
one or two years of monitoring, with the understanding that such intensive intervention will 
likely require the application of a remedial seed mix after the site is released from weed 
management again. 

Careful weeding shall be done by trained crews in order to avoid damage to the establishment 
of the native vegetation. Weeds should be removed on a regular basis, as necessary and if 
possible, before they set seed and/or reach approximately 12 inches in height. Adaptive 
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management is key to success and includes regular monitoring to guide the scheduling and 
selection of control methods. Care should be taken to limit the amount of soil disturbance and 
trampling of native seedlings from weeding activities. The management of weeds must be 
balanced with the negative side effects on native plant development (i.e., not all weeds in a site 
need to be treated). It is important to train the crews to weed by sweeping through a site and 
target weed control for the weeds that need to be weeded at the stage described above. Other 
weeds that have not reached the desired control stage should be left to weed later. This will 
limit the amount of disturbance in a given area during a weed control event. 

Control of High Priority Invasive Species 

Use species-specific BMPs (where available) to treat high priority invasive species that may not 
be controlled with routine weed management methods. High priority invasive species vary by 
habitat, climate, and management objectives. Refer to regional Early Detection Rapid Response 
(EDDR) lists (e.g., Cal IPC EDDR) or species experts for appropriate and effective methods to 
control high priority invasive species of concern. 

If herbicides are used, great caution should be used with foliar spray application to avoid any 
drift or overspray to establishing native plants. To limit herbicide drift or overspray, the stump-
cut method should be used when possible and appropriate. See Appendix C for detailed 
specifications for control of select invasive species. 

Supplemental Irrigation Water and Volume Frequency Container Plants 

Supplemental irrigation should be timed to mimic natural rainfall patterns to extend the rainy 
season in the fall and spring. Upon completion of plant installation, irrigation should occur 
weekly for about the first month in the absence of adequate rainfall to prevent desiccation of 
the container plants and then as needed based on soil moisture observations, plant needs, and 
rainfall amounts.  

The timing of irrigation events will depend on evapotranspiration between events and soil 
moisture. There are only guidelines to follow, and no cookbook formula, for successful water 
management of native vegetation.  

The following is a sample irrigation management scheme: 

• Irrigate soil to full field capacity to the desired depth (approximately 18 inches during 
germination and seedling/cutting/plant establishment; and 18-24 inches during 
subsequent establishment). 

• Initially keep seeded areas moist until seeded material has germinated (if applicable). 

• Allow soil to dry down to approximately 50-60 percent of field capacity (in the top 6-10 
inches after germination and during seedling and plant establishment; and 8-12 inches 
during plant establishment) before the next irrigation cycle. 

Wetting of the full root zone and drying of the soil between irrigation events is essential to the 
maintenance of the plants and the promotion of a deep root system that will support the 
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vegetation in the years after establishment.  A soil probe or shovel should be used to examine 
soil moisture and rooting depth directly.  

Evaluation and Management of “Stuck” Sites 

Smaller problematic areas or patches of land within a restoration site that are resistant to 
habitat restoration efforts should be monitored and evaluated by the restoration specialist to 
determine if they warrant additional intervention, or if they are “stuck” sites. As discussed in 
Chapter 2 of the HREP, “stuck” sites may have the opportunity to achieve project success 
criteria (e.g., for native and nonnative cover), but would require extraordinary levels of 
intervention to restore. If it is consistent with the goals of the habitat restoration project, and 
approved by the responsible regulatory agencies, landowner and NCC, “stuck” sites can be left 
in their current condition. The “stuck” sites may become targeted for future management when 
it becomes a priority for resource managers. 

Remedial Seeding 

The need for remedial seeding during the establishment period for seeded and planted native 
material will be determined for each project based on the project goals, what is suitable for the 
vegetation type, site conditions, growing conditions (e.g., seasonal rainfall, temperature) and 
any regulatory vegetation cover requirements. For example, if the target native vegetation 
coverage in the first year of seed establishment is 20%, then the restoration specialist shall 
evaluate if re-seeding is warranted if native cover is significantly less than 20% over a 
contiguous area of a meaningful size (e.g., 5,000 square feet). However, it may be determined 
that a smaller area for remedial seeding may be required if there are stringent cover 
requirements for the project. 

Areas of significant erosion onsite that are not consistent with project goals and/or imperils 
protection of natural resources and adjacent infrastructure, should be repaired, as appropriate, 
and re-seeded in the first fall season after damage. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g., less than one acre). Larger areas of remedial seeding 
can be accomplished with one of the mechanized seeding techniques, such as mechanical 
broadcast seeding or drill seeding, if the site is accessible with mechanized equipment. Care 
shall be taken to avoid damage to existing native plants.  

Pest Management 

Pest management is often not necessary in restoration sites. If it is determined that the habitat 
is being jeopardized by wildlife, corrective measures such as organic, non-toxic deterrents and 
fencing/plant cages may be used. Invertebrate pests are rarely a serious problem to restored 
habitats if site conditions are appropriate to the desired habitat. If there is a concern regarding 
natural environment pests, consult topic experts and resources, such as those provided by the 
University of California, Agriculture and Natural Resources, Statewide Integrated Pest 
Management Program (UC-IPM).  
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Long Term Management 

Long term management of the restoration area will be determined by the land manager, and 
could be considered for incorporation into regional vegetation monitoring programs to track 
the long-term trajectory and health of the restored habitat. 
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1 Introduction 
The following specifications are provided as a general reference to assist land managers and 
restoration specialists develop site-specific habitat enhancement and restoration plans in 
southern California, with a focus on the County of Orange Central and Coastal Subregion 
Natural Community Conservation Plan/Habitat Conservation Plan (NCCP/HCP). 

It is important to be mindful that the weed management and native plant material installation 
methods that are selected for a particular project should be based on “getting to know your 
site” from field observations, review of existing documentation, and the goals of the project. 
There may be methods other than those presented in this document that are more appropriate 
for a particular project or site. The selection of habitat restoration methods will initially be 
made during the planning phase of the project, but they may change adaptively during 
implementation of the project after consideration of observations made during monitoring of 
the project. 

2 Weed Management 
For most habitat enhancement and restoration efforts in southern California, it is 
recommended to manage the existing weed seed bank of the degraded area prior to 
installation of native plant material. Adequately controlling the weed seed bank first allows for 
the use of more cost-effective weed management methods, and increases the likelihood that 
the native plant material added in the form of seed, cuttings or nursery container transplants 
will successfully establish.  

Adequate management of the nonnative seed bank may take several years to achieve, 
depending on the size of the nonnative seed population and the number of “grow-and-kill” 
events that occur each year. The grow-and-kill method is used to treat (kill) nonnative seedlings 
and new growth prior to seed set, in order to deplete the existing weed seedbank and prevent 
new weed seed from entering the seed bank. 

Generally, it is more cost-effective and feasible for the management of large areas to rely solely 
on natural rainfall-driven grow-and-kill; however, project implementation is at the mercy of 
unpredictable weather patterns from year-to-year. This necessitates an adaptive weed 
management approach, which allows for flexibility in the timing and intensity of grow-and-kill 
events each year. Adaptive weed management is also a necessity, because it is difficult and 
impractical to quantify the size of the nonnative seedbank in the project site during the 
planning phase; and rather the amount of weed management effort can only be estimated 
based on prior biological monitoring and experience with similar habitat restoration efforts. 

In circumstances where it is important to reduce the amount of time necessary to implement 
the habitat restoration project, the years needed to manage the nonnative seedbank can be 
reduced with supplemental irrigation. Supplemental water from a temporary irrigation system 
can “force” more grow-and-kill events than can be achieved with natural rainfall alone. For 
example, if three or four grow-and-kill events can be achieved throughout the year with 
supplemental irrigation instead of only two with natural rainfall alone, then weed management 
can be completed in two to three years in a project site that ultimately needs eight grow-and-
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kill cycles completed prior to seed addition, instead of four to five years with natural rainfall 
alone. However, the use of a temporary irrigation system to reduce the number of years of pre-
seeding weed management, also commonly referred to as “site preparation” in habitat 
restoration projects, must be feasible (e.g., a water source is accessible to the project site) and 
justified by need given the significant cost for the purchase of water and installation of the 
temporary irrigation system. 

While most degraded areas targeted for habitat enhancement and restoration in southern 
California have long histories of disturbance and occupation by nonnative plant populations, 
there are circumstances where there is little to no nonnative seedbank in the soil prior to native 
plant material addition (e.g., revegetation of a newly cut slope where virgin soil has been 
exposed). In these cases, weed management prior to native material addition may not be 
necessary. 

Often coinciding with a history of disturbance (e.g., agriculture, unnatural fire frequency) and 
nonnative plant introduction, most degraded areas in southern California are also native seed-
limited, meaning that even with adequate weed management there is not sufficient viable 
native seed populations and/or diversity to restore sustainable native habitat. Therefore, native 
plant material addition is a necessary second phase in habitat restoration projects, following 
the adequate management of the nonnative plant population. Even in habitat restoration 
projects where natural recruitment from existing native seedbanks and/or adjacent natural 
areas is sufficient—adequate weed management remains critical to the successful 
establishment of native habitat. While it is invaluable to have existing native material and 
successful natural recruitment on site, the budget for the weed management program must 
incorporate the additional labor and expertise required to weed around desirable native 
vegetation. Working around natives in a project site often requires more hand methods (e.g., 
hand cutting or pulling) and has fewer opportunities for time efficiencies afforded by the use of 
mechanized equipment, like mowers. 

The initial step in weed management typically begins in the fall with a dethatching event, as 
necessary for an individual site, to allow good germination of the weed seed bank with the first 
winter rains. The number of years required for weed management will be site-specific and 
depend on weed density, the type of weed species to control, annual weather patterns, and 
site-specific variables such as landscape position and soil type. At minimum, for most sites 
without supplemental irrigation, three consecutive years of site preparation activities should be 
planned to manage the weed population prior to installing native plant material.  

The selection of weed management methods will depend on the type and density of weed 
species present, and the density of native species. Control methods can include the following, 
as appropriate: 

• Mowing/Cutting – mechanical equipment or hand tools 

• Raking/Windrowing – mechanical equipment or hand tools for removal of cut material 

• Hand pulling/Cutting seedlings/saplings where feasible 

• Herbicide application 
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Each weed control method has advantages and disadvantages, with considerations for the 
timing of application, the availability of equipment and trained staff, and limitations to site 
access for equipment. Nonnative seedlings and flowering plants should be controlled prior to 
the production of viable weed seeds in order to reduce contributions back to the weed seed 
bank.  

Soil disruption should be kept to a minimum to reduce the germination of new weed 
individuals, injury to native species, and disturbance to biological soil crusts. However, during 
the weed management step (i.e., site preparation), in areas with no biological crusts and low 
native cover, the limited disturbance of the topsoil that occurs from mechanical equipment, 
such as mowers, can accelerate the germination weed seed and increase weed control 
efficiency. Careful weeding needs to be done by trained crews in order to avoid damage to 
native species in areas with significant native cover or sensitive species. Adaptive management 
is key to success and includes regular monitoring to guide the scheduling and selection of 
control methods. 

2.1 Physical Control Methods 
2.1.1 Mowing/Line Trimming 
Mowing with mechanical equipment, such as a rotary mower, flail mower, or mulcher attached 
to a tractor or skid steer, or hand-operated motorized cutting tools such as line trimmers are 
generally the most efficient and least disruptive site preparation methods to use in areas 
dominated by annual grasses and weedy herbaceous species. Mowing is appropriate in larger 
areas that are flat to moderately sloped. Line trimming can be accomplished with a gas-
powered, hand-operated line trimmer fitted with a string, brush blade or similar instrument in 
areas inaccessible to larger equipment. Careful mowing should be implemented to limit injury 
to native species when cutting. Walk-behind, hand-operated mowers should be used in areas 
with a high density of native species present to minimize damage to establishing native species.  

Fire prevention measures must also be taken to avoid accidental fires from sparks during 
machinery operation or line trimming with blades. These measures may include having a water 
truck on site near the mowing activity at all times, shovels carried on the mower and water 
truck, and water fire extinguishers. The weed material should be cut as close to the ground as 
possible to limit re-sprouting of herbaceous species and ensure removal of bolting crowns of 
grasses. Care should be taken to not damage biological soil crusts where present. 

Shafted Hedge Trimmer 

Similar to line trimming, a gas-powered, hand-operated, shafted hedge trimmer with an 
articulating blade can be used to trim weeds above the soil surface from a standing position. 
Shafted hedge trimmers can be effective for cutting denser patches of broadleaf weeds after 
they have flowered, such as nonnative filaree (Erodium spp.). Line trimmers are more effective 
for control of annual grasses than hedge trimmers. Hedge trimmers are most effective in areas 
that are inaccessible to larger equipment, or when working around dense, existing native 
vegetation that excludes the use of larger equipment. 
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2.1.2 Mechanical Raking/Windrowing 
Following the initial mowing event of a site, the site should be dethatched by raking the cut 
material and removing it from the site. Raking and removal of cut material is not necessary in 
subsequent mowing events unless a significant amount of the weed species has set seed or it is 
determined the thickness of the thatch will prevent germination of desirable species. 
Additionally, a final removal of thatch material may be necessary prior to seeding activities to 
ensure good seed-to-soil contact, depending on the seeding method used. For instance, drill 
seeding and hand-broadcast seeding can be accomplished over mowed plant stubble if the 
thatch is not too thick. For hydroseeding, it is best to have minimal thatch present on the 
ground. 

Material will be mechanically raked into windrows and the material will be placed into mulch 
piles within the restoration area, placed in adjacent buffer areas, or removed from the site if 
necessary. Following the initial dethatching event, there may be a significant amount of weed 
seed present, in which case, it would be preferable to remove the thatch from the restoration 
area, either off-site or in buffer areas where it can be further managed during implementation 
of the restoration project. 

An exception to leaving cut biomass in place is when an herbicide that retains the active 
ingredient in the dead plant material (e.g., clopyralid) is used. In this case, collect and mulch the 
biomass in a buffer area or remove and properly dispose of the material from the site. 

2.1.3 Hand/Mechanical Pulling or Cutting 
Hand pulling or cutting of weeds is one of the least disruptive methods of site preparation, but 
is an inefficient method of weed control in dense stands of weed species. Hand pulling or 
cutting should be reserved for controlling isolated individuals, targeted control of high priority 
invasive species, or controlling small infestations in areas that are inaccessible to equipment or 
where high densities of native or sensitive species are present. Hand-cutting can be used to 
remove the flowering stalks of weeds prior to seed development with tools such as sickles or 
vinyl knives. The cut material can be left in place, if it does not build a significant layer of thatch, 
or placed in a mulch pile. If cut material contains viable seed, then it should be disposed of off-
site or placed in a mulch pile that is actively managed for germinating weed species. 

Hand-pulling is a very useful manual technique to use on young plants and small patches of 
weeds. Isolated individuals of select invasive species can be pulled by hand or with a tool such 
as the Weed Wrench™. Using hand garden tools such as picks, cultivators, weeders, specialized 
hoes, mattocks, and trowels, can help to loosen the soil around the roots. After loosening the 
soil, pull vertically from the ground to remove as much of the root system as possible, 
especially weed species with a long tap root. 

2.2 Chemical Control Methods 
Herbicide treatment is specified mainly for dense weed areas with low densities of native 
species and for control of high priority invasive species that are perennial or may re-sprout 
from taproots and rhizomes. For effective control of weed populations, these weeds must be 
controlled before they produce viable seed. Most herbicides are not selective for weeds only 
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(i.e., these herbicides must be applied with the least harmful effect to non-target native 
species). In general, post-emergent herbicides, which kill plants after they have germinated and 
are actively growing, are recommended. 

Only herbicides registered for use in California and in wildlands should be used judiciously 
within the restoration areas. Herbicides that are registered for use in California natural areas 
are recommended for particular weed species at rates specified on the herbicide labels. The 
recommended herbicides registered for use in California that are proposed in these 
specifications are glyphosate, a non-specific herbicide registered for use on almost all weed 
species, fluazifop-p-butyl to control weedy grasses, clopyralid for the treatment of thistles in 
the rosette stage, and triclopyr for invasive forb species. 

The herbicide applicator must have a pest control business license that requires at least one 
individual employed by the business be in possession of a qualified applicator’s license. All 
licenses must be issued by the State of California and be currently registered in the county of 
work. If a qualified applicator is not present during the herbicide treatment, all applicators must 
have undergone documented herbicide training. Personnel must wear all protective clothing 
required by law and follow all herbicide label directions and precautions. All re-entry times 
specified on an herbicide label must be observed and posted. Herbicide preparation must be 
conducted only in approved staging areas more than 100 feet from a stream course or any body 
of water. 

A colorant or marking dye is recommended to ensure even coverage of herbicide. The material 
should be a non-toxic material such as Blazon®, Turf Mark® or equivalent. The dye should be 
mixed with the herbicide at no more than half the rate specified on the label as it can reduce 
product performance, especially at lower herbicide application rates. 

Herbicide treatment should be conducted only when weather conditions are conducive to 
effective uptake of the herbicide by target species when plants are at the specified growth 
stage. Optimal weather includes sunny and dry conditions with ambient temperatures of at 
least 65 degrees Fahrenheit. Wind conditions should be five miles per hour or less to minimize 
herbicide drift for worker protection and to prevent damage to desirable vegetation. 

2.2.1 Foliar Spray Treatment 
Foliar spray treatment involves applying a select herbicide at a specified concentration directly 
to the exposed foliage of the plant to thoroughly wet all leaves. In order for the foliar spray 
treatment to be effective, the exposed foliage needs a thorough coating of herbicide and the 
plant should be actively growing. Typically, the foliar spray treatment is best used on smaller 
plants to ensure adequate cover of the herbicide.  

The disadvantage of the foliar spray treatment is the damage that may be caused to desirable 
species in the localized area where spraying occurs, especially if a non-selective herbicide like 
glyphosate is being used. Additionally, the foliar application method is generally ineffective on 
invasive plants with thick waxy cuticles. 

Foliar spray treatment can be implemented either by broadcast or backpack sprayer 
application. Broadcast application can be accomplished using a boom spray attached to a 
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tractor or smaller utility vehicle. This is a highly efficient and cost-effective method but should 
only be done in areas with a low density of natives to reduce damage to desirable species, 
especially if a non-selective herbicide such as glyphosate is used. Truck-mounted sprayers with 
a wand and pressurized line can be used, which will allow for more directed spray to target 
weed species, while still being efficient.  

Backpack sprayers are appropriate in areas with less dense weed species and higher native 
cover or to spot treat high priority invasive species. However, backpack spray application is the 
least efficient and most labor-intensive herbicide control method. For backpack or hand-held 
application of herbicide, use a low-pressure regulated sprayer with a coarse droplet size and 
single-nozzle wand. For this type of application use either spray-to-wet applications, or low 
volume directed spray.  

For application to small weeds (e.g., seedling stage) amongst dense native plants, if herbicide 
application is deemed necessary, the herbicide can be applied by backpack sprayer with a low-
pressure regulated wand with the nozzle directed to the weed foliage, thereby avoiding 
overspray. However, nozzle-to-plant application is time intensive and requires highly trained 
applicators that can differentiate between native and nonnative plants at the seedling stage; 
and therefore, it is typically not the most cost-effective weed management method. 

2.2.2 Stump Cut and Herbicide Treatment 
Treatment of larger and well-established individuals, including high priority invasive species 
that may re-sprout from taproots or rhizomes, is best accomplished by using the stump cut and 
herbicide application method. Advantages of the stump-cut treatment compared with foliar 
application for larger individuals, includes the following: 

• Lower quantity of herbicides required to treat the invasive species; and 

• Localized application of the herbicides reduces the likelihood of herbicide contact with 
non-target native species, during application.  

Typically, the stump cut and herbicide treatment is used in late summer and early fall when 
plants are translocating energy reserves to the rootstock and when seed dispersal is not 
enhanced by weeding activities (timing is dependent on the weed species treated).  

The stump cut treatment method process involves cutting the stump of an invasive species flat 
at about 8 to 10 inches in height, then immediately (within 2 minutes or less) treating the 
exposed cambium of the cut stump with a select herbicide at a specified concentration. The 
stump cut treatment should be implemented in the following steps: 

Step 1. Plants will be cleanly cut, horizontally, close to the ground (using a saw, rotary brush 
cutter or similar tool).  

• The cut vegetation will be removed from the project area the same day it is cut and 
properly disposed of off-site or in a designated buffer area. 

• Mulching Option: To reduce the cost of disposal, cut material that does not contain 
significant amounts of viable seed may be stockpiled in-place in compost piles in areas 
that are devoid of native species and that were previously occupied by the same treated 
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invasive weed species. Do not locate mulch piles in areas that may negatively impact the 
recruitment or growth of native species-(e.g., areas immediately adjacent to existing 
native habitat). 

Step 2. The stumps or stems will be re-cut, cleared of sawdust and immediately painted with 
the specified herbicide within two minutes of cutting, before the cut surface begins to congeal, 
to ensure penetration of the herbicide. 

• Use a 50 to 100% solution (dependent on the weed species treated) of glyphosate on 
the cut stump. 

Plants generally should be checked about one month after application to determine the success 
of the herbicide treatment. Any re-growth from the treated stumps should be treated with the 
foliar herbicide application method in the same growing season or as re-growth appears in the 
next growing season. Any new seedlings and small saplings observed during follow-up 
treatments can by hand pulled, ensuring that the root system is removed. The pulled material 
should be removed from the project area or chipped and stockpiled for composting, as some 
species can regenerate when moisture is available. 

2.2.3 Recommended Herbicides for the Control of Nonnative Species 
The following sections provide information and application rates for specific herbicides 
recommended for use in the restoration areas. 

Categories of herbicides include pre-emergent and post-emergent. Pre-emergent herbicides 
work on newly germinated weed species. They prevent them from developing and do not harm 
established plants. Post-emergent herbicides work on established and actively growing weed 
species. Only post-emergent herbicides are recommended for use. Pre-emergent herbicides 
should not be used for habitat restoration since they may also affect newly germinated native 
species. 

Post-emergent herbicides are either selective (kills specific types of weeds such as grasses or 
broadleaves) or non-selective (works on all plants). Grass-selective herbicides include Fusilade® 
DX and Envoy®. Broadleaf-selective herbicides include Clopyralid. Non-selective herbicides 
include glyphosate and triclopyr. 

Post-emergent herbicides can be broadcast sprayed in areas with a low density of native 
species or applied with backpack sprayers in areas with a higher density of native species. 
Selective herbicides can be broadcast sprayed to control the desired weed type with little to no 
impact on natives of a different plant type. Non-selective herbicides can be more efficient in 
areas with a mix of grass and broadleaf weed species since they can treat all of the weed 
species present at the site. However, non-selective herbicides can cause the most harm to 
desirable native species and should only be broadcast sprayed in areas with a low density of 
natives.  

Caution should be taken to prevent overspray and herbicide drift onto the foliage of native 
species as they can damage or kill the plant(s). Prior to selection and use, the label of each 
herbicide should be read to determine if the active ingredient can translocate through the soil 
and cause potential damage to the root system of native species. For example, imazapyr 
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translocates through the soil and its use should be limited to the stump cut treatment method 
to reduce the amount of herbicide introduced into the soil and prevent herbicide drift. 

Fluazifop (Fluazifop-p-butyl Fusilade® DX) 

The active ingredient in Fusilade® DX is fluazifop-p-butyl. Fusilade® DX is a selective post-
emergent herbicide used for the control of annual and perennial weed grasses. The herbicide is 
systemic i.e., it is absorbed and moves from the foliage to the roots, rhizomes, stolons, shoots 
and meristematic regions of the grasses. 

Application Rate 

Fusilade® DX application rates for annual and perennial grasses is 16-24 ounces (oz) per acre (4 
to 6 oz of active ingredient [a.i.] per acre). For control of seedlings the rate is 8 oz per acre (2 oz 
a.i. per acre). Add the following spray additives to the herbicide mixture for optimum 
effectiveness: 

• Crop oil concentrate containing 15-20% approved emulsifier at 0.5-1% volume/volume 
(v/v) (0.5-1 gallon [gal]/100 gal) 

• Nonionic surfactant containing at least 75% surface-active agent at 0.25-0.5% v/v (1-2 
quarts/100 gal) 

• A non-toxic colorant or marking dye to insure even coverage of herbicide. The dye 
should be mixed with the herbicide at no more than half the rate specified on the label 
of the dye as it can reduce product performance, especially at lower herbicide 
application rates. 

Weedy grass species should be treated at the appropriate growth stage for optimum 
effectiveness. Grasses that have tillered (sprouted a shoot from its base), formed seed heads, 
or exceeded the growth stages listed on the label should not be treated. Target weed grasses 
should not be under stress (e.g., from moisture, temperature, low soil fertility) for optimum 
control.  

If the treatment area has a mix of weedy grasses, Fusilade application should be implemented 
when the first grass reaches the specified growth stage for treatment using the highest 
application rate for the grasses in the mixed population. The optimum growth stage for 
treatment of annual grasses is when grasses are 2–8 inches tall, but prior to tillering and/or 
seed head formation. It is important to note that in drought years when available water is 
limited, nonnative grasses can flower early when plants are less than 8 inches tall. Monitoring 
of flower production is critical to determine the optimum time for weed control. Thoroughly 
coat the foliage with herbicide during foliar application, but not to the point of runoff of the 
herbicide.  

No more than 72 fluid ounces of Fusilade per acre a year should be applied to a treatment area. 
It should not be applied if rainfall is expected within 1 hour of application. Fusilade should not 
be applied directly to water, where surface water is present, or where runoff into water bodies 
could occur. To reduce herbicide runoff, avoid applications of herbicide within 48 hours of 
rainfall. Restrict entry into treated areas as specified on the label. 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix C—General Habitat Restoration Specification Guidelines 
 

 Page 9 of 41 

Visual observations of control can be seen within one week of treatment; however, it is 
dependent on the grass species and environmental conditions. Growth of treated grasses 
typically stops soon after application. Signs of herbicide control include loss of vigor, yellowing, 
reddening, and eventual death. 

Glyphosate 

Glyphosate (e.g., Roundup Pro® Concentrate or Roundup Pro® Max) is a broad-spectrum post-
emergence herbicide for the control of annual, perennial, and woody weed species. The 
herbicide is systemic and moves from the treated foliage to the root system. 

Foliar application should be implemented when the target species are at the appropriate 
growth stage for optimum effectiveness. Target annual and perennial species should be actively 
growing. Application to annual species should be prior to seed head formation of grasses and 
before bud formation in broadleaf weeds. Perennial weeds should be treated after they reach 
the reproductive stage of growth; seed head formation in grasses and bud formation for 
broadleaf species. If treatment is necessary prior to perennials reaching the reproductive stage, 
the higher label application rate should be used.  

Application Rate 

The majority of annual and perennial weed species can be effectively treated with a 2% solution 
of glyphosate when applied during the appropriate growth stage. Follow label directions of the 
glyphosate product used to mix a 2% solution. Add colorant or marking dyes to the spray 
solution to aid the applicator in achieving good coverage of target species. The dye should be 
mixed with the herbicide at no more than half the rate specified on the label as the amount of 
dye can reduce product performance, especially at lower herbicide application rates. Most 
glyphosate products contain a surfactant and no additional surfactant is needed or 
recommended to add to the mix with the exception of glyphosate products registered for 
aquatic use. Aquatic glyphosate formulations do not contain a surfactant in the herbicide 
product. If using an aquatic formulation and a surfactant is added to the mix, follow the 
directions on the herbicide label. However, it should be noted that in some cases, specific 
project permits and conditions may not allow use of a surfactant for aquatic applications. 

For spray to wet applications, spray coverage should be uniform and complete without spraying 
to the point of runoff using a 2% solution of glyphosate.  

For low volume directed spray applications use a 4 to 8% solution of the glyphosate product for 
control of annual and perennial weeds. Refer to the herbicide label for particular species to 
determine the appropriate application rate. Spray coverage should be uniform with at least 
50% of the foliage treated. For best results the top one half of the plant should be sprayed.  

Except where specified on the label, no more than 8 pounds (lbs) of glyphosate acid per acre 
per year should be applied to a treatment area in California. The total glyphosate acid amount 
is additive for all glyphosate products used in a given area, so it is important to keep a record of 
the amount of all glyphosate acid used in a given area per year. Glyphosate products have 
different acid concentrations and acid equivalents are provided on all product labels. 
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Herbicide application should not occur if heavy rainfall is expected soon after application. 
Herbicide should not be applied directly to water or to areas where surface water is present. 
Restrict entry into treated areas as specified on the label. 

Visual observations of control on annual weeds can be seen within 2 to 4 days and 7 days or 
more for perennial weeds. Signs of herbicide control include wilting and yellowing of foliage 
advancing to complete browning of above-ground growth and deterioration of root material. 

Clopyralid  

Clopyralid is a post-emergence selective broadleaf herbicide. It is particularly effective for the 
control of thistle and clover species and is considered safe to use with established native grass 
species. However, immature native grasses prior to tillering and development of a secondary 
root system may be negatively affected by clopyralid. Clopyralid is the active ingredient in the 
herbicide Transline®. 

Application Rate 

Clopyralid should be applied at ¼ to ⅔ pint per acre, depending on the weed species being 
treated and associated growth stage. Add the following spray additives to the herbicide mixture 
for optimum effectiveness:  

• A non-ionic surfactant at a rate of 1 to 2 gal/100 gal of herbicide mixture.  

• A non-toxic colorant or marking dye to insure even coverage of herbicide. The dye 
should be mixed with the herbicide at no more than half the rate specified on the label 
of the dye as it can reduce product performance, especially at lower herbicide 
application rates. 

In general, the herbicide is most effective when weeds are small and actively growing. The 
lower rate should be used only during highly favorable growing conditions and when plants are 
3 to 6 inches tall. The higher rates should be used if the plants are stressed or in areas with high 
weed density. The foliage should be thoroughly coated for effective control.  

Application during extreme growing conditions such as drought, freezing conditions, or wet 
foliage at the time of application may reduce the effectiveness of the herbicide. Herbicide is 
rainfast within 2 hours of application. Avoid injury to non-target plants by avoiding spray drift. 
Non-target plants can be affected by direct spray on plant foliage or indirectly by root uptake 
through the soil. The maximum application rate per year in California during the growing 
season is ⅔ pint per acre.  

Clopyralid should not be applied directly to water, where surface water is present or where 
runoff into water bodies could occur. Clopyralid should not be used in areas where movement 
through the soil could contaminate ground water, such as loamy sand, sandy soils or in areas 
with a shallow water table. 

Sprayed material should not be used for composting or mulch as clopyralid may remain for long 
periods in dead plant tissue and negatively affect future growth and development of non-target 
species in treated areas. 
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Triclopyr 

Triclopyr (e.g., Garlon 3A) is a systemic herbicide used for the control of broadleaf species and 
grasses. Triclopyr can be used at any time during the growing season and is most effective 
when used to treat actively growing plants.  

Application Rate 

For the control of broadleaf species triclopyr should be applied at 1 to 4.5 lbs acid equivalent 
(a.e.) per acre in a total volume of 20 to 100 gallons of water. The herbicide mixture can be 
applied at any time of the growing season. Add the following spray additives to the herbicide 
mixture for optimum effectiveness:  

• A non-ionic surfactant at the rate specified on the label of the surfactant. Use the higher 
recommended concentrations of surfactant when applying lower spray volumes per 
acre.  

• A non-toxic colorant or marking dye to insure even coverage of herbicide. The dye 
should be mixed with the herbicide at no more than half the rate specified on the label 
of the dye as it can reduce product performance, especially at lower herbicide 
application rates. 

The maximum application rate of triclopyr is 9 lbs a.e. per acre per year. 

2.2.4 Herbicides Approved for Aquatic Use 
Only herbicides and surfactants approved for aquatic use should be used in riparian habitats for 
treatment of weed species. It is important to note that permits may not allow the use of a 
surfactant in riparian habitats. The purpose of a surfactant is to provide more uniform coverage 
and penetration of the herbicide into the plant. Approved aquatic herbicides include Round-
up® Custom (active ingredient glyphosate), Habitat® (active ingredient imazapyr), and 
Renovate® 3 (active ingredient triclopyr). Non-ionic surfactants approved for aquatic use 
include Liberate® and Rainier®. 

2.3 Weed Seed Handling, Resprout Reduction and Plant Matter 
Disposal 

While the physical removal and chemical treatment of invasive species is a key part of weed 
management, care must also be taken to reduce the chances of seed spreading, resprouting 
and other undesirable consequences of weed control. Preventing the future propagation of 
weeds will increase the effectiveness of current practices and reduce the severity of later 
infestation. 

Though it is recommended to control weeds before seeds mature, there may be situations 
where this is not possible. For example if the weed is capable of seeding year-round and 
monitoring each individual’s life stage is too difficult. It is important then to be mindful of the 
presence of seeds during control sessions. While the plant itself may be removed, seeds left 
behind at the site or stuck to clothing or equipment can reduce the effect of management and 
spread the infestation to other areas. 
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In order to reduce the spread of seed, remove any seeds found on plants before cutting, hand-
pulling, or herbicide application and place the material in appropriate containers for disposal. 
Pick up all seeds that remain on the ground and place in containers. After each treatment, 
ensure that all seeds are removed from clothing and equipment and also placed in the disposal 
containers before leaving the area. 

In many cases it is possible to leave treated plant matter on site to dry out and decompose. If 
no flowers or seeds are present, pull the plant and place it on the ground to dry out only if the 
species is not rhizomatous and there is no potential for re-sprouting. In such cases, it will be 
important to completely remove all root matter through digging out the roots when mechanical 
methods are being used, and properly remove and dispose of cut matter off-site. Thatch of 
plants treated with herbicides that remain in the dead plant material, such as clopryalid should 
not be used as mulch and if treating large areas, the material should be removed from the site. 

2.4 Management Methods for Common Invasive Weed Species 
The following section provides recommendations for the management of a selection of 
common invasive species, and is based on our experience in southern California. While use of 
the weed management methods presented above are effective for most nonnative plants, 
some invasive plant species may require more focused control effort within a habitat 
restoration area. Many of these invasive species are naturalized, with established populations 
in the areas under weed management. The goal for a typical habitat restoration project is to 
control their spread and to reduce their population size to the point where self-sustaining 
native vegetation communities can be restored. Absolute control is often not feasible or 
necessary. The control methods presented here have been cross-referenced using the Invasive 
Plants of California’s Wildlands (Bossard et al. 2000) and Weed Control in Natural Areas in the 
Western United States (DiTomaso et al. 2013).  

Separate consideration should be made for control of those invasive plant species that have yet 
to become common within a management area. These less common invasive plant populations 
should be managed with an early detection and rapid response (EDRR) management approach, 
as advocated by the California Invasive Plant Council (Cal-IPC). An EDRR plan for natural areas 
associated with a habitat restoration project is outside of the scope of this plan, but should be 
considered as a complementary land management activity to habitat restoration efforts. 

Table 2-1 shows the selected invasive species and their relative threat to California’s natural 
areas as ranked by Cal-IPC. The Cal-IPC ranking is for the statewide threat; however, keep in 
mind that within the local area under management, some of these species may pose a greater 
or lesser threat. 

Table 2-2 summarizes management techniques by selected invasive species. 
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Table 2-1. Invasive Species by Cal-IPC Ranking. 

Scientific Name Common Name Cal-IPC Rank 
Avena fatua Wild oat Moderate 
Brachypodium distachyon Purple false brome Moderate 
Brassica nigra Black mustard Moderate 
Bromus diandrus Ripgut brome Moderate 
Brassica tournefortii Saharan mustard High 
Carduus pycnocephalus Italian thistle Moderate 
Centaurea melitensis Tocalote Moderate 
Cynara cardunculus Artichoke thistle Moderate 
Erodium cicutarium Red stemmed filaree Limited 
Foeniculum vulgare Fennel High 
Hirschfeldia incana Shortpod mustard Moderate 
Marrubium vulgare Horehound Limited 
Silybum marianum Milk thistle Limited 
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Table 2-2. Invasive Summary of Management Techniques for Selected Common Invasive Species by Plant Phenology 
Phenology Physical Methods Herbicide Control Methods California Bloom Period Time of Year 

Wild oat  
(Avena fatua) 

Hand-pulling can be effective for smaller 
infestations, removing as much of the root 
material as possible. Cutting or mowing can help 
to reduce seed production if timed shortly after 
flowering but before seed maturity. Cut or mow 
plants to 2 inches to remove the bolting stems. 
Mowing should be repeated every 3 weeks. 

Foliar application of fluazifop at a rate of 4 to 6 
oz a.i./acre when plants are actively growing 
between 2 to 8 inches tall. 
Glyphosate at a rate of 6.2 to 12.4 oz a.e./acre 
post-emergence when plants are actively 
growing but less than 18 inches tall. 

April - May The first treatment should be in the winter after 
emergence with follow-up treatments through 
spring. Fluazifop treatment is most optimum 
post-emergence to plants 2 to 8 inches tall. 
Glyphosate is most effective in early spring to 
treat non-stressed, rapidly growing plants that 
are less than 18 inches tall. 

Purple false brome 
(Brachypodium 
distachyon) 

Mow with mechanized mower or line trimmers 
cutting material as close to the ground as 
possible before seed set. To prevent regrowth 
mowing should be timed after soil moisture has 
been depleted to prevent regrowth. 

Foliar herbicide application of fluazifop at 4 to 6 
oz a.i./acre prior to boot stage*.  
Foliar application of glyphosate at 0.56 to 1.1 lbs 
a.e./acre from post-emergence to early spring 
when plants are actively growing and not 
stressed. 

April - July Winter is the best time for control when plants 
are actively growing. Treatments should be 
timed to control plants prior to seed set to limit 
seed banking. Follow-up control in spring will 
control later germinating plants and resprouts. 

Black mustard 
(Brassica nigra) 
 

Hand pull and/or dig out completely for smaller 
patches. Remove as much of the taproot as 
possible.  
Mowing or line trimming should be used on 
larger infestations and should be done as close 
to the ground as possible to limit resprouting. 

Spot treat with foliar application of a 2% 
glyphosate solution. This technique is best used 
on seedlings, when plants are small and are 
growing rapidly but have not yet flowered. 
Results are fair on older plants. 

April – July In winter, foliar applications of herbicide on 
seedlings. 
Mow or hand pull in late spring, after flowering 
but before seeds mature, when plants are still 
green. Check throughout the growing season 
after initial treatment for resprouting and seed 
germination. Repeat treatments throughout the 
year for several years. 

Saharan mustard 
(Brassica tournefortii) 

Hand pulling after bolting but before seed 
development - removing as much of the root as 
possible. A hula hoe can be used for smaller 
plants in the rosette stage. 
 

Fair control with foliar herbicide application of a 
2% glyphosate solution from post-emergence 
when plants are rapidly growing but prior to 
flowering. Studies have shown line trimming 
plants followed by glyphosate application can 
increase control effectiveness. 
A 2% foliar application of triclopyr applied during 
the rosette stage before flowering has been 
shown to be effective. 

December - July Herbicide and hula hoe control in winter when 
plants are young and rapidly growing but before 
flowering. 
Hand pulling in late winter through early summer 
after bolting but before seed development. 

Ripgut brome 
(Bromus diandrus) 

Hand pulling can be effective for smaller 
infestations removing as much of the root 
material as possible. Cutting or mowing can help 
to reduce seed production if timed shortly after 
flowering but before seed maturity. Cut or mow 
plants to 2 inches to remove the bolting stems. 
Mowing should be repeated every 3 weeks, as 
needed. 

Fluazifop at a rate of 4 to 6 oz a.i./acre for 
established plants and 2 oz a.i./acre for 
seedlings. 
Glyphosate at a rate of 0.375 to 1.1 lb a.e./acre 
for treating from post-emergence. 

April - June The first treatment should be in the winter after 
emergence with follow-up treatments through 
spring. Fluazifop is most effective when plants 
are treated before the boot stage. Glyphosate is 
most effective in early spring to treat non-
stressed, rapidly growing plants. 
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Phenology Physical Methods Herbicide Control Methods California Bloom Period Time of Year 
Italian thistle  
(Carduus 
pycnocephalus) 

Hand pull seedlings or cut plants at the rosette 
stage at a minimum of 2 to 4 inches beneath the 
soil to remove, at minimum, the upper portion of 
the tap root to prevent resprouting.  
Cut mature plant at a minimum of 2 to 4 inches 
beneath the soil to remove as much of the tap 
root as possible to prevent resprouting. 

Foliar herbicide application of clopyralid at a rate 
of 1.5 to 8 oz a.e./acre thoroughly coating the 
foliage post-emergence to rosette stage. 
Foliar herbicide application of glyphosate at a 
rate of 1.5 to 3 lb a.e./acre, thoroughly coating 
foliage from post-emergence to prior to seed set. 

February - July Clopyralid treatment is best during the fall and 
early winter when the majority of seedlings 
emerge after the first rains but germination can 
occur any time of the year during favorable 
conditions. Glyphosate and mowing are effective 
at any time during the growth stage prior to seed 
set. 

Tocalote 
(Centaurea melitensis) 

Cut small patches at the ground below the 
rosette. Mowing or line trimming can be used on 
larger infestations. 

Spot treat with foliar application of 2% 
glyphosate solution. If the infested area is large 
and far from native vegetation, broadcast foliar 
treatment can be used. 
Clopyralid at a rate of 1.5 to 4 oz a.e./acre from 
post-emergence to mid-bolting stage, with 
optimum timing at the later rosette stage just 
prior to bolting. 

April - August 
Seeds germinate after first fall 
rains. Basal rosettes from 
winter to early spring. 

Late spring/early summer, after flowers form but 
before seeds mature. Repeat every 2 to 4 weeks 
(4 to 6 weeks if mowing) throughout the growing 
season, and repeat removal over the next 2 to 4 
years. 

Artichoke thistle 
(Cynara cardunculus) 

Hand pull seedlings or cut plants at the rosette 
stage beneath the soil to remove, at minimum, 
the upper portion of the tap root to prevent 
resprouting. 
Cut mature plant and remove as much of the 
upper tap root as possible to prevent 
resprouting.  

Foliar herbicide application of clopyralid at a rate 
of 1.5 to 4 oz a.e./acre, thoroughly coating the 
foliage. 
Foliar application of a 2% solution of glyphosate 
after bolting has occurred but prior to seed set. 

April - July The majority of seedlings occur in the fall after 
the first rains but germination can occur any time 
of the year during favorable conditions. Rosettes 
from senesced mature plants develop in the fall 
after the first rains. 
Physical methods at any time during the growing 
season.  
Glyphosate herbicide application depending on 
timing of bolting, generally late winter to spring. 

Redstem filaree 
(Erodium cicutarium) 

Hand pull plants and remove as much of the tap 
root as possible. 
Cut with hand tools as close to the ground as 
possible. 
Mowing can be effective and should be timed 
when the plants are tall enough to cut with a 
mower but prior to seed production. 

Foliar herbicide application of 1.1 to 1.7 lb 
a.e./acre from post-emergence to rapidly 
growing plants before seed production. 
Glyphosate provides only partial control and 
repeat treatments will likely be necessary. 
Adding ammonium sulfate to the herbicide mix 
can increase its effectiveness. 

February - June Seedlings emerge in the late fall early winter 
after the first rains. All methods of control are 
appropriate during the growing season, timing 
the control method prior to seed set. 

Fennel  
(Foeniculum vulgare) 

Hand chop with a mattock; slash or dig out small 
infestations (larger plants will be very labor 
intensive). Remove the root crown (generally 3-6 
inches deep) when digging out and follow-up 
with foliar herbicide application for new 
individuals that germinate in response to the soil 
disruption that exposes buried seeds. 

Foliar application treatment with a 2-5% solution 
of glyphosate. Stump cut method for mature 
plants with 100% solution of glyphosate. 
Foliar application of a 0.5 to 1% solution of 
triclopyr from post-emergence but before 
flowering. 
 

May – September 
New shoots grow from the 
crown and lower portions of 
stems in mid-winter to early 
spring. 

Early spring, before flowering. Treat with foliar 
application of herbicide when the plant has fully 
developed leaves but before flower bolting. 
Triclopyr is most effective during the wet season 
from late February to early March. Check for 
resprouts and new seedlings and repeat 
treatment throughout the growing season as 
necessary. 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix C—General Habitat Restoration Specification Guidelines 
 

 Page 16 of 41 

Phenology Physical Methods Herbicide Control Methods California Bloom Period Time of Year 
Shortpod mustard 
(Hirschfeldia incana) 

Hand pull or cut small patches at the ground 
below the rosette. Mowing or line trimming can 
be used on larger infestations. 

Spot treat with foliar application of a 2% 
glyphosate solution. If the infested area is large 
and far from native vegetation, broadcast foliar 
treatment can be used. Herbicide treatment is 
more effective with addition of ammonium 
sulfate. 

All year Winter and spring, from emergence until 
flowering, but before seeds develop. Foliar 
herbicide application is particularly effective 
during the seedling stage. Check throughout the 
growing season after initial treatment for 
resprouting and seed germination. Repeat 
periodically throughout the year for several 
years. 

Horehound  
(Marrubium vulgare) 

Hand pull small patches. Mowing can help 
restrict growth of a patch. 

Spot treat with foliar application of a 2% 
glyphosate solution. Foliar herbicide application 
at a rate of 1.25 lb a.e./acre of triclopyr. A 
surfactant should be added to herbicide solution 
if not already included in the product for better 
penetration into the hairy leaves. 

May – August Early spring is best for controlling young plants 
and fall is best for controlling mature plants. 
Herbicide should be applied at post-emergence 
when plants are rapidly growing during early 
spring. Herbicide can be used on mature plants 
in the fall but is not as effective as on younger 
plants. The most effective treatment in the fall is 
hand pulling or hoeing, removing as much of the 
root material as possible. 

Milk thistle  
(Silybum marianum) 

Hand pull seedlings or cut plants at the rosette 
stage at a minimum of 2 to 4 inches beneath the 
soil to remove at minimum the upper portion of 
the tap root to prevent resprouting.  
Cut mature plant at a minimum of 2 to 4 inches 
beneath the soil to remove as much of the tap 
root as possible to prevent resprouting 
 

Foliar herbicide application of clopyralid at a rate 
of 1.5 to 6 oz a.e./acre, thoroughly coating the 
foliage post-emergence to rosette stage 
Foliar herbicide application of a 2% solution of 
glyphosate thoroughly coating foliage from post-
emergence to prior to seed set 
 

April - July Clopyralid treatment is best during the fall and 
early winter when the majority of seedlings and 
rosettes from senesced plants emerge after the 
first rains but germination and rosette 
development can occur any time of the year 
during favorable conditions. Glyphosate and 
mowing are effective at any time during the 
growth stage prior to seed set. 

oz – ounces 
a.i. – active ingredient 
a.e. – acid equivalent 
* When the developing seed head begins to push through the uppermost leaf sheath, the plant has reached 'boot stage,' the end of elongation. 
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2.4.1 Artichoke Thistle  
The type of herbicide used for artichoke thistle (Cynara cardunculus) control is dependent on its 
growth stage. In the seedling to rosette stage in winter to early spring, clopyralid (e.g., 
Transline®) should be applied at 1.5 to 4 oz a.e. per acre. Foliage should be thoroughly coated 
for effective control. The higher rates should be used if the plants are stressed or in areas with 
high weed density. Physical control methods include hand pulling seedlings and cutting plants 
in the rosette stage. When using physical methods, as much of the root system should be 
removed as possible to limit resprouting (DiTomaso et al. 2013). It should be noted that while 
physical control methods can effectively control artichoke thistle, it may take longer than 
chemical control methods with more treatments per year and more years of control. 

For mature, bolting artichoke thistle plants, a foliar application of 2% glyphosate should be 
used. Glyphosate treatments should be done after bolting when the plants are actively 
translocating fluids to the root system. If sprayed before bolting, the above-ground material 
may die back, but many of the plants will resprout from the roots later in the season (Bossard 
et al. 2000).  

Physical methods include cutting the mature plant and removing as much of the upper taproot 
as possible to prevent resprouting. Plants can be cut with a mower, brushcutter or hoe. The 
most effective cutting method is the use of a hoe to cut down below the soil to remove part of 
the upper tap root system. Mowers and brush cutters can be used to deplete mature plants of 
their resources. Repeat mowing will be necessary during the growing season prior to seed set 
over multiple seasons for effective control. 

2.4.2 Milk Thistle and Italian Thistle  
Milk thistle (Silybum marianum) is an annual or perennial species and typically emerges during 
the fall after first rains. Italian thistle (Carduus pycnocephalus) is an annual species and 
seedlings emerge in the fall after the first rains. The type of herbicide used for milk thistle and 
Italian thistle control is dependent on their growth stages. In the seedling to bud stage, 
clopyralid (e.g., Transline®) should be applied at 1.5 to 6 oz a.e. per acre for control of milk 
thistle and 1.5 to 8 oz a.e. per acre for Italian thistle (DiTomaso et al. 2013). However, it should 
be noted that the maximum application rate for clopyralid in California is ⅔ pint per acre per 
annual growing season. Foliage should be thoroughly coated for effective control. The higher 
rates should be used if the plants are stressed or in areas with high weed density. A foliar 
application of 2% glyphosate for milk thistle and glyphosate at a rate of 1.5 to 3 lbs a.e. per acre 
for Italian thistle can be used at any time during the growth stage for effective control.  

Physical control methods include hand pulling seedlings, cutting with hand tools or mowing. 
When using hand tools such as grubbing hoes, plants should be cut a minimum of 2 to 4 inches 
below the ground to prevent resprouting. Mowing is most effective when done after the plants 
have bolted and are about to flower, as plants will regrow if plants are cut before fully bolted. 
Plants should be cut or mowed prior to seed production. 
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2.4.3 Purple False Brome 
Purple false brome (Brachypodium distachyon) is a fast growing annual or perennial grass with 
a short life cycle that allows for multiple life cycles during a growing season (Bakker et al. 2009). 
First emergence is typically during the fall after the first rains however, emergence can occur 
any time following a rain event. Purple false brome produces a dense thatch that inhibits 
germination of many native species and the first step for control is to eliminate the dense 
thatch in a restoration area. Initial mowing and dethatching will allow for natural recruitment of 
natives; however, other nonnative herbaceous species can invade after clearing.  

Treatment methods for the control of purple false brome include mowing, mechanized or line 
trimming and foliar herbicide application. When mowing, the plants should be cut as close to 
the ground as possible. Effective herbicide treatments includes fluazifop at 4 to 6 oz a.i./acre 
from post-emergence to prior to the boot stage or 0.56 to 1.1 lb a.i. per acre of glyphosate from 
post-emergence application to rapidly growing, non-stressed plants (DiTomaso et al. 2013). 
Given the fast-growing nature of purple false brome and its ability to have multiple life cycles in 
a growing season, multiple treatments during a growing season is optimal for increased control. 
Treatments must be implemented prior to seed set to limit seed banking. Typical timing for 
treatments is to implement the first control event in winter after emergence with follow-up 
treatment(s) in spring for later germinating populations and resprouts.  

Growth and flower production are dependent on annual rainfall and subsequent soil moisture 
availability. Monitoring growth and development is important particularly during drought years 
to plan treatment accordingly for effective control. For example, the flowering height of purple 
false brome in treatment areas was observed at only a height of 1 to 2 inches in response to the 
2015 drought conditions. As a result, physical control methods, such as mowing required more 
time than usual in order to ensure that the tractor, or skid steer, mounted mower stayed close 
enough to the ground to cut the flowering parts of the grass. The low flowering height required 
the use of a flail mower, instead of a rotary mower, mounted to a hydraulically driven skid steer 
so the grass could be mowed at the soil surface. The additional time and equipment for the 
physical control of purple false brome control in dry years increases the cost of control. An 
alternative option for treating low stature plants is broadcast herbicide application of fluazifop 
or glyphosate.  

2.4.4 Mustard Species 
Control methods for mustard species such as black mustard (Brassica nigra) and shortpod 
mustard (Hirschfeldia incana) consist of mowing, hand pulling, and foliar herbicide application. 
Mowing or hand cutting treatments are most effective for actively growing plants that have 
flowered but prior to setting seed to limit contributions back to the weed seed bank. Foliar 
herbicide application of a 2% solution of glyphosate is most effective when plants are younger 
prior to flowering, particularly for black mustard. When hand pulling, as much of the taproot as 
possible should be removed (DiTomaso et al. 2013).  

Treatment times depend on annual weather but typical treatment times are in the winter after 
emergence from rainfall and a follow-up treatment(s) in spring before seed set. Several years of 
control are necessary to eliminate mustard species. 
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2.4.5 Saharan Mustard 
Saharan mustard (Brassica tournefortii) is a winter annual species that typically emerges in late 
fall/early winter after the first rains. Control methods include hand pulling, hoeing, and 
herbicide application. Hand pulling is most effective for plants that have flowered but prior to 
seed production. As much of the root system as possible should be removed. Herbicide 
application of a 2% solution of triclopyr during the rosette stage has been shown to be very 
effective (DiTomaso et al. 2013). A 2% solution of glyphosate can be fairly successful when 
applied during post-emergence but before flowering, with the most effective timing being the 
seedling stage. An increase in effectiveness of glyphosate has been shown when plants are 
trimmed with line trimmers prior to glyphosate application (DiTomaso et al. 2013). A 2% 
solution of triclopyr has been effective when applied to small plants in the rosette stage before 
flowering. 

Timing for control of Saharan mustard is dependent on weather conditions with the first 
treatment typically in the winter to control plants in the seedling to rosette stage with follow-
up treatments in spring before seed set to control newly emerging plants from later rains. 

2.4.6 Sweet Fennel 
Sweet fennel (Foeniculum vulgare) is a perennial species that typically emerges in mid-winter to 
early spring. Control methods include slashing, hand pulling, and herbicide application. Slashing 
is best used just before the flowering stage of fennel plants, but repeated slashing of new 
growth is likely required to kill the plant. Hand pulling is best for seedlings and younger, smaller 
plants as the root system needs to be removed for effective control. When cutting or digging 
out plants a minimum of 3 to 6 inches of the taproot should be removed for effective control. 
Physical methods for control of sweet fennel are very labor intensive. It is important to note 
that digging up plants causes soil disturbance that can lead to increased germination of exposed 
seeds therefore, digging should be limited to less dense populations (DiTomaso et al. 2013). 

Foliar herbicide application of a 2 to 5% solution of glyphosate is most effective from post-
emergence to prior to flowering stage. Control with glyphosate is less effective after fennel has 
bolted (DiTomaso et al. 2013). A 0.5 to 1% solution of triclopyr is most effective during the wet 
season from late February to early March (DiTomaso. et al. 2013) but can be used from post 
emergence but prior to flowering. The stump cut method can be used for larger mature plants 
using a 100% solution of glyphosate.  

Timing for treatments is dependent on weather with the first treatment typically in late winter 
with follow-up treatments in spring. Populations should be checked after using any treatment 
method to check for resprouts and new seedlings.  

2.4.7 Horehound 
Horehound (Marrubium vulgare) is a perennial herbaceous species that typically emerges in 
late winter to early spring. Control methods include hand pulling, hoeing, mowing, and 
herbicide application. When hand pulling or hoeing, as much of the root system should be 
removed as possible. This method works best for small infestations as it can be time consuming, 
especially for larger individuals. Mowing can help restrict the growth of a patch however, it 
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should be combined with other treatment methods for effective control. Herbicide control 
methods include a foliar application of a 2% solution of glyphosate and triclopyr at a rate of 
1.25 a.e. per acre. Herbicide is most effective for younger plants. A surfactant should be added 
(if not included in the product) to the herbicide solution for better penetration into the hairy 
leaves (DiTomaso et al. 2013). Timing for control is spring for young emerging plants and follow-
up treatments in fall for mature plants. 

2.4.8 Tocalote 
Tocalote (Centaurea melitensis) is a winter annual herb that emerges soon after the first rains in 
the fall. The rosette stage is from winter through early spring when the plants begin to flower. 
Plants are usually senesced by late summer. Control methods include cutting, mowing, and 
herbicide application. Optimally when cutting tocalote it is best to cut just below the soil 
surface with a hoe or similar tool to remove a portion of the upper root. Mowing or line 
trimming should be done after the plant has flowered but prior to seed production with the 
plants cut as close to the ground as possible. Repeated mowing during a growing season is 
necessary for effective control. Foliar herbicide application of a 2% solution of glyphosate is 
effective from postemergence to flowering stage. Glyphosate is the most effective herbicide for 
control later in the growing season (DiTomaso et al. 2013). Clopyralid at a rate of 1.5 to 4 oz a.e. 
per acre can be used from post-emergence to mid-bolting stage, with optimum timing at the 
later rosette stage just prior to bolting. The lower rate can be used for seedlings and rosettes 
and the higher rates for plants that have bolted (DiTomaso et al. 2013).  

An effective control combination is to mow or cut tocalote in the late winter early spring 
followed by herbicide treatments for resprouts and newly germinated individuals in 
approximately 2 to 4 weeks. Multiple treatments in a growing season for a minimum of 2 years 
is necessary for effective control.  

2.4.9 Nonnative Grass Control 
Nonnative annual grasses such as ripgut brome (Bromus diandrus) and wild oat (Avena fatua) 
typically emerge after the first rains. Growth and development is dependent upon rainfall 
events, with flower production earlier in the season during drought years along with a decrease 
in biomass and height of the plants. Nonnative annual grasses are typically the first nonnative 
species to germinate after rains. Control methods include, hand pulling, cutting, mowing, and 
herbicide application. Smaller infestations can be controlled with hand pulling before seed 
development. Mowing can reduce seed production when timed right after flowering but before 
seeds mature. Plants cut earlier than this stage will grow back. When mowing, the material 
should be cut to about 2 inches to remove the bolting stems (DiTomaso et al. 2013). If mowing 
is the only option for control, mowing should be repeated every 3 weeks, as needed. 

Brome grasses can be controlled with a 0.375 to 1.1 lbs a.e. per acre of glyphosate at 
postemergence in early spring to rapidly growing plants that are not stressed. Fluazifop at a 
rate of 4 to 6 oz a.i. per acre for mature plants and 2 oz a.i. per acre for seedlings can also be 
used with the most effective treatment time before the boot stage.  
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Wild oat can be treated with glyphosate at a rate of 6.2 to 12.4 oz a.e. per acre from post-
emergence when the grass is less than 18 inches tall. For increased effectiveness of glyphosate, 
ammonium sulfate at a rate of 10 to 15 lbs/100 gal of water should be added to the mix. 
Fluazifop can be applied at a rate of 4 to 6 oz a.i. per acre from post-emergence when the 
plants are 2 to 8 inches tall.  

Timing for control of nonnative grasses is typically in winter with follow-up treatments in spring 
for later-germinating individuals.  

2.4.10 Redstem Filaree 
Redstem filaree (Erodium cicutarium) is a winter annual species that emerges soon after the 
first rains of the season. Control methods include hand pulling, mowing and herbicide 
application. When hand pulling, as much of the taproot as possible should be removed. Hand 
pulling is inefficient in denser stands. Mowing with a mechanical mower or hand tools can be 
effective for control. Mowing with mechanical equipment should be implemented after plants 
start bolting and grow to a height tall enough to be cut with the mower. Redstem filaree 
remains in the rosette stage until flowering begins in late winter or spring. With handheld 
cutting equipment, plants can successfully be cut in the rosette stage. Physical control methods 
should be implemented prior to seed development.  

Foliar herbicide application of glyphosate at a rate of 1.1 to 1.7 lbs a.e. per acre can be used to 
treat redstem filaree from post-emergence treatment of rapidly growing plants prior to seed 
set. Repeated herbicide treatments are necessary as glyphosate provides only partial control 
(DiTomaso et al. 2013). The effectiveness of glyphosate can be increased with the addition of 
ammonium sulfate to the solution.  

Repeated treatments during the growing season will be necessary for control. Timing for 
control is typically treating in the winter with follow-up treatments in the spring for later 
germinating individuals.  

3 Seed Addition 
The installation of native plant material will be accomplished by seeding the habitat restoration 
area following adequate control of weed populations during the weed management phase (i.e., 
site preparation). Restoration success is, in large part, dependent on adequate weed 
management prior to the addition of native plant material. Additional weed management 
events should be conducted as necessary, even if it delays seeding to a subsequent year, 
because weed management after the addition of seed is much more difficult and labor 
intensive. 

For restoration of native habitats, the following seeding methods are options for installation:  

• Drill seeding 

• Hydroseeding 

• Mechanical broadcast seeding 

• Hand broadcast seeding 
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• Imprint seeding 

• Seed ball broadcast seeding  

Determination of the appropriate seeding method will depend on site conditions and 
accessibility. Larger sites that are accessible by equipment can be mechanically seeded with a 
drill seeder or broadcast seeder. Smaller sites, sites with a high density of native species or 
sensitive species present can be seeded by hand broadcast or the seed ball broadcast method.  

Other seeding methods may be appropriate for a particular habitat restoration project, 
including hydroseeding and imprint seeding. Hydroseeding requires a water source and is a 
significantly more expensive method than drill seeding. Imprint seeding is best used in areas 
where few to no native species are already present. Steep topography, areas of shallow soil and 
the presence of medium size rocks will limit the use of imprinting. Imprint seeding generally 
requires the soil to be cleared of thatch and disked prior to imprinting to allow the imprinter to 
make the specified imprints in the soil. Disking the soil will encourage the germination of weed 
seed that would not otherwise have germinated. Disking is more appropriate in a condition 
where there is not a significant weed seed bank; whereas drill seeding is less disruptive to the 
soil.  

3.1 Drill Seeding 
Range drill seeding is the optimum seeding method for many restoration areas. Drill seeding is 
efficient, has the highest reliability for applying the seed mix at the desired rate with proper 
calibration of the equipment and provides good seed-to-soil contact. With a range drill seeder, 
seed material can be installed with minimal soil disturbance and implemented over thatch and 
equipment can be maneuvered around existing native species to avoid impacts.  

Drill seeding is better than broadcast seeding in several ways. Drill seeding provides better seed 
to soil contact, as the seeds are sown directly into the ground and covered with soil more 
efficiently than with broadcast seeding methods. Drill seeding applies seed at a more uniform 
seeding rate and also reduces seed loss due to predation and wind scatter. Less seed per acre is 
required compared to hand-seeding methods thus reducing seed costs and resulting in less 
“waste” of seed. 

However, drill seeding may not be practical in all habitat restoration sites due to the density of 
native or sensitive species, access limitations for equipment and incompatible site conditions. 
For example, if a restoration site has many large rocks on the soil surface, it may not be possible 
to maneuver the drill seed equipment within the site to seed at a uniform rate. When the drill 
seeder runs over rocks, it can bounce and not properly create the planting furrows or evenly 
apply seed. 

3.1.1 Drill Seeding Implementation 
Drill seeding can be used in many habitat restoration projects, where the equipment is able to 
maneuver based on the slope and where the occurrence of woody native species is relatively 
low. Range drill seeding can be accomplished over mowed stubble if the thatch is not too thick. 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix C—General Habitat Restoration Specification Guidelines 
 

 Page 23 of 41 

In some cases the thatch may be broken down with light disking prior to drill seeding. A thick 
thatch may need to be removed prior to seeding (e.g., by mechanical raking and windrowing). 

One- or Two-Way Drill Seeding 

Depending on the terrain of the restoration area, drill seeding will be accomplished in two 
passes or in a single pass. For drill seeding in two passes, divide the seed mix into two equal 
parts and apply each half of the seed mix in perpendicular passes across the site forming a grid 
pattern. Drill seeding with two passes is generally used on flat to very gentle slopes. For steeper 
slopes, the one pass method should be used and seeding direction is along the contour of the 
slope such that erosion rills are not encouraged to form following seed application. Seeds 
should be planted at a depth of not less than ¼ inch and no greater than ½ inch. Drill seeding 
equipment should be maneuvered around groups of dense native or sensitive species.  

Drill seeding will apply the specified seed mix at the same time through separate seed boxes, 
with light seeds and heavy seeds divided into separate seed boxes. Wheat bran will be added to 
facilitate seeding. The bran helps to keep the seeds evenly dispersed in the seed box and 
produce uniform seeding of different sized seeds (St. John et al. 2012).  

Materials to be applied during drill seeding include: 

• Specified seed mixes for each area 

• Bran at ¼ the weight of the specified bulk seed. 

The seed mixes will be supplied in pre-mixed bulk amounts in 50-pound bags and will contain 
the appropriate amount of wheat bran. All bags will have seed tags declaring each species’ bulk 
weight, purity and germination, weight of wheat bran, and total weight of contents. 

Drill seeding can also incorporate specified AM fungi amendments, if appropriate (e.g., road 
cuts or other freshly excavated sites without topsoil) at the same time through a separate seed 
box. 

Modified DeSimone Method 

When seed is limited and it is preferable to distribute seed across the maximum area possible, 
while maintaining the specified seeding rates for the seeded areas, use of the “modified 
DeSimone strip method” should be considered. With this method, seeded strips are installed at 
the width of the drill seeding equipment (e.g., 6 feet wide) and are alternated with an unseeded 
strip wide enough for access to conduct remedial weed management but also narrow enough 
to facilitate natural recruitment from adjacent seeded strips as the native vegetation grows and 
reaches reproductive maturity.  

This method would be most appropriate for sites without a significant source of upwind or 
adjacent, nonnative propagules that would make the additional on-going weed maintenance 
required in the unseeded strips cost prohibitive. Weed maintenance would need to continue 
until the plants in the seeded strips reach reproductive maturity and successfully recruit into 
the unseeded strip. Otherwise, it is usually more efficient to seed the entire habitat restoration 
area under weed management, and if seed sources are limited, collect seed from the mature 
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restored habitat (no more than 15 percent of the seed of any one plant) to install in a second 
phase of the project at a later date. 

3.1.2 Drill Seeding Equipment 
Range drill seeders come in a variety of widths ranging from 6 to 15 feet. Planting row spacing 
can vary between 8 to 12 inches. Drill seeding equipment consists of seed boxes, seed metering 
devices, drill tubes that drop the seed and a type of soil opening device such as disk openers 
followed by an implement such as drag chains or press wheels that covers the seed in the 
furrow with soil. The press wheels also serve to firm and press the soil over the seed (USDA 
2009). Range drill seeders can be mounted to many types of equipment like a crawler type 
dozer or rubber-tired tractor with all-wheel drive. 

Drill Seeder Calibration 

Seeding equipment requires calibration prior to applying the seed mix to ensure that the seed 
mix is applied uniformly across the site per the specified seeding rate. Check all equipment to 
ensure everything is in proper working order and perform any necessary maintenance. Also 
check the seeding equipment for any impediments to the openers that could inhibit seed flow, 
clogged tubes and adequate tire pressure. The recommended air pressure of the tires should be 
set and maintained at the same pressure during calibration and seeding operations. Improper 
tire inflation will cause inaccuracies in the calibration of the equipment and subsequent 
inaccuracies in the seeding rates (USDA 2010). 

Depending on the type of drill seed equipment, multiple methods are available for calibrating 
the drill seeder. Refer to the equipment manual for specific guidelines on calibration and how 
to perform adjustments to the seeder. The following describes general guidelines for drill 
seeder calibration. 

If the specified seed mix is presented in pure live seed (PLS) rates, the rates must be converted 
to bulk lbs per acre for calibration. Use the following formula for calculating bulk seeding rate 
per acre. 

𝑃𝑃𝑃𝑃𝑃𝑃 𝑙𝑙𝑙𝑙𝑙𝑙 𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝
𝑃𝑃𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃

 = 𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠 𝑝𝑝𝑎𝑎𝑃𝑃𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝 

To begin the calibration process, the drill gates should be checked for proper positioning for the 
type and size of seeds being planted. Calibration of the equipment should start at the widest 
open position based on the seed sizes in the mix and then closing down the drill gates to the 
proper position. Two commonly used methods for calibration are the seed weight-distance 
method and the wheel circumference method (USDA 2010). 

Some drill seeders have a third seed box for fluffy seed material. If fluffy seeds are incorporated 
in the seed mix, it is very important to calibrate the drill seeder accordingly. The fluffy seed mix 
with carrier should be placed in the fluffy seed box and the drill seeder should be run to 
calibrate the specified seeding rate. Approximately 1 acre of seed with the carrier should be 
sufficient for calibration. If the target seeding rate cannot be achieved then adjust the amount 
of carrier accordingly until calibration is set (St. John et al. 2008).  
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Note: When calibrating the equipment, be sure to calibrate the drill seeder accordingly if 
applying the seed in two separate passes. The seeding rate for calibration should then be 
divided in half. 

Seed Weight-Distance Calibration Method 

Step 1. Compute the area of a 100-foot test run that is based on the drill seeder width. 

𝐷𝐷𝑝𝑝𝑠𝑠𝑙𝑙𝑙𝑙 𝑤𝑤𝑠𝑠𝑠𝑠𝑃𝑃ℎ (𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃) ×  100 𝑓𝑓𝑓𝑓𝑓𝑓𝑃𝑃 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃
43,560 𝑙𝑙𝑠𝑠𝐵𝐵𝑎𝑎𝑝𝑝𝑝𝑝 𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃/𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝

 = 𝐴𝐴𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑠𝑠𝑝𝑝 𝑓𝑓𝑓𝑓 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 

Step 2. Calculate the amount of seed mix needed for test run. 

𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵 𝑝𝑝𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝 ×  𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑠𝑠𝑝𝑝 𝑓𝑓𝑓𝑓 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 
= 𝑃𝑃𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑃𝑃𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝𝑠𝑠 𝑓𝑓𝑓𝑓𝑝𝑝 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 

Then calculate: 

𝑃𝑃𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑓𝑓𝑓𝑓𝑝𝑝 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃
𝑁𝑁𝐵𝐵𝑚𝑚𝑙𝑙𝑝𝑝𝑝𝑝 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠 𝑃𝑃𝐵𝐵𝑙𝑙𝑝𝑝𝑙𝑙 𝑓𝑓𝑃𝑃 𝑠𝑠𝑝𝑝𝑠𝑠𝑙𝑙𝑙𝑙

 = 𝑃𝑃𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑃𝑃𝐵𝐵𝑙𝑙𝑝𝑝 

Step 3. Mark the 100-foot test run in the field. The drill seeder should be run for at least 6 feet 
before starting the test run to make sure the seed is dropping uniformly to prime the drill 
tubes. The drill tubes should be removed from the disk openers and a collecting implement 
placed under the tube spout to collect the dropped seed. Drive at a constant speed during the 
test run. Weigh the dropped seed from a minimum of 2 tubes on either side of the drill and 
compare to the calculated seed amount. If necessary, adjust the drill openings. This step should 
be repeated until the weight of the dropped seed is within 10 percent of the calculated 
amount. Once the calibration is set, repeat the procedure again at least twice to insure proper 
calibration (USDA 2010). 

Wheel Circumference Calibration Method 

The wheel circumference calibration method involves measuring the circumference of the drill 
drive wheel in feet and then determining the number of revolutions the wheel is required to 
turn for a predetermined length. To use this calibration method, the drive wheel must be able 
to be turned by hand without the need for pulling the drill.  

Step 1. Calculate the area covered for the determined seeding run length. 

𝐷𝐷𝑝𝑝𝑠𝑠𝑙𝑙𝑙𝑙 𝑤𝑤𝑠𝑠𝑠𝑠𝑃𝑃ℎ (𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃) ×  100 𝑓𝑓𝑓𝑓𝑓𝑓𝑃𝑃 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃
43,560 𝑙𝑙𝑠𝑠𝐵𝐵𝑎𝑎𝑝𝑝𝑝𝑝 𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃/𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝

 = 𝐴𝐴𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑠𝑠𝑝𝑝 𝑓𝑓𝑓𝑓 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 

Step 2. Calculate the number of drive wheel revolutions. Measure the circumference 
(perimeter) of the drive wheel to determine the number of revolutions. 

𝐷𝐷𝑠𝑠𝑙𝑙𝑃𝑃𝑎𝑎𝑃𝑃𝑎𝑎𝑝𝑝 𝑓𝑓𝑓𝑓 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 (𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃)
𝑊𝑊ℎ𝑝𝑝𝑝𝑝𝑙𝑙 𝑎𝑎𝑠𝑠𝑝𝑝𝑎𝑎𝐵𝐵𝑚𝑚𝑓𝑓𝑝𝑝𝑝𝑝𝑝𝑝𝑃𝑃𝑎𝑎𝑝𝑝 (𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃)

 = 𝑁𝑁𝐵𝐵𝑚𝑚𝑙𝑙𝑝𝑝𝑝𝑝 𝑓𝑓𝑓𝑓 𝑠𝑠𝑝𝑝𝑠𝑠𝑑𝑑𝑝𝑝 𝑤𝑤ℎ𝑝𝑝𝑝𝑝𝑙𝑙 𝑝𝑝𝑓𝑓𝑃𝑃𝑎𝑎𝑃𝑃𝑠𝑠𝑓𝑓𝑃𝑃𝑙𝑙 𝑓𝑓𝑓𝑓𝑝𝑝 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 

It is important to note that the measurements in Step 1 and Step 2 should be to the nearest 
tenth of a foot for accuracy.  
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Step 3. Calculate the amount of seed mix that would be delivered from each tube for the 
determined test run acreage. 

𝐵𝐵𝐵𝐵𝑙𝑙𝐵𝐵 𝑝𝑝𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝 ×  𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑠𝑠𝑝𝑝 𝑓𝑓𝑓𝑓 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 
= 𝑃𝑃𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑃𝑃𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝𝑠𝑠 𝑓𝑓𝑓𝑓𝑝𝑝 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃 

Then calculate: 

𝑃𝑃𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑓𝑓𝑓𝑓𝑝𝑝 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑝𝑝𝐵𝐵𝑃𝑃
𝑁𝑁𝐵𝐵𝑚𝑚𝑙𝑙𝑝𝑝𝑝𝑝 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠 𝑃𝑃𝐵𝐵𝑙𝑙𝑝𝑝𝑙𝑙 𝑓𝑓𝑃𝑃 𝑠𝑠𝑝𝑝𝑠𝑠𝑙𝑙𝑙𝑙

 = 𝑃𝑃𝑓𝑓𝐵𝐵𝑃𝑃𝑠𝑠𝑙𝑙 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑃𝑃𝐵𝐵𝑙𝑙𝑝𝑝 

Step 4. The drill tubes should be removed from the disk openers. The drive wheel should be 
turned until seed is dropping uniformly to prime the drop tubes. A collection implement should 
be placed under the tube spout to collect the dropped seed. Weigh the dropped seed from a 
minimum of 2 tubes on either side of the drill and compare it to the calculated seed amount. If 
necessary, adjust the drill openings. This step should be repeated until the weight of the 
dropped seed is within 10 percent of the calculated amount. Once the calibration is set, repeat 
the procedure again at least twice to insure proper calibration (USDA 2010).  

Drill Seeder Calibration Field Test 

Once the equipment is calibrated and prior to seed installation, perform a field test within a 
plot approximately 100 feet long in distance to demonstrate that the drill seeder is seeding 
uniformly at the specified seeding depth and that the furrows are properly covered with soil. 
Check the uniformity of seeding throughout the day, as many variables can affect calibration of 
the equipment. Changes in weather conditions such as temperature or humidity can have an 
effect. Different seed lots of the same mix can also behave differently in the equipment.  

Travel speed when seeding is important, particularly in rough terrain or in areas with plant 
thatch present. Higher rates of speed can cause an increase in disk bounce height when hitting 
objects in the field, causing areas to be missed, improper furrow depth because the seeder may 
not dig a deep enough furrow for seed placement or soil displacement further away from the 
furrow leading to inadequate soil coverage of the seed mix in the planting furrows (Kees 2006). 
In general, travel speeds are typically set to between 3 and 4 miles per hour. 

3.2 Hydroseeding 
Hydroseeding can be used in areas that are not accessible by the imprinter or drill seeder and 
may be the only seeding method option on steep slopes. Hydroseeding is a planting process 
that uses a hydraulically applied slurry of ingredients including cellulose wood fiber, the 
specified seed mix, organic binder and tackifier (e.g., “M-Binder”), and any amendments to be 
added (e.g., slow release fertilizer, AM fungi). Hydroseeding equipment has access constraints 
and there must be a source of water for the batch preparation of slurry. The water source may 
be near the equipment, or water can be transported to the equipment by water truck for 
example. The slurry can be applied by a spray nozzle mounted to the equipment or by a nozzle 
attached to a hose to direct application. Long lengths of hose and/or hard pipe can be designed 
to allow application at a distance of up to 700 feet or more, depending on conditions such as 
pump pressure and the viscosity of the slurry. Prior to hydroseed application, the site should be 
cleared of plant thatch to provide good seed-to-soil contact. 
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Hydroseeding can be applied in a one- or two-step process. The one-step application consists of 
applying the slurry of ingredients in one step. The two-step application consists of applying the 
specified seed mix, one-quarter of the cellulose wood fiber, and amendments in the first step. 
The second step consists of adding and applying the remaining cellulose wood fiber and organic 
M-binder.  

For very steep slopes, the best available method for seed application is the hydroseed method, 
because specially formulated erosion control products can be added, such as Flexterra® High 
Performance-Flexible Growth Medium™ (HP-FGM™). Refer to the manufacturer’s specifications 
for application when applying seed with products such as HP-FGM™. 

3.2.1 Hydroseeding Implementation 
The following are sample one-step and two-step hydroseeding application specifications, which 
should be modified as necessary for the project site application. 

Prior to hydroseed application, the site should be cleared of plant thatch to provide good seed-
to-soil contact. 

Hydroseed mixing should be done in a clean tank. The hydroseeder must be equipped with a 
continuous agitation recirculation system to produce a uniform slurry. Once the seed and AM 
fungi inoculum (if needed) are added to the mixing tank, application must be within one hour of 
preparation. If AM fungi is used, then commercially available Glomus intaradices is 
recommended for the AM fungi amendment, as it is ubiquitous and will not impede the 
development of other native mycorrhizae species. 

A slow release organic fertilizer may be used, if appropriate. However, the benefit to 
encouraging germination and growth of the seeded species must be weighed against the risk of 
encouraging vigorous growth of any weed species in the seed bank. Many of the upland native 
vegetation community species have physiological traits and/or symbiotic associations with 
mycorrhizal fungi that colonize the plant’s roots, which allow them to grow in lower nutrient 
content soils, so fertilization may not be necessary or desired.  

One-Step Hydroseeding 

The one-step application consists of the hydraulic application of a slurry mixture that contains 
water, cellulose wood fiber, seed, AM fungi (if needed), and organic soil stabilizer as follows: 

• 2,000 lbs per acre of virgin cellulose wood fiber or recycled newsprint paper fiber 
(Enviro Fiber S-100 Hydroseeding Mulch or comparable product) 

• 60 lbs per acre of AM fungi amendment (approximately 3,500,000 live propagules 
per acre of AM fungi based on the guarantee of the supplier)* 

• Specified seed mix 

• 160 lbs per acre of organic M-binder (Ecology Control or comparable product). 

*If needed (most undisturbed native soils do not require the addition of AM fungi). 
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Two-Step Hydroseeding 

Step 1 – Hydraulic application of a slurry mixture that combines water with the following 
components: 

• 500 lbs per acre of virgin cellulose wood fiber or recycled newsprint paper fiber 
(Enviro Fiber S-100 Hydroseeding Mulch or comparable product) 

• 60 lbs per acre of AM fungi amendment (approximately 3,500,000 live propagules 
per acre of AM fungi based on the guarantee of the supplier)* 

• Specified seed mix 

*If needed (most undisturbed native soils do not require the addition of AM fungi). 

Step 2 – Hydraulic application of a slurry mixture that combines water with the following 
components: 

• 1,500 lbs per acre of virgin cellulose wood fiber or recycled newsprint paper fiber 
(Enviro Fiber S-100 Hydroseeding Mulch or comparable product); and, 

• 160 lbs per acre of organic M-binder (Ecology Control or comparable product). 

If the air temperature at the site exceeds 90°F, the second hydroseeding step must be applied 
within three hours of the application of the first step. Regardless of the air temperature, the 
second hydroseeding step must be applied the same work day as the first hydroseeding step. 

3.3 Mechanical Broadcast Seeding 
In restoration areas that are accessible by mechanical equipment, a broadcast seed spreader 
can be used. Many types of broadcast seeders are available in a range of sizes and can be 
mounted to an all-terrain vehicle (ATV), tractor, or similar equipment. Broadcast seeders work 
by centrifugal force and the weight of the seed material (USDA 2009). Mechanical broadcast 
seeding works best in large restoration areas that are accessible by equipment but where 
conditions limit the use of a drill seeder. 

Disadvantages of broadcast seeding include higher rates of seed loss from wind or predation, 
higher potential for uneven distribution of seeds, with dense seeds or overcrowding in one 
location and sparse seeds or lack of seeds in another location, a decrease in seeding depth 
precision compared to drill seeding, and calibration inaccuracies inherent in the equipment. 
Calibration of broadcast spreaders is not as accurate for drill seeders because of the different 
seed delivery methods of the equipment (USDA 2009). Inaccurate calibration will have an effect 
on the desired seeding rate causing over- or underseeding.  

3.3.1 Mechanical Broadcast Seeding Implementation 
Prior to broadcast seeding, thatch material should be removed from the site because a well-
prepared seedbed is critical for seed- to-soil contact (USDA 2009). Good seed-to-soil contact is 
key for successful germination of the seed mix.  
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Wheat bran will be added at ¼ the weight of the specified seed mix bulk weight to facilitate 
seeding. The bran helps to keep the seeds evenly dispersed in the seeder and produces uniform 
seeding of different sized seeds (St. John et al. 2012).  

Materials to be applied during mechanical broadcast seeding include: 

• Specified seed mix for each area 

• Bran at ¼ the weight of the specified bulk seed 

The materials (seed mix and wheat bran) should be divided into two equal parts. Half of the 
seed should be broadcast across the entire area in a linear orientation appropriate for the site 
to ensure even coverage. The remaining half of the seed should be broadcast across the site in 
a linear orientation perpendicular to the first application.  

Following seed broadcast, the seed material should be incorporated into the soil at less than ½ 
inch deep with a cultipacker pulled by a tractor, ATV, or similar equipment. This will increase 
seed-to-soil contact to improve germination success and reduce loss of seed to wind, erosion 
and seed predation. 

Mechanical Broadcast Seeder Calibration 

Broadcast seeders require calibration prior to seed installation. Refer to the equipment manual 
for specific guidelines on calibration and how to perform seeder adjustments. The following are 
general guidelines for broadcast seeder calibration (USDA 2009).  

Note: When calibrating the equipment, be sure to calibrate the drill seeder accordingly if 
applying the seed in two separate passes. The seeding rate for calibration should then be 
divided in half. 

Step 1. Determine the bulk seeding rate per acre and convert to anticipated seed per square 
foot. 

Step 2. Several tarps should be placed at different locations within the test area. 

Step 3. Run the broadcast seeder within the test area over the tarps and determine the average 
seed count per square foot on the tarps. 

Step 4. Increase or decrease the seed flow by adjusting the adjustable gate to achieve the 
desired seeding rate. 

3.4 Hand Broadcast Seeding 
Broadcast seeding is an all-purpose seeding method that can be used in relatively small areas 
limited by access or areas with a high density of natives or sensitive species. Hand-broadcast 
seeding is the best option in areas where sensitive resource protection is required.  

The disadvantages of this method is that hand-broadcast seeding will result in the greatest 
potential for loss of seed due to wind, runoff, and seed predation, higher potential for uneven 
seed distribution, greater potential for poor seed-to-soil contact and inefficient coverage in 
large areas (e.g., greater than one or two acres in size). 
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3.4.1 Hand Broadcast Seeding Implementation 
Prior to hand broadcast seeding, thick plant thatch should be removed to accomplish 
incorporation of seed into the soil because a well-prepared seedbed is critical for seed-to-soil 
contact (USDA 2009). Good seed-to-soil contact is key for successful germination of the seed 
mix.  

Hand-seeding will be implemented using a small hand-held seed spreader to evenly broadcast 
the seed mix. 

Wheat bran will be added at ¼ the weight of the specified seed mix bulk pounds to facilitate 
seeding. The bran helps to keep the seeds evenly dispersed in the seeder and produce uniform 
seeding of different sized seeds (St. John et al. 2012). It is important to note, since there is a 
high potential for the loss of seed from hand broadcast seeding, that the specified seed mix 
may need to be doubled.  

Materials to be applied during hand-broadcast seeding include: 

• Specified seed mix for each area 

• Bran at ¼ the weight of the specified bulk seed 

Prior to hand-seeding, if the surface of the soil is compacted, then it should be lightly scarified 
with a hand rake or a 6-foot wide cultipacker attached to an all-terrain vehicle, crawler type 
dozer, or tractor. Scarification of the ground before applying the seed mix is important to 
facilitate seed-to-soil contact. The materials (seed mix and wheat bran) should be divided into 
two equal parts. Half of the seed should be hand broadcast by walking across the entire area in 
a linear orientation appropriate for the site making sure of even coverage. The remaining half 
of the seed should be hand-broadcast by walking across the site in a linear orientation 
perpendicular to the first application.  

Following seeding, the soil will be scarified either with hand-held rakes or a 6-foot wide 
cultipacker attached to an ATV, crawler type dozer, or tractor. Scarification of the soil following 
seeding will aid in seed-to-soil contact and provide a thin covering of soil over the applied seed 
mix. Seeds should be incorporated into the topsoil soil less than ½ inch deep. 

The method used for scarification of the soil following seeding will depend on access to the site 
and the size of the restoration area. If the site is accessible with mechanical equipment, then 
scarification with mechanical equipment is more efficient than hand raking.  

Hand Broadcast Seeder Equipment 

A hand broadcast seeder is typically comprised of a seed hopper, agitator, flow gauge, “on-off” 
lever, hand crank for seed dispersal, and shoulder harness.  

Hand Broadcast Seeder Calibration 

Prior to seeding, the equipment requires calibration to insure uniform distribution of the seed 
mix. Refer to the equipment manual for specific guidelines on calibration and how to perform 
seeder adjustments. The following describes general guidelines for seeder calibration and is 
based on the EarthWay® hand crank broadcast spreader.  
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Note: when calibrating the equipment, be sure to calibrate the hand-seeders accordingly if 
applying the seed in two separate passes. The seeding rate for calibration should then be 
divided in half. 

Step 1. Mark the beginning and end of an area 50 feet in length. 

Step 2. Calculate the amount of specified seed mix including the wheat bran to be applied to a 
1,000 square foot area. 

Step 3. Weigh and record the weight of enough seed mix to fill the seeder at least half full. 

Step 4. Select an appropriate Setting Rate position on the seeder for the seed material. In 
general, start with the setting in the middle if unsure of the appropriate setting rate.  

Step 5. Start far enough behind the beginning of the 50-foot test area to achieve the desired 
walking speed. Use a normal pace and crank the handle so that the crank makes one revolution 
for each step then stop seeding at the end of the 50 feet. 

Step 6. Measure the entire spread width of the broadcast seed. 

Step 7. Record the weight of the remaining seed material in the seeder and calculate the 
amount of seed applied. 

Step 8. Calculate the amount of seed mix required for test area. 

𝑊𝑊𝑝𝑝𝑠𝑠𝑠𝑠ℎ𝑃𝑃 𝑓𝑓𝑓𝑓 𝑙𝑙𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝 1,000 𝑙𝑙𝑠𝑠𝐵𝐵𝑎𝑎𝑝𝑝𝑝𝑝 𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃 ×  
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑎𝑎𝑠𝑠 𝑤𝑤𝑠𝑠𝑠𝑠𝑃𝑃ℎ 𝑖𝑖 50 𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃

1,000 𝑙𝑙𝑠𝑠𝐵𝐵𝑎𝑎𝑝𝑝𝑝𝑝 𝑓𝑓𝑝𝑝𝑝𝑝𝑃𝑃
 

= 𝑃𝑃𝑝𝑝𝑝𝑝𝑠𝑠 𝑚𝑚𝑠𝑠𝑖𝑖 𝑝𝑝𝑝𝑝𝑠𝑠𝐵𝐵𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠 𝑓𝑓𝑓𝑓𝑝𝑝 𝑃𝑃𝑝𝑝𝑙𝑙𝑃𝑃 𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎 

 

Step 9. Compare the results in Step 7 with the calculation in Step 8. If too little or too much 
seed was applied in the test area, adjust the rate setting accordingly and repeat the test again 
until the desired application rate is achieved. 

All hand-seeders should be calibrated prior to seeding since variations can occur between 
equipment and the operator. The calibrated rate setting from one seeder can be used as a 
guide or starting point for calibration of other seeders. 

3.5 Imprint Seeding 
Imprint seeding is best used in areas with few to no native species already present. Steep 
topography, areas of shallow soil, and the presence of medium size rocks will limit the use of 
imprinting. Imprinters consist of a metal roller with teeth that create v-shaped imprints in the 
soil (Dixon and Carr 2000). The seed is applied at the same time the imprints are made thereby 
pressing the seed into the soil for better seed-to-soil contact. The imprints should be at a 
specified depth and stable so that erosion of the imprints or collapse does not occur. Imprint 
seeding generally requires the soil to be cleared of thatch and ripping or disking prior to 
imprinting to allow the imprinter to make the specified imprints in the soil. The specified 
imprints can be made in areas with “soft” soil without the need for disking or ripping. However, 
if the soil is too soft, such as areas with coarse soils with a high sand content, the imprints can 
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be too unstable. In these instances, imprinting should not be the seeding method utilized. An 
unstable imprint is subject to erosion of the imprint or collapse burying the seed too deep.  

The purpose of the imprint is to provide a “safe” microclimate protecting the seeds from wind, 
providing shade to prevent desiccation, and serves to collect water to provide moisture for 
germination. Imprinting is best done in the fall since rain can help to stabilize the imprints and 
prevent erosion and/or collapse of the imprint. While imprinting works best if soils are moist, 
imprinting should not be done in wet soils as the soil can stick to the imprinting teeth and 
resulting in improper imprints. Imprints can generally last for a couple of years and continue to 
provide moisture for germinated seedlings and provide wind protection from evaporation. It is 
important to note, that in instances where the soil requires ripping or disking, this will 
encourage the germination of weed seed that would not otherwise have germinated. Hence, 
disking is more appropriate in a condition where there is a limited weed seed bank and few 
native plants. Disking can also result in collateral death to ground dwelling wildlife (e.g., snakes, 
gophers). Drill seeding is generally the more appropriate method in settings where imprint 
seeding may also be an option.  

3.6 Seed Ball Broadcast Seeding 
An alternative method for handbroadcast seeding is the use of seed balls. Seed balls are 
mixtures of clay, compost, seed material and water formed into small balls. The benefit of using 
the seed ball method is the reduction in loss of seed from wind and herbivory and the clay 
combined with the compost provides a growing medium and nutrients for germinating seeds. 
The general recipe for making seed balls is as follows: 

• 5 parts dry terra cotta clay 

• 3 parts dry organic compost 

• 1 part seed mix 

• Sufficient water to bind the materials and allow for rolling into marble-sized balls. 

The seeds in the seed mix are often very small therefore, the seed mix part of the recipe can be 
increased in volume with an inert material, such as sand, in order to distribute the seed mix at 
the desired rate. The amount of seed per seed ball should be adjusted to reach the desired pure 
live seed (PLS) rate for the restoration area. Generally, spacing of 1-2 feet on-center will ensure 
good coverage.  

The seed balls should be allowed to thoroughly dry before storage or placement to prevent 
premature germination of the seed material. 

4 Container Plants/Cuttings 
Cuttings and container plants provide three important functions in habitat restoration: (1) to 
allow plants that are past the vulnerable seedling stage to be introduced and to establish 
onsite, (2) to provide the means of introducing species that do not establish well from seed, 
and (3) to provide some diversity of plant age to promote natural regeneration earlier in the 
restoration process. 
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4.1 Layout 
Planting locations for container plants and cuttings should be marked onsite using different 
colored pin flags and under the supervision of the restoration specialist/project biologist. 
Groups of container plants should be spaced in a natural-looking mosaic. 

4.2 Cuttings 
Cuttings should be collected from nearby, intact riparian habitat if feasible and ideally 
harvested no more than 12 hours prior to installation on the restoration site. For sites that will 
be irrigated, it is recommended cuttings for both willows and mulefat are made from branches 
between 3/8- and 5/8-inch in diameter and a minimum of 4 feet in length. Proximity to 
groundwater depth should be kept in mind when determining cutting length to be able to 
install the cuttings as close to groundwater depth as possible, particularly for willow species. 
Cuttings should be kept moist until installation and it is recommended to dip the cuttings in a 
rooting hormone and vitamin powder immediately prior to planting. No more than 1/3 of the 
cutting should be above ground once planted. For cuttings that will be installed with no 
supplemental irrigation, they should be tall enough (eight feet or greater or depending on 
groundwater depth) to reach the groundwater when planted.  

4.3 Acorns 
4.3.1 Acorn Collection 
Acorn production varies from year to year depending on many factors, particularly local 
weather patterns. The abundance of acorns can vary as well as the viability of the acorns. Acorn 
collection is typically in early fall to early winter. Start assessing acorn production in late 
summer to determine collection areas and monitor for collection timing. The best time to 
collect acorns is when they are turning from green to brown and are starting to fall from the 
tree, usually early fall. The caps should be easy to remove. Ideally, acorns are collected from the 
tree since they are generally the healthiest acorns. Collection of acorns from the trees can be 
accomplished by knocking the tree with a pole or some implement and laying a tarp on the 
ground under the tree to collect the acorns. Acorns can be collected from the ground, however, 
these acorns tend to dry out and become damaged. If acorns are collected from the ground, 
don’t collect acorns that are small, cracked, have parasite entrance/exit holes, or feel light.  

The general belief is that acorns should be collected from local populations to maintain the 
integrity of the local oak populations since evolution of certain genetic traits allow the oaks to 
survive in a particular region (UCANR). Ideally, acorns should be collected as close to the 
planting area as possible trying to match soil, slope, elevation, and exposure to the planting 
site.  

4.3.2 Acorn Storage 
Acorn caps should be removed and the acorns soaked in water for a day before storage. Acorns 
that float should be discarded since these likely have insect damage or have dried out. Place the 
acorns on absorbent material such as newspaper, paper towels, or the like, to air dry the 
surface, typically about half an hour. Once dry, place the acorns in plastic bags leaving the bag 
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partially open to reduce mold development and store in the refrigerator. The temperature 
should be as cold as possible but above freezing. Cold storage in the refrigerator slows down 
metabolic activity and depletion of stored reserves. Acorns should be inspected occasionally for 
mold development while in storage and if mold is detected rinse the acorns to remove the mold 
and then put them back in cold storage. Acorns can only be stored for a couple of months and 
should be planted the growing season following collection (UCANR). If the acorns begin to 
germinate in cold storage, they should be planted as soon as possible as the radicle, or root 
system, can start to rot in a few weeks. 

4.3.3 Acorn Planting 
Acorns can be planted beginning in November, after the first rains have soaked the soil, 
through March. Planting acorns as early as possible will allow for maximum root development 
before dry weather. Acorns planted late in the season, February or March, will need 
supplemental irrigation. Planting holes should be dug several inches deep and wide to loosen 
the soil to allow for root expansion and should be dug as deep as possible. The holes should be 
backfilled with excavated soil and tamped down firm to approximately one inch below grade. 
Tamping prevents the soil from settling and the acorn sinking deeper into the hole. Place the 
acorns on their side in the planting hole and cover with the remaining soil so that the acorn is 
approximately one inch below the soil surface. If the acorns have germinated, position the 
acorn so that the root is pointing downward, being careful not to break the tip.  

To increase the chances of producing the desired density of oak trees in an area, multiple 
acorns, as many as four, can be planted per planting hole. Multiple acorns planted in a planting 
hole should be spaced approximately six inches apart. It is recommended to place at least two 
acorns per planting hole to increase the success rate for each planting basin. Plant spacing 
depends on the desired density of the oak trees. Spacing should be a minimum of five feet on 
center for acorn plantings and arranged in a natural mosaic and not in rows.  

To increase seedling survival, weeds should be controlled in an approximately two- to three-
foot radius around the oak planting and the weeds maintained for at least the first couple 
seasons of development. This will reduce competition for scarce resources, particularly 
available soil moisture. After clearing the areas of weeds, mulch can also be used to suppress 
weed development and conserve soil moisture.  

4.3.4 Acorn Supplemental Irrigation 
Acorn success rate increases with the use of supplemental irrigation for at least the first couple 
of seasons. If irrigation is not possible, as stated above, the acorns should be installed at the 
start of the rainy season to maximize development time before dry weather starts. In drought 
years with significantly lower than average precipitation, acorn survivorship decreases without 
supplemental irrigation. 

If irrigation is possible, the acorns should be irrigated immediately after planting. Dependent on 
rainfall, the general guideline for irrigation is for weekly irrigation until germination, then 
weekly for the first month, every other week during the second month and once a month 
through to the next winter, or as needed and dependent on rainfall. Monitoring of oak 
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irrigation needs is crucial since too much or too little water can be injurious/detrimental to 
establishing oak plants. A soil probe or shovel should be used to examine soil moisture and 
rooting depth directly. The amount of applied irrigation should be adjusted as the trees develop 
to ensure deep penetration of the root system. 

Depending on the oak development and the annual rainfall, irrigation may need to continue for 
a second season following once a month irrigation events or as needed. It is best to avoid or 
limit the amount of irrigation applied in the summer and should only occur in the first planting 
season and only in the second season if necessary due to severe drought conditions.  

Care should be taken to avoid having the tree trunk and particularly the crown wet or moist for 
extended periods of time, especially in the summer. This leaves oaks susceptible to various 
diseases and pathogens. If possible apply the irrigation away from the base of the tree while 
still ensuring moisture is delivered to the root system. If mulch is applied around the oak tree, 
ensure that moist mulch does not contact the crown or trunk of the tree for extended periods, 
particularly in the summer.  

4.4 Nursery-Grown Plants 
Contract growing of all container plants should be done by a local nursery that has experience 
in growing native plants and at least three years of experience growing native plants for the 
target vegetation communities of the project. The plants should have a well-developed root 
system and conditioned (prepared to withstand the elements of the natural environment), prior 
to planting. Mycorrhizal inoculum should be incorporated with the greenhouse soil mix 
according to the label at the time of transplantation to containers. 

The container plants should be inspected by the project restoration specialist during the 
growing period. Upon delivery for planting, the restoration specialist should also verify that the 
plants are the correct species and quantities, are free of weeds, pests, and disease, and show 
signs of healthy growth. Plants should be grown in the specified container long enough to 
develop a root system that reaches the bottom of the container and forms a healthy root ball 
without becoming root bound. Any container plants that are not within these standards should 
be rejected and replaced. Substitution of plant material at the time of planting depends solely 
upon the discretion of the project restoration specialist. 

4.5 Plant Installation 
All container plants and cuttings should be planted to the following specifications:  

• Planting holes will be made with the minimum disturbance to accommodate the 
rootballs or cuttings.  

• Prior to planting, the planting hole will be filled with water and allowed to drain. 

• A fertilizer packet (Bio-pac™ from Reforestation Technologies, Inc.) will be added to 
each planting hole prior to planting—if needed. 
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• Plants will be set in the planting hole so that the crown of the root ball is approximately 
at or slightly above finished grade. Cuttings will be planted so that a minimum of two-
thirds of the cutting is buried in the ground. 

• A watering basin from 18 – 24 inches in diameter will be provided around each installed 
plant or cutting. 

• Watering basins will be filled with water after planting. 

4.5.1 Soil Amendments 
A specially-formulated, slow release fertilizer provided in planting packets can be planted with 
container plants to aid establishment of the nursery-grown stock. The packets should be buried 
below the container plant so that their nutrients are available only to the plants and not weedy 
seedlings that may develop at the soil surface. Each packet (10 grams weight) should contain a 
blend of 16% total nitrogen, 6% available phosphoric acid, and 8% soluble potash plus minor 
nutrients. The nitrogen, phosphorous, and potassium should be coated with a polyurethane 
coating to provide 15.69% coated slow release nitrogen, 5.09% coated slow release available 
phosphate, and 6.80% slowly available soluble potash. For example, Bio-pacs™ meeting these 
specifications are available from Reforestation Technologies, Inc. 

4.5.2 Plant Protection 
To protect newly planted acorns or 1-gallon oak trees in areas where gophers and ground 
squirrels are present, below ground root protection are recommended to be installed to 
protect against root herbivory/damage. Root guards should be 18-gauge wire with ¾ inch mesh. 
The planting basin should be approximately 18” in diameter depending on the number of 
acorns planted per planting hole. The root guard shall be buried approximately 24 inches below 
ground and extend above the ground two to four inches. The root guard shall have an open 
bottom so as not to inhibit plant roots. Power augers can be used to dig the holes to the 
appropriate depth and width. 

If browsing is detected on young saplings, above ground protection can be installed. Wire 
caging, similar to the root guards can be installed using 18-inch gauge wire with ¾ inch mesh, 
such as chicken wire. The recommended diameter of the cage is approximately four feet with a 
height of four feet so as to protect the sapling from browsing while not inhibiting growth. The 
wire can be “stitched” together with binding ties and anchored to the ground using two pieces 
of rebar on opposite sides of the cage. Inspect the planting cages regularly to ensure tree 
growth is not inhibited by the cage and damage/girdling is not occurring.  

Planting cones or tree shelters are an alternative to the cages; however, they are not 
recommended. Cones and shelters tend to inhibit lateral expansion of the root crown, do not 
protect the upper portions of the sapling that extend beyond the top of the shelter from 
browsing, and can increase the ambient temperature near the tree. Tall tree guards that 
significantly reduce available light can produce spindly top-heavy young trees that may be too 
heavy for the trunk to support the tree crown which allows for the tree to be easily damaged 
from high winds. If planting cones or tree shelters are used, inspect the health of the plant 
regularly to ensure the tree guards are not inhibiting growth and development of the tree.  
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4.6 Plant Survivorship 
Survival of container plants within the first growing season should typically be at least 80 
percent. Plants should be replaced if survivorship falls below 80 percent in the first season, 
including loss due to vandalism. Replacements will be planted as previously specified and 
maintained for one growing season, with hand-irrigation if necessary.  

In the second establishment season, container plant survival will be visually estimated. As sites 
develop, it is very difficult to implement direct counts of all the container plants especially in 
riparian woodland and riparian scrub habitats. Natural recruitment of trees and shrubs in these 
habitats should occur and preclude the necessity for plant replacement. Replacement planting 
after the first season should only be specified if the visual estimate indicates substantial 
mortality over 60 percent in the second establishment year. 

5 Temporary Irrigation System 
When nursery-grown plants or cuttings are used, a temporary irrigation system is often 
necessary to supplement natural rainfall. There are several types of irrigation systems, as well 
as alternative watering systems, including the following: overhead, drip, micro-sprinkler, 
bubbler, hand watering from water truck or reservoir, and biodegrable watering shelters (e.g., 
Cocoon by Land Life Company). 

The advantage of overhead irrigation is that it mimics natural rainfall, provides an even 
distribution of water across the site and is durable and low maintenance. However, overhead 
irrigation uses the most amount of water and there is loss through evaporation.  

Drip and micro-sprinkler irrigation systems both make more efficient use of water by directing 
water application, but they can be readily damaged by weathering or animals. Bubbler 
irrigation systems also are water efficient, direct the application of water with strategically 
placed bubbler heads, and have the advantage of being more durable. 

When a limited number of watering events are required or a limited number of plants need to 
be irrigated, hand watering can be an effective approach. Plants can be watered by hand using 
a hose that is attached to a water truck or a reservoir/basin that is filled externally by a water 
truck, from a well or from a municipal water source, for example. Another option is to install 
biodegradable watering shelters in which basins are placed in the planting holes, fitted around 
the plant stem(s) and filled with water by hand. The intent of using the watering shelters is to 
provide enough water for the first year of establishment. 

The following are typical specifications for an overhead irrigation system with impact sprinklers 
and a bubbler irrigation system. 

5.1 Overhead Irrigation System 
A temporary above-ground irrigation system should include the following features, as 
appropriate: 

• The mainline will have lateral lines and gate-valves to separately manage the different 
areas or habitats, as necessary, depending on soils and landform. 



Habitat Restoration and Enhancement Plan for the County of Orange Central/Coastal Subregion NCCP/HCP 
Appendix C—General Habitat Restoration Specification Guidelines 
 

 Page 38 of 41 

• Sprinkler heads will be tested to accommodate the infiltration rate of the soil and 
landscape position. The size of the sprinkler heads and application rate will be 
determined after infiltration is evaluated in each area. 

• The system will be laid out so that the wetted area from each sprinkler head has no 
more than a two- to three-foot overlap with adjacent sprinklers. The final layout design 
will depend on the system water pressure and the size of the sprinkler heads (based on 
the infiltration rate of the soil), 

• Separate valves will be installed to manage overhead impact sprinklers. This is 
important because it may be required to turn off valves where nesting sensitive bird 
species are present. 

• All impact sprinkler stems will be fitted with on/off ball valves to allow for hose 
connections and hand watering of container plants at installation and during 
establishment, as necessary. These valves will also allow specific areas to be shut off, as 
necessary. 

The size of the sprinkler heads and application rate should be determined after infiltration is 
evaluated for the restoration area. Sandy and sandy loam soils typically have high infiltration 
rates. 

For riparian habitat restoration, the system should be flexible and easily disassembled when it 
runs across waterways for easy removal during periods of high flow. If the irrigation system is in 
the active floodplain, then it should be portable for removal prior to the onset of heavy rains or 
other conditions that might result in the loss of the irrigation system. 

An overhead irrigation system can also be used to germinate and establish seeded material, as 
appropriate. 

5.2 Bubbler  
A temporary bubbler irrigation system should include the following features, as appropriate: 

• A mainline with lateral lines will be installed with gate valves to separately manage 
areas within the restoration site, as necessary depending on site soils and landforms. 

• PVC lateral lines will be laid out from the mainline to individual container plants. 

• Full circle bubbler nozzles will be installed at each planting location. 

• Individual bubbler nozzles will be pressure regulating. 

5.3 Irrigation System Operation 
Supplemental irrigation should be timed to mimic natural rainfall patterns to extend the rainy 
season in the fall and spring. Upon completion of plant installation, irrigation should occur 
weekly for about the first month in the absence of adequate rainfall to prevent desiccation of 
the container plants or cut material.  
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For riparian and woodland habitats, in general, the temporary irrigation system is used for a 
minimum of two years to establish container plants. Native trees and shrubs may require 
irrigation in the summer of the first year, as well as several subsequent seasons of irrigation for 
successful establishment. 

The irrigation system should not be operated with any type of controller or automatic timer. 
The irrigation system should be run manually and only when at least one maintenance person is 
on site to check the system for leaks and prevent blowouts. 

The timing of irrigation events will depend on the amount of evapotranspiration between 
events and soil moisture. With regard to irrigation, there are only guidelines to follow and no 
cookbook formula (i.e., step-by-step prescriptive procedures) for successful water management 
of native vegetation.  

The following is a sample irrigation management scheme: 

• Irrigate soil to full field capacity to the desired depth (approximately 18 inches during 
germination and seedling/cutting/plant establishment; and 18-24 inches during 
subsequent establishment). 

• Initially keep seeded areas moist until seeded material has germinated (if applicable). 

• Allow soil to dry down to approximately 50-60 percent of field capacity (in the top 6-10 
inches after germination and during seedling and plant establishment; and 8-12 inches 
during plant establishment) before the next irrigation cycle. 

Wetting of the full root zone and drying of the soil between irrigation events is essential to the 
maintenance of the plants and the promotion of a deep root zone that will support the 
vegetation in the years after establishment. A soil probe or shovel should be used to examine 
soil moisture and rooting depth directly.  

6 On-Going Management 
To achieve habitat restoration goals, on-going management of the restoration site may be 
necessary after site preparation (i.e., weed management) and seed addition. There are several 
reasons that the habitat restoration project may require on-going management, including the 
following: 

• There are portions of the project that have higher weed loads than others and require 
post-seeding weed maintenance to facilitate the establishment of the native vegetation 

• To contain or eradicate the population of a high priority invasive plant species  

• Supplemental irrigation for installed container plants or cuttings 

• Remedial seeding in areas where germination of the native seed mix failed after at least 
one season of adequate rainfall  

• Installation of erosion control best management practices (e.g., straw wattles and a 
native remedial seed mix) following significant erosion requiring repair 

• Conservation activities for sensitive species. 
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The amount of remedial weeding required each year will depend on weather conditions, 
development of the native habitats and the density and type of weed species in the restoration 
area. Remedial weeding effort can be greatly reduced with an increase in the duration and/or 
intensity of nonnative weed management prior to seeding. It is very important to wait to add 
native plant material until after it is determined that adequate weed management has been 
accomplished. 

Remedial seeding is often best accomplished using hand broadcast seeding methods when the 
area to be repaired is relatively small (e.g., less than one acre). 
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