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NOTE TO READER: 

This report is an account of survey activities conducted by the Biological 
Monitoring Program for the Western Riverside County Multiple Species Habitat 
Conservation Plan (MSHCP). The MSHCP was permitted in June 2004. The Monitoring 
Program monitors the distribution and status of the 146 Covered Species within the 
Conservation Area to provide information to Permittees, land managers, the public, and 
the Wildlife Agencies (i.e., the California Department of Fish and Game and the U.S. 
Fish and Wildlife Service). Monitoring Program activities are guided by the MSHCP 
species objectives for each Covered Species, the information needs identified in MSHCP 
Section 5.3 or elsewhere in the document, and the information needs of the Permittees. 

MSHCP reserve assembly is ongoing and it is expected to take 20 or more years 
to assemble the final Conservation Area. The Conservation Area includes lands acquired 
for conservation under the terms of the MSHCP and other lands that have conservation 
value in the Plan Area (called public or quasi-public lands in the MSHCP). In this report, 
the term “Conservation Area” refers to the Conservation Area as understood by the 
Monitoring Program at the time the surveys were planned and conducted. 

We would like to thank and acknowledge the land managers in the MSHCP Plan 
Area, who in the interest of conservation and stewardship facilitate Monitoring Program 
activities on the lands for which they are responsible. A list of the lands where data 
collection activities were conducted in 2010 is included in Section 7.0 of the Western 
Riverside County Regional Conservation Authority (RCA) Annual Report to the Wildlife 
Agencies. Partnering organizations and individuals contributing data to our projects are 
acknowledged in the text of appropriate reports. 

While we have made every effort to accurately represent our data and results, it 
should be recognized that data management and analysis are ongoing activities. Any 
reader wishing to make further use of the information or data provided in this report 
should contact the Monitoring Program to ensure that they have access to the best 
available or most current data. 

The primary preparer of this report was the 2011 Botany Program Lead, Karyn 
Drennen. If there are any questions about the information provided in this report, please 
contact the Monitoring Program Administrator. If you have questions about the MSHCP, 
please contact the Executive Director of the RCA. Further information on the MSHCP 
and the RCA can be found at www.wrc-rca.org. 
Contact Information: 
Executive Director    Western Riverside County MSHCP 
Western Riverside County   Monitoring Program Administrator 
Regional Conservation Authority  c/o Adam Malisch 
Riverside Centre Building   4500 Glenwood Drive, Bldg. C 
3403 Tenth Street, Suite 320   Riverside, CA 92501 
Riverside, CA 92501    Ph: (951) 248-2552 
Ph: (951) 955-9700 
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INTRODUCTION 
Volume 1, Section 5.0 of the Western Riverside County MSHCP states that a 

long-term vegetation community and wildlife habitat monitoring program should be 
implemented upon completion of the initial inventory and assessment phase (Dudek & 
Associates 2003). Stated goals of the program are to document changes in the 
distribution, acreage, and condition of vegetation communities and wildlife habitats 
across the Plan Area, as measured once every 8 years. Dudek & Associates (2003) define 
condition of vegetation communities in terms of the presence of invasive exotics, 
disturbance, grazing intensity, and fire history. We define habitat condition by presence 
of structural elements (e.g., vertical distribution of cover) that are known to be important 
to a number of Covered Species (Beyers and Wirtz 1997, Green and Anthony 1989, 
O’Farrell 1990). We describe here a protocol for testing and implementing a long-term 
monitoring strategy aimed at documenting change through time in the condition, 
distribution, and acreage of vegetation communities and wildlife habitats. 

We expect that the inventory phase will be completed by 2012 and plan to have a 
tested vegetation and habitat monitoring protocol in place by 2013. We first began field-
testing vegetation sampling methods in 2008 with the implementation of a protocol 
developed by San Diego State University (SDSU; Deutschman et al. 2008). The SDSU 
survey focused on examining spatial and methodological sources of variation in data 
collected for the long-term monitoring of coastal sage scrub and chaparral communities. 
Results indicated that point-intercept methods had advantages over visual-estimation 
techniques such as quadrats in that they were less time-consuming, required less 
personnel training, and reduced observer-based variation in percent-cover estimates of 
functional groups (Deutschman et al. 2008). 

The composition and underlying structure of vegetation communities can differ 
greatly across the MSHCP Conservation Area. Chaparral communities in the southeast 
are dominated by tall stands (i.e., >2 m) of Adenostoma sparsifolium while chaparral in 
the Potrero Valley is composed mostly of shorter stands (i.e., <2 m) of A. fasciculatum. 
Likewise, coastal sage scrub in the Bernasconi Hills is typified by sparse stands of 
Encelia farinosa distributed among extensive rock outcroppings, while the community 
occurs in relatively more dense stands of Eriogonum fasciculatum in the Wilson Valley 
region. Differences in community structure and composition can be attributed to variation 
in topography and environmental conditions that exist across the Conservation Area, and 
it is plausible that rates of change in condition and distribution of vegetation communities 
could also differ. Monitoring should be capable of supplying land managers with 
information specific to communities and habitats under their control. Therefore, the 
design of a long-term monitoring strategy should address the natural variation within the 
vegetation communities that occur across the MSHCP Conservation Area. 

We will also assess the condition of wildlife habitat in the targeted vegetation 
communities. Structural components of a vegetation stand are often more important in 
assessing wildlife habitat suitability than the diversity of plant species that comprise it 
(MacArthur and MacArthur 1961, Tews et al. 2004). For example, burrowing owl 
(Athene cunicularia hypugaea) typically select short and sparsely vegetated grasslands 
for nesting sites (Zarn 1974, Rich 1986), and Stephens’ kangaroo rat (Dipodomys 
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stephensi) avoid areas where thatch has accumulated (O’Farrell 1990). Moreover, 
according to Weaver (1998), a combination of shrub height and canopy density 
influences the occurrence of coastal California gnatcatcher (Polioptila californica 
californica).  

We implemented a 3-year study in the winter of 2010 at Steele Peak, Durasno 
Valley, and San Timoteo Canyon on lands managed by the Western Riverside County 
Regional Conservation Authority (RCA) and Bureau of Land Management (BLM). We 
focused our effort on grassland, coastal sage scrub, and chaparral communities because 
much of the Conservation Area is composed of these vegetation types, they support many 
of the wildlife species covered by the MSHCP, and they are considered at great risk of 
type conversion (e.g., native shrubland to non-native grassland). The overall goal of our 
study is to refine the proposed methods of quantifying change in condition and 
distribution of vegetation communities. We plan to expand our efforts in 2013 to other 
sites within the Conservation Area based on the results of current sampling. The specific 
goals and objectives of this study, through 2012, are listed below: 

Goals and Objectives 
A. Determine acreage and distribution of targeted vegetation communities. 

1. Use GIS-based vegetation map (CDFG et al. 2005) to summarize 
distribution and existing acreage of targeted vegetation communities. 

B. Measure current condition of vegetation communities and wildlife habitats. 
1. Measure horizontal and vertical density of native and non-native grass and 

forb cover classes and individual woody species. 
2. Document fire history across conserved land in the Plan Area with a GIS-

based map of fire perimeters (FRAP 2009). 
3. Document current grazing practices on surveyed lands. 

C. Document change in condition of vegetation communities and wildlife 
habitats. 
1. Compare horizontal and vertical density of cover between years. 
2. Quantify trend in cover density across years. 
3. Determine the appropriate level of statistical power needed to capture 

changes in community condition. 

METHODS  

Training 
In January 2011, we repeated training activities conducted in 2010. This was 

primarily a refresher course for those surveyors who participated in 2010 surveys. 
Training included a shrub-identification slideshow detailing field characteristics used to 
identify common shrubs, and identification of herbaceous species to functional group 
(e.g., native/non-native forb and grass). We set up and performed mock point-intercept 
surveys following the Biological Monitoring Program protocol before collecting actual 
data, and trained surveyors in the proper use of Personal Data Assistants (PDAs) and 
project-specific data forms. New surveyors were paired with experienced surveyors. The 
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RCA and California Department of Fish and Game (DFG) funded Biological Monitoring 
Program staff. Listed below are staff who conducted vegetation community monitoring in 
the winter of 2011. 

• Jeff Galvin (Project Lead, Biological Monitoring Program, RCA) 
• Karyn Drennen (Biological Monitoring Program, RCA) 
• Masanori Abe (Biological Monitoring Program, RCA) 
• John Dvorak (Biological Monitoring Program, DFG) 
• Julie Golla (Biological Monitoring Program, DFG) 
• Tara Graham (Biological Monitoring Program, DFG) 
• Lynn Miller (Biological Monitoring Program, RCA) 
• Ashley Ragsdale (Biological Monitoring Program, RCA) 
• Jonathan Reinig (Biological Monitoring Program, RCA) 
• Michael Robinson (Biological Monitoring Program, DFG ) 
• Lauren Ross (Biological Monitoring Program, DFG) 
• Esperanza Sandoval (Biological Monitoring Program, RCA) 
• Joe Sherrock (Biological Monitoring Program, DFG) 
• Samantha Treu (Biological Monitoring Program, DFG) 

Study Site Selection 
Prior to beginning the pilot study, we used ArcGIS v.9.3.1 (ESRI 2009) and a 

GIS-based vegetation map (CDFG et al. 2005) to stratify each survey site by vegetation 
community and accessibility (slope <25 degrees and within 800 m of drivable roads). We 
then placed a 10-m buffer along roads that intersected target communities and removed 
these features from our area of inference. We consider landscapes categorized as 
agriculture by our GIS-based vegetation map (CDFG et al. 2005) as grasslands because 
these areas have become fallow since entering into conservation and typically occur 
among grassland communities. 

Transect Locations 
We used the Hawth’s Tools extension for ArcGIS (Beyer 2004) to randomly 

distribute transect center-points (n = 203) across each survey site while maintaining a 
sampling density of 1 point per 17 ha in each vegetation community. We started surveys 
with a random subset of 98 center-points, equivalent to 1 point per 34 ha in each 
vegetation community. We selected a random compass bearing (1 to 180 degrees) for 
each center-point and used standard trigonometric functions to calculate location 
coordinates for transect end-points. We constrained the random assignment of compass 
bearings so that transects stayed within the survey area but allowed transects to extend 
across vegetation communities. In 2010, surveys progressed at a rate that allowed us to 
add another 34 points from the original 203 points, for a total sample size of 132 
transects. In 2011, we resampled 119 transects (Table 1, Figure 1), having removed 13 
transects that were either outside conservation or that could not be accurately relocated.  

Survey Methods 
 We relocated transects by navigating to the 0 m (eastern-most) terminus of an 
assigned transect and relocating the rebar stake. We then used a declinated compass 
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(12.3° east) to find the western-most stake, at 50.3 m. We noted signs of disturbance, 
such as the presence and location of livestock, at each site when sampling transects. 

 

Table 1. Area (ha) of accessible landscape covered by target vegetation communities and number 
of sampling transects (n) across 3 survey sites. 
 Steele Peak Durasno Valley San Timoteo Total
Grassland 117.2 (n = 4) 129.8 (n = 8) 468.5 (n = 18) 715.5 (n = 30) 

Coastal Sage Scrub 1043.6 (n = 40) 70.1 (n = 2) 258.9 (n = 8) 1372.6 (n = 54) 

Chaparral 39.4 (n = 1) 704.1 (n = 27) 308.7 (n = 11) 1052.2 (n = 47) 

 

We collected point intercept data at every meter starting at 1 m and recorded hits 
within each of 14 height classes (Table 2). We defined hits as any piece of vegetation 
intersecting the intercept pole. The first 10 height classes capture the greatest maximum 
height for the 6 non-native grass species most likely to be encountered during surveys, 
Bromus tectorum, B. diandrus, B. hordeaceous, B. madritensis ssp. rubens, Avena fatua, 
and A. barbata (Hickman et al. 1993). Classifying hits by height allows us to capture 
detailed information about the vertical structure of targeted communities, especially 
grassland and coastal sage scrub, two communities dominated by herbaceous species. 

Table 2. Summary of height ranges assigned to height 
classes. 

Height 
class 

Height 
range (m)   

Height 
class 

Height 
range (m) 

1 < 0.1  8 0.7 – 0.8 
2 0.1 - 0.2  9 0.8 – 0.9 
3 0.2 - 0.3  10 0.9 – 1.0 
4 0.3 - 0.4  11 1.0 – 1.5 
5 0.4 - 0.5  12 1.5 – 2.0 
6 0.5 - 0.6  13 2.0 – 3.0 
7 0.6 – 0.7  14 > 3.0 

 

We also identified the ground layer at the base of the intercept pole as bare soil, 
rock, basal stem, litter (i.e., dead or detached organic matter), or thatch. Rock is defined 
as anything that would inhibit the germination of a seedling, for example, a rock 
embedded in the ground or >7.5 cm in diameter. We modified Ledeboer and Skogley’s 
(1967) definition of thatch to mean a tightly intermingled layer of living and dead stems, 
leaves, and roots occurring between the soil surface and the near-vertical vegetation 
above. We recorded thatch and litter depth that was >0.5 cm.
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We assigned non-woody species to functional groups (native or non-native grass 
or forb); identified woody shrubs, trees, and cacti to species; and assigned branches of 
woody species that died because of fire to the group “burned-standing dead”. For a more 
detailed description of the field methods see the Western Riverside County MSHCP 
Vegetation Community Monitoring Protocol (Appendix). 

Data Analysis 
We examined data for each vegetation community from the 3 survey sites 

separately, using Microsoft© Excel, Systat© MyStat software (Systat Software, Inc. 
2007), and R v.2.15.0 (R Development Core Team 2012) to perform statistical analyses 
and generate graphs. We included only transects that were sampled during 2011 in our 
analysis (n = 119). Because this is the second year of a 3-year pilot project, we chose to 
defer more extensive analysis until after we complete this study, when we can examine 
all the data more comprehensively. 

We examined summary data for horizontal and vertical cover using 2011 data. 
We quantified horizontal cover by transect for shrub species, herbaceous functional 
groups, and ground cover variables as the percent of sampling points (n / 50) where at 
least 1 hit occurred in any of the 14 height categories (presence/absence per point). We 
then examined the distribution of cover across transects for normality using the Shapiro-
Wilk normality test, and graphed the distribution of each variable by vegetation 
community and study site. Vertical structure was examined for median maximum height 
across transects within vegetation communities for each of the 3 study sites (maximum 
height is the highest class with any number of hits, regardless of any lower hits at the 
same point). 

RESULTS 
Surveys began on 10 January 2011 and ended on 24 March 2011, taking a total of 

34 survey days or 104 surveyor-days to complete all 119 transects. On average, surveyors 
completed 2.29 transects per team per day although results varied across sites and 
vegetation communities. 

Chaparral 
Shrubs 

We recorded 19 shrub species on transects at Durasno Valley (n = 27) with a 
mean percent cover of 58% (SE = 3.20) (Table 3, Figure 2). Within the vertical structure 
of the shrub layer, we observed a median shrub height in the 11th height class (Table 3, 
Figure 3). The dominant shrub species at Durasno Valley were: Adenostema 
fasciculatum, Artemisia tridentata, A. sparsifolium, Cercocarpus betuloides, Quercus 
wislizenii, and Ceanothus greggii. 

 At San Timoteo Canyon (n = 11), we recorded 16 shrub species with a mean 
percent cover of 22% (SE = 6.46) (Table 3, Figure 2). Within the vertical structure of the 
shrub layer, we observed a median shrub height in the 11th height class (Table 3, Figure 
4). The dominant shrub species at this site were: A. fasciculatum, Heteromeles 
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arbutifolia, Ceanothus crassifolius, Malacothamnus fasciculatus and Sambucus nigra 
ssp. canadensis. 

 

Table 3. Percent cover by functional group for transects (n) in chaparral, by site. Mean cover (%), 
standard error (SE), Shapiro-Wilk test statistic (W), and p-value (p) reported for each functional group. 
 Durasno Valley (n = 27) San Timoteo Canyon (n = 11) 

Variable Mean 
(%) 

SE W p Mean 
(%) 

SE W p 

Shrub (median 
height class) 

11 0.15 0.85 <0.001 11 0.29 0.87 <0.001 

Shrub 58.22 3.20 0.96 0.37 21.82 6.46 0.89 0.13 
Native forb 27.56 2.34 0.96 0.43 6.91 2.28 0.84 0.32 
Native grass 1.74 1.05 0.37 <0.001 1.55 1.27 0.44 <0.001 
Non-native forb 3.19 0.89 0.71 <0.001 15.09 4.19 0.86 0.06 
Non-native grass 46.74 6.34 0.90 0.008 72.55 3.72 0.99 1.00 
Bare 16.67 2.48 0.92 0.03 25.82 4.34 0.93 0.39 
Litter 71.63 3.29 0.92 0.04 48.91 5.66 0.91 0.23 
Thatch 7.56 1.66 0.83 <0.001 24.55 4.05 0.91 0.21 
Litter depth (cm) 2.21 0.10 0.44 <0.001 1.62 0.14 0.50 <0.001 
Thatch depth (cm) 0.35 0.04 0.25 <0.001 1.35 0.12 0.54 <0.001 
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Figure 2.  Mean percent cover and standard error of functional groups in chaparral, by site. 
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Figure 3.  Median maximum height class distribution of functional groups in chaparral at Durasno Valley.  
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Figure 4.  Median maximum height class distribution of functional groups in chaparral at San Timoteo 
Canyon.  

 

Herbaceous layer 

At Durasno Valley, native forbs and non-native grasses dominated the herbaceous 
layer, accounting for 28% (SE = 2.34) and 47% (SE = 6.34) cover, respectively. Non-
native forbs were present in substantially lower amounts across transects (mean = 3%, SE 
= 0.89), and native grass did not contribute much to the composition of the herbaceous 
layer (2%, SE = 1.05) (Table 3, Figure 2). Within the vertical structure of the herbaceous 
layer, we observed a median in the 2nd height class for non-native forbs and in the 1st 
height class for all other herbaceous functional groups (Figure 3). 
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At San Timoteo Canyon, non-natives dominated the herbaceous layer: 73% non-

native grasses (SE = 3.72) and 15% non-native forbs (SE = 4.19). Native forbs  
 (7%, SE = 2.28) and native grasses (2%, SE = 1.27) were present in substantially lower 
amounts and did not contribute much to the overall composition of the herbaceous layer 
(Table 3, Figure 2). For non-native grasses, we observed a vertical composition with a 
median in the 2nd height class (Figure 4). For non-native forbs, we observed a vertical 
composition with a median in the 3rd height class. Native forbs and native grasses had 
median height classes of 1 and 1.5, respectively (Figure 4). 

Ground layer 

At Durasno Valley, we observed a ground layer composed of mainly litter (mean 
= 72%, SE = 3.29) with an average depth of 2.21 cm (SE = 0.10), and bare ground (mean 
= 17%, SE = 2.48) (Table 3, Figure 5). 
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Figure 5. Mean percent cover and depth of ground layer in chaparral at Durasno Valley and San Timoteo 
Canyon. 

 

At San Timoteo Canyon, the ground layer was 49% litter (SE = 5.66) with an 
average depth of 1.62 cm (SE = 0.14), 26% bare ground (SE = 4.34), and 25% thatch (SE 
= 4.05) with an average depth of 1.35 cm (SE = 0.12) (Table 3, Figure 5). 

 
 

Western Riverside County MSHCP 
Biological Monitoring Program 

9



Vegetation Community Monitoring Survey Report 2011 

Coastal Sage Scrub 
Shrubs 

We recorded 15 shrub species at the Steele Peak site (n = 40) with a mean percent 
cover of 15% (SE = 2.18) (Table 4, Figure 6). Within the vertical structure of the shrub 
layer, we observed a median shrub height in the 5th height class (Table 4, Figure 7). 
Dominant shrub species were: Eriogonum fasciculatum, Lotus scoparius, Encelia 
farinosa, Artemisia californica, Corethrogyne filaginifolia, Adenostema fasciculatum, 
and Salvia apiana. 

Table 4. Percent cover by functional group for transects (n) in coastal sage scrub, by site. Mean cover 
(%), standard error (SE), Shapiro-Wilk test statistic (W), and p-value (p) reported for each functional 
group. 
 Steele Peak (n = 40) San Timoteo Canyon (n = 8) 

Variable Mean 
(%) 

SE W p Mean 
(%) 

SE W p 

Shrub (median 
height class) 

5 0.15 0.96 <0.001 7 0.47 0.96 0.15 

Shrub 14.70 2.18 0.87 <0.001 12.00 3.74 0.93 0.50 
Native forb 17.20 2.36 0.89 0.001 2.50 1.68 0.58 <0.001 
Native grass 0.45 0.30 0.25 <0.001 0.75 0.75 0.42 <0.001 
Non-native forb 16.00 1.70 0.90 0.002 12.25 3.03 0.92 0.40 
Non-native grass 69.75 2.70 0.95 0.10 71.75 6.94 0.91 0.37 
Bare 29.30 2.72 0.96 0.13 21.00 5.42 0.92 0.44 
Litter 53.05 3.19 0.98 0.60 55.50 6.41 0.96 0.84 
Thatch 10.40 2.25 0.74 <0.001 23.50 6.99 0.91 0.34 
Litter depth (cm) 1.28 0.05 0.64 <0.001 3.94 0.55 0.34 <0.001 
Thatch depth (cm) 0.74 0.06 0.31 <0.001 1.80 0.19 0.55 <0.001 
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Figure 6.  Mean percent cover and standard error of functional groups in coastal sage scrub sites. 

Western Riverside County MSHCP 
Biological Monitoring Program 

10



Vegetation Community Monitoring Survey Report 2011 

 

 

Native Forb Native Grass Non-Native Forb Non-Native Grass Shrubs

2
4

6
8

10
12

14

M
ed

ia
n 

M
ax

im
um

 H
ei

gh
t C

la
ss

 
Figure 7. Median maximum height class distribution of functional groups in coastal sage scrub at Steele 
Peak.  

 

At the San Timoteo Canyon site (n = 8), we recorded 12 shrub species with a 
mean cover of 12% (SE = 3.74) (Table 4, Figure 6). Within the vertical structure of the 
shrub layer, we observed a median shrub height in the 7th height class (Table 4, Figure 8). 
The dominant species were: Artemisia californica, Rhus ovata, Corethrogyne 
filaginifolia, Eriogonum elongatum, and Rhamnus crocea.  
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Figure 8. Median maximum height class distribution of functional groups in coastal sage scrub at San 
Timoteo Canyon.  
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At Steele Peak, non-native grasses dominated the herbaceous layer, accounting 
for 70% cover (SE = 2.70). Both native forbs and non-native forbs were also present in 
significant amounts: 17% cover (SE = 2.36) and 16% cover (SE = 1.70), respectively. 
Native grass did not contribute much to the composition of the herbaceous layer at 0.45% 
(SE = 0.30) (Table 4, Figure 6). Within the vertical structure of the herbaceous layer, we 
observed a median in the 2nd height class for non-native grasses and native forbs, and in 
the 1st height class for non-native forbs (Figure 7). 

At San Timoteo Canyon, non-natives dominated the herbaceous layer: 72% non-
native grasses (SE = 6.94) and 12% non-native forbs (SE = 3.03). Native forbs and native 
grasses were present in substantially lower amounts: 3% (SE = 1.68) and 1% (SE = 0.75), 
respectively (Table 4, Figure 6). Within the vertical structure of the herbaceous layer, we 
observed a median in the 2nd height class for non-native grasses and in the 3rd height class 
for non-native forbs (Figure 8). 

Ground layer 

The ground layer at Steele Peak was 53% litter (SE = 3.19) with an average depth 
of 1.28 cm (SE = 0.05), 29% bare ground (SE = 2.72), and 10% thatch (SE = 2.25) with 
an average depth of 0.74 cm (SE = 0.06) (Table 4, Figure 9). 
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Figure 9. Mean percent cover and depth of ground layer in coastal sage scrub at Steele Peak and San 
Timoteo Canyon.  
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 At San Timoteo Canyon, ground cover was 56% litter (SE = 6.41) with an 
average depth of 3.94 cm (SE = 0.55), 24% thatch (SE = 6.99) with an average depth of 
1.80 cm (SE = 0.19), and 21% bare (SE = 5.42) (Table 4, Figure 9).  

Grassland 
Herbaceous layer 

 At Durasno Valley, non-natives grasses and native forbs dominated the 
herbaceous layer at 81% cover (SE = 5.58) and 43% cover (SE = 9.36), respectively. 
Non-native forbs accounted for significantly less cover (mean = 7%, SE = 1.73), and 
native grass did not contribute much to the total cover of the herbaceous layer at 1% (SE 
= 0.09) (Table 5, Figure 10). Within the vertical structure of the herbaceous layer, we 
observed medians in the 1st height class for non-native grasses and non- native forbs. 
Native forbs had a median in the 2nd height class and native grasses had a median in the 
3rd height class (Figure 11).  
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Figure 10.  Median percent cover and standard error of functional groups at grassland sites. 
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Table 5.  Percent cover by functional group for transects (n) in grassland, by site. Mean cover (%), standard error (SE), Shapiro-
Wilk test statistic (W), and p-value (p) reported for each functional group. 
  Durasno Valley (n = 8) Steele Peak (n = 4) San Timoteo Canyon (n = 18) 

Variable Mean
(%) 

   SE W p Mean 
(%) 

SE  W p Mean 
(%) 

SE  W p 

Native forb             42.50 9.36 0.88 0.20 14.50 6.24 0.90 0.44 4.33 1.77 0.65 <0.001
Native grass 1.25 0.9 0.59 <0.001 0.25 0.25 0.63 0.001 10.22 8.61 0.32 <0.001 
Non-native forb             7.00 1.73 0.90 0.27 14.50 4.57 0.95 0.70 17.89 3.16 0.94 0.29
Non-native grass            80.75 5.58 0.87 0.14 50.50 16.54 0.80 0.10 75.00 4.07 0.91 0.07
Bare 19.50           3.50 0.96 0.80 45.50 16.60 0.99 0.97 32.44 5.97 0.91 0.09
Litter             57.00 7.64 0.97 0.88 40.00 13.44 0.93 0.58 45.00 5.74 0.94 0.31
Thatch             22.75 6.16 0.92 0.39 11.00 6.81 0.86 0.27 22.44 5.81 0.83 0.004
Litter depth (cm) 0.92 0.08 0.65 <0.001 1.23 0.21 0.48 <0.001 0.98 0.07 0.50 <0.001 
Thatch depth (cm) 0.65 0.08 0.51 <0.001 1.00 0.23 0.34 <0.001 1.23 0.09 0.51 <0.001 
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Figure 11.  Median maximum height class distribution of functional groups in grasslands at Durasno 
Valley.  
 

The herbaceous layer at Steele Peak was dominated by non-native grasses at 51% 
cover (SE = 16.54). Both native and non-native forbs had a substantial presence at 15% 
cover for each, (SE = 0.90) and (SE = 0.95), respectively. Native grasses did not 
contribute much to the composition of the herbaceous layer (mean = 0.25%, SE = 0.25) 
(Table 5, Figure 10). Within the vertical structure of the herbaceous layer, we observed a 
median in the 2nd height class for non-native grasses and in the 1st height class for the 
other 3 functional groups (Figure 12).  
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Figure 12. Median maximum height class distribution of functional groups in grasslands at Steele Peak.  
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At San Timoteo Canyon, non-native grasses dominated the herbaceous layer, at 

75% cover (SE = 4.07). Non-native forbs were present at 18% cover (SE = 3.16), native 
grasses at 10% (SE = 8.61), and native forbs at 4% (SE = 1.77) (Table 5, Figure 10). 
Within the vertical structure of the herbaceous layer, we observed a median in the 1st 
height class for non-native grasses and non-native forbs. For native grasses and native 
forbs, we observed median heights in the 3rd and 2nd classes, respectively (Figure 13). 
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Figure 13.  Median maximum height class distribution of functional groups in grasslands at San Timoteo 
Canyon.  
 

Ground layer 

 The ground layer at Durasno Valley was 57% litter (SE = 7.64) with a 
mean depth of 0.92 cm (SE = 0.08), 23% thatch (SE = 6.16) with a mean depth of 0.65 
cm (SE = 0.08), and 20% bare (SE = 3.50) (Table 5, Figure 14).  

The ground layer at Steele Peak was 46% bare (SE = 16.60), 40% litter (SE = 
13.44) with a mean depth of 1.23 cm (SE = 0.21) and 11% thatch (SE = 6.81) with a 
mean depth of 1.00 cm (SE = 0.23) (Table 5, Figure 14). 

 At San Timoteo Canyon, the ground layer was 45% litter (SE = 5.74) with a mean 
depth of 0.98 cm (SE = 0.07), 32% bare ground (SE = 5.97), and 22% thatch (SE = 5.81) 
with a mean depth of 1.23 cm (SE = 0.09) (Table 5, Figure 14). 
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Figure 14. Mean percent cover and depth of ground layer in grassland at Durasno Valley, Steele Peak and 
San Timoteo Canyon.  
 

DISCUSSION 

 As this was the second year of a 3-year pilot study, we chose to defer a 
comprehensive analysis of the data until next year. Instead, our analysis was more 
qualitative, looking at coarse-scale patterns in vertical and horizontal structure by site and 
vegetation community in the data collected in 2011. We also began to identify a number 
of items that we will need to address as we implement vegetation monitoring in the long-
term. We will do a more comprehensive analysis of the data, to include re-evaluating 
power and examining (short-term) trends, at the conclusion of the 3-year pilot, in 2012. 

General Observations 
Total non-native cover consistently exceeded native cover across sites and 

communities. Total non-native cover was 84%-95% except in Durasno Valley chaparral 
(50%) and Steele Peak grassland (65%). Non-native grass cover dominated all other 
functional groups in the herbaceous layer. Non-native forb cover exceeded native forb 
cover except at Durasno Valley, where native forb cover exceeded non-native forb cover 
in both chaparral and grassland transects, and the grasslands at Steele Peak, where the 
two were comparable. Mean native grass cover was less than 2% across all transects 
except those in grasslands at San Timoteo Canyon, where we recorded 10% cover.  
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Vertical structure of the herbaceous layer was mostly constrained in the 1st and 2nd 
height classes in Durasno Valley chaparral, but varied in San Timoteo Canyon chaparral, 
where non-native forbs had the tallest height distribution with a median in the 3rd height 
class and reaching a maximum in the 11th height class. Chaparral shrubs had similar 
distributions at both study sites with medians in the 11th height class, but Durasno Valley 
had a slighter larger distributional range as well as greater horizontal shrub cover than 
San Timoteo (58% and 22% respectively).  

The herbaceous layers in coastal sage scrub communities were somewhat taller 
than those in chaparral communities, contained mostly in the 1st through 4th height 
classes. Although the herbaceous layers were generally taller in coastal sage scrub, they 
had only slightly greater horizontal coverage than in chaparral communities, 21% cover 
in chaparral and 25% cover in coastal sage scrub. Coastal sage scrub shrubs had medians 
in the 5th height class at Steele Peak and 7th height class at San Timoteo Canyon and had 
horizontal cover of 15% and 12%, respectively. 

Among community types, grasslands had the most horizontal coverage of 
herbaceous species, with a mean of 26% across all sites. Native herbaceous species in 
Durasno Valley grasslands were mostly contained in the first 3 height classes, and non-
native species in the 1st height class. Durasno Valley grasslands also had the greatest 
horizontal herbaceous cover at 33% cover. Vertical structure at Steele Peak grasslands 
had medians in the 1st height class for all herbaceous species except non-native grass 
which had a median in the 2nd height class. Steele Peak had a broader range of height 
distribution than Durasno Valley and the lowest horizontal coverage of grasslands among 
the three sites at 20% cover. Herbaceous species at San Timoteo Canyon had the most 
varied vertical structure and broadest height distributions among grassland sites. San 
Timoteo Canyon grasslands had horizontal herbaceous coverage similar to the mean 
across all grassland sites at 25% cover. 

Considerations for Long-term Monitoring 
Sampling strategy

The MSHCP stipulates that vegetation community monitoring occur at least once 
every 8 years. Sampling should occur on a regular intervals to facilitate trend detection, 
but must also attempt to mitigate for the effects of environmental factors, principally 
rainfall, on monitoring targets. There are two approaches we can take: sample all 
transects within the same year (and possibly allowing for a window of ±1 year) or stagger 
the sampling so that a pre-determined number of transects are scheduled for year 1, 
another number scheduled for year 2, etc. Factors to consider include how best to 
accommodate potential demands for other vegetation sampling efforts (e.g., establishing 
transects on newly acquired land, monitoring other community types), the value of 
expanding monitoring beyond the 3 sites surveyed during the pilot in order to capture 
conditions across the Plan Area, and staffing levels and expertise. 

Community classification 

We used the vegetation map developed by CNPS (CDFG et al. 2005) in 2003-
2005 to allocate transects across the 3 vegetation communities. Transects established in 
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2010 may actually fall within a different community type from what was identified on the 
map. We need to determine how to most appropriately handle these differences in 
mapped vegetation communities with true on-the-ground vegetation communities when 
sampling occurs, particularly while analyzing the data. Additionally, establishing 
thresholds for identifying when type-conversion has occurred may help land managers 
anticipate and mitigate for that conversion. 

Limitations of the protocol

This protocol was developed to capture structural change in vegetation, not 
species richness. Initial sampling efforts with San Diego State University, designed to test 
3 different sampling approaches, had shown that those efforts that targeted richness were 
time-consuming and inefficient, while the approach that focused on structure captured 
information that was suitable for our needs with much less effort (Deutschman et al. 
2008; see also the MSHCP Biological Monitoring Program Vegetation Community 
Monitoring Survey Report 2009). The high levels of diversity at all scales--state, regional, 
community--have been well documented, especially in southern California (Hickman 
1993; Davis et al. 1994; Keeley and Swift 1995) but so has the high variability associated 
with sampling for richness compared to sampling for structure (Deutschman et al. 2008). 

The decision to focus on structure is also appropriate given the seasonal aspect of 
implementing this protocol. Because of multiple and competing survey priorities, and the 
flexibility of sampling vegetation compared to sampling many of the Covered Species, 
we decided to sample in winter. Sampling during the dormant season allows us to capture 
changes in structure over time although it will provide a limited representation of 
community condition. While we will be able to capture changes in structure—a defining 
characteristic of these 3 high-priority, highly threatened communities—we will be under-
estimating cover (and would grossly under-estimate richness especially for annuals) 
compared to sampling during the growing season. This may pose a problem should there 
ever be a need to compare vegetation collected to assess wildlife habitat to the vegetation 
community data since data collected for wildlife habitat will likely be collected during 
the growing season. 

Recommendations  
One of the goals of the pilot study is to develop a protocol that, with minor 

modifications, can be used across community types and across projects. However, the 
current allocation of height categories is not informative for those species that regularly 
use the resources >1 m above the ground. During the next round of sampling, we will 
consider recording height in 10-cm intervals throughout the first 2 m. Above 2 m, we 
should continue to record in 0.5-m height classes to control for sampling error resulting 
from obstruction from dense canopy (especially in chaparral) and/or increasing distance 
from the observer’s eye.  

We should identify which transects established at the beginning of this pilot study 
fall within a different community type from what was identified on the vegetation map. 
Protocol limitations that need further development include how to most appropriately 
handle sampling transects that become unavailable for further sampling, how to 
determine when vegetation type conversion has taken place, and how to analyze data for 
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trend once sampling transects have been reallocated to different vegetation types. 
Additionally, should time and expertise allow, it may be desirable in the future to 
introduce a protocol for measuring species diversity.  
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Appendix.  Vegetation Community Monitoring Protocol 

INTRODUCTION 
Section 5.0 Management and Monitoring, Volume I of the Western Riverside 

County MSHCP states that a long-term vegetation- and habitat-monitoring strategy be 
implemented upon completion of the basic-inventory stage (Dudek & Associates 2003). 
Stated goals of the strategy are to document changes in the distribution, acreage, and 
condition of vegetation communities and wildlife habitats across the Plan Area, as 
measured once every 8 years. Condition of vegetation communities is loosely defined as 
the presence of invasive exotics, disturbance, grazing intensity, and fire history (Dudek & 
Associates 2003). We define habitat condition by presence of structural elements (e.g., 
vertical distribution of cover) that are known to be important to a number of covered 
species. We describe here a protocol for testing and implementing a long-term 
monitoring strategy aimed at documenting change through time in the distribution, 
acreage, and condition of vegetation communities and wildlife habitats. 

We expect that the basic-inventory stage of the MSHCP will be complete by 
2012, and plan to have a tested vegetation and habitat protocol in place by 2013. We first 
began field-testing methodology in 2008 with the implementation of a protocol 
developed by San Diego State University (SDSU; Deutschman et al. 2008). The SDSU 
survey focused on examining spatial and methodological sources of variation in data 
collected for the long-term monitoring of coastal sage scrub and chaparral communities 
(Deustschman et al. 2008). Results were used to conclude that point-intercept methods 
had advantages over visual-estimation techniques (e.g., quadrats) in that they could be 
performed more quickly, required less personnel training, and reduced observer-based 
variation in percent-cover estimates of functional groups (Deutschman et al. 2008). The 
survey did not address suitability of wildlife habitats within targeted communities. 

Structural components of a vegetation stand are often more important in assessing 
habitat suitability than the diversity of plant species that comprise it (MacArthur and 
MacArthur 1961, Tews et al. 2004). Identifying broad structural elements that can be 
applied to a number of covered wildlife species is key to the development of a habitat-
monitoring strategy. Density and vertical distribution of cover appear to be important 
elements for many grassland and shrubland animals covered by the MSHCP. Burrowing 
owl (Athene cunicularia hypugaea) typically select short and sparsely vegetated 
grasslands for nesting sites (Zarn 1974, Rich 1986), and Stepehens’ kangaroo rat 
(Dipodomys stephensi) avoid areas where thatch has accumulated (O’Farrell 1990). 
Occurrence of California gnatcatcher (Polioptila californica californica) also appears to 
be influenced by a combination of shrub height and canopy density (Weaver 1998). 

The composition and underlying structure of vegetation communities can differ 
greatly across the MSHCP Plan Area. Chaparral communities in the southeast are 
dominated by tall stands (e.g., >2 m) of Adenostoma sparsifolium, where chaparral in the 
Potrero Valley is comprised of mostly shorter stands (e.g., <2 m) of A. fasciculatum. 
Likewise, coastal sage scrub in the Bernasconi Hills is typified by sparse stands of 
Encelia farinosa distributed among extensive rock outcroppings, where the community 
occurs in relatively more dense stands of Erigonum fasciculatum in the Wilson Valley 
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region. Differences in community structure and composition can be attributed to variation 
in topography and environmental conditions that exist across the Plan Area, and it is 
plausible that rates of change in condition and distribution of vegetation communities 
could also differ. Monitoring should also be capable of supplying area land managers 
with information specific to communities and habitats in their region. Therefore, the 
design of a long-term monitoring strategy should address the natural variation within the 
vegetation communities that occur across the MSHCP Plan Area. 

We will implement a 3-year pilot survey in the winters of 2010 – 2012 at San 
Timeteo Canyon, Steele Peak, and Durasno Valley on lands managed by the Regional 
Conservation Authority (RCA) and Bureau of Land Management (BLM). We will focus 
our effort on grassland, coastal sage scrub, and chaparral communities because much of 
the Plan Area is comprised of these landscapes, they support many of the wildlife species 
covered by the MSHCP, and are at the greatest risk of type conversion (e.g., shrubland to 
non-native grassland). Our overall pilot goal is to refine methods of quantifying change in 
condition and distribution of vegetation communities and habitats across 3 disparate sites. 
We plan to expand our efforts in 2013 to the MSHCP Plan Area divided into 12 Habitat 
Management Units, and based on our pilot results. Specifically, our pilot goals and 
objectives are as follows: 

Goals 
A. Determine acreage and distribution of targeted vegetation communities. 

1. Use GIS-based vegetation map (CDFG et al. 2005) to summarize 
distribution and existing acreage. 

B. Measure condition of vegetation communities and wildlife habitats. 
1. Measure density (vertical and horizontal) of shrub, native/non-native 

grass, and native/non-native forb cover. 
2. Document fire history across conserved land in the Plan Area with a GIS-

based map of fire perimeters (FRAP 2009). 
3. Track current grazing practices on surveyed lands. 

C. Document change in condition of vegetation communities and wildlife 
habitats. 
1. Compare density of cover between years. 
2. Quantify trend in cover density across years. 

METHODS 

Survey Design 
We will use ArcGIS v.9.3.1 software (ESRI 2009) and a GIS-based vegetation 

map (CDFG et al. 2005) to stratify each survey site by accessible grassland, coastal sage 
scrub, and chaparral communities. Accessibility will be defined as landscapes with slope 
<25 degrees and within 800 m of drivable roads. We will place a 10-m buffer along roads 
that intersect target communities, and remove these features from our inference area. We 
will consider landscapes categorized as agriculture by our GIS-based vegetation map 
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(CDFG et al. 2005) as grasslands, because these areas have become fallow since entering 
into conservation and typically occur among grassland communities. 

We will use the Hawth’s Tools extension for ArcGIS (Beyer 2004) to randomly 
distribute transect-center points (n = 203) across each survey site while maintaining a 
sampling density of 1 point per 17 ha in each vegetation community (Table 1). We will 
start surveys with a random subset (n = 98) equivalent to 1 point per 34 ha in each 
vegetation community. If surveys progress at a rate that would allow more transects to be 
surveyed within the allotted time frame, we will select another random subset from the 
remaining transects (n = 105). We will then select a random compass bearing (1 to 180 
degrees) for each center point, and use standard trigonometric functions to calculate 
Universal Transect Mercator (UTM) coordinates for transect end points. We will 
constrain the random assignment of compass bearings so that transects will lie entirely 
within the sampling area, but will allow transects to extend across vegetation 
communities (Figure 2). We will sample these same transects for the duration of the pilot 
effort according to a paired-samples design. 

Table 1. Area (ha) of accessible landscape covered by target vegetation communities and number 
of sampling transects (n) across 3 survey sites. 
 Steele Peak Durasno Valley San Timoteo Total
Grassland 117.2 (n = 4) 129.8 (n = 8) 468.5 (n = 18) 715.5 (n = 30) 

Coastal Sage Scrub 1043.6 (n = 40) 70.1 (n = 2) 258.9 (n = 8) 1372.6 (n = 54) 

Chaparral 39.4 (n = 1) 704.1 (n = 27) 308.7 (n = 11) 1052.2 (n = 47) 

 

Field Methods 
We will establish transects by navigating to office-generated UTM coordinates for 

transect end points, and stretching a 50-m tape in the pre-assigned compass direction. 
Each transect will be 50.3 m in length, and marked with a labeled rebar stake at each end 
point. We will collect point intercept data at every meter (1 m to 50 m) by tallying the 
number of hits that intersect a vertical tent pole (approximately 0.8 cm in diameter) 
within the following 14 height categories: <0.1 m, 0.1-0.2 m, 0.2-0.3 m, 0.3-0.4 m, 0.4-
0.5 m, 0.5-0.6 m, 0.6-0.7 m, 0.7-0.8 m, 0.8-0.9 m, 0.9-1.0 m, 1.0-1.5 m, 1.5-2.0 m, 2.0–
3.0 m, and >3 m. The first 10 increments (0 – 1 m) are based on height ranges reported 
for the 6 grass species most likely to be encountered during the survey (Bromus tectorum, 
B. diandrus, B. hordeaceous, B. madratensis ssp. rubens, Avena fatua, and A. barbata) 
(Hickman et. al. 1993). The mean-minimum (0.18 m),-maximum (0.7 m), and -overall 
height range (0.5 m) of the 6 grass species roughly occur in multiples of 10, and are <1 
m. 

We will either assign hits to a functional group (native grass/forb and non-native 
grass/forb); identify to species (woody shrub, tree, and cactus species only); or, for 
branches of a woody species that died as a result of fire, to the group “burned-standing 
dead”. Functional groups are based on the goal to document spread of non-native plant 
cover, and to measure the recovery of post-fire shrublands. We will not differentiate 
between unburned- and live-standing vegetation because of the difficulty in 
distinguishing between senescent and truly dead drought-deciduous shrubs. We will not 
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identify herbaceous cover to species because determining species richness is not among 
our goals, and identifying forbs and grasses in varying stages of desiccation requires a 
level of training that will limit the number of field personnel that can conduct surveys. It 
is more feasible to identify shrub, tree, and cactus species in the Plan Area across drought 
conditions, and species composition of these life forms can be used to distinguish 
community type (e.g., chaparral vs. coastal sage scrub) and suitable habitat for some 
Covered Species [e.g., cactus wren (Campylorhynchus brunneicapilus)]. 

We will also identify ground cover touching a tent pole at each meter intercept as 
bare ground, rock, basal stem, litter (i.e., dead and detached organic matter), or thatch. 
Rock is defined as anything that would inhibit the germination of a seedling; for example, 
one that is embedded in the ground or large in size (about as big as your fist).We will use 
a modified version of Ledeboer and Skogley’s (1967) definition to differentiate thatch as 
a tightly intermingled layer of living and dead stems, leaves, and roots [> 0.5 cm in depth, 
and occurring between the soil surface and the near-vertical vegetation (i.e., > 45° angle 
with the ground) above] (1967). We will measure thatch and litter depth (m) when it 
occurs at a depth greater than 0.5-cm. 

We will note the presence and location of livestock at each site when conducting 
point-intercept surveys, and map the affected are with a GPS unit. 

Field Procedure 
1. Field Preparation: Before going into the field, observers will upload transect 

start points to a handheld GPS unit using DNRgarmin 
(S:\Projects\Plants\VegCondition\VegConPilot2010ForCrew\ 
Veg_Com_Pilot_Transects_DNRGarmin.txt). Equipment is located on desks in 
the plant program area. Team, vehicle, and transect assignments will be posted on 
the white board located in the plant program workroom. 

2. Establishing Transects: Observers will navigate to the 0-m (eastern) terminus of 
an assigned transect and mark it by pounding a rebar stake into the ground with a 
mallet. Observers will label the stake with a metal tag depicting the transect ID, 
MSHCP, transect end (0 m or 50 m), and the project name (VegCon). To aid in 
relocation in future survey years, surveyors will mark the rebar with colored 
electrical tape (yellow for 0 m, red for 50 m). Surveyors will then use a declinated 
compass (12.3° east) to align a 50-m tape in the direction of the previously 
assigned random bearing. The surveyors will then stretch the tape according to the 
guidelines below, and mark both ends of the transect (0 m and 50 m) in the same 
fashion. 

a. Surveyors will make sure the tape is as straight and low to the ground as 
possible. This may involve rerunning the tape a number of times to find the 
best route through dense shrubs. 

b. Surveyors will make every effort to avoid walking on or near the tape to avoid 
disturbing vegetation to be measured. When on a steep slope, surveyors will 
only walk on the downhill side of the transect. 

c. The transect tape will follow the topography of the land. For example, if the 
transect runs across a dip in the landscape, the tape will follow. 
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d. Surveyors will mark the end of the transect at 50.3 m so that the rebar does 
not influence data taken at the 50th point. 

3. Photographs: Surveyors will take 1 photograph from the 0-m end of each 
transect so that the camera viewfinder is 1 m from the ground (as measured with 
the point-intercept pole) and centered on the midpoint of the transect (i.e., 25 m). 
If necessary, one of the surveyors will point out the midpoint to the photographer, 
but will exit the field of view before the photo is taken. 

4. For each transect, one surveyor, the observer, will sample the transect while the 
other, the recorder, records data. The recorder will remain at least 2 m from the 
transect to minimize impact on the area. 

5. Surveyors will record the following information into the PDA main form: transect 
ID, survey date, surveyors’ 3-letter initials, and photo identification (3-letter 
initials and jpeg #). In 2011 only, surveyors also categorized the transect as 
grassland, coastal sage scrub or chaparral. 

6. If there is a grazing animal within the survey site, observers will note their 
presence and, using their GPS unit, map the affected area.  

7. Point-intercept: Surveyors will sample the transect by taking point-intercept data 
at every meter from 1 to 50 (n = 50). The recorder will enter point data into the 
‘VegPoint’ subform of the PDA. The surveyor will drop the intercept pole from a 
height of 20 cm so that it lands, if looking toward the 50-m end, on the left side of 
the transect. The pole should land within 5 cm of the intended mark. Surveyors 
will make sure that the pole is perpendicular to a 0° slope prior to collecting data. 
If the pole does not reach to the top of the canopy, a 2-m extension will be 
attached to allow hits to be recorded in the upper canopy. All hits, even if they are 
the same functional group, species, or individual, are recorded. 

a. Surveyors will record one value for the most-dominant ground cover that is 
under the point-intercept pole. The categories for ground codes are: bare 
ground (mineral soil), litter, rock (>7.5 cm in any one dimension), basal stem, 
and thatch. If greater then 0.5 cm, surveyors will record the depth of the thatch 
or litter layer to one decimal place. If the surveyor records thatch as the 
ground code, nothing within the thatch layer will be included as a functional 
group. 

i. If litter or thatch depth is greater than 0.5 cm, the surveyor will record that 
information last. The surveyor will mark the highest point of the layer 
with their finger; remove the pole; and, using a centimeter ruler, record the 
depth to the nearest millimeter.   

ii. Litter depth is recorded as the highest point at which a piece of detached 
vegetation intercepts the pole.  

iii. Thatch is a tightly intermingled layer of living and dead stems, leaves, and 
roots [>1.5 cm in depth, and occurring between the soil surface and the 
near-vertical vegetation (i.e., >45° angle with the ground) above] 
(Ledeboer and Skogley 1967).  
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b. For herbaceous vegetation, surveyors will divide species in to 5 functional 
groups (native forb, exotic forb, native grass, exotic grass, and burned 
standing-dead (woody species only) measured across 14 height classes (<0.1 
m, 0.1-0.2 m, 0.2-0.3 m, 0.3-0.4 m, 0.4-0.5 m, 0.5-0.6 m, 0.6-0.7 m, 0.7-0.8 
m, 0.8-0.9 m, 0.9-1.0 m, 1.0-1.5 m, 1.5-2.0 m, 2.0–3.0 m, and >3 m).  

i. If the surveyor is unable to place an individual within a functional group, 
they will assign it an unknown code (i.e. Unidentified Functional Group 
1), collect a sample, and label the sample with the unknown code and 
transect ID. Surveyors will collect samples at least 1 m from the transect. 

ii. For the 14th height class, >3 m, the surveyor will visualize the intercept-
pole extending into the canopy. If it is likely that the pole would intercept 
a functional group, that functional group is included in height class 14 and 
receives a hit count of 1. If multiple functional groups fall within height 
class 14, they will all be recorded. 

iii. If an individual hits the point-intercept pole at the exact division between 
2 height classes, the surveyor will choose the taller of the two classes. 

iv. If a functional group hit spans more than one height class, the surveyors 
will record a hit for each height classes that it touches. 

v. To be included within “burned standing-dead” the branch must show signs 
of recent fire damage otherwise it will be counted as a shrub. 

c. Surveyors will identify individuals to species for woody shrubs and trees, and 
place all hits within one of the 14 height classes. Surveyors will use 6-letter 
codes to record shrub species. The code will consist of the first 3 letters of the 
genus and the first 3 letter of the species. For example, Eriogonum 
fasciculatum will be recorded as ERIFAS. 

i. If the pole intercepts a recently charred branch of a woody shrub or tree, 
the surveyor will record the hit as “Burned standing-dead” under 
functional groups. 

ii. Subshrubs, perennials that are woody only at the base, will be counted as 
woody shrubs. These shrubs include: Salvia apiana, Lotus scoparius, 
Marubium vulgare, Eriogonum elongatum, Eriophyllum confertiflorum, 
and Corethrogyne filaginifolia. If unsure if a semi-woody species belongs 
in a functional group or should be counted as a shrub, surveyors will 
record the individual as a shrub. 

iii. If a shrub hit spans more than one height class, the observer will record a 
hit for each height class that it touches. 

iv. If the surveyor is unable to identify a species along the transect, they will 
assign it an unknown code (i.e. Unidentified Shrub 1), collect a sample, 
and label the sample with the unknown code and transect ID. Surveyors 
will collect samples at least 1 m from the transect. 

v. For the 14th height class, >3 m, the surveyor will visualize the intercept-
pole extending into the canopy. If it is likely that the pole would intercept 
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a shrub, that shrub is included in height class 14 and receives a hit count of 
1. If multiple shrubs fall within height class 14, they will all be recorded. 

vi. Once all 50 points have been sampled, surveyors will review all records in 
the PDA forms to make sure all required data was recorded correctly. If 
time allows, surveyor will navigate to their next assigned transect. 

8. Office Wrap-up: Upon returning to the office, surveyors will return all 
communal field gear to the desk in the plant program workroom, place maps in 
the container marked “maps”, place all unknown samples in the container marked 
“Unknown Plants”, and return the  PDAs to the plant program workroom. 
Surveyors will properly label all transect photos using the format of 
“yearmonthday_initials_jpeg#” (i.e. yyyymmdd_XXX_####), and file them in the 
dataphotos folder (S:\Projects\Data_Photos\VegCondition\2011). 

Equipment 
Transect tape (50 m./165 ft.)Ruler 
Camera 
Point-intercept pole (tent pole) 
Extension for Point-intercept pole 
Mallet 
GPS 
Rebar bag 
Declinated compass 
Envelopes 
Rebar (at least 2 per transect) 
Plant identification aides (e.g. Santa Ana guide, Shrub ID packet, and functional 

group packet ) 
Transect tags 
PDA 

TRAINING 
All surveyors will participate in a shrub-identification training that consists of a 

slideshow detailing field characteristics used to identify common shrubs and a field 
identification exercise. Training will also include identification of herbaceous species to 
functional group (e.g., native/non-native forb and grass). Proficiency of field crew to 
identify shrub species and herbaceous functional group will be measured through a quiz 
administered at the Biological Monitoring Program office in Riverside. Field crew will 
also set up and perform mock point-intercept surveys following Biological Monitoring 
Program protocol before collecting actual data. In addition, surveyors will be trained in 
the proper use of PDAs and the project-specific Pendragon forms. 

Training Results 
Surveyors that successfully complete training will be able to properly identify all 

common chaparral and sage scrub shrubs to species by their vegetative characteristics, 
and place forbs and grasses into an appropriate functional group (e.g., native/non-native 
forb and grass). Surveyor will also be able to sample point-intercept transects following 
the Western Riverside County MSHCP Biological Monitoring Program Vegetation 
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Community Condition 2009 Protocol. Surveyors will also be able to use PDA’s to record 
data in the Pendragon forms. 

DATA MANAGEMENT 
We will collect data using a Personal Data Assistant (PDA) and Pendragon forms 

specific to this project. On a daily basis, we will sync the PDAs with a desktop version of 
Pendragon. From Pendragon, the data will be routed through the front end of a local 
Microsoft© Access database then into a MySQL database located on our server.  

DATA ANALYSIS 
We will use ArcGIS v.9.3.1 software (ESRI 2009) and a GIS-based vegetation 

map (CDFG et al. 2005) to delineate targeted vegetation communities at San Timeteo 
Canyon, Steele Peak, and Durasno Valley, and determine area (ha) covered by each 
community using the Hawth’s Tools extension (Beyer 2004). We will also use a GIS-
based layer containing historic fire perimeters (FRAP 2009) to compile fire histories for 
grassland, coastal sage scrub, and chaparral that occur on survey sites. The fire-perimeter 
layer is an interagency effort that typically depicts wildfires >300 ac (e.g., California 
Department of Fire) or >10 ac (e.g., U.S. Forest Service) from 1950 to 2008, but some 
smaller and older burns are also included. 

We will examine transect data for each vegetation community in each of the 3 
survey sites separately, and use R v.2.10.0 (R Development Core Team 2007) to perform 
all statistical analyses. We will describe the annual distribution of cover density across 
height categories for functional groups (native/non-native grasses, forbs, and shrubs) and 
individual species (shrub, tree, and cactus) using box plots. This method will graphically 
depict the median distribution, upper and lower outliers, and breadth of the upper and 
lower quartiles for each category of interest. We will examine change in the distribution 
of cover densities between years by comparing Q-Q plots using Generalized Least 
Squares (GLS) techniques, and describe trend in distribution across years using a 
Generalized Linear Model (GLM) with median distribution plotted against year. 

We will quantify horizontal cover density of functional groups (native/non-native 
grasses, forbs, and shrubs) and individual species (shrub, tree, and cactus) per transect as 
the percent of samples (n / 50) where at least 1 hit occurred in any of the 13 height 
categories. We will then examine the distribution of cover densities among transects for 
normality using the Sharpiro-Wilk normality test. A paired-samples t-test will be used to 
examine change in cover between years for groups that follow a Poisson distribution, and 
a non-parametric Wilcoxon signed-rank test for paired samples when groups do not 
follow a normal distribution. We will examine trend in total cover densities across years 
with GLMs. 

We will perform power analyses after each field season to examine the ability of 
our survey design to reliably detect change in measured parameters (e.g., avoid false 
negatives; type II error), and to adjust sample size to maximize effort. We will focus 
these analyses on detecting encroachment of non-native grasses and contraction of shrub 
cover in coastal sage scrub and chaparral communities, and the accumulation of thatch, 
mean vegetation height, and forb to grass ratio for grassland communities. We will also 
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examine the magnitude of change we can expect to capture given a reasonable survey 
effort (e.g., 5-8 weeks annually, 6-8 survey personnel). We surmise that a finer degree of 
annual change (e.g., 10-20%) will be achievable for wide-spread functional groups (e.g. 
non-native grasses), and more coarse levels of change (e.g., 30–50% annually) for 
sparsely distributed groups (e.g., native grassland) and individual species. We will 
perform one-sample t-test power analyses after the first pilot year to test our ability to 
capture natural variation, paired-sample t-test after the second year to examine ability to 
capture change between years, and one-way ANOVA analysis after the third year to test 
our ability to detect change across years (i.e., trend). We will consider results from these 
power analyses when designing a vegetation and habitat monitoring effort. 

We will describe habitat condition in conjunction with on-going animal survey 
efforts aimed, in part, at quantifying habitat suitability for given species. We will 
prioritize the bulk of our effort in this area on sensitive species, and address more 
abundant animals as resources become available. Habitat information gained from 
individual species surveys will ultimately be applied to long-term vegetation monitoring 
results to gain insight to the availability of suitable habitat across the Plan Area. 

TIMELINE 
December 2010 – January 2011: field personnel training 
January – March 2011: field work 
October 2011 – June 2012: analyze data and write report 
November – December 2012: review protocol 
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