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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 2009 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 2009, Botany Program Lead, Jeff 
Galvin. 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 
4080 Lemon Street, 12th Floor  4500 Glenwood Drive, Bldg. C 
P.O. Box 1667     Riverside, CA 92501 
Riverside, CA 92502-1667   Ph: (951) 782-4238 
Ph: (951) 955-9700 
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INTRODUCTION 
The MSHCP lists California beardtongue (Penstemon californicus) as a group 2 

species (i.e., well distributed across a limited number of core areas) that is restricted to 
the San Jacinto Foothills, San Jacinto Mountains, Santa Ana Mountains, and the desert 
transition zone (Dudek and Associates 2003). Species Objective 2 requires the inclusion 
of at least 15 occurrences in Garner Valley, Blackburn Canyon, and the Aquanga region. 
We began station-based surveys at in 2008, and have confirmed only 1 occurrence within 
1 of the 23 stations surveyed in Garner Valley and Blackburn Canyon. We have not 
surveyed for Penstemon californicus in the vicinity of Aguanga because the historic 
record is very imprecise. 

We currently use area searches as the primary method for rare-plant surveys. 
Observers selectively search all appropriate habitats within an assigned station until they 
feel that all appropriate habitat has been covered. The search focus changes depending on 
vegetation community and topography.  

We cannot interpret lack of observation as evidence of absence using the current 
survey method, because we are unable to quantify our ability to detect the species. 
Observer attentiveness, inappropriate survey times (e.g., flowering vs. germination), and 
identification errors could all contribute to individuals going undetected. We attempt to 
mitigate for circumstances that would negatively affect our ability to detect PECA by 
timing surveys based on phenology of known populations of covered species (e.g., survey 
when flowering), training crew members in survey protocol, and testing field staff 
proficiency in plant identification. Observer error is still an unknown source of error, and 
is difficult to account for without knowing the probability of an observer detecting a 
species when it was present. 

We conducted a pilot survey in 2009 to test methods of estimating detection 
probabilities for Penstemon californicus, and to confirm accuracy of negative survey 
results. We focused our pilot effort in the conifer woodland/chaparral ecotone at Quinn 
Flats where P. californicus is known to occur, and then expanded surveys to include all 
conifer woodland/chaparral ecotone within Garner Valley. Surveys followed an 
occupancy framework where sample stations were visited over multiple occasions by 
different surveyors. 

Goals and Objectives 
1. Examine effectiveness of survey protocol to detect Penstemon californicus. 

a) Conduct repeat-visit surveys and and estimate detection probability. 
b) Model effect of interobserver variation on detectability. 

2. Delineate distribution of P. californicus across suitable habitat in Garner Valley. 
a) Conduct repeat-visit surveys in the chaparral/conifer woodland ecotone until a 

cumulative detection probability of 0.95 or greater is achieved. 

3. Quantify observer variation in visual estimates of abundance and patch size. 
a) Compare estimates with a paired-sample analysis 
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METHODS 
Protocol Development 

We used a modified version of a protocol for rare-plant surveys developed by the 
Biological Monitoring Program (Appendix A). Rare-plant sites are typically selected 
based on historic locations, with search radii expanded to include all appropriate habitat 
in the vicinity when target species are not located. Rare-plant surveys also involve 
collecting site-specific data (e.g., dominant species within major functional groups, 
disturbance), in addition to information about target species. 

We selected stations for the pilot effort based on occurrences recently confirmed 
by the Biological Monitoring Program. In addition, we only recorded data specific to 
Penstemon californicus, and did not record site-specific information at survey stations. 
We conducted full rare-plant surveys during the follow-up effort to the pilot, but selected 
survey sites according to suitable habitat rather than historic locations. 

Personnel and Training 
Rare-plant training in 2009 was led by Jeff Galvin (Botany Program Lead), and 

involved distinguishing Penstemon californicus from similar species. Field crew visited a 
sentinel site containing a large population of P. californicus. At the conclusion of the 
training, surveyors were able to correctly identify PECA based on vegetative features and 
distinguish it from similar co-occurring species. Staff that conducted surveys for PECA 
in 2009 are listed below. Biological Monitoring Program personnel were funded by the 
California Department of Fish and Game or the Regional Conservation Authority; 
volunteers are noted. 

• Jeff Galvin (Project Lead, Biological Monitoring Program) 
• Annie Bustamante (Biological Monitoring Program) 
• Ana Hernandez (Biological Monitoring Program) 
• Kim Sparks (Biological Monitoring Program) 
• Kim Freeburn (Biological Monitoring Program) 
• Karyn Drennen (Biological Monitoring Program) 

Site Selection and Survey Design 
We focused our pilot effort at the Quinn Flats area of Garner Valley (San Jacinto 

Mountains) because we wanted to test methods of estimating detection in an area with 
confirmed occurrences of PECA. All of our recently documented occurrences of 
California beardtongue within the Conservation Area were recorded in this region of 
Garner Valley. The study site consisted of Adenostoma fasciculatum and A. sparsifolium 
dominate chaparral (31%), Pinus jeffreyi dominant montane coniferous forest (44%), 
Artemisia tridentata dominant desert scrub (8%), and annual grassland (12%). The site 
ranged in elevation from 1365 m in the flat grassland area to 1426 m in the chaparral 
dominated hillsides. 

There were 11 known locations of Penstemon californicus near Quinn Flats when 
we selected the site for the pilot effort. We did not include 1 location because we used it 
as a sentinel site, and excluded 2 others because their locations were known to most of 
the surveyors. We centered 250 m x 250 m survey stations on the known locations of P. 
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californicus (n = 8) so that all sides were running in one of the cardinal directions. We 
did not use the grid of survey stations created for rare-plant surveys, because only 6 of 
the 8 surveyed locations fell in different stations. We used the Hawth’s Tools (Beyer 
2004) extension of Arc GIS v.9.3 (ESRI 2006) to shift grids so that all 8 occurrences fell 
within different stations, thus maximizing the number of occupied stations in the survey 
area. We then selected 8 stations of the same dimensions in areas we assumed to be 
unoccupied, and were adjacent to and/or contained similar vegetation composition to the 
occupied stations (Figure 1). 

We timed surveys based on a known location of PECA (i.e., sentinel site) so that 
all individuals of the species would be vegetative or in fruit. We did this to minimize 
change in detectability over the course of the study due to plant phenology. We divided 
the pilot effort into 5 rounds, each approximately 1 week, and separated each of the 
rounds by 2 days to avoid surveying on weekends. We sampled all survey stations (n = 
16) over the course of any given round, with each of the 5 surveyors searching at least 2 
stations per round. We controlled for observer bias by not revealing the occupancy status 
of stations, and assigning surveyors to search individual stations only once. We 
conducted surveys until we achieved a cumulative detection probability ≥ 0.95. 

We expanded our survey following the pilot effort to include all suitable habitat 
(e.g., chaparral and conifer woodland ecotone) within Garner Valley that we had not yet 
surveyed prior to 2009 (Figure 2). We delineated the survey area to be any conserved 
land below the boundary between the valley floor and the steeper valley sides, 
approximately 1400 m in elevation. The survey area (13.8-km²) consisted mostly of 
Adenostoma fasciculatum and A. sparsifolium dominated chaparral (39%), Pinus jeffreyi 
dominated montane-coniferous forest (31%), Artemisia tridentata dominated desert scrub 
(12%), and annual grassland (12%). 

We confined our surveys to the chaparral and conifer woodland ecotone, as 
defined by a GIS-based vegetation map of western Riverside County (CDFG et al. 2005). 
We used Arc GIS v.9.3 (ESRI 2006) to place a 125-m buffer (half the width of a survey 
station) around polygons identified as chaparral and montane-coniferous forest in the 
vegetation map, and considered the ectone to be the area where the 2 buffers overlapped. 
We then used the Hawth’s Tools extension (Beyer 2004) for Arc GIS to regularly 
distribute points (n = 34, 1 point per 19 ha) with 438-m spacing, as dictated by the 
number of stations that could potentially be surveyed within a week with available 
personnel. Finally, we overlaid the survey-station grid used for rare-plant surveys, and 
joined it with the survey points. We removed all stations that were not entirely within our 
access area or crossed highway 74 (n = 10), and conducted surveys on the remaining 24 
stations. 

We surveyed stations for the number of rounds that was found to be required 
during the pilot effort to achieve a detection probability ≥ 0.95. We surveyed all stations 
during each 1-week round, separated by 2 days to account for weekends. Each of the 5 
surveyors searched at least 2 stations per round. We controlled for observer bias by not 
revealing the occupancy status of stations, and assigning surveyors to search individual 
stations only once. 
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Figure 1. Pilot survey stations located in the the Quinn Flats area of Garner Valley, in the San Jacinto Mountains.
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Figure 2. Suitable habitat (coniferous forest and chaparral ecotone) in Garner Valley and stations for expanded surveys.
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Field Procedure 
We selectively searched survey stations during each effort (e.g., pilot and 

expanded) by allowing observers to determine the amount of time required to confirm the 
occupancy status of any given station. We recorded phenology and visually estimated 
population abundance and patch size (< 1 m², 1 m² - < 10 m², 10 m² - < 100 m², 100 m² - 
< 1000 m², 1000 m²- < 10000 m², ≥ 10000 m²) whenever Penstemon californicus was 
detected. We also recorded total survey time, but limited the amount of time observers 
spent estimating abundance and patch size during the pilot effort so that all stations 
assigned to them in a day could be surveyed. 

We only recorded data pertaining to Penstemon californicus during the pilot, but 
conducted full rare-plant surveys during the expanded effort. Additional data collected 
during this later effort included identification of dominant vegetation communities, 
phenology, and disturbance at each station. We also recorded dominant substrate and the 
dominant species in each of five functional groups (tree, shrub, grass, native forbs, and 
non-native forb). 

Data Analysis 
We estimated per-visit detection probabilities (p) of Penstemon californicus at 

Garner Valley using a closed-capture occupancy model that derives estimates based on 
station-level presence/absence data (MacKenzie et al 2002). We used the Program 
MARK to construct a candidate set of 2 models that accounted for observer effects on p 
and a constant detection probability across visits (White and Burnham 1999), and ranked 
them according to difference in Akaike’s Information Criterion for small samples 
(∆AICc). We then calculated Akaike weights (wi), and derived weighted-average 
estimates of p across the entire candidate set unless there was clear support (e.g., wi > 
0.9) for a single model (Burnham and Anderson 2002). Finally, used the following 
formula to calculate a cumulative detection probability across visits (P*), where pi is the 
detection probability on a given survey night: P* = 1 - . Variances for P* were 

calculated using the delta method (MacKenzie et al. 2006, Powell 2007). 
∏ −
=

3

1
1

i
ip

We examined observer bias in visual estimates of abundance and patch size for 
Penstemon californicus by first pooling data across the pilot and expanded efforts, 
because methods for collecting these data did not differ between surveys. We included 18 
occupied survey stations for analysis, excluding 1 because abundance and patch size data 
was recorded incompletely. We tested the dataset for normality using the shapiro-wilk 
test and program R 2.5.1 (R Development Core Team 2007). Data were not normally 
distributed for estimates of abundance (W = 0.869, p < 0.001) and patch size (W = 0.78, 
p < 0.001), so we used a paired-sample wilcoxon test to compare estimates from stations 
across visits. We also examined the spread of estimates within and between survey 
rounds by using program R 2.5.1 to construct box plots depicting the range of values 
between the lower 25% (1st quartile) and upper 75% (3rd quartile) of values, as well as the 
mean (2nd quartile), minimum, and maximum estimates. Widths of plotted quartiles are 
indicative of the variation in estimates within survey rounds, and position of the median 
within a plot depicts the direction that data were skewed. 
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RESULTS 
We detected Penstemon californicus at 14 of 16 stations during the first round of 

the pilot survey, and at all 16 stations during the second. We considered weighted 
estimates of p from 2 models because neither of the models contained nearly all of the 
weight in the candidate set (Table 1). Per visit detection probability for the second round 
was nominally better (p = 0.95, SE = 0.05) than the first round (p = 0.93, SE = 0.03), with 
the cumulative detection probability approaching 1 (P* = 0.996, SE = 0.01) after 2 
rounds. 

We detected the target species on 4 of 21 stations during the first round expanded 
surveys, and 5 of 21 stations during the second. We again considered 2 models because 
neither exhibited clear support (Table 1). Per visit detection probability for the second 
round was nominally better (p = 0.86, SE = 0.13) than the first round (p = 0.93, SE = 
0.070). The cumulative detection probability also approached 1 (P* = 0.99, SE = 0.02) 
after 2 survey rounds. 

Table 1. Akaike’s Information Criterion for small samples (AICc), Akaike weights (wi), model 
likelihoods, number of parameters (K), and log likelihood for occupancy models examined to derive 
estimates of detection probability of Penstemon californicus during pilot of expanded survey efforts. 
Model AICc ∆ AICc wi Likelihood K -2log(L) 
Pilot       

p(constant) psi(constant) 17.25 0 0.80 1 2 14.96 
p(round) psi(constant) 20.06 2.81 0.20 0.25 3 12.06 

Expanded       
p(constant) psi(constant) 34.11 0 0.66 1 2 29.44 
p(round) psi(constant) 35.47 1.36 0.34 0.51 3 28.06 

 

We estimated values of abundance that ranged from 20 to 570 individuals of 
Penstemon californicus, with a median value of 157 and 98 in rounds 1 and 2 
respectively. Median values did not differ significantly between rounds (Ts = 0.28, p = 
0.19), indicating consistency among observers in abundance estimates. Breadth of 
estimated values appeared to differ between rounds, with more variation among stations 
being estimated in round 1 than round 2 (Figure 3). Estimates for both rounds were 
skewed toward the lower quartile. 

We estimated values of patch size for Penstemon californicus from 10 m² to 
>10,000 m², with identical median values between rounds 1 and 2 (Ts = 0.60, p > 0.89), 
suggesting consistency among observers in patch size estimates. Estimates were more 
precise in the second round with nearly all values centered on the median (Figure 3). 

DISCUSSION 
Our first goal of this project was to examine the effectiveness of survey protocol 

to detect Penstemon californicus, and to confirm species absence when not detected at a 
surveyed site. We determined through a pilot effort that 2 visits were required to achieve 
a detection probability that approached 1, and that 2 additional stations were found to be 
occupied during the second round of surveys. We confirmed our pilot results with an  
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Figure 3. Box plots depicting spread of visual estimates for abundance and patch size of Penstemon 
Californicus pooled across pilot and expanded survey efforts. Bold lines represent median values, and 
white boxes depict the 25% spread of values above and below the median. Maximum and minimum values 
are shown by extended-solid lines, and dots represent outliers. 

 

expanded survey across an area of Garner Valley that had not been previously surveyed. 
We again achieved a detection probability of nearly 1 after 2 visits, and classified a 
station as occupied after recording the target species as absent during round 1. We 
believe, based on these results, that we can confidently determine presence/absence of 
Penstemon californicus using our method of selectively searching survey stations, given 
that surveyors are properly trained and surveys are appropriately timed. While we can 
assume similar results if we were to repeat the project using the same survey-stations, we 
cannot assume that detectability of the species would remain the same in different 
geographic areas, within different vegetation communities, or when the plant exhibits 
different phenology. 

Penstemon californicus was an ideal species for examining detectability in that it 
is perennial, identifiable in vegetative form, and with confirmed occurrences confined to 
a single geographical location. While a species would not necessarily need to meet all 
these criteria, it allows for methods to be tested against a known population across 
multiple phenologies. Surveys for species that are only identifiable in one phenology 
(e.g., flowering) would have to be precisely timed so that detectability remains constant 
throughout each survey event. Even then, regardless of how well timed the surveys are, 
there is no guarantee that all individuals within the site will exhibit the same phenology at 
the same time. We were able to begin surveying for P. californicus even after individuals 
had stopped flowering, and were afforded a lengthy period of time during which the 
detectability of the species was unlikely to change. Sample size is another obstacle in 
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quantifying effectiveness of survey methods to detect rare-plant species. In most cases 
there are few known locations where listed species are abundant, making it difficult to 
test methods against robust methods of estimating detection probability. 

Another goal of this project was to delineate the distribution of Penstemon 
californicus across suitable habitat in Garner Valley, while confirming our negative 
results. Though we did not detect any new occurrences of P. californicus, we can confirm 
species absence on 27 stations (A = 1.68 km²) not previously surveyed. We can now 
exclude these stations from future efforts, and focus surveys on areas of Garner Valley 
where we do not have information on P. californicus. 

We also wanted to quantify observer variation in visual estimates of abundance 
and patch size with this project. We found that estimates did not significantly vary 
between rounds for either patch size or abundance. Still, estimates took a substantial 
investment of time to complete, and are not required for all rare-plant species covered by 
the MSCHP. 

Recommendations for Future Surveys 
We can not assume that 1 survey per station is enough to confirm absence of 

Penstemon californicus based on the results presented here. Future surveys should follow 
a repeat-visit design for a minimum of 2 visits to be confident that a survey-station is 
unoccupied. Attempts should also be made to quantify detection probability following the 
methods described here. While the detection probability may vary slightly between visits, 
we will be able to confirm absence. Effort should also be made so that surveyors receive 
similar training, the phenology is comparable across visits, and surveys occur within the 
habitat modeled for the expanded surveys. We recommend that surveys for P. 
Californicus continue at Garner Valley until the species objective is met, or we determine 
that the remaining suitable habitat in the region is unoccupied. 

We should consider detection probability with a repeat-visit design when 
surveying for other rare-plants, as the results presented here for a species that is fairly 
easy to detect suggest. The greatest challenge to a repeat-visit design will be presented by 
short-lived annuals, very rare species, or plants that have a very narrow survey 
requirement (e.g., confirmation of 1 or a few occurrences). The survey design should be 
adjusted for short-lived species by conducting multiple visits to survey stations over a 
single day or week when the phenology is believed to be most appropriate, as determined 
from sentinel-site visits. Detection histories could them be constructed over a relatively 
short period of time when the target species is most identifiable. Still, issues of sample 
size, availability of personnel, and distribution of very rare plants will pose considerable 
obstacles to any meaningful estimate of detection. Results presented here may be useful 
in these instances, given the availability of staff to perform 2 visits per station. 

Time should be allocated to recording exact estimates of abundance and patch 
size only when required by species-specific objectives. Clear rules for delineating patch 
boundaries should be defined, and field crew should practice visually estimating 
abundance before collecting data in the field. Data should be collected in broad categories 
for species that do not require abundance and patch size estimates. 
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Appendix A. Western Riverside County MSHCP Biological Monitoring 
Program Protocol for Inventory-Phase Rare Plant Surveys 2009. 
Goals 

Verify the occurrence of covered plant species throughout Western Riverside 
County in order to meet MSHCP Species Objectives and to update historical distribution 
information.  Collect habitat information to look for covariates associated with species 
presence. 

Objectives 
To achieve the above goals, surveys will be conducted annually throughout the 

Conservation Area in habitat deemed suitable for each species.  Searches will be directed 
primarily by historical distribution information and to areas specifically mentioned in 
MSHCP Species Objectives.  When covered plant species are located, habitat attributes 
of the occurrence will be collected.   Data collected in surveys and plots generally follow 
and are modifications of California Native Plant Society and USDA Forest Service rare 
plant survey and vegetation assessment guidelines (USDA Forest Service 2005, CNPS 
2004). 

Timing 
Surveys for covered plant species will be conducted throughout most of the spring, 
summer and fall depending on rainfall, other seasonal variants, and current status towards 
meeting Species Objectives.  Surveys will take place during each species’ peak flowering 
or fruiting time unless the target species is easily identifiable in sterile form (such as for 
many shrubs and trees). Sentinel sites will be established at locations with known 
occurrences of covered plant species in order to help time surveys appropriately. Focused 
surveys for these species will begin once the species’ are documented in peak phenology 
at a sentinel site. Even with the use of sentinel sites, we cannot declare a survey absence 
to be a true absence because a species may not have been detected at a site due to 
regional differences in seasonality or because observers failed to detect the species. 
Inventory-phase rare plant surveys are aimed at recording species presence, not 
determining true absence. 

METHODS 
Survey Locations 

Known locations of target species of interest will be chosen and visited on an 
approximately biweekly basis at sentinel sites. Sentinel sites will be chosen based on 
known presence of species of interest and overlap between species records, so that one 
visit can collect information about the status of several species. When the time is deemed 
phenologically appropriate based on findings at sentinel sites, surveyors will begin 
targeted searches for species of interest. Each survey will involve thoroughly searching 
all appropriate habitat for species of interest within a 250 m x 250 m sampling station. An 
initial station will be chosen to survey when there is a species record within the station 
from the MSHCP Historical Database. Points in the Database were derived from 
herbarium records, CNDDB information and other records.  Additional distributional 
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information will be added to the Database from sources such as regional HCPs and land 
managers’ records as needed to further direct searches and meet Species Objectives. If 
the species of interest is not detected in the initial station, the survey effort will be 
expanded to include searches in surrounding stations that contain suitable habitat. 

Equipment 
Clinometer 
Clipboard 
Declinated compass 
Digital camera 
Field forms 
Field plant press with 

newspaper 

Flags or flagging 

Hand held pruning shears 
Handheld GPS unit 
Plant identification aidsTopographic 

maps 
Two way radio 
Weed digger 

Sentinel Site Visits 
We will choose sentinel sites to inform us of the current phenological state of 

species of interest and to make generalizations about species of interest that do not have 
sentinel sites. Sentinel sites are composed of one or more sampling stations with 
occurrences of covered plant species documented in the last 5 years. Surveyors will be 
given coordinates for 1 or more species known from the sentinel site. There should be 
little error in the coordinates for sentinel sites; therefore, surveyors will confine 
themselves to searching the immediate area around the coordinates for each of the species 
of interest to determine presence/absence of each species. For each species at a sentinel 
site, surveyors will record their assessment of the site for the species, choosing from 
“found”, “early”, “late”, “dry”, or “other”. Surveyors will assess a site as “found” when 
the target species is detected there. If it is not detected, the surveyors will make their best 
determination as to why the species of interest was not detected. “Early” sites are sites 
that display early phenology, including dominance of early season species and/or most 
species present are in a vegetative state. “Late” sites are sites that display late phenology, 
including late season plants present and/or many plants desiccated. “Dry” sites are sites 
that show phenology related to drought, including sparse and/or stunted growth of annual 
species. “Other” should be used rarely, but could include severe habitat degradation at a 
site, suggesting that the species of interest may no longer be present at the site. Surveyors 
will record a brief explanation of the site assessment they choose if necessary. 

Surveyors will select “sentinel” for the survey purpose on the datasheet and N/A 
for survey evaluation. Surveyors will record the standard survey information for the 
sentinel site visit, including vegetation community and site impact information, as 
described in more detail below. Additionally, if a species of interest is found, surveyors 
will record UTMs, number of individuals found and the species phenology, as described 
below. Surveyors can record additional information if they choose. Surveyors may want 
to take a photograph of the target species at the sentinel site. They will never make a 
plant collection at a sentinel site unless specifically directed to do so by the Botany 
Program Lead to avoid over-collection of plant material at the sentinel sites. 
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Targeted Surveys 
Each surveyor will be assigned one to several sampling stations to survey in a 

day. For each station, surveyors will be given a list of target species, as well as the 
coordinates for any MSHCP Historic Database points of interest that fall within the 
station. Surveyors will also be given coordinates for covered plant species previously 
found in the station. Surveyors will thoroughly search the station for target species in 
those species’ appropriate habitats. They will also document the presence of any other 
covered plant species that they find that has not been previously recorded in the sampling 
station. At the end of the survey effort, surveyors will determine whether the survey was 
“complete” or “incomplete.” It will seldom be possible for surveyors to be absolutely 
confident that target species are not present in a sampling station. Surveyors can consider 
a survey to be complete if they have searched appropriate habitat across the breadth of 
the sampling station. Considering a survey complete before all target species are found 
means that the sampling station will have lower priority for future surveys, not that the 
species of interest is definitely not in the sampling station. Surveys will be considered 
incomplete when surveyors are not able to survey all appropriate habitat within the 
sampling station. Surveyors may return to the station to complete the survey at a later 
date. 

Surveyors will list all of the species they targeted in their search and record an 
assessment of either “found” or “unknown.” Surveyors will not record species as other 
categories, such as “early” or “late” because information on survey timing will be 
dependent on sentinel site survey results.   

Regardless of whether or not covered plant species are found, surveyors will 
collect information about their search effort and the general area. Surveyors will record 
the time searched in minutes. Surveyors will record a brief site description, including 
dominant species. 

Surveyors will also record vegetation communities searched. In some cases, the 
entire sampling station and all of the vegetation communities within it will be searched. 
In other cases, only specific vegetation communities will be searched. Descriptions of 
vegetation communities, as well as site impacts (see below), will be given to all surveyors 
to make sure that they are assessed in a similar manner among observers. 

Surveyors will record the dominant phenology of herb, shrub and tree layers as 
“early” (most plants green, not yet flowering), “peak” (most plants flowering, not yet 
fruiting), “late” (most plants fruiting and/or beginning to desiccate), “drought” (sparse 
and/or stunted vegetation growth associated with unusually dry conditions), or “not 
applicable” (layer not present in sampling station). Surveyors will also record all site 
impacts, their relative intensity at the site, and details regarding the exact nature of the 
impact. 

Species-Specific Data 
Surveyors will recorded species-specific information for all covered plant species 

found during targeted plant surveys, unless a species has been documented in the 
sampling station. When a covered plant species is found, surveyors will search the area 
surrounding the occurrence to determine the spatial extent and total number of 
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individuals in the occurrence. For species that are difficult to detect, surveyors may want 
to walk in a slowly widening spiral around the found occurrence or along a series of 
transects in order to make sure that all individuals are found. Only one occurrence record 
should be recorded for species that are continuously distributed, even if the species 
occurs in low densities. Only one occurrence should be recorded for species found in 
small patches that are common in the landscape. If species occur in small patches that 
would be difficult to relocate in subsequent years, surveyors should record separate 
occurrence information for each patch. 

Once the surveyor has determined the bounds of the species occurrence, they can 
record species-specific information, including:  

• UTMs at the center of the occurrence (always recorded in NAD83) 
• Slope, using a clinometer to measure the average inclination of the terrain where 

the plant species grows.  
• Aspect using a declinated compass in the direction of the slope.  
• Number of individuals found in occurrence and whether this is exact or an 

estimate. With occurrence up to 100 individuals, all individuals should be 
counted. Beyond 100 individuals, surveyors will estimate population size. 
Surveyors will make every attempt to provide reasonable population size 
estimates. 

• Approximate patch size, using the following codes: 1= <1 m², 2= 1 m² - <10 m², 
3= 10 m² = <100 m², 4= 100 m² - <1,000 m², 5= 1,000 m²- < 10,000 m², 6= ≥ 
10,000 m². This value will refer to the area of the occurrence being referred to by 
the species-specific information. This can be an area continuously occupied by the 
target species or an area that encompasses several smaller patches of the species.  

• Phenology information. For woody species, surveyors will record the percent of 
individuals that are seedlings, saplings, vegetative adults, flowering adults, and 
fruiting adults. For woody shrubs, surveyors will consider “saplings” to be very 
young, pre-reproductive individuals that are not first year seedlings. For 
herbaceous perennials and annual species, surveyors will record percent of 
individuals that are vegetative, flowering, fruiting, and desiccated.  For both 
measures, percents should add up to 100 and each individual will only be 
recorded as one category. Surveyors will consider individuals that are both 
flowering and fruiting as whichever category is dominant for that individual. 
Individuals in bud are considered flowering and individuals with dispersed fruit 
that are not desiccated are considered in fruit. 

• Initials and jpg number for photographs of the species. Plants should always be 
photographed for each unique species found by an observer in a survey day if a 
collection is not made. Surveyors should take several photos of the species, 
including photographs showing fruit, flowers and other distinguishing 
characteristics. Surveyors should include a ruler or other device in photos to show 
size of plants. 

• Initials and collection number(s) for any specimen taken of the target species. Be 
sure to follow plant collection guidelines when making collections of covered 
plant species. 
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• General notes about the target species’ occurrence. These notes should include 
any information that can help assess the health of the occurrence or further 
explain the species’ habitat preferences. Surveyors can also record a description 
of the spatial extent of the species, such as “along an approximately 50 m length 
of the stream.”  

• At least one photograph documenting the habitat surrounding the species. The 
species of interest should be flagged  if it is not clearly visible in the photograph 
so that its relationship to the surrounding area can be seen.   

• Surface substrate upon which the covered species is growing. Surveyors can 
choose one or more of the following: cliff, gravel (fragments between 2 mm and 
7.5 cm), litter, log, moss, rock, bare soil (fragments < 2mm), or water. Specific 
soil information can be recorded in the notes on occurrence. 

• Vegetation community specific to where the covered species is growing will be 
recorded. 

• Potential threats to the species, recorded as site impacts specific to the occurrence. 
• The 3 most common tree, shrub, grass, native forb and non-native forb species 

occurring within 10 m of the occurrence. Surveyors do not have to record 3 
species in a layer if no species are present or only 1 or 2 species dominate.  

Site Revisits 
Surveyors will occasionally be asked to revisit sites in order to collect additional 

information about covered plant species. Surveyors may be asked to revisit sites in order 
to make a collection of the species so that the species can be definitively identified. 
Surveyors may also be asked to visit sites to look for the presence of a certain number of 
individuals of the species in order to meet Demonstrate Conservation objectives. For 
these visits, surveys will select a purpose of “revisit” and survey evaluation of “N/A.” 
Surveyors will make a note of the reason for the revisit and record the survey information 
and species-specific information as described above. Surveyors should always record 
UTMs, number of individuals and phenology information for the species of interest and 
can decide what additional information to record about the species. 

Data Analysis 
Presence data will provide the baseline for expectations when the Biological 

Monitoring Program moves from the inventory to the monitoring phase.  All of the 
Covered Species of plants under the MSHCP require monitoring at least once every eight 
years, and populations found during the inventory phase will be revisited periodically for 
the monitoring effort.  All subsequent revisits will be directed at collecting the same 
types of data we have collected during our baseline study.  Thus, there will be continuity 
in this study which will provide us with the ability to track changes in terms of the health 
or success of the population by monitoring such elements as population size, associated 
vegetation, and disturbance  

We will select species that have unmet MSHCP Species Objectives after the 
inventory phase to be the focus of more targeted work. First, survey effort will be 
increased and the area searched will be enlarged to enhance the likelihood of successfully 
verifying extant populations.   This effort will draw upon ecological data gathered at the 
sites of populations of the same species that were verified during the inventory phase.  
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Thus, modeling can be incorporated to help select suitable habitat.  Second, certain 
species will become the focus of more frequent and intensive monitoring efforts to 
closely watch population trends and provide suggestions for management.  The inventory 
phase of the rare plant work is necessary so that species of most concern can be identified 
and become the targets of this more intense work. 

Analysis of preliminary data will be minimal, and will be limited to such analyses 
as correlations that may further our understanding of the ecology and growing 
requirements of the species.  These preliminary data do not provide for rigorous statistical 
analysis, but are nevertheless fundamental to the long-term monitoring objective. 

REFERENCES 
CNPS Vegetation Committee. April 20, 2004.  California Native Plant Society Relevé 

Protocol. http://www.cnps.org/cnps/vegetation/pdf/rapid_assessment_protocol.pdf

United States Department of Agriculture Forest Service.  March 2005. Threatened, 
Endangered and Sensitive Plants Survey Field Guide.  Rangeland Management 
Staff.  Washington, DC. 

United States Department of Agriculture Forest Service.  March 2005. Threatened, 
Endangered And Sensitive Plants Element Occurrence, Rangeland Management 
Staff.  Washington, DC. 
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Appendix B. Western Riverside County MSHCP Biological Monitoring 
Program Protocol for Pilot Detectability Surveys for California beardtongue 
(Penstemon californicus) 2009. 

The MSHCP lists California beardtongue as a group 2 species, well distributed 
with core areas that need to be conserved, because it is restricted to the desert transition, 
San Jacinto Foothills, San Jacinto Mountains, and Santa Ana Mountains primarily within 
USFS land (MSHCP). Objective 2 for PECA (Penstemon californicus) in the MSHCP 
requires 15 populations to be found in Garner Valley, Aguanga, and Blackburn Canyon. 
Since grid-based surveys were started in 2008, 21 Stations in Garner Valley have been 
surveyed, yielding only one occupied station. Using the current target survey method 
(target survey 2009), a survey station can be considered occupied if the target species is 
found. If the target species is not found the stations cannot be considered unoccupied for 
a number of reasons, including: observer error, inappropriate survey times, and 
identification errors. Sentinel sites, known locations of covered species, are used to 
determine appropriate survey times and members are trained and tested to reduce any 
plant identification errors. Survey error is still a problem and is difficult to account for 
without knowing the probability of an observer detecting a species within an occupied 
station. 

Goals and Objectives 
1. Evaluate the effectiveness of the current survey protocol (Target Survey 2009) to 

find occurrences of PECA. Use the resulting data to better understand the 
distribution of California beardtongue in Garner Valley. 

a.To achieve the above goals, surveys will be conducted in 250 m x 250 m grid 
stations with known occupancy of California beardtongue and nearby 
unoccupied stations with appropriate habitat. Each member of the 4 person 
crew will search all study stations following a modified 2009 target survey 
protocol so that a detection history can be built. Using this information a 
detection probability will be determined. 

METHODS 
Survey Design 

The study area is in Garner Valley, within the San Jacinto Mountains, which is the 
site of all of our recently documented occurrences of California beardtongue within the 
Conservation Area. Currently there are 11 known locations of PECA (Penstemon 
californicus) in Garner Valley. One location is not included in this survey because it is 
used as a sentinel site and two other sites are not included because their locations are 
known to most of the surveyors. 

For the 2008 and 2009 rare plant surveying seasons, a grid-based survey method 
has be employed to more accurately keep track of the area surveyed. The stations created 
by the grid are 250m. x 250m and are oriented so that all sides are running in one of the 
cardinal directions. Using the Target Survey grid, only 6 of the 8 know locations of 
PECA would fall in different stations. To maximize the number of occupied stations the 
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grid was shifted so that all the remaining 8 occurrences fall within different stations. 
Then 8 unoccupied stations were established that are contiguous with and/or have similar 
vegetation communities to stations with known occurrences. 

The pilot portion of the survey effort will be broken into 5 rounds, each taking 
approximately one week to complete. Each round will consist of surveying all 16 
stations. Each of the five surveyors will survey at least two stations per round with the 
rest of the stations divided equally among the available surveyors. By the end of the 5 
rounds, each observer will have surveyed all of the 16 stations. At the end of the second 
week a detection probability will be calculated from the first two weeks of data. If the 
detection probability is approaching 1, the surveys will be stopped to avoid weeks of 
unnecessary surveying. 

Surveyors will be assigned two 250m x 250m stations to survey each day. They 
will thoroughly search stations using whichever method is suitable for the habitat and 
topography in the station. While target surveys don’t have a set time limit, a 2-hour 
survey time limit will be set for this study so that it is always possible to survey two 
stations per day. If PECA is found toward the end of the two hour time limit, surveyors 
will only record the species-specific information they can take during the remaining time 
- UTM’s will always be recorded. If PECA is found very early in the survey, surveyors 
will continue to search until they have covered the entire subunit or they run out of time. 
The species specific information will not be used to calculate a detection probability, so it 
is more important to keep to the survey schedule than to take detailed, species-specific 
information.  

For the study to provide meaningful data, station occupancy must not be known to 
the surveyors prior to the start of the survey period. If a surveyor knew the occupancy, 
their survey method and survey time might be substantially different. In addition, during 
the survey period, surveyors will not discuss the occupancy of the stations with any other 
members of the crew. This includes a surveyor stating that they did not find PECA, even 
if the station is not specified. 

After the pilot portion of the project is completed, a second round of surveys will 
be done throughout the Chaparral/Conifer Woodland ectone of Garner Valley.  The first 
step in designing the second round of surveys was to delineate the survey area. Garner 
Valley was chosen as the survey location because it contains all known occurrences of 
PECA and there is still a large amount of suitable habitat that has not been surveyed. 
Unfortunately, a definite boundary to the extent of Garner Valley could not be found. The 
easiest and least biased way to do this was to set an elevation limit to the valley. 4600 ft 
was used because it appeared to run along the boundary between the low angle, valley 
floor and the steeper, valley sides. The resulting shape file was clipped by the 2009 
access layer and any developed areas were removed. After the survey area was 
delineated, a buffer of suitable habitat was created in which to randomly distribute points. 
The buffer was created by setting a 125 meter buffer around chaparral and montane 
coniferous forest. The 125 meter buffer, half the width of a sampling station, was chosen 
so that stations would always contain the ectone between chaparral and coniferous forest, 
the ideal habitat for PECA. A layer was created from the overlap of the two buffers, 
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chaparral and coniferous forest. This area should contain the chaparral and coniferous 
forest ecotone and be an ideal place to search for Penstemon californicus. 

Next, using a spacing that would make 20 – 30 points land in the ecotone, points 
were regularly spaced throughout the ecotone layer;. The range of points is based on the 
number of stations that could be surveyed within a week. The station grid was overlayed 
and joined with the survey points. All stations that were not entirely in access were 
removed and any stations that crossed highway 74 were removed. This left 24 stations to 
be surveyed within the ecotone buffer. 

Field Methods 
Currently there is no set survey method for rare plant target surveys. A surveyor 

simply searches all appropriate habitat within the assigned station and moves on when 
they feel they have covered the whole area. The survey method will change depending on 
vegetation community and topography. For example, a systematic survey of a station of 
dense chaparral would be prohibitively time consuming and difficult; however, a 
systematic survey of open grassland may be the best approach. 

For this study, survey method is left up to the surveyor to decide. While this may 
lead to different survey methods being used for the same stations, it will allow for the 
best comparison to rare plant target surveys. 

Surveyors will collect data about station occupancy, population size, population 
area, survey time, and phenology. The station occupancy is the only information needed 
to calculate a detection probability. The other information will be used to determine how 
consistent population, area, and phenology estimates are between observers. 

Field Procedure 
Pilot Study 

Each surveyor will be assigned two 250m x 250m stations to survey each day. A 
schedule will be posted with the exact stations that each surveyor needs to survey. The 
surveyor must survey only the two stations assigned to them on that particular day. A 
TOPO file containing the corner points of the stations is located at 
S:\Projects\Plants\PECA detectability. Points should be uploaded to the surveyors GPS so 
they can be used to navigate to the assigned stations and to help mark the boundaries of 
the stations. 

Once in the field, surveyors should use their GPS to navigate to a corner point of 
the station they are going to survey. Surveyors should avoid entering any stations they are 
not currently surveying or have not already surveyed. Surveyors will thoroughly search 
stations using whichever method is suitable for the habitat and topography. While target 
surveys don’t have a set time limit, a 2-hour survey time limit will be set for this study so 
that it is always possible to survey two stations per day. A stop watch will be used by the 
surveyors so they are not surveying over the two-hour limit and to provide an accurate 
time for the length of the survey. For each station the date, observer, subunit ID, total 
survey time, and PECA occupancy will be recorded. If PECA is found within a station 
surveyors will take additional species specific information, including: 
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 UTMs at the center of the occurrence (always recorded in NAD83) 
 Number of individuals found in occurrence and whether it is an exact count or 
an estimate. With occurrences up to 100 individuals, all individuals should be 
counted. Beyond 100 individuals, surveyors will estimate population size. 
Surveyors will make every attempt to provide reasonable population size 
estimates. 

 Approximate patch size, using the following codes: 1 = <1 m², 2 = 1 m² - <10 
m², 3 = 10 m² = <100 m², 4 = 100 m² - <1,000 m², 5 = 1,000 m²- < 10,000 m², 6 
= ≥ 10,000 m². This value will refer to the area of the occurrence being referred 
to by the species-specific information. This can be an area continuously 
occupied by the target species or an area that encompasses several smaller 
patches of the species.  

 Phenology information. Surveyors will record percent of individuals that are 
vegetative, flowering, fruiting, and desiccated.  For both measures, percents 
should add up to 100 and each individual will only be recorded as one category. 
Surveyors will consider individuals that are both flowering and fruiting as 
whichever category is dominant for that individual. Individuals in bud are 
considered flowering and individuals with dispersed fruit that are not desiccated 
are considered in fruit. 

If PECA is found toward the end of the two hour time limit, surveyors will only 
record the species-specific information they can take during the remaining time - UTM’s 
should always be recorded. The species specific information will not be used to calculate 
a detection probability, so it is more important to keep to the survey schedule than to take 
detailed, species-specific information. If PECA is found early in the survey, surveyors 
should continue to search until they have covered the entire station or they run out of 
time. 

For the study to provide meaningful data, station occupancy must not be known to 
the surveyors prior to the start of the survey period. If a surveyor knew the occupancy, 
their survey method and survey time might be substantially different. During the survey 
period, surveyors will not discuss the occupancy of the stations with any other members 
of the crew. This includes stating that you did not find PECA, even if the station is not 
specified. 

Expanded Survey 
For the expanded survey, surveying will search assigned grid cells following the 

Western Riverside County MSHCP Biological Monitoring Program Protocol for 
Inventory-Phase Rare Plant Surveys 2009. 

Equipment 
Clipboard 
Field forms 
Handheld GPS unit 

Topographic maps 
Two way radio 
Stop Watch 
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