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NOTE TO READER:
This report is an account of survey activities undertaken by the Biological
Monitoring Program for the Western Riverside County Multiple Species Habitat
Conservation Plan (MSHCP). The MSHCP was permitted in June 2004. The Biological
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, 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.
We would like to 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 this year’s data
collection activities were conducted 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. We would especially like to
acknowledge the Santa Ana Watershed Association, the Center for Natural Lands
Management, and the Orange County Water District for their willingness to initiate or
modify their data collection to complement our survey efforts in 2008.
While we have made every effort to accurately represent our data and results, it
should be recognized that our database is still under development. Any reader who would
like 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. All Monitoring Program data, including original datasheets and digital
datasets are stored in the Monitoring Program office in downtown Riverside, CA.
The primary author of this report was Botany Program Lead, Diane Menuz. 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. For further information on the MSHCP and
the RCA, go to www.wrc-rca.org.
Contact Info:
Monitoring Program Administrator
MSHCP Biological Monitoring Program
4500 Glenwood Drive, Bldg. C
Riverside, CA 92501
Ph: (951) 248-2552

Executive Director
Western Riverside County
Regional Conservation Authority
3403 10th Street, Suite 320
P.O. Box 1667 Riverside, CA 92502
Ph: (951) 955-2857
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INTRODUCTION
The Engelmann oak (Quercus engelmannii) occurs from eastern Los Angeles
County to northwestern Baja California and has the smallest distribution of all oak
species found in California (Scott 1991; Roberts 1995). Riverside County accounts for
approximately 6% of the remaining Engelmann oak populations in California (Scott
1991). The largest occurrence of Engelmann oak in western Riverside County occurs at
the Santa Rosa Plateau Ecological Reserve (SRP), and stretches along undeveloped areas
in a narrow band west to San Mateo Canyon Wilderness Area (SMC) in the Cleveland
National Forest. There are additional smaller occurrences at the Santa Margarita
Ecological Reserve (SMER) and the Southwestern Riverside County Multi-Species
Reserve (MSR).
Engelmann oak hybridizes with California scrub oak (Quercus berberidifolia) in
areas of western Riverside County where the 2 species co-occur, including SRP (Roberts
et al 2004). Scrub oak generally occupies drier areas and is more common in chaparral
than Engelmann oak, but both species co-occur in chaparral and oak woodland. Research
has not been done on the impact of hybrid individuals on Engelmann oak populations or
on the extent to which such hybridization is occurring. The Biological Monitoring
Program is primarily interested in recruitment of oak individuals that appear to be pure
Engelmann oak, although we recognize that hybridization may have important
demographic consequences for Engelmann oak.
Species-specific objective 3 for Engelmann oak states that recruitment, as
measured by the continuous presence of seedlings or saplings over a 5 year period,
should occur at 80% or more of the known populations within the Conservation Area
(Dudek & Associates 2003). However, Tyler et al (2006) define recruitment as new
individuals joining an age or size class of a population. We should determine whether
new seedlings or saplings are becoming established at sites in addition to measuring their
presence. Mortality rates are also important to measure in order to determine whether a
population is stable through time (Tyler et al 2006). Other studies of Engelmann oak have
found that establishment of seedlings is highly episodic and mortality rates often appear
high on an annual basis, though seedlings that appear dead can resprout in future years
when conditions improve (Lathrop and Osborne 1991; Principe 2002). Long-term data
are needed to show whether Engelmann oak populations are successfully regenerating
(i.e., effectively replacing aging adult trees) because of the high annual variability shown
in previous studies and the extreme variation in weather patterns in southern California.
We established transects at SRP in the fall and winter of 2005-2006 as a pilot
effort with the goal of determining survivorship of Engelmann oak seedlings, saplings
and adults over the course of at least 5 years. In fall and winter of 2006-2007, we
revisited transects that were set up in 2005-2006, added additional transects at SRP, and
established new transects at MSR, SMER and the area between SRP and SMC (Tenaja).
We also began measuring stand characteristics at each transect in 2006 in an attempt to
Western Riverside County MSHCP
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identify factors driving recruitment rates across transects. In fall 2007, we added new
transects in the vicinity of SMC, revisited all previously established transects, and
continued to measure stand characteristics. We revisited all transects again in fall 2008,
for the fourth year of data collection at sites established in 2005-2006. We also looked for
evidence of recruitment in the vicinity of 3 hybrid Engelmann oak trees found at the
Potrero Unit of San Jacinto Wildlife Area (Potrero). We present here results from our
2007 and 2008 survey efforts, and refer to survey seasons by the year in which they
began for purposes of simplicity.
Survey Goals:
A) Increase the scope of the study area to include additional sites with
Engelmann oak.
B) Measure recruitment and morality of Engelmann oak across years.
C) Identify factors that drive recruitment of Engelmann oak across transects.
D) Identify and exclude from analysis individuals that are hybrids between scrub
oak and Engelmann oak.
E) Continue to test and refine study design to ensure success at collecting longterm Engelmann oak recruitment data.

METHODS
Protocol Development
We modified our 2006 protocol for use in 2007 so that grass and rock cover were
measured with point intercept rather than visual estimation, and grass cover was recorded
separately for perennial and annual species. We also identified additional adult trees to
follow through time by including all adult Engelmann oaks with canopies overhanging
each transect, even if they were not rooted within the transect. We recorded the
vegetation community present at each site, and determined whether coast live oak,
Engelmann oak, or an even mix of the 2 species were dominant in the vicinity of the
transect. We also began quantifying acorn production in 2007, which necessitated that we
confine our survey to a period of time when adult trees were producing acorns.
We stopped tracking individual seedlings in 2008 because we could not
accurately relocate them between years, but continued to track saplings and adults. We
also did not record vegetation community and dominant oak species at sites in 2008
because we assumed this information had not changed from 2007. The protocol used in
2008 was otherwise identical to the protocol used in 2007.
Personnel and Training
All field personnel demonstrated familiarity with Engelmann oak and proficiency
in distinguishing characteristics of co-occurring oak species: coast live oak (Quercus
agrifolia) and scrub oak. All observers participated in field training at SRP. The
following personnel conducted Engelmann oak surveys in 2007 and/or 2008:
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Diane Menuz, Botany Program Lead, (Regional Conservation Authority), 2007,
2008
Allyson Beckman (Santa Ana Watershed Association), 2008
Ana Hernandez (California Department of Fish and Game), 2008
Annie Bustamante (Regional Conservation Authority), 2007, 2008
Ashley Ragsdale (Regional Conservation Authority), 2008
Betsy Dionne (Regional Conservation Authority), 2008
Christina Greutink (Regional Conservation Authority), 2007
Conan Guard (Regional Conservation Authority), 2008
Esperanza Sandoval (Regional Conservation Authority), 2007, 2008
Isaac Chellman (California Department of Fish and Game), 2007
Jeff Galvin (Regional Conservation Authority), 2008
Jonathan Reinig (California Department of Fish and Game), 2008
Joseph Moglia (Regional Conservation Authority), 2007
Joseph Veverka (Regional Conservation Authority), 2007
Kelly Schmoker (California Department of Fish and Game), 2007, 2008
Kim Skahan (Regional Conservation Authority), 2007
Laura Weisel (Regional Conservation Authority), 2007
Lee Ripma (Regional Conservation Authority), 2007, 2008
Lynn Miller (Regional Conservation Authority), 2007, 2008
Mandy Breon (Regional Conservation Authority), 2007, 2008
Masanori Abe (Regional Conservation Authority, 2008
Nate Zalik (Regional Conservation Authority), 2008
Nick Peterson (California Department of Fish and Game), 2007
Robert Packard (Regional Conservation Authority), 2007
Rose Cook (Regional Conservation Authority), 2008
Rosina Gallego (Regional Conservation Authority), 2007, 2008
Ryann Loomis (Regional Conservation Authority), 2007, 2008
Sinlan Poo (Regional Conservation Authority), 2007
Theresa Johnson, (Regional Conservation Authority), 2007

Study Site Selection
We defined the survey area at SRP, SMC and Tenaja to be all areas showing
Engelmann oak vegetation associations in the 2005 Geographic Information System
(GIS) vegetation map of western Riverside County (CDFG et al. 2005). Vegetation series
are defined by the dominant or co-dominant species in the overstory of a stand of
vegetation following Sawyer and Keeler-Wolf (1995). Vegetation associations are
refinements of the series, reflecting differences in understory components. We used a
vegetation map created by San Diego State University (SDSU 2001) in combination with
CDFG et al. (2005) to delineate the survey area at SMER, and eliminated some areas
before selecting transects due to inaccessibility. The CDFG et al (2005) vegetation map
does not show Engelmann oak vegetation associations at MSR, but locations of
individual adult trees have been marked at MSR by other researchers (Principe 2004). We
Western Riverside County MSHCP
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used data from Principe (2004) to delineate 2 distinct areas with Engelmann oak at MSR,
and used ArcGIS v9.2 software (ESRI 2006) to create polygons depicting these sites.
We used Hawth’s Tools for ArcGIS (Beyer 2004) to generate random points with
a minimum spacing of 30 m across survey areas. We stratified our selection for all sites
except MSR across the 7 vegetation associations containing Engelmann oak shown in
CDFG et al (2005). The Engelmann oak vegetation associations in western Riverside
County consist of stands where Engelmann oak is dominant or co-dominant with coast
live oak, scrub oak and/or western sycamore (Platanus racemosa) with understories
consisting of grasses, poison oak (Toxicodendron diversilobum) and/or annual forb
species. We limited placement of random points to the edge of oak associations in 2005
because we believed this would focus our effort on areas with the most recruitment.
However, we determined that recruitment could occur near adult tree canopies throughout
the association and therefore selected points without this constraint after 2005. At MSR,
we chose random initial points throughout the delineated survey site using ArcGIS
because there were no Engelmann oak assemblages shown in CDFG et al (2005).
We set-up transects by navigating to each random point, locating the nearest adult
Engelmann oak, and establishing a transect midpoint at the edge of this tree’s canopy
nearest to the random point. We then chose a random compass direction from a
predetermined list of random numbers generated in Microsoft Excel. We began in 2006
to chose randomly from a constrained range of bearings to assure that at least a portion of
the transect fell directly under the canopy. We used the midpoint and the bearing to
establish 30 m x 5 m transects with the middle and end points marked with stakes to
assist in transect relocation.
In 2007, we surveyed 32 newly established transects at SMC, in addition to
transects at MSR (n = 15), SMER (n = 15) and Tenaja (n = 52) that were installed in
2006. We also sampled 182 transects at SRP that were established in 2005 (n = 101) and
2006 (n = 81). We removed transects in 2008 from SMC (n = 2) and SRP (n = 4) because
they were established at sites where only scrub oak was present, and removed 5 transects
from Tenaja because they were located outside the Conservation Area. In 2008, we
therefore surveyed 30 transects at SMC, 47 at Tenaja, 98 at SRP that were established in
2005, 80 at SRP that were established in 2006, and 15 each at MSR and SMER
(Figure 1).
Survey Methods
We recorded all Engelmann oak and hybrid individuals (seedlings, saplings and
adults) rooted in or with canopy overhanging the 30 m x 5 m transect. We attempted to
relocate all seedlings, saplings and adults in 2007 that had been recorded in the previous
years, and assigned them the same unique identifier that had been used in previous years.
In 2008, we again attempted to relocate saplings and adults, but did not track seedlings
because of difficulty in identifying individuals in this age class. We defined seedlings as
individuals with a basal diameter of <1 cm, saplings as individuals with a basal diameter
Western Riverside County MSHCP
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Figure 1. Engelmann Oak recruitment transects surveyed in 2007 and 2008. Sites include MSR, SMER, SMC, SRP and Tenaja.
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of ≥1 cm to <10 cm, and adult as individuals with a basal diameter ≥10 cm (Lathrop and
Osborne 1991, Principe 2002). We used size rather than age for classifying oaks because
of the ease of taking measurements and mortality risks and reproductive behavior are
often size-dependent (Tyler et al 2006). We identified each oak as pure Engelmann oak
or as 1 of 2 types of hybrids based on morphological characteristics, either more closely
related to Engelmann oak (type 1), or more closely related to scrub oak (type 2). We
constructed a guide with photographs of different leaf types to aid crews in tree
identification while in the field (Appendix A). We measured the basal diameter and
height for all seedlings and saplings, and recorded the Diameter at Breast Height (DBH)
for all adults. We visually estimated the percent leaf and branch loss for each adult tree.
We collected acorn production data both by recording the number of acorns counted in a
15 second period and by assigning each adult tree to an acorn class that ranged from 0
(no acorns present) to 4 (tree heavily laden with acorns) (Koenig et al 1994). We also
visually estimated the percent cover of Engelmann oak canopy and the percent area that
had experienced low- and high-intensity fire within the past year within eight 7.5 m x 2.5
m sections of the transect.
We recorded point intercept data every meter in the center of each transect and
1.5 m to either side of the center. We dropped a dowel perpendicular to the ground at
each point and recorded the presence of annual and/or perennial grass if grass touched the
dowel. We also recorded the ground cover element that the dowel touched, as litter, rock,
bare ground, or basal stem. In 2007, we recorded the percent of each transect located in
chaparral, coastal sage scrub (CSS), riparian, grassland or woodland vegetation
communities. We also recorded whether the area immediately surrounding the transect
was dominated by Engelmann oak, coast live oak, or an even mix of the 2 species. In
2008, we looked for evidence of the gold-spotted oak borer (Agrilus coxalis), a new pest
in southern California (Coleman and Seybold 2008), in all adult Engelmann oak and
coast live oak trees in each transect. In both years, we attempted to conduct surveys
between the middle of October to early November to time surveys after acorn
development and before acorn drop (Principe 2002), but personnel limitations
necessitated extending our survey period into the middle of December in 2007 and the
end of November in 2008. We surveyed between 16 October and 19 December in 2007
and between 5 October and 25 November in 2008. The 2007 and 2008 protocols and field
forms for the Engelmann oak recruitment study provide a more detailed description of
survey methods (Appendices B–E).
Surveyors determined in 2008 that previously recorded Engelmann oak trees at
Potrero were hybrids. We did not establish recruitment transects at this site because there
were few individuals and no pure Engelmann oaks (Figure 2). Instead, we sought to
record all Engelmann oak and/or hybrid seedlings and saplings near adult trees in 2008
by searching for individuals under the adult tree canopy and within the area 2 m beyond
the edge of the canopy. We limited our search to this area because few seedlings are
typically found beyond 1 m from the canopy of mature trees (Lathrop and Obsorne
Western Riverside County MSHCP
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Figure 2. Site of recruitment surveys conducted at Potrero in 2008. Surveys done around all Engelmann oak and hybrid trees identified in the area,
not along transects. All trees at Potrero were identified as hybrids.
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1990). We also recorded whether trees occurred beyond our search area. We recorded all
tree characteristic information for adults and saplings as listed above. We surveyed at
Potrero on 2 December 2008.
Data Analysis
We identified a considerable number of hybrid individuals on transects in 2007.
In 2008, we sent the most experienced surveyors to resurvey transects that had been
identified as having hybrid individuals in 2007. We compared identifications made in
2007 to those made in 2008 to determine consistency among observers. We considered
changes in tree identification between type 1 and type 2 hybrids or from one type of
hybrid to the tree that it most closely resembled to be minor changes. We considered
changes in identification between Engelmann oak and type 2 hybrids, and between type 1
hybrids and scrub oak to be major changes.
We performed paired Wilcoxon signed rank tests in R 2.5.1 (R Development Core
Team 2007) to determine if there was a change in the number of seedlings and saplings
between years. This test is a non-parametric alternative to Student’s t-test that can be
used with paired values. We performed the test separately on seedlings and on saplings.
We only used those transects in analysis that we were able to relocate accurately from
one year to the next. We analyzed the data by site because we assumed there could be
differences across regions. We only analyzed those sites with n ≥ 20 samples. For
analysis comparing 2007 data to 2006 data, we excluded transects with hybrid individuals
because we did not distinguish between hybrid and pure Engelmann oak individuals in
2006, and thus could not be sure we were comparing only Engelmann oak individuals in
both years. We analyzed data from transects at SRP (n = 144) and Tenaja (n = 38) for
change in number of seedlings and saplings from 2006 to 2007. We distinguished
between hybrid and Engelmann oak individuals in both 2007 and 2008, so we could
exclude hybrid recruitment from all transects for analysis. We analyzed data from
transects at CNF (n = 30), SRP (n = 178) and Tenaja (n = 47) for change in number of
seedlings and saplings from 2007 to 2008. We pooled data from the transects listed above
to compare the basal diameter and height of seedlings between years using an unpaired ttest in R 2.5.1. We compared seedling size from 2006 to 2007 and from 2007 to 2008 at
each site with n ≥ 20 seedlings. For all sites with data from more than 2 years, we
performed tests using a Bonferroni-adjusted alpha of 0.025 (to correct for increased typeI error rates when performing multiple comparisons). We used an alpha of 0.05 for all
sites with only 2 years of data.
We created models of seedling and sapling abundance at transects using
generalized linear models (GLMs) in R 2.5.1. Generalized linear models are extensions
of the general linear model that allow user-specified residual distributions, thus allowing
for analysis of datasets that typically violate the normality and homoscedasticity
assumptions of traditional regression (e.g., count data). We looked at seedlings and
saplings separately because we assumed that different factors might control the initial
establishment of seedlings and the longer-term survival of seedlings to sapling stage.
Western Riverside County MSHCP
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Because count data are often Poisson-distributed, we initially fit models assuming
Poisson-distributed residuals and using a log link function. One characteristic of the
Poisson distribution is that the mean and variance are equal. However, the true variance
in ecological sampling situations often exceeds the mean, particularly when there are
many zero values in the dataset. This can lead to over-dispersion in GLM residuals,
violating the assumption of Poisson-distributed errors and producing biased estimates.
We considered models to be over-dispersed when the residual deviance exceeded twice
the residual degrees of freedom (Lindsey 1999). When models were over-dispersed, we
used a binomial distribution to look at presence/absence of individuals rather than
abundance.
We initially fit null models with no predictors, then used a forward stepwise
procedure (function step() in R 2.5.1) to select a model that minimizes Akaike’s
Information Criterion (AIC). Global models included 14 predictors in 2007 models and
15 predictors in 2008 models (Table 1). Because we were only interested in modeling
factors related to Engelmann oak, we excluded 23 transects from both 2007 and 2008
because we only found hybrid individuals on those transects. We excluded 5 transects
from analysis in 2007 and 8 from analysis in 2008 because data on stand characteristics
were missing. We therefore analyzed 257 transects in 2007 and 254 transects in 2008. We
used point-intercept data for percent annual grass cover, percent perennial grass cover,
and percent rock cover and used surveyor visual estimates for percent Engelmann oak
canopy cover. We used the mean value of the percent adult tree leaf loss for all adult trees
at each transect for transect leaf loss. We combined percent low intensity burn and
percent high intensity burn into a single value, total percent burn, because very few
transects showed any evidence of recent fire damage. We transformed all percentage data
to be on a continuous, unbounded scale by converting it to a proportion and then taking
the arcsine of the square root. At each transect, surveyors recorded the number of acorns
per adult tree counted in 15 seconds. We used the total number of acorns counted per
transect as the variable total acorn count. For models of 2008 data, we looked at both the
current year acorn count as well as the previous year acorn count. Surveyors in 2007
recorded dominant vegetation community along each transect as CSS, chaparral, oak
woodland, or oak grassland. Surveyors in 2007 also recorded whether the area in the
vicinity of the transect was surrounded by Engelmann oak, coast live oak or an even mix
of the 2 species. We used the 2007 data for vegetation community and dominant oak
species for both 2007 and 2008 models. We included the 5 major study areas (SRP, MSR,
SMER, Tenaja, and SMC) as a single categorical variable called “Site.” We calculated
days into study from the first day of data collection in each year. We extracted elevation,
slope, and aspect at the midpoint of each transect in ArcGIS using a USGS digital
elevation model with 30-m resolution. We used slope and elevation untransformed in the
model. Northness was calculated from the transect slope and aspect using the following
equation:
N = cosine (azimuth) × sine(slope)
Western Riverside County MSHCP
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Table 1. Predictors included in global models of seedling and sapling presence or abundance in
2007 and 2008. Dominant oak includes coast live oak (C), Engelmann oak (E) or an even mix
between the 2 species (M). Vegetation communities include chaparral (Ch), coastal sage scrub
(CSS), grassland (G), and woodland (W).
Factor

Mean (S.E.)

Range

Mean
(S.E.)

Range

N/A

1–65

N/A

1–49

Elevation (m)

590.7 (4.44)

320–774

590.7 (4.46)

320–774

Annual grass cover (%)

9.33 (0.57)

0–45.98

52.10 (1.53)

0–97.70

Perennial grass cover (%)

1.74 (0.21)

0–18.39

5.23 (0.49)

0–48.86

Total burn (%)

3.04 (0.91)

0–100

0.79 (0.56)

0–100

Northness (1)

0.024
(0.005)

-0.25–0.33

0.025
(0.005)

-0.25–0.33

Engelmann oak canopy cover (%)

33.26 (1.15)

0.13–94.38

34.91 (1.16)

0.63–96.9

Rock cover (%)

6.54 (0.58)

0–48.28

6.31 (0.57)

0–47.13

Leaf loss (%)

53.76 (2.17)

0–100

16.44 (1.00)

0–70.00

Total acorn acount

2.93 (0.86)

0–127

6.93 (1.02)

0–139

N/A

N/A

2.96 (0.87)

0–127

6.23 (0.29)

0–20.35

6.28 (0.29)

0–20.35

Continuous predictors
Days into study

Total acorn count, previous year
Slope (º)
Categorical predictors
Dominant oak

C (n= 45), E (n=165), M
(n=46)

C (n=44), E (n=163), M
(n=47)

Site

MSR (n= 12), SMC (n=
22), SMER (n= 12), SRP
(n= 166), Tenaja (n= 44)

MSR (n=12), SMC (n=22),
SMER (n=12), SRP
(n=165), Tenaja (n=47)

Vegetation Community

Ch (n=39), CSS (n= 9, G
(n= 192, W (n= 16)

Ch (n= 39), CSS (n= 9), G
(n=190), W (n= 16)

Variables are as following. Days into study is the day transect was surveyed calculated from the first day of
surveys for the year. Elevation and slope were derived in ArcGIS. Northness was calculated from slope and
aspect information in ArcGIS as N = cosine(azimuth) x sine(slope) where -1 is most south exposed and 1 is
most north exposed. Annual grass cover, perennial grass cover, and rock cover were estimated from point
intercept data along 3 lines along the belt transect. Total burn and Engelmann oak canopy cover were
measured in the field using visual cover

This index provides a scale from -1.0 to 1.0 in which low numbers represent xeric
south-facing slopes and higher values represent mesic north-facing slopes. We calculated
a 95% confidence interval for the parameter estimates of each predictor in the final
models. We calculated proportion of the deviance explained by the model by dividing the
residual deviance by the null deviance.
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Table 2. Observer consistency in identification of
Engelmann oak and hybrid individuals. Type 1 hybrids
more closely resemble pure Engelmann oak while type 2
hybrids more closely resemble scrub oak.

2007
2008
# Saplings and
Identification Identification
Adults
Engelmann oak Engelmann oak
579
type 1 hybrid
type 1 hybrid
19
type 2 hybrid
type 2 hybrid
18
Total (no change):
616
Engelmann oak type 1 hybrid
13
type 1 hybrid Engelmann oak
35
type 1 hybrid
type 2 hybrid
3
type 2 hybrid
type 1 hybrid
6
type 2 hybrid
scrub oak
14
Total (minor change):
71
Engelmann oak type 2 hybrid
2
type 1 hybrid
scrub oak
2
type 2 hybrid Engelmann oak
1
Total (major change):
5

RESULTS
We recorded hybrid trees on transects in both 2007 and 2008 (Figure 3-4). We
identified hybrid trees as the same type between years on 37 occasions, made minor
changes in identification on 71 occasions and major changes on 5 occasions (Table 2).
We found that 8% (n = 50) of transects did not have any pure Engelmann oak and that
18% (n = 23) had at least 1 recorded hybrid individual (Table 3). The highest percent of
transects with hybrids occurred at SMC (40%; n = 12) and SRP had the lowest (13%; n =
23). Results below refer only to Engelmann oak individuals unless hybrids are
specifically mentioned.
2007 Results
We conducted surveys on 296 transects in 2007. However, we only discuss results
from 285 transects because 11 were removed in 2008. In 2007, we recorded seedlings on
23% (n =65) of transects (Figure 5-6; Table 4). There was a median of 3 and a range of 1
to 53 seedlings on the 65 transects occupied by seedlings. We did not record seedlings at
SMER. We recorded saplings on 18% (n = 53) of transects (Figure 6-7; Table 4). Of the
51 transects occupied with saplings, we recorded a median of 1 and a range of 1 to 8
saplings per transect. We recorded a mean of 59.20% (SE=1.73) leaf loss on adult
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Figure 3. Presence of hybrid individuals at Engelmann oak recruitment transects at SMER, SMC, Tenaja and SRP.

Legend
Engelmann Oak Only
Engelmann Oak and Hybrids
Hybrids Only
Roads
Highways
Lakes
Conservation Area
Planning Area Boundary

µ
0

1

2

4

6
Km

Date: 13 April 2009
Created By: Jeff Galvin
UTM Nad 83 Zone 11
MSHCP Biological Monitoring Program

Figure 4. Presence of hybrid individuals at Engelmann oak recruitment transects at MSR.

Legend
Engelmann Oak Only
Engelmann Oak and Hybrids
Hybrid Only
Roads
Highways
Lakes
Conservation Area
Planning Area Boundary

250

125

0

250 m

µ

Date: 13 April 2009
Created By: Jeff Galvin
UTM Nad 83 Zone 11
MSHCP Biological Monitoring Program

Figure 5. Seedling abundance at Engelmann oak recruitment transects at SMC, SMER, SRP, and Tenaja in 2007.
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Figure 6. Seedling and sapling abundance at Engelmann oak recruitment transects at MSR in 2007.
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Figure 7. Sapling abundance at Engelmann oak recruitment transects at SMC, SMER, SRP, and Tenaja in 2007.
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Engelmann Oak Recruitment Survey Report 2008

Table 3. Percent of transects occupied by hybrids on
Engelmann oak recruitment transects.
Site
# Transects
MSR
15
SMC
30
SMER
15
SRP
178
Tenaja
47
Total
285

Hybrids present
20.00%
40.00%
26.67%
12.92%
17.02%
17.54%

Hybrid only
13.33%
23.33%
20.00%
5.06%
4.26%
8.07%

Table 4. Seedlings and saplings on transects in 2007. Hybrid individuals are excluded.
Site
name
MSR
SMC
SMER
SRP
Tenaja
Totals

# of
transects
15
30
15
178
47
285

% occupied
by seedlings
20.00%
13.33%
0.00%
27.53%
19.15%
22.81%

Median (range)
seedlings /
occupied transect
6 (1-17)
11 (4-28)
N/A
3 (1-41)
3 (1-53)
3 (1-53)

% occupied
by saplings
13.33%
6.67%
6.67%
19.10%
25.53%
17.89%

Median (range)
saplings /
occupied transect
3.5 (3-4)
3 (2-4)
1 (1)
1 (1-8)
1 (1-5)
1 (1-8)

Engelmann oaks (n=433). We found that 7% (n = 433) of Engelmann oak trees had
acorns in 2007, while 21% (n=53) of hybrid individuals had acorns.
At SRP, the mean number of seedlings per transect decreased from 2006 to 2007
(p < 0.001). We found no significant difference from 2006-2007 in the number of
seedlings at Tenaja, or in the number of saplings at either SRP or Tenaja. We did not
have enough transects to analyze data from SMER and MSR, so we present only
qualitative results here. At SMER, no seedlings were found in either 2006 or 2007 and 1
sapling was found at 1 transect in both years. At MSR, 2 transects gained 1 seedling each
and 1 transect lost 17 seedlings, while the remaining transects did not change. At MSR,
we recorded a gain of 3 saplings on 1 transect. We also recorded the loss of 1 sapling due
to mortality at MSR in 2007. However, this tree was found to be alive in 2008. In fact, all
of the 3 adult trees and 11 saplings recorded dead in 2007 were alive in 2008. Some of
these individuals were resprouting from a dead central trunk, some were suffering from
high leaf loss and others seemed healthy in 2008. Therefore, we did not record any true
mortality in 2007.
From 2006 to 2007, basal diameter of seedlings at SRP increased from a mean of
3.09 mm (n = 464, SE = 0.10) to a mean of 4.06 mm (n = 270, SE = 0.13) and height of
seedlings at SRP increased from a mean of 21.92 cm (n = 464, SE = 0.78) to a mean of
Western Riverside County MSHCP
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28.97 cm (n = 270, SE = 1.18) (p < 0.001 for both values). We did not find any
differences at MSR or Tenaja.
We used a binomial model to look at the presence/absence of seedlings at
transects in 2007 because the Poisson model of abundance was over-dispersed. The
model that minimized AIC included 4 predictors of seedling presence on transects: slope,
current year acorn count, the number of days into the study, and the dominant vegetation
community (Table 5). Transects with steeper slope and more acorns in the current year
were more likely to have seedlings. Also, woodland and grassland transects were more
likely to have seedlings than chaparral transects, while CSS transects had no clear
relationship with seedling presence. The relationship between days into study and number
of seedlings was unclear, since the 95% confidence interval of the parameter estimate
overlapped with zero. The model explained 15% of the deviance in the data. We used a
model that assumed Poisson-distributed residuals to look at abundance of saplings at
transects. We included 6 factors in the best-fit model of sapling abundance (Table 6).
There were more saplings on transects with steeper slope, more annual grass cover, more
rock cover, and that were more south facing (i.e., more xeric). There were also more
saplings at woodland and grassland transects compared to chaparral transects, while there
was no clear relationship with CSS transects. Transects dominated by coast live oak had
more saplings than transects dominated by Engelmann oak, while there was no
relationship with mixed stands. The model explained 14% of the deviance in the data.
2008 Results
Surveyors identified 2 trees at Potrero as type 1 hybrids and 1 tree as a type 2
hybrid. They did not find any pure Engelmann oaks at Potrero, nor did they find any
Engelmann oak or hybrid seedlings or saplings in the vicinity of these trees. None of
these trees had any acorns, though surveys may have been too late in the season to
capture acorn production.
We recorded seedlings on 29% (n=83) of transects (Figure 8-9; Table 7). On the
83 transects occupied by seedlings, we recorded a median of 5 and range of 1 to 83
seedlings. We found saplings on 24% (n=67) of transects. Of the 67 transects occupied
with saplings, there was a median of 1 and range of 1 to 9 saplings per transect (Figure 910; Table 7). Engelmann oak adults (n = 467) on transects in 2008 had a mean of 19.03%
(S.E. = 0.94) leaf loss. We found that 34% of Engelmann oak adult trees (n=467) had
acorns in 2008, while 40% of hybrid oak (n = 52) had acorns. We did not find evidence
of gold-spotted oak borer on any trees in 2008.
The number of Engelmann oak seedlings at CNF (p = 0.006) and SRP (p < 0.001)
increased from 2007 to 2008. We did not detect any change at Tenaja (p = 0.043). At
MSR, 2 transects lost seedlings and 2 gained seedlings. At SMER, 2 transects gained
Engelmann oak seedlings. The measured basal diameter and height of seedlings
decreased at SRP (p < 0.001 for both attributes) and Tenaja (p < 0.001 for both attributes)
from 2007 to 2008. Basal diameter decreased from a mean of 4.07 mm (n = 298, S.E. =
Western Riverside County MSHCP
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Table 5. Results of GLM model for seedling presence in 2007 and 2008.
Dominant oak includes coast live oak (C), Engelmann oak (E) or an even mix
between the 2 species (M). Vegetation communities include chaparral (Ch),
Coastal Sage Scrub (CSS), grassland (G), and woodland (W). The direction of the
relationship for categorical predictors is shown as + for positive relationships and
- for negative relationships.
Variables
Continuous predictors
Slope
Annual grass cover
Engelmann oak canopy cover
Total acorn count, current year
Leaf loss
Days into study
Categorical predictors
Dominant oak
Vegetation community
a

Parameter Estimates (Standard Error)
2007
2008
0.11 (0.034)
--a
-0.029 (0.011)
-0.017 (0.011)b

0.11 (0.034)
-1.50 (0.70)
1.5 (0.78)b
0.018 (0.009)b
-2.64 (0.85)
--

-W+, G+, Ch-, CSSb

E¹, C¹, Mb
W+, G+, Ch-, CSSb

All variables marked -- were not included in best fit model for that year.
95% confidence interval for this estimate overlapped 0.

b

0.33) to a mean of 3.02 mm (n = 533, S.E. = 0.085) and height decreased from a mean of
29.00 cm (S.E. = 1.12) to a mean of 19.03 cm (S.E. = 0.59) at SRP. Basal diameter
decreased from a mean of 4.43 mm (n = 82, S.E. = 0.26) to a mean of 2.78 mm (n = 160,
S.E. = 0.15) and height decreased from a mean of 31.16 cm (S.E. = 2.21) to a mean of
19.89 cm (S.E. = 1.07) at Tenaja. At SMC, there was a decrease in basal diameter from
3.41 mm (n = 45, S.E. = 0.29) to 2.73 mm (n = 183, S.E. = 0.12, p = 0.014), but no
change in height (p = 0.332). We did not detect any change in basal diameter or height at
MSR and we did not analyze data from SMER because of low sample size.
We found an increase in the number of saplings at SRP (p < 0.001). We found no
change in saplings at SMC (p = 0.346) or Tenaja (p = 0.037). We found 1 sapling on 1
transect in both 2007 and 2008 at SMER. At MSR, we found 1 sapling at 1 transect both
years and 1 transect gained 1 sapling. We also recorded the loss of 1 sapling at a transect
due to mortality, but will not consider this true mortality until the individual is recorded
dead for 2 consecutive years. In all, we recorded 4 saplings and 1 adult Engelmann oak
dead for the first time in 2008. We also recorded that 1 sapling, an individual at MSR,
recruited to the adult stage for the first time in 2008.
We recorded a total of 29 adult trees in 2008 that were not recorded in previous
years. Of these trees, 23 were recorded as being rooted outside, but with canopy
overhanging the transect. These trees were either missed by previous surveyors or grew
enough within 1 year to extend their branches over the transects in 2008. None of these
adult trees represent newly recruited adults. We also recorded 38 new Engelmann oak
Western Riverside County MSHCP
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Table 6. Results of GLM model for sapling abundance in 2007 and 2008.
Dominant oak includes coast live oak (C), Engelmann oak (E) or an even mix
between the 2 species (M). Vegetation communities include chaparral (Ch),
Coastal Sage Scrub (CSS), grassland (G), and woodland (W). The direction of the
relationship for categorical predictors is shown as + for positive relationships and
- for negative relationships.
Variables
Continuous predictors
Slope
Annual grass cover
Perennial grass cover
Engelmann oak canopy cover
Rock cover
Leaf loss
Northness
Categorical predictors
Vegetation type
Dominant oak
a

Parameter Estimates (Standard Error)
2007
2008
0.078 (0.021)
1.35 (0.66)
--a
-2.16 (0.52)
--2.78 (1.26)

0.073 (0.019)
-1.87 (0.44)
1.50 (0.51)
0.97 (0.45)
1.27 (0.50)
-1.50 (0.49)
--

W+, G+, Ch-, CSSb
C+, E-, Mb

W+, G+, CSS+, Ch--

All variables marked -- were not included in best fit model for that year.
95% confidence interval for this estimate overlapped 0.

b

saplings in 2008. Of these, 3 were probably not previously recorded because they had
canopy overhanging the transect but were not rooted within it. Additionally, surveyors
were not able to match up 3 saplings from 2007 with saplings in 2008, which explains the
origin of 3 other new saplings. Surveyors recorded 7 new saplings in 2008 that had a
basal diameter >16.5 mm. These trees were probably missed the previous year because it
is unlikely a tree would grow from seedling size (<10mm) to that size in the span of a
year. The remaining 25 new saplings probably recruited from seedlings to the sapling size
class in 2008.
We used a binomial model to look at the presence/absence of seedlings at transects in
2008 because the Poisson model of abundance was over-dispersed. The model that
minimized AIC included 7 predictors of seedling presence on transects (Table 5).
Transects with steeper slopes, less annual grass cover, and less leaf loss were more likely
to have seedlings. Transects in grassland and woodland were more likely to have
seedlings than transects in chaparral, and we found no relationship with transects in CSS.
The best-fit model also included current year acorn count, Engelmann oak canopy cover,
and dominant oak species around each transect. The relationship between these predictors
and seedling presence is unclear because the 95% confidence interval for the parameter
estimate for these variables overlapped with 0. The model explained 18% of the deviance
in the data. We used a model that assumed Poisson-distributed residuals to look at
abundance of saplings at transects. We found 7 factors that were included in the model of
sapling abundance in 2008 (Table 6). There were more saplings on transects with steeper
Western Riverside County MSHCP
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Figure 8. Seedling abundance at Engelmann oak recruitment transects at SMC, SMER, SRP, and Tenaja in 2008.

!
(
!
(
(
(( (
!
(
( !
(
(
(
(
(
!
(
( (( (
( (
(
(
(
(
( (
( (( ( !
!
( (
( !
(
(( ( (
!
(
(
(
(
( (
( (
(
( ((( ((!
(
(
(
((
((
(!
(((
(
(
(
!
(
!
!
(
(
(
(
(
(
!
(
(
(
(
!( (
( !
(
(
!
(
(
(
!
(
!
(
( ( (!
(
!
(
(
!
(
!
(
(
(
(
((
!
(!
!
((!
(
!
(((
(
(
( (
( (
!
(
((
(
!
(
(
!
(
(
!
(
!
(
!
(!
(
!
( !
( !
( ( (
(((
((!
!
( !
( ((
( ((
!
( !
!
(
!
(
!
(
(
!
(
(
!
(
( (
!
(

!
((
(
!
(((
(
((((
!
(!
!
(
( (!
( ((!
( !
(
((
!
((
((
(
!((((
((
(
(!
!
(
!
(
(

!
(!
(
!
(
((
(((

!
(
(

(
(

(
(
(
!
(

!
(
(

(
!
!
( (

( (
(
(
((

((
(
(
(
((

(

!
( (
(!
((( !
(
(
( ((
(
(
!
(( (

Legend

Number of Seedlings
(

0

!
(

1-5

!
(

6 - 10

!
(

11 - 21

!
(

22 - 83
Roads
Highways
Lakes
Conservation Area
Planning Area Boundary

(

µ
0

1

((
(
(!

2

4

6
Km

!
((((
(
(

Date: 13 April 2009
Created By: Jeff Galvin
UTM Nad 83 Zone 11
MSHCP Biological Monitoring Program

Figure 9. Seedling and sapling abundance at Engelmann oak recruitment transects at MSR in 2008.
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Figure 10. Sapling abundance at Engelmann oak recruitment transects at SMC, SMER, SRP, and Tenaja in 2008.
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Table 7. Seedlings and saplings on transects in 2008. Hybrid individuals are excluded.
Site
name
MSR
SMC
SMER
SRP
Tenaja
Totals

# of
transects
15
30
15
178
47
285

% occupied
by seedlings
26.67%
33.33%
13.33%
30.34%
27.66%
29.12%

Median (range)
seedlings /
occupied transect
3 (1-14)
17.5 (1-52)
1.5 (1-2)
6 (1-83)
3 (1-55)
5 (1-83)

% occupied
by saplings
20.00%
13.33%
6.67%
24.16%
34.04%
23.51%

Median (range)
saplings /
occupied transect
3 (1-3)
1.5 (1-4)
1 (1)
1 (1-9)
1 (1-5)
1 (1-9)

slope, less annual grass cover, more perennial grass cover, more Engelmann oak canopy
cover, more rock cover, and less adult tree leaf loss. Also, transects in woodland,
grassland and CSS had more saplings than transects in chaparral. The model explained
21% of the deviance in the data.

DISCUSSION
We made progress towards accomplishing our survey goals in 2007 and 2008. We
have now extended our study to include 5 major areas with Engelmann oak (SRP, SMC,
SMER, MSR, and Tenaja) as well as Potrero, which had a small number of hybrid
individuals. All of the known Engelmann oak occurrences within the Conservation Area
are now included in our study, except for 2 remote sites, one each in the Palomar
Mountains and Santa Ana Mountains. Both of these occurrences have ≤25 individuals
and require a minimum of 2.5 hours of hiking through dense CSS to access. These sites
will be monitored periodically, but will not be included in our recruitment study.
We have recorded data on Engelmann oak seedlings at SMC for 2 years, some
SRP transects for 4 years and the remaining transects for 3 consecutive years. In 2007,
we determined that it was not possible to reliably relocate individual seedlings between
years without marking each seedling. We have chosen not to mark individuals because of
the amount of effort required and because high recruitment at some transects may
preclude seedling relocation even with the presence of marked individuals.
We found a decrease in the number of seedlings per transect from 2006 to 2007 at
SRP and an increase from 2007 to 2008 at SRP and SMC, while the size of seedlings
increased from 2006 to 2007 and then decreased from 2007 to 2008. We cannot conclude
that a decrease in seedling abundance reflects seedling mortality or that an increase
reflects new recruitment because seedlings can die back above-ground and then reappear
in subsequent years. Size cannot be used as a proxy for age for this same reason.
However, we can use our data to try to understand the interaction between seedling
abundance and climatic conditions. We believe that these data reflect the impact of the
extremely dry winter conditions in 2006. We time our surveys to occur before newly
germinated acorns demonstrate above-ground growth, so the youngest seedlings we
Western Riverside County MSHCP
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measure in a given year were initially recruited the previous winter and have survived
one hot, dry summer. We measured seedlings in 2006 before they were affected by that
winter’s drought conditions. These seedlings were then exposed to an extremely dry
winter. By the time we resurveyed transects in 2007, the number of seedlings per transect
at SRP had decreased by about 58%, while the basal diameter and height of the measured
seedlings had increased. This could reflect both a lack of new recruitment during the
previous winter as well as above-ground mortality during the summer. Our data suggest
that smaller individuals may be more likely to die back than larger individuals, though
this may be confounded if there were also low recruitment rates. In 2008, we observed
the opposite patterns at CNF, Tenaja, and SRP. The number of seedlings increased, while
the mean basal diameter and/or height decreased. We can conclude that the increased
number of seedlings is primarily from re-sprouting events rather than new acorn
germination because very few Engelmann oak adults produced acorns in 2007.
We are continuing to track individual saplings and adults through time. While we
have recorded some sapling and adult mortality in the field, we found that all individuals
recorded as dead in 2007 resprouted in 2008. Therefore, we should not consider any
individual dead until it has been recorded as such for at least 2 years in a row. We have
had minor issues with relocating saplings between years. In 2008, we began tagging all
saplings so this should not be an issue in the future. We also have recorded some saplings
in 2008 that are fairly large and may have been missed by previous surveyors. This
problem should resolve itself with several visits to each transect, as surveyors are
unlikely to miss saplings for several years in a row. We found no change in number of
saplings at Tenaja or SRP from 2006 to 2007 and an increase at those transects from 2007
to 2008.
We found that some of the same predictors were included in the best fit models
for seedlings and saplings in 2007 and 2008, while others were only found in a single
year and/or for 1 age class. All models showed more recruitment (seedling presence or
sapling abundance) on grassland and woodland transects compared to chaparral. The
model of sapling abundance in 2008 showed more saplings on CSS transects compared to
chaparral, while the relationship with CSS was unclear in all other models. We had a very
small sample size for CSS transects, which may explain why the relationship with CSS
was unclear in most models. We may have found less recruitment in chaparral transects
because these transects often consisted of 1 or more Engelmann oak individuals growing
with scrub oak, potentially producing more hybrid seedlings than pure Engelmann oak
seedlings. Alternatively, chaparral transects may differ in other characteristics, such as
non-oak canopy cover or soil conditions, that could be responsible for the lack of
recruitment. Additionally, chaparral transects are disproportionably represented at SMC,
SMER, and MSR, which confounds the site and vegetation community predictors.
Some factors included in the best-fit models may reflect underlying transect
conditions. Seedlings were more likely to occur on transects with more current year acorn
production on adult trees in 2007. This variable was also included in the 2008 model of
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seedling presence; however, the nature of the relationship in 2008 is unclear because the
95% confidence interval for the parameter estimate overlapped with 0. Current year acorn
production would not have a direct effect on seedling production, since current year
acorns do not germinate until after that year’s survey period. However, higher current
year acorn production on adult trees may indicate more favorable site conditions (e.g.,
soil moisture) that also lead to a higher likelihood that seedlings will be present. We
would expect this relationship to be the strongest in drought conditions when site
conditions are particularly limiting. Alternatively, adult acorn production may indicate
the presence of more vigorous adult trees that have been consistently producing acorns,
thus leading to more seedling presence. There were also more seedling presence and
sapling abundance on transects with less adult tree leaf loss in 2008. Adult tree leaf loss
may be related to either soil moisture or health of adults on transect in a similar manner
to acorn production.
The relationships between seedlings/saplings and grass cover may reflect both
competition and local environmental conditions. We found a negative relationship
between annual grass cover and seedling presence and sapling abundance in 2008. We
also found that sapling abundance in 2008 was positively correlated with perennial grass
cover. Studies with other oak species have shown that annual grasses have a negative
effect on oak seedling establishment, growth and survival, while perennial grass species
have little to no effect (Danielsen 1990; Gordon and Rice 2000). This may be because
annual grass species utilize water resources differently than perennial species (Holmes
and Rice 1996) and may extract water from the same soil depth as oak seedlings, while
perennial grass species tend to use deeper sources of water (Gordon and Rice 2000).
Perennial grass cover may be related to oak recruitment indirectly, as an indicator of
transects where annual grass species, which are predominately non-native, have not
displaced the native vegetation. In contrast to 2008 results, transects in 2007 with higher
annual grass cover had more saplings. Mean annual grass cover on transects was more
than 5 times lower in 2007 than in 2008, reflecting extreme drought conditions. Sites that
were able to sustain some cover of annual grasses in extremely dry conditions may have
more soil moisture, which could promote oak recruitment to the sapling stage.
We found several other transect predictors that were related to recruitment. All
models showed increased recruitment on steeper slopes. Saplings in 2007 showed a
negative relationship between abundance and northern exposure, with more saplings on
south-facing, generally more xeric slopes. Interestingly, this contradicts other model
results, such as leaf loss and annual grass cover, that suggest that more mesic transects
have more saplings. Sapling abundance increased with rock cover in both 2007 and 2008.
Rock cover may provide microhabitat conditions that are favorable to sapling
establishment, such as exclusion of non-native grasses or more moisture retention.
Several predictors included in models had an unclear relationship with
recruitment. Both days into study in 2007 and Engelmann oak canopy cover in 2008 had
positive parameter estimates in relationship to seedling presence, but the 95% confidence
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interval for the estimates overlapped with 0. The model of sapling abundance in 2008 did
show a positive relationship with Engelmann oak canopy cover. Transects with more
canopy cover have increased opportunity for recruitment by having more area from
which an acorn could drop. We also found that transects dominated by coast live oak in
2007 had more saplings than those dominated by Engelmann oaks in 2007. However,
transects dominated by coast live oak or even mixes of trees had a negative parameter
estimate in relation to sites dominated by Engelmann oak in the model for seedling
presence in 2008. The 95% confidence interval for the estimate overlapped with 0, so the
direction of the relationship is unclear.
We found that hybrid individuals between Engelmann oak and scrub oak occurred
at 18% of our established transects. Hybrids do not form a consistent intermediate
phenotype between the 2 parent species, but rather display a high degree of variability in
growth habit and leaf, bark, and acorn characteristics. Without genetic analysis, we can
not definitively distinguish between all hybrid and Engelmann oak individuals. Surveyors
were consistent in their ability to distinguish between extremes in oak phenotypes, but
not able to reliably make finer distinctions. Fred Roberts, local botanical expert and
author of the book Illustrated Guide to the Oaks of the Southern California Floristic
Province, accompanied the Botany Program Lead in the field to share his expertise on
oak identification. He identified hybrid trees as appearing to be almost entirely
Engelmann oak, almost entirely scrub oak, or a mix between the two. He stated that
individuals that appear to be predominantly Engelmann oak should be treated as such for
the sake of conservation. His identifications of oaks were very similar to those made by
Biological Monitoring Program biologists. We erred on the side of considering borderline
hybrids to be pure Engelmann oak, which may have led us to underestimate the number
of hybrid individuals at some transects.
Our inability to consistently differentiate between Engelmann oak and hybrid
individuals may make it difficult for us to understand trends in recruitment. It is more
difficult to identify seedlings and saplings than adults because less mature Engelmann
oak individuals can display leaf characteristics that are similar to hybrids. Fortunately, we
will revisit sapling and adult individuals on an annual basis and can thus refine our
identifications of these individuals as trees mature or we develop a better understanding
of hybrid characteristics. With seedlings, we do not have the ability to change
identifications in future years nor can we use growth habit or bark and acorn
characteristics to aid in identification. We are not certain that we are consistently making
the same decisions about whether borderline seedlings are Engelmann oak or hybrid. We
recorded hybrid seedlings on a total of 30 transects in 2 years and only 6 of these
transects were the same between both years. However, those 6 transects accounted for
over 50% of the hybrid observations made in 2007 and 70% of the observations made in
2008. Unless we are consistent with our identifications, we could mistake changes in
seedling identification for changes in Engelmann oak seedling abundance.
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We may also be limited in understanding how stand characteristics affect
Engelmann oaks if we are not accurately separating hybrid individuals from pure ones.
Transect characteristics that favor Engelmann oak recruitment may differ from those that
lead to hybrid recruitment. Scott (1991) suggested that hybrids between Engelmann oak
and scrub oak are better at surviving drought than pure Engelmann oak. Dodd and AfralRafii (2004) found evidence that selective pressures related to climatic conditions led to
hybridization in 4 species of oak. We have preliminary data suggesting that hybrid
individuals may produce more acorns than Engelmann oak in drought years. If this or
other traits do differ between hybrid and Engelmann oak individuals, we will only be able
to build robust models if we correctly exclude hybrid individuals from our analysis.
Recommendations for Future Surveys
We intend to continue this study in upcoming years to better understand the
demography of Engelmann oak. We have thus far not confirmed any adult or sapling tree
mortality in our study. Furthermore, we have only begun to understand the spatial and
temporal patterns of recruitment across the study area. We have found seedlings at only
36% of the 255 transects that we have visited at least 3 times. This is consistent with
other studies that suggest that seedling recruitment takes place heterogeneously across the
landscape (Lathrop and Osborne 1991; Principe 2002). Substantial new recruitment of
seedlings may only occur when there is rainfall near the mean for at least 2 years in a
row. We found very little acorn production in fall 2007, and this production did not lead
to many new transects being occupied by seedlings in 2008. We found 15 transects that
were occupied for the first time in 2008 and only 2 of these had adult trees with acorns in
2007. On the remaining 13 transects, these newly recorded seedlings were either missed
by previous observers, resprouted individuals that had shown no above ground growth for
several years, or the result of acorn movement to the transect.
We have found several variables related to recruitment that may be a proxy for
underlying site conditions. For example, current year acorn production and adult tree leaf
loss may affect seedling presence and sapling abundance indirectly by indicating soil
moisture. We should include soil data in future models to look for a direct relationship
between soil moisture and recruitment.
Recent results indicate that management actions could potentially increase
Engelmann oak recruitment. We have found that non-native grasses are negatively related
to recruitment and that perennial grasses may be beneficial to sapling establishment.
Further studies should look at whether perennial grass restoration with annual grass
removal is more effective than annual grass removal alone at increasing Engelmann oak
recruitment. We have not found any relationship between fire and recruitment, possibly
due to the lack of burned transects in our study. We therefore cannot make any
recommendations about whether prescribed fire may be an appropriate method of grass
removal.
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We have begun to address the issue of hybrid oak individuals at transects. We
recommend that surveyors in future years spend more time learning to identify hybrid
oaks and that all surveyors study hybrid seedlings and saplings in the field before they
begin surveying. We have to decide whether and to what extent we want to collect data
about hybrid individuals. For this recruitment study, we should eliminate all transects that
only have type 2 hybrids after an experienced surveyor confirms the identity of the trees
on these transects. We should continue to include type 1 hybrids in the study both
because we cannot be certain that these individuals are not actually Engelmann oaks and
because some hybrid individuals could be very close to pure Engelmann oak if backcrossing has occurred. These hybrid individuals may still have some conservation value
for the species.
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Appendix A. Guide used for identification of Engelmann oaks, hybrid individuals and common co-occurring
species.

Identification
of Engelmann
oaks, scrub
oaks, hybrids
and other
co-occurring
species

Engelmann oak
(Quercus engelmannii)
Scrub oak
(Quercus berberidifolia)

Quercus agrifolia

Rhamnus ilicifolia

Hybrid type 1
Hybrid type 2
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Appendix B. Western Riverside County MSHCP Biological Monitoring
Program Protocol for Engelmann Oak (Quercus engelmannii)
Recruitment, September 2007.
Goal: To determine the level of recruitment in stands of Engelmann oak in
western Riverside County and collect covariate information to better understand
factors that may affect seedling recruitment and survival.
Objectives: To achieve the above goals, we will record individual Engelmann oak
seedlings, saplings, and adults along fixed transects under Engelmann oak canopy on
an annual basis. We will also collect habitat and adult tree health information on the
transects.
Timing: We will limit our survey effort to include seedlings that have survived at
least one summer. Because Engelmann oak seedlings germinate in the fall and then
do not show above-ground growth for several months, we can use the fall and winter
to conduct recruitment surveys. In order to concurrently collect information on adult
tree acorn production and decrease the effect that timing may have on survey results,
we will survey from mid-October, when acorns are first visible on adult trees, until
the end of November, just before acorn drop.
Survey Locations: We have established Engelmann oak transects in areas with
known Engelmann oak occurrences within the Conservation Area in western
Riverside County. Additional surveys for new Engelmann oak occurrences will take
place as part of the Western Riverside County MSHCP Biological Monitoring
Program Protocol for Inventory-Phase Rare Plant Surveys, and new occurrences will
be incorporated into this study. Currently, there are 5 areas included in the
Engelmann oak recruitment study: Southwestern Riverside County Multi-Species
Reserve (MSR), Santa Margarita Ecological Reserve (SMER), Santa Rosa Plateau
(SRP), the vicinity of San Mateo Canyon Wilderness Area in the Cleveland National
Forest (SMC), and the area between SMC and SRP (Tenaja). In 2005, we selected
random points at SRP from within the area mapped to contain Engelmann oaks in the
2005 vegetation map of western Riverside County. Points were stratified across the 7
vegetation associations containing Engelmann oak, limited to the edge of oak
assemblages and located at least 30 meters away from one another. In 2006, points in
Tenaja were chosen using the same method. Before selecting points at SMER, we
created a composite map of area combining information from the 2005 vegetation
map of the county with SMER’s more detailed reserve map. At MSR, polygons were
drawn around the two clusters of Engelmann oak individuals mapped by researcher
Zack Principe. We then selected random points from within these polygons, at least
30 meters apart. We established additional transects at SRP in 2006, using the same
method as in 2005, except that points were not limited to the edge of oak
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assemblages. In 2007, we selected random points for transects in SMC using the
methods described for SRP in 2006. These transects will be established in the field in
2007.
When transects are first established, surveyors place the midpoint of transects
at the canopy edge of the Engelmann oak closest to an assigned random point.
Surveyors will be assigned a randomly selected transect and the four unsurveyed
transects closest to it. This will give us clusters of transects that are sampled in a
random order, thus maximizing the efficiency of our survey effort while minimizing
the effect of survey timing on results.
Equipment:
Aluminum tags
Camera
Clinometer
Clippers
Colored electrical tape
DBH tape
Declinated compass
Digital calipers
GPS
Hammer

Keys
Maps
Meter stick
Permits
Pin flag
Protocol and datasheets
Stakes
Timer
Transect tape

Methods:
Re-locating transects
Engelmann Oak observers will navigate to the given coordinates which mark
the midpoint of an existing transect and attempt to locate the 3 stakes that mark the
beginning, middle and end of the transect. Generally, the transects begin outside of
the oak canopy and end under the canopy, but observers will consult last year’s notes
for possible deviation. The 0 meter stake is marked with blue tape, the 15 m with
yellow tape and the 30 meter with red tape. Observers will indicate on the datasheet
the stakes that are present. If observers do not find enough stakes to re-establish the
transect, they will use last year’s site map and compass bearing to align this year’s
transect. The site map will show direction and distance from two permanent objects to
at least two of the transect stakes. Observers will use this information, along with the
mapping of individual Engelmann oak adults and saplings, to reconstruct the transect.
If the datasheet indicates tagged individuals, this information can also be used in
transect alignment. Observers will indicate a transect accuracy rating of 1 if two or
three stakes were found and the transect seems to be placed nearly identically to last
year’s placement. A transect will be assigned a transect accuracy of 2 when that one
or no stakes were found, but it is aligned in a manner that seems very close to last
Western Riverside County MSHCP
Biological Monitoring Program

34

Engelmann Oak Recruitment Survey Report 2008

year using the site map. A transect accuracy of 3 indicates that the transect placement
does not seem at all comparable to last year’s transect, and observers will make a note
about the difficulties in transect placement. If observers find stakes but the
coordinates or bearing seem incorrect with a declinated compass, they will make a
note of the corrected coordinates or bearing in the notes. All missing stakes in the
transect will be replaced by the observers.
Mapping individual oaks
Engelmann Oak observers will lay a transect tape from the 0 meter stake to
the 30 meter stake. Observers will walk from the 0 meter stake towards the 30 meter
stake, searching an area of 2.5 meters on either side of the transect tape for
Engelmann oaks seedlings, saplings and adults. Within this five meter area, every
Engelmann oak will be recorded and mapped. Additionally, surveyors will record and
map all additional Engelmann oak adults whose canopy hangs over the transect, even
if their trunks are not within the transect area.
Each time an Engelmann oak is found within the transect, the observers will
compare the individual found with last year’s data to determine if that individual
corresponds with an individual found the previous year. Observers will assume that
the individuals are the same as those mapped in previous years if they are mapped on
the correct side of the transect, are recorded within one meter of the same location
along the transect, have a similar basal diameter and height as the previous year and
are in a position relative to other mapped individuals to logically correspond to the
map. Also, some saplings and adults have ID tags marked with their ID letter and the
transect number. If the previous year’s datasheet indicates the presence of tagged
individuals, observers will attempt to relocate them. Observers will indicate that
tagged individuals were found and record their distance from the transect. If
observers conclude that an Engelmann Oak is the same individual measured in a
previous year, they will record the individual on the datasheet using the ID assigned
in a previous year. If an individual was recorded on the datasheet in a previous year,
but turns out to be a hybrid or a species other than an Engelmann oak, observers will
record the individual on the datasheet with all information, and record the corrected
species code on the datasheet. If an individual oak is determined to be new, observers
will record a unique ID on the datasheet that was not assigned the previous year. On
new transects, oaks recorded will be assigned an ID, in order A through Z and then A²
through Z², etc. Every time an oak ID is recorded on the datasheet, observers will
map its position as accurately as possible along the two-page transect diagram, using
its unique ID.
For every oak encountered, observers will record:
•
•

ID, as explained above
Distance along the transect where it was encountered, to the nearest tenth of a
meter (i.e., 9.1 meters)
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•

•

•

•

•

•

•
•

Age class, by indicating whether it was a seedling (Se; basal diameter <10
mm), sapling (Sa; basal diameter 10-100 mm) or adult (Ad; basal diameter
>100 mm). For individuals with multiple stems, the age class depends upon
the basal diameter of the largest stem, not the sum of basal diameters.
Species in the following format: Engelmann oak (E), hybrid between scrub
oak (Quercus berberidifolia) and Engelmann oak which appears to be mostly
Engelmann oak (H1), hybrid between scrub oak and Engelmann oak which
appears to be mostly scrub oak (H2), coast live oak (C), scrub oak (S), other
(O), or uncertain oak species (U). If other is chosen, observers will record the
species name in the notes. Uncertain oak species will always be photographed,
and will be collected if sapling or adult size. All Engelmann oak individuals,
hybrids, and unknown oak species will be recorded on the datasheet. Other
species will only be recorded if they were misidentified as Engelmann oaks
the previous year. For misidentified species, the ID used the previous year will
be used on this datasheet, the correct species code will be listed, and all
measurements will be taken.
Tree health, as Healthy (H) if individual has green, healthy looking leaves,
Stressed (S) if individual has leaves that are turning brown, and Dead (D) if
individual has completely brown and desiccated leaves that are still attached
to the stem or if an adult or sapling has lost all of its leaves and has brittle
branches.
The relative position of the oak to the canopy edge (I = inside canopy, E=
edge of canopy, O = outside of canopy). Edge encompasses a swath from the
edge of the canopy to one meter into the interior. Inside is anything else inside
the canopy and outside is anything fully outside of the canopy. This will be
left blank for adult oaks.
Quadrat will be recorded as a number from 1 to 9. Numbers 1 to 8 correspond
to quadrats within the transect that are set up to measure habitat covariates
(see below). The number 9 will be used for oaks with canopy in the transect
but stems which fall outside of it.
Basal diameter in millimeters, to the nearest 100th of a millimeter (i.e. 2.34
mm), measured with digital calipers, for all seedlings and saplings. If an
individual has several basal stems, record the largest measurement in the basal
diameter column and then record the other measurements in the notes section.
Make a note of how many basal stems there are.
Height in centimeters to the nearest centimeter for all seedlings and saplings,
using a meter stick (i.e., 12 cm)
Diameter at breast height (DBH) in centimeters to the nearest millimeter (i.e.
20.4 cm) for adults and saplings which are tall enough. Breast height is
defined as 4.5 feet (1.37m) above the forest floor on the uphill side of the tree.
For trees that fork at the DBH, the measurement should be made just below
the fork. For trees with multiple trunks, the DBH should be the sum of the
DBHs of the many trunks. These should be entered as individual
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measurements in the notes column, separated by commas. Make a note of how
many stems there are.
If no individuals were tagged along the transect the previous year and there is a
healthy-looking sapling this year, observers will tag this individual. Tags will be
labeled with the transect number and the ID letter (i.e. 128-B). Also, observers will
record the distance from the metal tag to the transect tape in the notes column for that
individual.
When observers finish collecting data for the transect, they will see if there are
any individuals from the previous year that were not relocated. If so, they will revisit
the area of the transect where these individuals were indicated on the transect diagram
the previous year and search thoroughly. Observers will keep an eye out for things
that could have been misidentified as Engelmann oak and record this on the datasheet
as specified above. Once observers have adequately searched the area to locate any
and all Engelmann Oaks, they will then collect habitat and tree health information.
Habitat and tree health assessment
At the top of the habitat and tree health page, observers will record their
initials, date, transect ID, and the site aspect and slope from the midpoint of the
transect. Observers will use a declinated compass to measure the aspect, in degrees.
Then they will measure the slope, in degrees, in the direction of the aspect using a
clinometer.
Observers will record the number of adult Engelmann oak trees that have
canopy overhanging the transect. Any adult tree that has part of its canopy in the 5
meter by 30 meter transect will be included in this sum. Observers will also indicate if
scrub oak is present in or along the edge of the transect.
In order to decide if the area is dominated by Engelmann oak, coast live oak
or is mixed, observers will look at all of the visible trees in the area. To be considered
dominated by one of the oak species, at least 65% of the surrounding adult oak trees
must be the species in question. One method of determining this is to see if, out of ten
surrounding trees, about six or seven of them are the species in question. Observers
will consider the woodland mixed if it is not dominated by one oak species.
Quadrat information
Observers will estimate the percent cover for low and high intensity burn and
for Engelmann oak cover in each of eight quadrats. The transect is divided into eight
sections by using the center tape to divide the transect into halves, the mid stake to
divide it into quarters and then using meter sticks to mark the transect tape at 7.5
meters and 22.5 meters. At each of these dividing points, the quadrats will extend 2.5
meters to either side of the central line, creating eight 7.5 m x 2.5 m quadrats. One
percent of a quadrat is equal to 43 cm x 43 cm and five percent is equal to 93 cm x 93
cm.
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Observers will determine percentage
estimates individually and then discuss their
estimates with their partner to arrive at a
consensus. Burn is considered low intensity
if the vegetation shows signs of burning and
litter is singed, but dry vegetation is not
completely incinerated. High intensity burn
is considered areas where only ash and/or
basal stems of woody species remain. For
both of these measurements, observers will
estimate burn damage that occurred within
the last year, not historic burn damage.
Observers will also estimate the percent of
the transect with Engelmann oak cover. For
this cover, observers will look at amount of
area with canopy from which an acorn could
drop, rather than the amount of shade
produced by canopy cover. Observers are
not estimating how dense canopy and
branches are, but rather the percent of the
transect that is influenced by Engelmann oak
canopy.

30 m

15 m

0m
15 m

Grass Cover
Observers will collect grass cover
information every meter along three
transects parallel to the main axis of the oak
transect. One set of measurements will be
along the transect tape in the center of the
transect and the other two will be 1.5 meters
to either side of the central stake line. One
observer will walk along the transect and
collect ground surface and grass cover data
while the other observer serves as recorder.
At each point, the observer will drop a pin
flag vertically to the ground, declaring
0
whether the pin hits bare ground (including
rocks less than 7.5 cm), litter or rock. The
observer will also declare if perennial or
annual grass is encountered. Dead or desiccated grass is counted only when it is standing.
A point can have both perennial and annual grass. Once a grass has become compacted so
as to be horizontal to the ground, it is considered part of the litter layer. Observers will
Western Riverside County MSHCP
Biological Monitoring Program

38

Engelmann Oak Recruitment Survey Report 2008

make note of whether the grass is green or dead/desiccated. Observers will collect this
information at every meter mark along the transect tape from meter 1 to meter 29 along
three transects, for a total of 87 points. The sum of bare ground, litter and rock should
equal 87.
Tree health
Tree health information will be collected for the Engelmann oak whose canopy
hangs at the center stake (“main tree”) and up to three additional individuals along the
transect. If more than three trees have canopies overhanging the transect, observers will
choose three trees that are representative of the transect. Observers will record the ID for
each tree used to collect tree health data. For each individual the DBH will be recorded,
as well as the length of both the widest axis of the canopy (Long canopy length) and the
axis perpendicular to that axis (Perp. canopy length).
Observers will estimate the percent leaf loss on each tree. For this estimate,
observers will be looking at the percent leaf loss of un-shaded, upper portions of living
branches in the canopy. Observers will estimate leaf loss as a percent lost from a 100%
foliated tree, and the leaf loss photo diagram will be used to assist in making estimates.
Observers will estimate the percent branch loss, the percent of dead branches and limbs
in the un-shaded, upper portions of the canopy. Dead branches are brittle and break
easily, as opposed to the more supple live branches.
Two methods of acorn production measurement will be recorded (Koenig et al
1994). First, observers will independently assign each tree to an acorn class. Then,
observers will discuss their classes and come to a consensus. If observers do not readily
notice any acorns upon walking up to the tree, the tree will fall into class 0 or 1. After
closer inspection, which may include using binoculars, the tree will be assigned to class 0
if no acorns are found, or class 1, if a few acorns are visible after close examination.
Class 2 through 4 have acorns readily visible, but differ in the density and evenness of
distribution of the acorns. The following chart explains the acorn classes:
00

no visible acorns

11

acorns visible after very close examination, very few acorns

22

acorns readily visible, but either not found throughout canopy or found throughout
tree but only a few acorns per major branch, okay crop

33

acorns readily visible and found throughout tree and on most branches, but most
minor branches have only a few acorns and acorns hang solo instead of in clusters, good crop

44

acorns readily visible and covering entire tree, limbs appear to sag from weight of
acorns, most minor branches have some acorns and most acorns are in clusters of 2, 3 or more,
bumper crop!
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After agreeing on an acorn class, observers will independently count all of the
acorns they can see on the main tree. For the count, each observer will stand ½ to 1 tree
length from the tree and about 90 degrees to each other from the tree base and count all of
the acorns that they can see in 15 second.
Habitat
Observers will record the dominant habitat type of the transect, as well as a
breakdown by percent of each habitat type that makes up the transect. In many cases, the
dominant habitat will be 100 percent of the cover. Chaparral is made up of predominantly
evergreen shrubs, usually between 1 and 2.5 meters tall. Common chaparral species
include chamise (Adenostoma fasciculatum), manzanita (Arctostaphylos spp.), ceanothus
(Ceanothus sp.), and scrub oak (Quercus berberidifolia). Coastal sage scrub is dominated
by drought deciduous species such as California sagebrush (Artemisia californica), sage
(Salvia sp.), brittlebush (Encelia farinosa) and California buckwheat (Eriogonum
fasciculatum) and is usually around 1 meter tall. Patches of grassland within coastal sage
scrub are to be counted as coastal sage scrub unless the habitat is transitioning into
grassland. Riparian is defined as an area that crosses a drainage or depression and/or
contains riparian species, such as willow (Salix sp.), western sycamore (Platanus
racemosa) and mulefat (Baccharis salicifolia). Grassland is defined as an area
predominantly covered with grass and forbs often with clusters of oaks. Woodland is an
area with a closed or nearly closed canopy of trees. A transect will generally not contain
both grassland and woodland. If the area truly does not match any of the above described
categories, observers will choose “other” and write a description of the area, including
component species.
New transects
Set-up
New transects will be established in the Cleveland National Forest during the
2007 field season. Observers will navigate to the selected coordinates and search for the
nearest adult non-hybrid Engelmann oak. Transects in the Cleveland National Forest will
not be marked with stakes due to Forest Service policy. Instead, a rock cairn or other
marker of natural composition will be placed at the canopy edge of this oak closest to the
given coordinates. The new coordinates, taken from this marker, will be recorded on the
datasheet. If there are no nearby Engelmann oak, no transect will be installed.
From the transect midpoint, a random compass bearing will be chosen. The
transect will extend 15 meters to either side of the midpoint stake in line with this
bearing. The specifics of choosing a bearing and installing new transects will be given to
surveyors who install new transects.
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Site map
For new transects installed in the Cleveland National Forest, observers will draw
a site map. It is very important for observers to do this with great accuracy. This map will
include the transect line labeled with 0 and 30 meters at the two ends as well as an arrow
showing the direction of the bearing. Also, observers will find at least two different semipermanent objects (such as a tree, fence, boulder, etc.) to draw on the map. The distance
between these objects and the ends and midpoint of the transect will be measured to the
nearest tenth of a meter and the bearing will be taken. This will then be drawn on the
map, with an arrow showing the direction of the bearing. Observers will include other
useful information that will aid in transect relocation, such as the location of trails, large
rocks, snags, etc. Observers will include notes about site access that may be useful, such
as good places to park and the length of the hike to the site.
References:
Koenig, W.D, R.L. Mumme, W.J. Carmen and M.T. Stanback. 1994. Acorn Production
by Oaks
n Central Coastal California: Variation within and among Years. Ecology
75 (1): 99-109.
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Appendix C. Engelmann Oak (Quercus engelmannii) Recruitment Survey,
September 2007 Field Forms
Page 1 of 5
Transect ID:
Additional observers:
UTME: 0 __ __ __ __ __ __

Observer 1:
Date:
UTMN: __ __ __ __ __ __ __

Bearing:

15 m 30 m
(1 = good, 3 = bad)

Sp
ec
ies
He
alt
h
Ca
no
py
Po
Qu
sit
ad
ion
rat

Oak
Location
I.D. (m)

Ag
e

CIRCLE all stakes that are present: 0 m
Transect Accuracy
1
2
3

Observer 2:

Basal
Diameter
(mm)

Height
(cm)

DBH (cm) Notes /Dist. to Tag

Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad
Se Sa Ad

Age: Se = seedling (basal diameter < 10 mm), Sa = Sapling (basal diam. 10-100 mm), Ad = adult (basal diameter >100 mm)
Species: E= Engelmann oak, H1 = hybrid between scrub and Engelmann oak, mostly Engelmann, H2 = hybrid between scrub
and Engelmann, mostly scrub, C = coast live oak, S = pure scrub oak, O = other (write species name in notes), U = unknown (if
unknown, either collect or take photos)
Health: H= healthy, S = Stressed, D = Dead
Position: I = Inner, E = Edge, O = Outer
Quadrat: 1 -8, 9 if outside
canopy

NOTES:
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Observer 1 _____________ Date_____________ Slope (º)_________________
Observer 2 _____________ Transect ID_______ Aspect (º)________________
Quadrat numbers

# Engelmann oak adults _______

30 meter stake

Scrub oak present? Y N
Area is dominated by (circle one):
Engelmann oak Coast live oak Even mix

8

7

6

5

4

3

Area is considered dominated by a species if that

2

1

species accounts for 65% or more of the oaks in the

0 meter stake

are
Quadrat covariate information
Section

% low

% high

% QUEN

intensity

intensity

Cover

b

1

Habitat information
Dominant

Percent

Habitat
Chaparral

b

Coastal sage scrub

2

Riparian

3

Grassland w/ clusters

4

Woodland, (nearly)

5

Other (describe)

6
7

If other, describe: ____________________________

8
_______________________________________________

low intensity - litter and plants singed; high
intensity- only ash and/or burned stumps

_______________________________________________

remain
Tree health information
dbh
ID

(cm)

Long

Perp.

Leaf

Branch

canopy

canopy

loss

loss

length

length

(%)

(%)

Acorn
class

15S

15S

Acorn

Acorn

Count:

Count:

Main tree
Add. tree 1
Add. tree 2
Add. tree 3

Grass cover
Bare
ground

Green

Rock (>7.5
Litter

cm)

Sum

Dot Count

Total Hits
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St. Dead Green Per. Desiccated

Ann.

Ann.

Grass

Grass

Grass

Per. Grass
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Engelmann oak map
15
14
13
12

Quadrat
4

Quadrat
3

11
10
9
8
7

Quadrat
1

6

Quadrat
2

5
4
3
2
1

Adult oaks outside of the transect are in Quadrat 9
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Engelmann oak map
30
29
28
27

Quadrat
7

26

Quadrat
8

125
24
23
22
21

Quadrat
5

20

Quadrat
6

19
18
17
16
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Observers: _____________________ Date:
________________________
Transect ID:____________________ Compass declinated: Yes No

Site Map
Include bearing and distance from at least two of the transect stakes to at least
two different permanent/semi-permanent objects (i.e. tree, bench, signpost,
fence)

Notes about access and identification of site
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Appendix D. Western Riverside County MSHCP Biological Monitoring
Program Protocol for Engelmann Oak (Quercus engelmannii)
Recruitment, September 2008
Goal: To determine the level of recruitment in stands of Engelmann oak in
western Riverside County and collect covariate information to better understand
factors that may affect seedling recruitment and survival.
Objectives: To achieve the above goals, we will record Engelmann oak seedlings,
saplings, and adults along fixed transects under Engelmann oak canopy on an annual
basis. We will also collect habitat and adult tree health information on the transects.
Timing: We will limit our survey effort to include seedlings that have survived at
least one summer. Because Engelmann oak seedlings germinate in the fall and then
do not show above-ground growth for several months, we can use the fall and winter
to conduct recruitment surveys. In order to concurrently collect information on adult
tree acorn production and decrease the effect that timing may have on survey results,
we will survey from mid-October, when acorns are first visible on adult trees, until
the end of November, just before acorn drop.
Survey Locations: We have established Engelmann oak transects in areas with
known Engelmann oak occurrences within the Conservation Area in western
Riverside County. Additional surveys for new Engelmann oak occurrences will take
place as part of the Western Riverside County MSHCP Biological Monitoring
Program Protocol for Inventory-Phase Rare Plant Surveys, and new occurrences will
be incorporated into this study. Currently, there are 5 areas included in the
Engelmann oak recruitment study: Southwestern Riverside County Multi-Species
Reserve (MSR), Santa Margarita Ecological Reserve (SMER), Santa Rosa Plateau
(SRP), the vicinity of San Mateo Canyon Wilderness Area in the Cleveland National
Forest (SMC), and the area between SMC and SRP (Tenaja). In 2005, we selected
random points at SRP from within the area mapped to contain Engelmann oaks in the
2005 vegetation map of western Riverside County. Points were stratified across the 7
vegetation associations containing Engelmann oak, limited to the edge of oak
assemblages and located at least 30 meters away from one another. In 2006, points in
Tenaja were chosen using the same method. Before selecting points at SMER, we
created a composite map of area combining information from the 2005 vegetation
map of the county with SMER’s more detailed reserve map. At MSR, polygons were
drawn around the two clusters of Engelmann oak individuals mapped by researcher
Zack Principe. We then selected random points from within these polygons, at least
30 meters apart. We established additional transects at SRP in 2006, using the same
method as in 2005, except that points were not limited to the edge of oak
assemblages. In 2007, we selected random points for transects in SMC using the
method described for SRP in 2006. These transects were established in the field in
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2007. Due to Forest Service restrictions, we did not use stakes on SMC transects. To
establish new transects, surveyors placed the midpoint of transects at the canopy edge
of the Engelmann oak closest to an assigned random point and either end 15 meters
from the midpoint along a randomly selected bearing.
For 2008 field work, surveyors will be assigned a randomly selected transect
and the four unsurveyed transects closest to it. This will give us clusters of transects
that are sampled in a random order, thus maximizing the efficiency of our survey
effort while minimizing the effect of survey timing on results.
Surveyors conducting rare plant surveys detected Engelmann oak hybrids at
the Potrero Unit of San Jacinto Wildlife Area (Potrero). We will send surveyors to
Potrero on an annual basis to look for any signs of recruitment occurring in the
vicinity of these trees. We will not establish transects at Potrero because there are
only 3 known individuals from this site.
Equipment:
Aluminum tags
Camera
Clinometer
Colored electrical tape
DBH tape
Declinated compass

Digital calipers
GPS
Hammer
Maps
Meter stick
Permits

Pin flag
Protocol and datasheets
Stakes
Timer
Transect tape

Methods:
Re-locating transects
Engelmann Oak observers will navigate to the given coordinates which mark
the midpoint of an existing transect and attempt to locate the 3 stakes that mark the
beginning, middle and end of the transect. Generally, the transect begins outside of
the oak canopy and ends under the canopy, but observers will consult last year’s notes
for possible deviation. The 0 meter stake is marked with blue tape, the 15 m with
yellow tape and the 30 meter with red tape. Observers will indicate on the datasheet
the stakes that are present. If observers do not find enough stakes to re-establish the
transect, they will use the site map and compass bearing to align this year’s transect.
The site map will show direction and distance from two permanent objects to at least
two of the transect stakes. Observers will use this information, along with the
mapping of individual Engelmann oak adults and saplings, to reconstruct the transect.
If the datasheet indicates tagged individuals, this information can also be used in
transect alignment. On the habitat assessment datasheet, observers will indicate a
transect accuracy rating of 1 if two or three stakes were found and the transect seems
to be placed nearly identically to last year’s placement. A transect will be assigned a
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transect accuracy of 2 when that one or no stakes were found, but it is aligned in a
manner that seems very close to last year using the site map. A transect accuracy of 3
indicates that the transect placement does not seem at all comparable to last year’s
transect, and observers will make a note about the difficulties in transect placement. If
observers find stakes but the coordinates or bearing seem incorrect with a declinated
compass, they will make a note of the corrected coordinates or bearing in the notes.
All missing stakes in the transect will be replaced by the observers.
Recording individual oaks
Observers will lie a transect tape from the 0 meter stake to the 30 meter stake.
Observers will walk from the 0 meter stake towards the 30 meter stake, searching an
area of 2.5 meters on either side of the transect tape for Engelmann oaks seedlings,
saplings and adults. Within this 5 meter area, every Engelmann oak will be recorded.
Additionally, surveyors will record all additional Engelmann oak adults whose
canopy hangs over the transect, even if they are not rooted within the transect area.
Every time an oak is recorded on the datasheet, observers will map its position as
accurately as possible along the 2 page transect diagram. Saplings and seedlings will
be mapped as their unique ID; seedlings will be mapped as dots. For areas with high
densities of seedlings, only a few representative dots need to be mapped.
Unlike in previous years, we are going to match up only sapling and adult
individuals between years. Observers will record seedling information but not assign
seedlings individual IDs and not match them up with previous years’ individuals.
Each time an adult or sapling is found within the transect, observers will compare the
individual found with last year’s data to determine if that individual corresponds with
an individual found the previous year. Observers can use the distance along the
transect, basal diameter, height, DBH, notes and the transect map from the previous
year to determine if individuals are the same. Also, some saplings and adults have ID
tags marked with their ID letter and the transect number that can help with relocation.
If observers conclude that an Engelmann oak is the same as an individual measured in
a previous year, they will record the individual on the datasheet using the ID assigned
in a previous year. If an individual was recorded on the datasheet in a previous year,
but turns out to be a hybrid or a species other than an Engelmann oak, observers will
record the individual on the datasheet with all information, and record the corrected
species code on the datasheet. Every sapling and adult recorded in the previous year
will be recorded again. Observers will record all data for dead saplings and adults,
noting that they are dead under the health category. If an individual is missing,
observers will record “M” for missing under the health category and make any notes
on possible explanations. If a sapling from a previous year now is too small to be
considered a sapling, observers will still record the ID and treat the individual as a
sapling. If there are new sapling and adult oaks, they will be assigned an ID that is a
unique number, starting sequentially at 1.
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For oaks encountered, observers will record:
•
•

•

•

•
•

•

•

•
•

ID, for saplings and adults
Age class, by indicating whether it was a seedling (Se; basal diameter <10
mm), sapling (Sa; basal diameter 10-100 mm) or adult (Ad; basal diameter
>100 mm). For individuals with multiple stems, the age class depends upon
the basal diameter of the largest stem, not the sum of basal diameters.
Species, in the following format: Engelmann oak (E), oak with hybrid
characteristics that appears to be partially an Engelmann oak (H), coast live
oak (C), scrub oak (S), or other (O). If other is chosen, observers will record
the species name in the notes. If observers are uncertain about species
identification, they will photograph individuals for later determination in the
office. Observers will record all saplings and adults that were recorded the
previous year on the datasheet as well as any new seedlings, saplings and
adults that are either Engelmann oak or hybrids.
Leaf type, if an individual is a hybrid. Observers will refer to the leaf chart to
determine leaf type. Observers will record that hybrid individuals either have
leaves that look like Engelmann leaves (E), leaves that are somewhat smaller
and more toothy than Engelmann leaves, though with about normal
Engelmann leaf coloration (1), leaves that are considerably smaller and/or
toothier than normal Engelmann leaves with coloration approaching scrub oak
leaf coloration (2) or leaves that look like scrub oak leaves (S).
Growth habit, if an individual is a hybrid. Observers will indicate that hybrid
individuals are either trees (T) or shrubs (S).
Health, as healthy (H) if oak has green, healthy looking leaves, stressed (S) if
individual has leaves that are turning brown, and dead (D) if individual
appears to be dead. Observers will assume that oaks with brittle branches that
break easily are dead. Saplings and adults will be recorded as missing (M), if
there are no individuals in the vicinity of where they were recorded the
previous year.
Quadrat will be recorded as a number from 1 to 9. Numbers 1 to 8 correspond
to quadrats within the transect that are set up to measure habitat covariates
(see below). The number 9 will be used for adult oaks with canopy in the
transect but stems rooted outside of it.
Basal diameter in millimeters, to the nearest 100th of a millimeter (i.e. 2.34
mm), measured with digital calipers, for all seedlings and saplings. If an
individual has several basal stems, record the largest measurement in the basal
diameter column and then record the other measurements in the notes section.
Make a note of how many basal stems there are.
Height in centimeters to the nearest centimeter for all seedlings and saplings,
using a meter stick (i.e., 12 cm)
Diameter at breast height (DBH) in centimeters to the nearest millimeter (i.e.
20.4 cm) for adults and saplings which are tall enough. Breast height is
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defined as 4.5 feet (1.37m) above the forest floor on the uphill side of the tree.
For trees that fork at the DBH, the measurement should be made just below
the fork. For trees with multiple trunks, the DBH should be the sum of the
DBHs of the many trunks. These should be entered as individual
measurements in the notes column separated by commas
The following data will be recorded only for saplings and adults along the
transect.
•

•

•

•
•
•

•

y distance, the distance along the transect where an oak is rooted, to the
nearest tenth of a meter (i.e., 9.1 meters). For adults with canopies hanging
over the transects that are not between 0 and 30, observers can record
distances past 30 and negative distances (i.e. -4, 34.5).
x distance, the distance from the transect to where the oak is located, between
-2.5 for individuals to the left of the transect (in quadrats 2, 4, 6 or 8) and
between 0 and 2.5 for individuals to the right of the transect (in quadrats 1, 3,
5, or 7).
Tag status, as found (F) if a previously noted tag is found on an individual,
missing (M) if a previously noted tag is not found on an individual, or new
(N) if a new tag is placed on an individual. Observers will replace all missing
tags on saplings and tag all saplings that were not previously tagged. Tags will
be labeled with the transect ID and the unique ID (i.e. P128-B). Observers will
loosen tags on saplings to make sure they are not constricting the oaks.
Acorn class, between 0 and 4 (explained below)
Acorn count, the number of acorns that each observer counts in 15 seconds on
the tree. If no acorns are seen, observers will record 0 for the acorn count.
Percent leaf loss, for adult trees only. Observers will look at the percent leaf
loss of un-shaded, upper portions of living branches in the canopy. Observers
will estimate leaf loss as a percent lost from a 100% foliated tree, and the leaf
loss photo diagram will be used to assist in making estimates.
Percent branch loss, for adult trees only. They will estimate the percent of the
un-shaded, upper portions of the canopy with dead branches and limbs.
Observers will assume branches are dead if they are brittle and break easily
and that branches are suffering leaf loss but are still alive if branches are
flexible.

Observers will record acorn production using two different methods (Koenig et al
1994). First, observers will independently assign each tree to an acorn class. Then,
observers will discuss their classes and come to a consensus. If observers do not
readily notice any acorns upon walking up to the tree, the tree will fall into class 0 or
1. After closer inspection, which may include using binoculars, the tree will be
assigned to class 0 if no acorns are found, or class 1, if a few acorns are visible after
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close examination. Class 2 through 4 have acorns readily visible, but differ in the
density and evenness of distribution of the acorns. The following chart explains the
acorn classes:
10

no visible acorns

11

acorns visible after very close examination, very few acorns

22

acorns readily visible, but either not found throughout canopy or found
throughout tree but only a few acorns per major branch, okay crop

acorns readily visible and found throughout tree and on most branches, but
most minor branches have only a few acorns and acorns hang solo instead of in
33 clusters, good crop
acorns readily visible and covering entire tree, limbs appear to sag from weight
of acorns, most minor branches have some acorns and most acorns are in
44 clusters of 2, 3 or more, bumper crop!

After agreeing on an acorn class, observers will independently count all of the
acorns they can see on the main tree. For the count, each observer will stand ½ to 1
tree length from the tree and about 90 degrees to each other from the tree base and
count all of the acorns that they can see in 15 second
When observers finish collecting data for the transect, they will see if there are
any individuals from the previous year that were not relocated. If so, they will revisit
the area of the transect where these individuals were indicated on the transect diagram
the previous year and search thoroughly. Observers will keep an eye out for things
that could have been misidentified as Engelmann oak and record this on the datasheet
as specified above. Once observers have adequately searched the area to locate any
and all Engelmann oaks, they will then collect habitat information.
Habitat assessment
At the top of the habitat assessment datasheet, observers will record their
initials, date, and transect ID. Observers will record the stakes present on the transect
and the transect accuracy, as explained above. Observers will use a declinated
compass to measure the aspect, in degrees. Then they will measure the slope, in
degrees, in the direction of the aspect using a clinometer. They will inspect all
Engelmann oak and coast live oak adults near the transect for signs of the goldspotted oak borer. They will look for the presence of adult or larval gold-spotted oak
borers and for oozing and staining on the bark. Observers will carry oak borer fact
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sheets in the field to help them identify signs of the gold-spotted oak borer. If any
signs are present, they will fill out a supplemental oak borer datasheet.
From the center stake, observers will take one photograph facing the 0 meter
stake and one facing the 30 meter stake. Observers will hold the camera 1 meter
above the ground at the center stake and aim the middle of the viewfinder at the base
of the end stake. All photographs will be taken with the Canon Powershot A530, or
another camera with a 5.8 mm focal length.
Quadrat information
Observers will estimate the percent cover for low and high intensity burn and
for Engelmann oak cover in each of eight quadrats. The transect is divided into eight
sections by using the center tape to divide the transect into halves, the mid stake to
divide it into quarters and then using meter sticks to mark the transect tape at 7.5
meters and 22.5 meters. At each of these dividing points, the quadrats will extend 2.5
meters to either side of the central line, creating eight 7.5 m x 2.5 m quadrats. One
percent of a quadrat is equal to 43 cm x 43 cm and five percent is equal to 93 cm x 93
cm.
Observers will determine percentage estimates individually and then discuss
their estimates with their partner to arrive at a consensus. Burn is considered low
intensity if the vegetation shows signs of burning and litter is singed, but dry
vegetation is not completely incinerated. High intensity burn is considered areas
where only ash and/or basal stems of woody species remain. For both of these
measurements, observers will estimate burn damage that occurred within the last
year, not historic burn damage. Observers will also estimate the percent of the
transect with Engelmann oak cover. For
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this cover, observers will look at amount of
area with canopy from which an acorn could
drop, rather than the amount of shade
produced by canopy cover. Observers are not
estimating how dense canopy and branches
are, but rather the percent of the transect that is
influenced by Engelmann oak canopy.
Grass cover
Observers will collect grass cover
information every meter along three transects
parallel to the main axis of the oak transect.
One set of measurements will be along the
transect tape in the center of the transect and
the other two will be 1.5 meters to either side
of the transect tape. One observer will walk
along the transect and collect ground surface
and grass cover data while the other observer
serves as recorder. At each point, the observer
will drop a pin flag vertically to the ground,
declaring whether the pin hits bare ground
(including rocks less than 7.5 cm), the base of
a plant stem (basal stem), litter or rock. The
observer will also declare if perennial or
annual grass is encountered. Dead or
desiccated grass is counted only when it is
standing. A point can have both perennial and
annual grass. Once a grass has become
compacted so as to be horizontal to the
ground, it is considered part of the litter layer.
Observers will collect this information at every
meter mark along the transect tape from meter

0
30 m

15 m

0m

1 to meter 29 along three transects, for a total of 87 points. The sum of bare ground, basal
stem, litter and rock should equal 87.
Gold-spotted oak borer
If any trees in the vicinity of the transect have evidence of the gold-spotted oak borer,
observers will fill out the gold-spotted oak borer datasheet. They will record the types of
evidence that they see, including adults, larvae, larval galleries, black patches and red
blistering. They will photograph each of these oak borer signs and collect adults or larvae
if seen. They will also record the number of adult Engelmann oak and coast live oak
affected in the area as well as the total number of adults for their sampling area.
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Potrero surveys
Surveyors at Potrero will look for all Engelmann oak and Engelmann oak hybrid
saplings and adults in the vicinity of the tree documented during rare plant surveys. For
each sapling and adult that is found, surveyors will record a unique ID, age, species
(Engelmann oak or hybrid), leaf and growth habit if a hybrid and UTMs. Surveyors will
also photograph the tree and record health, DBH, acorn information and branch and leaf
loss. Surveyors will then measure the maximum distance from the trunk of the tree to 2
meters beyond the edge of the canopy. This distance will be the survey radius, the area
within which surveyors will search for seedlings. If there are seedlings just beyond this
radius, surveyors will increase the radius to include these additional individuals.
Surveyors will record the total number of Engelmann oak seedlings, scrub oak seedlings,
hybrid seedlings with leaf type 1 and hybrid seedlings with leaf type 2.
References:
Koenig, W.D, R.L. Mumme, W.J. Carmen and M.T. Stanback. 1994. Acorn Production
by Oaks
in Central Coastal California: Variation within and among Years. Ecology.
75(1): 99-109.
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Appendix E. Engelmann Oak (Quercus engelmannii) Recruitment Survey, September 2008 Field Forms
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Notes

MSHCP Biological Monitoring Program

Entered by:______

Engelmann Oak Recruitment

Checked by:______

Transect ID:_______ Date:_____________ Observers:_______________________
Stakes: 0 m 15 m 30 m Transect Accuracy: 1 2 3 (1= good, 3= bad)
Aspect (º)_______________ Slope (º)____________ Oak borer presence: Y N
0-facing photo: ___________ 30-facing photo: __________
Quadrat numbers

Quadrat covariate information

30 meter stake

% low

% high

intensity

intensity

% QUEN

burn

burn

Cover

8

7

6

5

4

3

2

2

1

4

Section
1
3
5

0 meter stake

6
7
8
low intensity burn- litter and plants singed;
high intensity burn- only ash and/or burned stumps remain

Grass cover
Bare
ground

Green

Rock (>7.5
Litter

cm)

Sum

Dot Count
Total Hits
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St. Dead Green Per. Desiccated

Ann.

Ann.

Grass

Grass

Grass

Per. Grass
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Engelmann oak map
15
14
13
12

Quadrat
4

Quadrat
3

11
10
9
8
7

Quadrat
1

6

Quadrat
2

5
4
3
2
1

Adult oaks outside of the transect are in Quadrat 9
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Engelmann oak map
30
29
28
27

Quadrat 7

26

Quadrat
8

125
24
23
22

Quadrat 5

21
20

Quadrat
6

19
18
17
16
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