
Western Riverside County 
Multiple Species Habitat Conservation Plan (MSHCP) 

Biological Monitoring Program 
 
 

Engelmann Oak (Quercus Engelmannii)  
Recruitment Survey Report 2009 

 
23 April 2010 



Engelmann Oak Recruitment Survey Report 2009 

TABLE OF CONTENTS 
INTRODUCTION.........................................................................................................................................1 

GOALS AND OBJECTIVES ...................................................................................................................1 

METHODS ........................................................................................................................................................2 

PROTOCOL DEVELOPMENT ................................................................................................................2 

PERSONNEL AND TRAINING ...............................................................................................................2 

SURVEY DESIGN ................................................................................................................................3 

DATA ANALYSIS ................................................................................................................................6 

RESULTS..........................................................................................................................................................7 

DISCUSSION ...................................................................................................................................................13 

RECOMMENDATIONS FOR FUTURE SURVEYS ...................................................................................15 

LITERATURE CITED ......................................................................................................................................16 

LIST OF TABLES AND FIGURES 
Table 1. Vegetation associations containing Engelmann oak populations, number of transects (n) 
in each vegetation association, area of vegetation association (Km²), and percent are of vegetation 
associations. Does not include Southwestern Riverside County Multi-Species Reserve..................3 

Figure 1. Belt-transect design depicting a) 7.5 m x 2.5 m quadrats and b) point-intercept transects. 
Point-intercept measurements are recorded where a 3-m rope (perpendicular lines) intercepts the 
transect centerline (bolded) and 2 parallel lines (dotted) 1.5 m on either side of the center. ............4 

Table 2. Classes assigned to adult and sapling Engelmann oak individuals to describe acorn 
production. ........................................................................................................................................5 

Table 3. Percent of transects occupied and mean number of seedling and sapling Engelmann oak 
on sampled transects (n) across 6 survey sites. Transects without at least 1 pure adult Engelmann 
oak were excluded, and hybrid individuals were not considered. .....................................................7 

Figure 2. Engelmann oak recruitment transects surveyed in 2009. Sites include Multi-Species 
Reserve, Santa Margarita Ecological Reserve, San Mateo Canyon, Santa Rosa Plateau, and 
Tenaja................................................................................................................................................8 

Figure 3. Seedling abundance at Engelmann oak recruitment transects at Santa Margarita 
Ecological Reserve, San Mateo Canyon, Santa Rosa Plateau, and Tenaja in 2009. .........................9 

Figure 4. Sapling abundance at Engelmann oak recruitment transects at Santa Margarita 
Ecological Reserve, San Mateo Canyon, Santa Rosa Plateau, and Tenaja in 2009. .......................10 

Figure 5. Seedling and sapling abundance at Engelmann 0ak recruitment transects at Multi-
Species Reserve in 2009. ................................................................................................................11 

Table 4. Mean (SE), median, and results of paired-sample wilcoxon test for abundance, height, 
and basal diameter of seedlings and saplings in 2008 and 2009. Mean values are only for   
transects occupied in each survey year, and median values are for transects occupied in at least 
2008 or 2009. ..................................................................................................................................12 

Western Riverside County MSHCP 
Biological Monitoring Program 

ii



Engelmann Oak Recruitment Survey Report 2009 

Table 5. Mean (SE) and range of values recorded for explanatory variable included in global 
model used to examine presence/absences of seedlings and saplings on surveyed transects..........12 

Table 6. Parameter estimates for explanatory variables (β) and standard errors (SE) averaged 
across candidate sets of general-linearized models investigating presence/absence of saplings    
and seedlings on surveyed transects. Total weight of models that include each variable       
reported as Σwi. ...............................................................................................................................13 

LIST OF APPENDICES 
Appendix A. Akaike’s Information Criterion for Small Samples (AICc), Akaike Weights (wi), 
Model Likelihoods, Number of Parameters (K), and Log Likelihood of Top 10 Generalized   
Linear Models Used to Examine Factors Influencing Presence of Engelmann Oak Seedlings      
and Saplings. ...................................................................................................................................18 

Western Riverside County MSHCP 
Biological Monitoring Program 

iii



Engelmann Oak Recruitment Survey Report 2009 

NOTE TO READER: 

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

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

We would like to thank and acknowledge the land managers in the MSHCP Plan 
Area, who in the interest of conservation and stewardship facilitate Monitoring Program 
activities on the lands for which they are responsible. A list of the lands where data 
collection activities were conducted in 2009 is included in Section 7.0 of the Western 
Riverside County Regional Conservation Authority (RCA) Annual Report to the Wildlife 
Agencies. Partnering organizations and individuals contributing data to our projects are 
acknowledged in the text of appropriate reports. 

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

The primary preparer of this report was the 2009, Botany Program Lead, Jeff 
Galvin. If there are any questions about the information provided in this report, please 
contact the Monitoring Program Administrator. If you have questions about the MSHCP, 
please contact the Executive Director of the RCA. Further information on the MSHCP 
and the RCA can be found at www.wrc-rca.org. 
Contact Information: 
Executive Director    Western Riverside County MSHCP 
Western Riverside County   Monitoring Program Administrator 
Regional Conservation Authority  c/o Adam Malisch 
4080 Lemon Street, 12th Floor  4500 Glenwood Drive, Bldg. C 
P.O. Box 1667     Riverside, CA 92501 
Riverside, CA 92502-1667   Ph: (951) 782-4238 
Ph: (951) 955-9700 
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INTRODUCTION 
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 is located 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), the Southwestern Riverside County Multi-Species Reserve (MSR), the 
Potrero Unit of the San Jacinto Wildlife Area (Potrero), the Palomar Mountains, and 
Estelle Mountain. 

The Western Riverside County MSHCP species-specific conservation 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). Mortality and 
recruitment rates among age classes are also important measures of population stability 
because they can be used to quantify growth of local populations (Tyler et al. 2006). 
Long-term data are needed to accurately assess mortality and recruitment because 
establishment of Engelmann oak seedlings can be episodic, with extended periods of high 
mortality followed by an increase in germination rates or growth of dormant individuals 
when conditions improve (Lathrop and Osborne 1991, Principe 2002). We describe here 
a long-term strategy for measuring recruitment and mortality rates among Engelmann oak 
age classes, as well as methods and results for monitoring the conditions driving oak 
recruitment and mortality. 

In the fall of 2005, we ran a pilot project to test a protocol for measuring 
Engelmann oak recruitment rates across the Plan Area. For the pilot effort, we established 
and sampled 104 transects at the Santa Rosa Plateau. During the 2006 oak field season, 
we revisited all transects established during the pilot, added additional transects at SRP, 
and established new transects at MSR, SMER, and the Tenaja corridor. In an attempt to 
identify factors driving recruitment rates, we began measuring stand characteristics at 
each transect in 2006. During the fall of 2007, we added new transects in the vicinity of 
SMC and revisited all previously established transects. We revisited all transects again in 
fall 2008, for the fourth year of data collection at sites established in 2005. 

Goals and Objectives 
1. Measure recruitment and mortality of Engelmann oak among age classes. 

a. Record seedling, sapling, and adult Engelmann oak on survey plots. 
b. Quantify change in seeding and sapling abundance over time. 

2. Quantify effect of site conditions in driving recruitment of Engelmann oaks. 
a. Collect site-specific information and model effects on oak recruitment using 

generalized-linear models. 
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METHODS 
Protocol Development 

The protocol we used for surveys in 2009 was modified from the Western 
Riverside County MSHCP Biological Monitoring Program Protocol for Engelmann Oak 
Recruitment 2008. In 2009 we made a number of modifications to the protocol to 
decrease survey time, decrease observer variability, and to quantify overall tree and shrub 
cover. Any cover, regardless of species or habit may influence acorn germination and 
ultimately oak recruitment. So this year, using a moosehorn densitometer (GRS 2006), 
we recorded cover of all woody shrubs and trees along the central transect. Not only will 
the densitometer provide us with more quantitative data, it will allow observers to more 
easily account for gaps in the canopy. Since 2005, when the recruitment project started, 
over 80 individual trees have changed species and/or hybrid leaf type in our database. 
Obviously trees are not physically changing, so the variation must be related to the 
surveyors. This year, instead of surveyors recording species identification for each tree, 
they noted if they agreed or disagreed with the previous year’s determination. At a later 
date, the Botany Program Lead visited all trees with questionable species identification, 
all trees that we added in 2009, and all trees that have changed identification over the 
course of the project. Also, in order to minimize observer variability, we standardized the 
protocol for recording leaf loss, branch loss, and acorn count. This year, we recorded all 3 
measurements with observers standing ½ to 1 tree-length from the base of the tree and 
90º from each other in relation to the tree. Finally, in an effort to decrease survey time, 
we didn’t record values for Diameter at Breast Height (DBH) for previously recorded 
trees. We decided the yearly increase in DBH is probably less than observer variability 
from year-to-year, and therefore should be measured after multiple growing seasons have 
passed, rather than every year. 

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 (Q. berberidifolia). All observers participated in field training at 
SRP. Staff that sampled recruitment transects in 2009 are listed below. Biological 
Monitoring Program personnel were funded by the California Department of Fish and 
Game or the Regional Conservation Authority; volunteers are noted. 

• Jeff Galvin, Botany Program Lead (Regional Conservation Authority) 
• Ana Hernandez (Regional Conservation Authority) 
• Annie Bustamante (Regional Conservation Authority) 
• Ashley Ragsdale (Regional Conservation Authority) 
• Esperanza Sandoval (Regional Conservation Authority) 
• Lynn Miller (Regional Conservation Authority) 
• Masanori Abe (Regional Conservation Authority)  
• Nate Zalik (Regional Conservation Authority) 
• Rose Cook (Regional Conservation Authority) 
• Karyn Drennen (California Department of Fish and Game) 
• Misty Gray (California Department of Fish and Game) 
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Survey Design 
We define the survey area at SRP, SMC, and Tenaja to be all areas with 

Engelmann oak vegetation associations according to the 2005 Geographic Information 
System (GIS) vegetation map of western Riverside County (CDFG et al. 2005). 
Vegetation associations are refinements of the vegetation series as defined by Sawyer and 
Keeler-Wolf (1995), and reflect differences among vegetation stands in the composition 
of both canopy and understory species. There are 10 vegetation associations within 
western Riverside County that contain Engelmann oak as a dominant or co-dominant 
species (Table 1). These Engelmann oak associations generally consist of coast live oak 
(Q. agrifolia), scrub oak (Q. berberidifolia), and/or western sycamore (Platanus 
racemosa) with understories consisting of grasses, poison oak (Toxicodendron 
diversilobum), and/or annual forb species. 

Table 1. Vegetation associations containing Engelmann oak populations, number of transects (n) in each 
vegetation association, area of vegetation association (Km²), and percent are of vegetation associations. 
Does not include Southwestern Riverside County Multi-Species Reserve. 

Vegetation Association n 
Area 
(km²) 

Area (% of 
total) 

Quercus engelmannii/Q. agrifolia/Toxicodendron diversiloba/Grass 80 2.81 23.1 
Q. engelmannii/Grass 95 2.36 19.4 
Q. engelmannii/Q.agrifolia 15 2.03 16.7 
Q. engelmannii/Q. agrifolia/Chaparral 9 1.87 15.4 
Q. engelmannii/Q. berberidifolia 14 1.12 9.2 
Q. engelmannii/Chaparral 20 0.89 7.3 
Q. engelmannii/Q. agrifolia/Platanus racemosa 4 0.61 5.0 
Q. engelmannii/Q. agrifolia/T. diversiloba/Grass 16 0.28 2.3 
Q. engelmannii/T. diversiloba/Grass 2 0.18 1.5 
Q. engelmannii/Q. agrifolia/Artemisia californica 2 0.01 0.1 

Total 257 12.15 100 
 

Engelmann oak associations are not delineated at MSR on the 2005 GIS map 
(CDFG et al. 2005), but the species is known to occur there. We used Arc GIS v.9.2 
software (ESRI 2006) to digitize 2 survey areas at MSR based on Engelmann oak 
locations described by Principe (2004).  

We selected transects at the SRP (n = 104) in 2005 as part of a pilot effort by first 
using Arc GIS v.9.2 and the Hawth’s Tools extension (Beyer 2004) to place a random 
grid across the reserve. We then placed a point wherever a grid line intersected the 
boundary of an Engelmann oak association, focusing on stand edges because this is 
where we believed the greatest amount of recruitment would be captured. We determined 
during the pilot effort that oak recruitment occurred throughout the stand, and, with the 
exception of SMER, we randomly distributed points with 30-m spacing across 
Engelmann oak associations for subsequent yearly efforts at MSR (n = 15), SMC (n = 
32), and the Tenaja corridor (n = 52). Points were distributed using the Hawth’s Tools 
extension and ArcMap v.9.2. We didn’t distribute points in all Engelmann oak 
associations at SMER because of difficulties accessing parts of the reserve (e.g., too far 
into chaparral); we only distributed points in accessible segments of the reserve (n = 15). 
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We also selected additional points at the SRP (n = 81) while continuing to sample 
transects established with points generated during the 2005 pilot effort. 

Sampling units consisted of 30-m x 5-m belt transects separated into 7.5 m x 2.5 
m quadrats (n = 8) (Figure 1).We established transect mid-points at the edge of adult 
Engelmann oak canopies nearest to each randomly-generated point. Transects were 
extended from each mid-point in a compass direction chosen from a random-numbers 
table generated with Microsoft Excel. We began to select compass bearings from a 
constrained range of values in 2006 to assure that a portion of each transect extended 
directly under Engelmann oak canopy. Each transect was marked with 3 wooden stakes 
placed at each transect end and the mid-point. 

Figure 1. Belt-transect design depicting a) 7.5 m x 2.5 m quadrats and b) point-intercept transects. Point-
intercept measurements are recorded where a 3-m rope (perpendicular lines) intercepts the transect 
centerline (bolded) and 2 parallel lines (dotted) 1.5 m on either side of the center. 

Field Methods 

We recorded all Engelmann oak and hybrid individuals rooted in or with canopy 
overhanging the transect, and assigned them to an age class based on basal diameter 
(seedlings: < 1 cm, saplings: ≥ 1 cm to < 10 cm, adults: ≥10 cm) (Lathrop and Osborne 
1991, Principe 2002). We used size to define age class because of the ease in taking the 
measurement, and because mortality and reproduction are often size-dependent (Tyler et 
al. 2006). We assigned hybrid individuals to 1 of the following 2 types based on leaf 
morphology: Type 1) more like Q. engelmannii, or Type 2) more like Q. berberidifolia. 
We recorded health (healthy, stressed, dead, or missing) of all individuals, and measured 
largest basal area (cm), height (cm), and stem count of each sapling and seedling. We 
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recorded Diameter Breast Height (DBH, cm), percent leaf loss, and percent branch loss 
for each adult tree. We derived estimates of leaf loss that represent the percent loss from 
a theoretical fully-foliated tree using diagrams. We measured branch loss as the percent 
of unshaded canopy comprised of dead branches and limbs. We recorded estimates with 2 
observers standing 90 degrees from each other and ½ to 1 tree-length from the base of the 
adult individual. We also recorded acorn production for each adult and sapling tree on a 
transect by assigning individuals to an acorn class (Table 2) (Koenig et al. 1994). We 
estimated number of acorns on each adult and sapling with 2 observers counting as many 
acorns as possible within 15 s while standing 90 degrees from each other and ½ to 1 tree-
length from the tree base. 

 

Table 2. Classes assigned to adult and sapling Engelmann oak individuals to describe acorn production. 
Class Class Description 
0 No visible acorns. 
1 Acorns visible after very close examination, very few acorns. 

2 Acorns readily visible, but either not found throughout canopy or found throughout tree but only 
a few acorns per major branch. 

3 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. 

4 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. 

We assigned each adult and sapling tree a unique ID, and recorded perpendicular 
distance (cm) from the transect center line, position along transect center line (m), and 
marked it’s location on a transect map for the purpose of relocating individuals during 
subsequent surveys. We labeled all saplings with metal tags to aid in relocation. We 
recorded the quadrat number in which seedlings occur, but did not assign unique IDs 
because of the difficulty in relocating individuals in the age class. We recorded an ID 
certainty and the data described above for each relocated individual. We didn’t reassign 
hybrid types to relocated individuals because of variation in observer ability to identify 
hybrids as the Q. engelmannii or Q. berberidifolia type. 

We also used point-intercept, densitometer, and visual estimate methods to 
characterize each transect with the aim of measuring attributes that can be used to help 
explain oak recruitment. We established point-intercept transects by stretching a 30-m 
tape along the centerline of belt transects, and holding a 3-m piece of rope perpendicular 
to the tape at every meter, thus delineating 2 parallel transects 1.5 m on either side of the 
centerline (Figure 1). We recorded presence of bare ground, rock (> 7.5 cm diameter), 
litter, basal stem, and grass type (perennial, annual) at every meter along the 3 parallel 
transects, using a pin held perpendicular with the ground to mark where data are 
recorded. Using a Moosehorn densitometer (GRS 2008), we recorded total canopy cover 
by recording the presence or absence of overstory canopy at every meter along the central 
transect. We also visually estimated total Engelmann oak canopy and burn (high and low 
intensity) cover within each of the 8 quadrats. 
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Data Analysis 
We performed paired Wilcoxon signed rank tests in R 2.5.1 (R Development Core 

Team 2007) to quantify change in seedling and sapling abundance, height, and basal 
diameter between years (n = 2). We considered transects that we relocated accurately 
from one year to the next and contained at least 1 pure adult Engelmann oak (n = 211). In 
addition, we only included seedlings and saplings in analysis that we recorded as pure 
Engelmann oaks. 

We used R 2.5.1 to create generalized linear models (GLMs) of seedling and 
sapling presence based on a bionomial error structure. We did not consider abundance as 
a response variable because of an extreme positive-skew in the distribution of seedlings 
and saplings in the dataset. 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. Only transects with at least 1 pure 
adult, Engelmann oak (n = 232) were included in the analysis. 

We included 7 explanatory variables in the global model: perennial grass cover, 
annual grass cover, total canopy cover, rock cover, bare ground, litter, and northness. We 
included annual grass cover because the majority of annual grasses at survey sites are 
non-native and may be competing with seedlings and saplings for limited resources. 
Perennial grasses may compete less directly with seedlings and saplings, because they 
typically draw water from further down in the soil. We also suspect that perennial grasses 
are a good indicator of overall habitat quality, because the majority of them that occur at 
surveys sites are native. We included total canopy cover because the shade provides may 
accommodate conditions suitable for germination and long-term survival of juvenile 
oaks. Rock cover could also potentially provide sheltered locations for immature oaks to 
germinate and mature. We included litter and bare ground because acorns have a more 
difficult time germinating on the surface of the soil as compared to acorns buried in litter 
(Lathrop and Osborne 1990). We included northness in the global model because 
Engelmann oaks are known to be more competitive on xeric slope because and their 
acorns are more drought tolerant than other co-occurring species (Lathrop and Osborne 
1990). Northness is a function of slope and aspect measured on a scale from -1.0 to 1.0, 
where low numbers represent xeric south-facing slopes and higher values represent mesic 
north-facing slopes (Borchert et al.1989). We calculated northness at the midpoint of 
each transect according to the following equation: N = cosine (aspect) × sine(slope). 

We applied the above described global model to seedling and sapling 
presence/absence data, and examined model fit against null models (e.g., containing no 
variables) with a pearson chi-square goodness-of-fit test. We also calculated a variance-
inflation factor ( ) for each global model, and considered overdispersion to be present if 

 greatly exceeded 1 (e.g.,  > 2) (Burnham and Anderson 2002). We then examined 
seedling and sapling presence/absence separately by considering candidate model sets 
that included all combinations of the 7 explanatory variables (n = 127). We ranked each 
model according to Akaike’s Information Criterion (AIC), and calculated AIC weights 
(w

ĉ
ĉ ĉ

i) across the entire candidate set. We then calculated weighted-average estimates ( β̂ )of 
modeled parameters (i.e., explanatory variables) across the entire candidate set for 
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saplings, and considered the summed weights from all models that included individual 
variables (Burnham and Anderson 2002). We calculated β̂  across a seedling-model set (n 
= 53) that accounted for 90% of wi in the candidate set, because many models contained 
virtually no weight (e.g., < 0.001) and did not contribute greatly to parameter estimates 
(Burnham and Anderson 2002) (Appendix A). 

RESULTS 
We conducted surveys on 272 transects in 2009, 13 transect fewer than in 2008 

(Figure 2). We removed all transects that overlapped paved roads (n = 3) or did not 
contain at least one adult oak that was either a pure Engelmann, or a hybrid that appeared 
to be mostly Engelmann (n = 5). We did not sample the remaining 4 transects because we 
were unable to relocate them. We found that 15% (n = 40) of transects did not have any 
pure Engelmann oak and that 14% (n = 37) had at least 1 recorded hybrid individual. 

Table 3. Percent of transects occupied and mean number of seedling and sapling Engelmann oak on 
sampled transects (n) across 6 survey sites. Transects without at least 1 pure adult Engelmann oak were 
excluded, and hybrid individuals were not considered. 
  Seedlings  Saplings 

Site n 
% 

occupied 
Mean (SE) 
abundance  

% 
occupied 

Mean (SE) 
abundance 

Cleveland National Forest 16 44 11.67 (3.56)  25 2.25 (0.95) 

Santa Margarita Ecological Reserve 7 0 -  14 1 (1.0) 

Santa Rosa Plateau 157 34 10.25 (2.31)  24 2.26 (0.38) 

Multi-species Reserve 11 45 5 (2.00)  18 2.67 (0.88) 

Tenaja 41 32 7.0 (2.87)  34 1.73 (0.38) 

Totals 232 29 9.63 (1.73)  27 2.34 (0.32) 
 

In 2009 we recorded at least 1 pure Engelmann oak on 85% (n = 232) of transects, 
including 11 adult that were previously unknown; pure Engelmann saplings on 27% (n = 
61) of transects, including 13 that were previously unknown; and pure Engelmann 
Seedlings on 29% (n = 67) of transects (Figure 2, Figure 3, Figure 4, Figure 5). The MSR 
and Cleveland National Forest had the greatest percentage of transects occupied by oak 
seedlings, with the Tenaja corridor having the greatest percentage of sapling-occupied 
transects (Table 3). We recorded a mean of 22.46% (SE = 1.24) leaf loss and 3.23% (SE 
= 0.46) branch loss on adult Engelmann oaks (n = 405), and a mean of 16.25% (SE = 
3.31) leaf loss and 3.31% (SE = 1.29) branch loss on adult engelmannii x berberidifolia 
hybrids (n = 32). We found that 49% (n = 200) of pure Engelmann oak trees had acorns 
with a mean acorn count of 12.86 (SE = 1.19), while 63% (n = 20) of adult engelmannii x 
berberidifolia hybrids (n = 32) had acorns with a mean acorn count of 20.65 (SE = 5.56). 

We found a significant decrease (Ts = 1996, p < 0.001, n = 85) in median values 
from 2008 to 2009 for abundance of seedlings, and no significant difference in median 
values of height (Ts = 1544, p = 0.28, n = 85) and basal diameter (Ts = 1693, p = 0.56, n 
= 85) (Table 4). We also found no significant difference between years in median values 
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Figure 2. Engelmann oak recruitment transects surveyed in 2009. Sites include Multi-Species Reserve, Santa Margarita Ecological Reserve, San Mateo Canyon, Santa Rosa Plateau, 
and Tenaja.

Date: 6 April 2010
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Figure 3. Seedling abundance at Engelmann Oak recruitment transects at Santa Margarita Ecological Reserve, San Mateo Canyon, Santa Rosa Plateau, and Tenaja in 2009.
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Figure 4. Sapling abundance at Engelmann Oak recruitment transects at Santa Margarita Ecological Reserve, San Mateo Canyon, Santa Rosa Plateau, and Tenaja in 2009
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of sappling abundance (Ts = 187, p = 0.71, n = 70), height (Ts = 312, p < 0.01, n = 70), or 
basal diameter (Ts = 428, p > 0.01, n = 70) (Table 4). 

Table 4. Mean (SE), median, and results of paired-sample wilcoxon test for abundance, height, and basal 
diameter of seedlings and saplings in 2008 and 2009. Mean values are only for transects occupied in 
each survey year, and median values are for transects occupied in at least 2008 or 2009. 
 2008  2009  Wilcoxon 
 Mean Median  Mean Median  Ts p 

Seedling abundance 11.44 
(1.75) 4  9.63 

(1.73) 3  1996 <0.01 

Seedling Height (cm) 22.89 
(1.56) 20.35  27.73 

(1.75) 18.63  1544 0.28 

Seedling Basal Diameter 
(mm) 

3.53 
(0.18) 3.16  4.18 

(0.23) 3.02  1693 0.56 

Sapling abundance 2.12 
(0.26) 1  2.34 

(0.32) 1  187 0.71 

Sapling Height (cm) 137.23 
(11.68) 96.5  139.65 

(10.33) 96.5  941 0.29 

Sapling Basal Diameter 
(mm) 

30.26 
(3.10) 18.45  59.33 

(7.38) 15.54  1113 0.45 

 

In general, litter is the dominant ground cover throughout the survey area. On 
average, belt transects contained 82.32% (SE = 0.74) litter cover and no transect 
contained less than 43.3% (Table 5.). The remaining ground covers, rock and bare 
ground, averaged less than 10% per transects, including, a number of transects that 
contained neither. Average annual grass cover per transect, 43.26% (1.27), far surpassed 
the average perennial grass cover, 4.01 (SE = 0.40), per transect (Table 5.). Because the 
majority of annual grasses present at sites are non-native and the majority of perennial 
grasses are native, we can conclude that non-native grasses are the dominant graminoid 
within the survey area. 

Table 5. Mean (SE) and range of values recorded for explanatory variable included in global model 
used to examine presence/absences of seedlings and saplings on surveyed transects. 
Variable Mean (SE) Range 

Rock Cover (%)a 5.82 (0.56) 0 - 42.2 

Perennial Grass Cover (%)a 4.01 (0.40) 0 - 37.7 

Annual Grass Cover (%)a 43.26 (1.27) 0 - 87.7 

Litter Cover (%)a 82.32 (0.74) 43.3 - 96.6 

Bare ground (%)a 7.80 (0.50) 0 - 42.2 

Canopy Cover (%)b 40.94 (1.20) 0 - 93.15 

Northnessc 0.06 (0.03) -1 - 1 
aEstimated using 3 parallel point-intercept transects  
bEstimated using a densitometer 
cNorthness = cosine(azimuth) x sine(slope) 
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Our global model fit both seedling (χ2 = 13.7, df = 7, p = 0.06,   = 1.95) and 
sapling (χ

ĉ
2 = 10.54, df = 7, p = 0.16, c  = 1.50) data. Canopy cover was the strongest 

predictor of seedling presence, containing the greatest summed-model weight of any 
variable (Σw

ˆ

i = 1.0). The relationship was positive ( β̂  = 5.24, SE = 1.95), indicating that 
canopy cover was beneficial to seedling presence. The remaining explanatory variables 
modeled for seedling presence contained considerably less summed-model weight, and 
contained 0 in their 95% confidence intervals (Table6). None of the variables modeled 
for sapling presence showed clear support, and all of them contained 0 in their 95% 
confidence intervals (Table6). 

Table 6. Parameter estimates for explanatory variables (β) and standard errors (SE) averaged across 
candidate sets of general-linearized models investigating presence/absence of saplings and seedlings on 
surveyed transects. Total weight of models that include each variable reported as Σwi. 
 Saplings  Seedlings 
Explanatory Variables β SE Σwi  β SE Σwi

Rock Cover (%)ab 1.32 0.86 0.67  -0.34 0.48 0.33 

Perennial Grass Cover (%)ab 1.14 0.81 0.6  0.78 0.68 0.49 

Northnessab -0.09 0.12 0.36  -0.11 0.13 0.38 

Litter Cover (%)ab -0.99 1.18 0.46  -0.67 0.89 0.37 

Canopy Cover (%)b 0.17 0.52 0.29  5.24 1.95 1 

Bare Ground (%)ab -0.03 0.51 0.32  0.62 0.68 0.44 

Annual Grass Cover (%)ab 0.17 0.29 0.32  -0.05 0.21 0.25 
a95% Confidence interval for seedlings overlaps 0 
b95% Confidence interval for saplings overlaps 0 

 

DISCUSSION 
Species Objective 3 for Engelmann oak requires that we maintain recruitment at a 

minimum of 80% of the conserved populations as measured by presence/absence of 
seedlings and or saplings over 5 consecutive years. Currently the survey area contains 
only 7.7-km2 (56%) of the 13.8-km2 of Engelmann oak, based on the 2005 vegetation 
map of western Riverside County (CDFG et al. 2005) and individual oak stands mapped 
at the MSR. We did not include outlying populations at Potrero, Estelle Mountain, Sage, 
Aguanga, San Mateo Canyon, Vail Lake, and Lake Elsinore because we have not mapped 
their boundaries and/or confirmed their presence. Despite their large number, we believe 
these outlying populations are small and are unlikely to contribute to the overall size of 
the conserved populations.  

Engelmann oak recruitment, as measured by the presence of seedlings or saplings, 
was down slightly from 41% (n = 105) of transects in 2008, to 39% (n = 91) of transects 
in 2009. In general, recruitment has increased since 2007 (29 % of transects; n = 71). In 
addition, we have documented recruitment at 45% (n = 94) of comparable transects at 
least once over the last 3 years. We did not differentiate between pure Engelmann Oak 
and hybrid individuals during the 2005 and 2006 survey season, so those results are not 
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comparable to the last 3 years. While we are not currently meeting objective 3 for this 
species, we believe that 80% recruitment over 5 consecutive years may not address the 
conservation needs of this species. Assessing the stability of a population solely on the 
basis of seedling or sapling presence neglects a critical component, recruitment into the 
canopy. Certainly percent recruitment of seedlings and saplings is a useful measure of 
overall population health, but we also need to know if immature oaks are replacing 
senescing adults. We attempt to address this issue by tracking the health and mortality of 
adult Engelmann’s across years. 

Another goal of Engelmann oak surveys was to document the mortality of mature 
Engelmann Oaks. We have not documented adult mortality on any transects over the past 
3 years. While we have recorded adult trees as dead, especially in 2007, we believe that 
these trees were dormant because we recorded all of them as live trees in subsequent 
years. A 3 year time span is just a snapshot in the life cycle of a tree that typically lives 
50 to 80 years, and has been known to live up to 350 years (Scott, 1991). Moreover, 
recruitment rate may vary across years as environmental conditions fluctuate, and 
younger less established individuals die off. Therefore, stability of the Engelmann oak 
population in the Plan Area can not be based on short-term comparisons of recruitment 
and mortality rates, but rather knowledge of long-term trends are required. 

In 2009 we recorded 11 Engelmann oaks not record in previous years. All 11 of 
these adults are located in quadrat 9, rooted outside the quadrat with overhanging canopy, 
so we assume that these additions do not represent saplings joining a new age class, but 
rather, adult Engelmann oaks with canopy extending into the belt transect. We 
determined that there was no significant difference in sapling abundance, basal diameter, 
and sapling height between 2008 and 2009. In 2009 we documented 13 previously 
unrecorded saplings; while we recorded some of these saplings (n = 2) in quadrat 9 and 
they probably do not represent seedlings joining a new age class, we recorded the 
majority of new saplings within the belt transect (n = 11) and they are more likely to 
represent seedlings becoming saplings.  We also recorded 2 saplings that appear to have 
died between the 2008 and 2009 surveys; however, as with adult oaks, we are unable to 
accurately determine mortality based on 1 year’s observations. In 2008, we recorded 2 
saplings as dead that we recorded as healthy in 2009. We also determined that there was a 
significant decrease in seedling abundance and no significant change in seedling height 
and basal diameter between 2008 and 2009. Because we are not tracking individual 
seedlings and the above-ground mass of seedlings can die back and then reappear in 
subsequent years (Lathrop, 1991), we cannot conclude that the decrease in seedling 
abundance is the result of seedling mortality. 

We recorded data on site conditions that we believe may be driving or hindering 
the establishment of seedlings and the survival of saplings. Unlike previous years, we 
averaged across the entire candidate set for seedlings (n = 54) and saplings (n = 127) 
instead of selecting a single best fit model of explanatory variables. We also did not 
include estimates of leaf loss, branch loss, acorn count, and Engelmann oak cover in the 
global models for seedling and sapling presence because we thought they were collected 
subjectively in the field. We found a strong positive relationship between seedlings and 
overall canopy cover. Engelmann oaks are known to prefer shady habitat provided by 
adult trees, possibly because this is this where acorns are most likely to drop, and the 
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shade of the canopy provides a more hospitable environment for acorns to germinate and 
seedlings to mature. The relationship between seedlings and the remaining variables 
tested was unclear, as 0 was included in each of the 95% confidence intervals. Still, the 
strong fit of the global model suggests that these variables played some role in seedling 
occurrence. We were also unable to determine the relationship between saplings and any 
of the tested variables, and no single variable showed clear support for influencing the 
occurrence of saplings on our transects. 

Recommendations for Future Surveys 
We should confirm or disconfirm the remaining occurrences referenced in the 

species account, and include them in the survey area to fully address Species Objective 2. 
We have confirmed occurrences that we can easily map and include in the survey area at 
Estelle Mountain, San Mateo Canyon, Agua Tibia, and Potrero. Of the remaining 
occurrences that are currently within the conservation area, we still need to confirm 
Engelmann oak near Sage, Wilson Valley, in the Santa Ana Mountains, Sycamore 
Canyon, and in the Agua Tibia Mountains. We should add these occurrences to the 
survey area and begin measuring recruitment if we are able to confirm their presence. 
The remaining occurrences located outside of the conservation area should be surveyed 
and added to the survey area if and when the lands are purchased. 

We did not include any variables recorded with visual estimates in analyses for 
2009, including percent branch loss, percent leaf loss, and percent Engelmann oak cover. 
We believe these estimates are more subject to inter-observer variability than those 
recorded using point-intercept or a densitometer. We recommend using less subjective 
methods of measuring these parameters, or stop recording them entirely. Percent cover of 
Engelmann oak can be measured objectively using a densitometer in the same way we 
record total canopy cover. Leaf loss may also be quantified using a densitometer if 
measurements are taken along all three transects, thus increasing the number of samples 
per survey unit. 

Ability to compare transects across years must also be addressed if we are to gain 
long-term trend information. Currently, we consider a transect to be accurately relocated 
and comparable between years if at least 2 of the 3 stakes are present at the transect. If 
less than that are present, we record that the transect is not comparable to the previous 
years’ and align the transect with the aid of the transect map and bearing. Over the last 3 
years, we have recorded 46 transects as not comparable between years and in 2009 we 
were unable to sample 5 transect because none of the stakes were present. We can 
remedy this problem if we mark transects with rebar instead of plastic garden stakes. We 
chose to mark transects with gardening stakes because they are lightweight and land 
managers have usually preferred them to rebar. Unfortunately, they are too weak to be 
driven into compacted soil and are not durable enough to last multiple field seasons. We 
recommend that the existing transect markers be replaced with rebar, or at the very least 
with something more rigid and durable. 

We revisited all Engelmann oak adult individuals in 2009 that surveyors believed 
were incorrectly identified. At the conclusion of the recheck, we determined that only 
232 of the 272 active transects contained at least 1 pure Engelmann oak, or an oak that 
appeared to be almost entirely Engelmann. The objective of this project is to measure and 
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monitor the recruitment and mortality of Engelmann oaks, and makes no mention of 
hybrid individuals. We believe there is no reason to continue sampling transects that only 
contain hybrids, because we have not intentionally included data on hybrid individuals in 
any analysis since this project began. We recommend that the 40 transects containing 
only hybrids be removed and we solely focus our survey effort on transects containing 
pure or mostly pure Engelmann oaks. 
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Appendix A. Akaike’s Information Criterion for Small Samples (AICc), 
Akaike Weights (wi), Model Likelihoods, Number of Parameters (K), and 
Log Likelihood of Top 10 Generalized Linear Models Used to Examine 
Factors Influencing Presence of Engelmann Oak Seedlings and Saplings. 

Model AIC ∆ AIC wi

Model 
Likelihood K -2log(L) 

Seedlings       
BG + CC 275.08 2.0e-4 0.05 1.00 3 269.08 
BG + PG + CC 275.17 0.10 0.05 0.95 4 267.17 
PG + CC 275.18 0.11 0.05 0.95 3 269.18 
CC 275.32 0.24 0.05 0.88 2 271.32 
BG + CC + N  275.82 0.75 0.04 0.69 4 267.82 
N + CC + PG + BG  275.99 0.91 0.03 0.63 5 265.99 
PG + CC + N 276.10 1.02 0.03 0.60 4 268.10 
CC + N  276.13 1.06 0.03 0.59 3 270.13 
L + CC + R 276.30 1.22 0.03 0.54 4 268.30 
L + PG + CC 276.38 1.30 0.03 0.52 4 268.38 

Saplings             
PG + R 264.80 0 0.07 1.00 3 258.80 
R 265.74 0.94 0.04 0.62 2 261.74 
PG + N + R 266.02 1.22 0.04 0.54 4 258.02 
L + PG 266.42 1.62 0.03 0.45 3 260.42 
AG + PG + R 266.45 1.64 0.03 0.44 4 258.45 
L + PG + R 266.65 1.85 0.03 0.40 4 258.65 
BG + PG + R  266.65 1.85 0.03 0.40 4 258.65 
PG + CC + R 266.66 1.86 0.03 0.40 4 258.66 
N + R 266.83 2.03 0.02 0.36 3 260.83 
L 266.90 2.10 0.02 0.35 2 262.90 
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